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S HIPS AT THE QUEEN'S JUBILEE NAVAL 
REVIE W. 

H. M. S. Inflexible ,  t he flag-shi p  of Adm iral Sir George 
Willes, K.C.B. , who commanded the fleet assembled 
July 23, 1887. at Spithead , to be reviewed by her 
Majesty the Queen, w as b ui lt at Portsm outh Dockyard , 
fro m the designs of Sir Nathaniel Barn aby, then Direct­
or of Naval Construction, and was launched in Apri l, 
1876, Princess Louise, as representative of the Queen , 
taking the chief part in the ceremon y ;  but this ship 
was not fin ally completed ti ll 1881. The I nflexible was 
considered the greatest result that h ad been obtained 
oy the naval architects of t he Board of Admiralty ; 
one of the m ORt important, novel and pecu liar features 
in her design being the citadel , or cast le, fore and aft, 
the sides of which , having a length of 110 ft ., rise to 
a hei ght of 20 ft. above the water, and are joined by 
transverse w al ls 75 ft . long,  across the d eck; the tur­
rets, moreov er,  instead of being p laced on the direct 
line of the keel , are p laced obliq uely, one looking to 
the port side and the other to starboard . 'fhis great 
ship is 320 ft. long, 75 ft. broad, and draws 25 ft. 5 in. 
water, her disp lacement being no less th an 11,880 tons. 
Her engines, constructed by Messrs. E lder & Co. , of 
Glas gow, are of 8,000 horse power, and each is com­
pletely isolated, so as to work if  the other engine broke 
down. The side armor plating, at different parts, is 16 
in. , 20 in.  and 24 in.  th ick, in two plates of iron, with a 
mass of wood between them ; that of the bu lkheads, 14 
in. to 22 in. , and that of the t urre 1.s, 16 in. ; the wooden 
backing from 17 in . to 25 in. thick. The cost of her 
construction exceeded £800,000. She is armed with four 
80-ton muzzle-loading ri fled guns, in the turrets; eight 
light guns,  four quick -fil'ing guns, seventeen machine 
guns , and thre e tubes for discharging torpe does.  Her 
speed is not much below fourteen knots or sea miles an 
hour;  and her bun kers hol d 1,300 tons of coal, which 
is snfficient for steaming 5,200 miles at the average rate 
of te ll lUi les an honr. The Infl exib le, it w ill be remem­
bered , took an important part in the bombardment of 
the forts of A lexandria, on July 12 , 1882, as did also the 
S u ltan and the Invincible , wh ich are described on 
another page. 

H. M. S. Agincourt. a broadside ship of war, con­
s tructed at Birkenhead by Messrs. Laird, in 1868, is 400 
ft. in length and 59 ft. 6 in. broad, draws 27 ft. 9 in. 
water, with a dis placement of 10,690 tons ; the engines, 
by Maudslay, are of 6,8;0 horse power ; the armor is 
comparative ly slight, being only 4%, in. and 5%, in. 
thick on 10 in. o ak backing. This shi p's broadside fire 
is of eight 12-ton guns on each side, having seventeen 
guns of that si ze in a ll, with fourteen light guns; and 
she is furnished with fifteen machine guns, for defense 
again st boarding, an d with a coup le of torpe :lo tubes. 
Her s peed is m ore t han fonrteen knots an hour, and 
she h as cOltl for steaming 1,300 miles. 

H. M. S. Minotaur, likewise a broadside man -of-war, 
of the same period , bui lt at Blackwall by private cou­
tract , is of the same dimensions with the Agincourt ; 
the armor p lating al so is similar to that ; and the guns 
are the same ,  except that the M inotaur has two breech­
loading rifled guns of six-inch caliber, and has also four 
torpedo tllbes. The Minotaur has rather higher speed. 

H. M. S. Hercu les is a central battery ship,  m uch 
large r than the Invincible, h er di mensions being 325 ft. 
long and 59 ft. broad; she draws 26 ft. 6 in. water, with 
a displacement of 8, 680 tons. She was built at Chatham 
Doc kyard , and launched in 1868. Her engines, made 
by Penn & Sons, are of 6,750 horse power. The armor 
pla.ting is si x and nine inches thick. The battery con­
sists of eigh t heavy guns, bree ilh lo aders, each weighing 
eightee n to ns, with two lesser breech load ing guns fore 
and aft, also four guns of 7 in. caliber, si x light guns, 
and two q uick- firi ng guns , besides fourteen machine 
g uns and four t orp edo tubes, so thai; she is quite a 
fighting ship .  She steams fourteen knots an hour, and 
call run 1,760 mil es wi th the coal she carries . 

H. M. S. Monarch , one of the older type of turret 
shi ps ,  was launched i n  1869, from Chatham Dockyard , 
and is 330 ft. long, 57 ft. 6 in. broad , drawing 27 ft., 
wi th 8,32'1 ton s displace ment of water. Her engines , 
by Humphry", are of 7,840 horse power. Her sides and 
b ul warks have armor plating 5 in. to 7 in. thick, and 
that of her t urrets is 8 in. to 10 in. thick. Her four 
turret guns ,  muzzle -loading, are of 25 ton size ; and she 
has two guns Half that size and one that is a quarter 
the size, all of rifled bore, with three light guns, four­
teen m achine guns.  and four torpedo tu bes. Her speed 
is c lose on fifteen knots an hour. She has coal for a 
run of 1,500 m iles . 

H. M. S. Ajax, one of the more recent kind of turret 
shi ps ,  w ith double screw propeller, was constructed at 
Pemb roke D ockyard ,  and was completed in 1883. Her 
d imensions are : length, 280 ft . ; breadth, 66  ft. , giving 
h andiness in turni ng; she draws but 24 ft .  of water, 
though her displacement is 8,510 tons. She has engines 
of 6,440 horse power, by Penn ; her speed is nearly 13� 
knots, and her" coal endurance " will support a voyage 
of 4 ,100 mi les. Her turrets are armed w ith four guns 
of 38-ton size (mu zzle loading, of course), and sh e pos­
se SRes also two breech loaders of six-inch bore and two 
light guns,  with fourteen machinQ guns, and a cou ple 
of  tubes for torpedoes. 

H. M. S. Collingwood is a shi p  of the new Admiral 
cl ass , with barb otte-mounted guns, which are placed 
22 ft. above the water, on fixed towers standin g 140 f t. 
apart, besides having a lar�e unarmored battery, of 
six-i nch breech loaders , at ports 8 ft. below the towers, 
sti ll above the ordinary deck of the shi p, with much 
con venience for the crew an d faci lity of working. A 
vol ume by Lord Brasser, j ust pu blished, "The Naval 
Ann ual for 1886, " contams valuable remarks upon the 
advant ages of this type ot  ship, co mpared with such 
as t he Devastation and the Inflexib le ; and the very 
6atisfactory steamin g trials of the Col li ngwood are 
noted.  This sh ip, built at Pembroke Dockyard, was 
launched last year havin g cost nearly £600,000. She is 
325 ft.  long, and nas a breadth of 68 ft. , drawing 26 ft. 
3 in. water, with displacement of 9,150 tons. Her en­
gines , by M audslay, have no less t han 9,570 horse 
pow er,  an d she has two screw propellers. The armor 
plating on her sides is 16 in. and 18 in. thick, and that 
of t.h e barbette towers 12 in .  and 14 in. thick . She 
carries, like the Colossus, a sister ship, four breech­
loading rifled guns of 43-ton size , with six lesser breech­
loaders, and with 12 q uick firing guns, which shou ld 
make her tolerably elfe ctive in battle; she is also fur­
nished with the usual al lowance 01 m ach ine guns, and with four torpedo· launching tubes or stand s. The 

speed of the Collingwood is more than sixteen and a 
half knots an hour, 16'40, but may possibly b e  excelled 
by several other new twin screw shi ps, the Benbow, 
the Cam perdown, and the Anson, with barbette­
mounted guns . These ships carry 1.200 tons of coal, 
good for a voyage of 8,500 sea miles. 

H. M. S. I mperie use, an armor-belted twin -screw 
cruiser, represents also some of the latest improve­
ments, and has a speed of 17 knots an hour. She car­
ries four I8- ton breech loading guns on armored bar­
bet te tow ers, and six breech-loaders of six-inch caliber, 
with four light guns and four quick-firing, also four­
teen machine guns and six torpedo tubes. She is 315 
ft. long, 62 ft. broad, and draws 25 ft., with 7, 390 tons 
disp lacement, and the hull is sheathed with copper. 
The Imperieuse was built at Portsmouth , and was fin­
ish ed last year. Her engines, of 10,180 horse power, 
were constructed by Maudslay's firm, and are high ly 
commended. The armor plating is from 8 in. to 10 i n. 
t hick, and is main ly app lied in a belt extendi ng two­
fifths of the length of the hull, protecting the machin­
ery and the magazines, and assisting, we are told ,  to 
secure the stahility and buoyancy of the ship; the bar­
bette towers, w ith the gunners and the loading ma­
chinery of the guns, are protected a lso by armor. The 
Imperieuse carries 1,200 tons of coal, and is able to keep 
at sea while traversing 7,300 nautical miles under 
steam, which is a great quali fication for a shi p to be 
emp loyed in protecting our commercial marine in time 
of war. 

H. M. S. Sultan is a central battery ship of war,  built 
at Chatham Dockyard, com pleted in 1871; h er di Inen­
sions are 325 ft. long, 59 ft. broad, drawing 27 ft. 6 i n. 
water, with a displacement of water equal to 9,200 tons; 
her engines, made by Penn, are of 7,720 horse power; 
she is protected at different parts of her si des with 
armor plates from six to nine inches  thick ; her arma­
ment consists of eight is-ton muz zle-loading rifled guns, 
four 12%'-ton guns, seven 4-inch breech -loading rifled 
guns, four light guns, four quick-firing guns, and eleven 
machine guns,  with five tu bes for torpedoes ; and her 
speed is 14'13 knots an hour ; s he carries coals to steam 
2, 140 knots at the s peed of ten knots an hour. 

H. M. S. Glatton is a turre t-ship for coast service, built 
at Chath am , and compl@ted in 1872 ; she is 245 ft . long 
and 54 ft. broad , drawing 19 ft. of water, with a dis­
placement of 4,910 tons ; her engines, made by Laird , 
are of 2, 870 horse power ; her turret arm or is 18 in . or 20 
in.  thick, that of her bulkheads 12 in. and 14 in. , an d 
that of her sides, 10 in. or 12 in .; she is armed with two 
25-ton muzzle loading rifled guns, two light guns, three 
quick-firing guns, four machine gun s, and two torpedo 
tubes ; her speed is nearly thirteen kn ots an hour, and 
she has coal for steaming two thousand knots at a 
moderate speed. 

H. M. S. Invincible is a central battery shi p of war, 
built at Glasgow by M l'lssrs. Napier, finished in 1870 ; 
she is 280 ft. in length and 54 ft. in breadth ; she draws 
22 ft. 9 in. water, and her  disp lacement is 6,010 tons ; 
her engines are of 4,830 hors e power; she ha� armor 
plates of 5 in ., 6 in. and 8 in.  thickness ; h er armam ent 
consists of ten 12-ton m uzzle-loading rifled guns, six 4-in. 
breech -loading rifled guns, four light guns, four q uick­
firing guns, fift.een machine guns, and fo ur t orpedo 
tubes; her s peed is above fourteen knots an hour ; and 
she can stearn, at the rate of ten knots, a distance of 
1,580 knots at sea. 

H. M. S. Devastation is a turret ship,  built at Ports­
mouth Dockyard, com pleted in 1873; her length is  285 
ft., breadt h of beam , 62 ft. 3 in. ; she draws 27 ft. 6 in.; 
her displacement is 9,330 tons ; her engines, mad e  by 
Penn, are of 6,650 horse power ; her sides have armor 
plates 12 in. and 10 in . thick, and those of her turrets 
are 14 in. and 12. thick, backed with oak from 15 in. to 
18 in. ; she carries four 35-ton muzzle loading rifled guns 
in her turrets, six quick-firing guns, two light guns, 
and twelve machine guns, with two torpedo tubes ; her 
speed is 13'84 knots an hour; and she carries 1,800 tons 
of coal, w ith which she can steam 5, 980 knots, at the 
speed of ten knots an hour. 

Three of these powerfu l war ships, the D evasta.tion, 
the S ultan ,  and the Invincible, formed part. of our Me· 
diterranean squadron in 1876 and during the critical 
period of the war between Russia and Turkey. The 
Su ltan was then under the command of H. R. H. the 
Duke of Edinburgh. On Feb. 13, 1878, th e Brit ish 
squadron pas Eed through the Dardanelles, in conse­
quence of the a pproach of  the Russian army to Con­
stan tinople. 

We can safely refer to Lord Brassey's instructive vol­
ume for much further information. It should be 
observed that the I mperieu se class and t he Ad miral  
class of  n ew ships, and the belted cruisers, are of  types 
adopted by Lord Northbrook, as F irst Lord of the Ad ­
miralty, in 1884; but the Right Hon .  W .  H. Smith is 
entitled to the credit of havi ng already laid down the 
Collin gwood, the first of the Admiral class . an d 
Lord Brassey cordially bears testimony to the merits 
of his admin istration. "Let there be less of national 
self-depreciation and less of party s pirit in dealing 
with the navy, "  says Lord Brassey, with whom, it is to 
be hoped , the spectators of the naval review at S pit­
head wi ll be disposed to agree. 

As it is a Queen's jubilee review, this occasion is ap­
propriate for noticing the progress that has b een made, 
both in the construction and eq uipmen t. of our war ships 
and in the manufacture of naval ordnance, since h er 
Majesty's accession to the throne.  In 1837, our navy 
consisted of wooden unarmored sai ling ships ; only two 
first-rate , carrying 120 t hirty-two pounder guns, with 
two sixty-eight po under carronades ; four second-rate 
ships of 96, 84 and 72 guns;  and eleven third-rate, for 
line of bl1ttle ; with frigates, brigs, and sloops of war 
and a few n on -com batant steamers . In 1837 there was a 
first-class line-of-battle ship named the Trafalgar build­
ing at Wool wich Dockyard ; and now, in 1887, there 
is another first-class shi p, also to be named the Trafal­
gar, building at Portsmouth . Let us compare these 
two shi ps. 'l'he old Trafalgar, constructed of wood, 
was 205 ft . lon g, 55 f t. 7%, in. broad, and would carry 
120 guns, each of the average weight of 45 cwt., throw­
ing projectiles of 16%, lb . weight on the average. She 
required a crew of 1,000 men to work the sai ls and guns, 
all being then done by manual labor, without the aid 
of machinery. The new Trafalgar, bui lt entirely of 
steel, and the hulk subdivi ded into 150 watertight com­
partments, is 345 ft. long, 73 ft. broad , and will have a 
displaoement of 11,940 tons. Her triple expansion en­
gines, wit h cylindrical boi lers, working up to 135 lb . the square inch, will develop 12.000 horse power. which 

wil l drive the shi p  at a speed of nearly seventeen knots 
an hour; and sh e will carry sufficien t  coa l su pply to 
steam 2,000 'knots at full speed or 7.700 knots at the 
speed of ten knots an hour. This new war ship , th e 
Trafalgar of the presen t day, will be armored with ste el­
faced plates from 14 in. to 20  in. thick ; she will  carry, in 
her two revolving armored turrets, four 67·ton breech ­
loading rifled guns ,  which discharge projectiles wei gh­
ing 1,250 lb. , with 520 lb .  powder ch arges ; and she wi ll 
also carry eight lesser guns, but of i mmen se ly greater 
power than any of 1837, nineteen quick -firing guns, and 
apparatus for charging and launching torped oes. It is 
consi dered t hat the new T rafalgar, with her defenses 
and her powers of offense, "would alone be more th an a 
match for the whole of the British navy in 1837, being 
abso lutely invu lnerable to their means of at tack. " As 
all the necessary operations for working the ship ,  steer­
ing and fighting, will be performed by steam, the crew 
will number but 520 men, only about h al f  the crew of the 
old Trafalgar. Hydrau l ic machin ery wi ll be employed 
in working the turrets , th e guns, the shot and ammu­
nition hoists, and for other purposes , while fifty or 
sixty a uxiliary steam engines will be used on board. 
The ship wil l, in fact, be a huge floating war machi ne. 
Wonderfu l improvement! But let us n ot omit the re­
mark that the cost of o ur navy in 1837 was £4, 419,700, 
and that it is £12,741,000 for the prese nt year, not to 
reckon the cost of ordnance. ])0 we seem, how ever, as 
a nation to be grudgin g or n egl ecting th e defense of 
the kingdom at sea ?-Illustrated London News. 

THE JUB ILEE NAVAL REVIE W. 

THE grand naval review at Spithead, July 23 , 1887, 
when the Queen, in the royal yacht Victoria an d 
Albert, passed a long the lines of the most p owerful  
fleet ever yet assembled, was a magni ficent and appro­
priate termination of the j ubil ee festivities in this 
fiftieth year of her Majesty's rei gn .  The weather was 
as bright and fair as an English summer day can 
alford ; th e arrangem ents, which we described before­
hand, were most convenient, and were effectively car­
r ied into execution ; an d the gat.hering of spectators 
was the largest th at has ever tak en place on such an 
occasion. The fleet which her Majesty had the pleasure 
of showing to the n umerous ro yal and distinguished 
personages who followed her yacht in its progress com­
prised every descri ption of ironclad an d modern instru ­
men t  of warfare that floats upon the sea. It num­
bered 135 vessels ,  incl uding twenty six armored and 
nine unarmored ships, three torpedo cruisers, on e tor­
pedo gun-boat, one gun and torpedo vessel, thirty­
ei ght first class torpedo boats, thirty·eight gun ·  
boats, twelve troop shi ps,  one paddle frigate, and 
six training brigs.  The total com plement of officers 
an d men was 20,200, and of guns about five h un dred; 
but the immen se p ower of the great ships and of 
the ordnance puts this naval review out of all com ­
parison with previous reviews, which may have col­
lected a larger num be l' of vessels. 

The whole fleet, u nder th e com m and of Admiral Sir 
George W illes, K. C.B., was divided into three cruisin g  
squadrons ,  A ,  B .  a n d  C ,  and was moored a t  Spithead 
in columns of divisions m lin e ahead , the shi ps at two 
cables apart. and three cables apart., with the flagships 
of each s quadron to the eastward. There were also 
formed in columns of divisions in lin e ahead (para.lIel 
to and inshore of A, B, C squadrons) five d istinct coast­
defense floti llas, each consisting of coast-defense shi ps, 
gun-boats, and torpedo-boats. Th e form ation and 
strength of the several squadrons and flotil las were as 
follows :  

A Squadron.-Starboard Division : Minotaur, Impe­
rieuse, Conqueror, Sultan, Monarch, Mercury, and 
Curlew.-Port Division : Agincourt, Black Prince, Col­
lingwood, Iron Duke, Inflexible, Archer, and Rattle­
snake. 

B S quadron -Starboard Division : Hercules, Hot­
spur, Invincible, Rupert , Belleisl e, Mersey, and Fear­
less .-Port Division : Edi nburgh, Devastation, Ajax, 
Neptune, Shannon , Amphion , and Mohawk. 

C Squadron .-Starboard Division : Active, Volage, 
and Inconstallt.-Port Division: Rover, Calypso, and 
Arethusa. 

D Flotilla.-Starboard Division : Glatton , gun boats 
Medina,  Arrow, Blazer, Bouncer, Cuckoo, Insolent, 
Mastiff, and Pike, and torpedo boats Nos.  31, 34, and 
62.-Port Divit-don: Prince Albert, gun boats Med way, 
Bad ger, Bonet-ta, Bustard , Hyrena, Kit e, Pickle ,  and 
Staunch , and torpedo boat8 Nos. 32, 61, an d 63. 

E Flotil la.-Starboard Di vision: Cyclops, gun b oats 
Spey, Weazel, and Snap, and torpedo boats Nos.  41, 
45, 48, and 50.-Port Division : Hecate, gun boats Tees, 
Pincher, and Snake, and torpedo boats Nos. 44, 46, 49, 
an d 42. 

F Flotil la. -S tarboard Divi sion: Hydra ,  gun boats 
Sabrina, Bul l Dog, and Scourge, and torpedo boats 
Nos.  26, 70, 33, and 38.-Port Division: Gun boats Fay, 
Plu cky, and Fidget, and torpedo boats Nos. 35, 72, 37, 
and 30. 

G Flotilla.-Second Divi sion : Gorgon, and torpedo 
boats Nos. 59, 5 1, 53, and 5 6.-Port Division : Torpedo 
boats Nos. 60, 52, 55, and 58. 

H Flotilla.-Bramble, Slan ey, and Trent, and torpe­
do boats Nos. 27 and 2 6. 

The following com mentary on the respective qualities 
of the most important ships is borrowed from a corre­
spond ent of the Daily News: At what may be termed 
the eastern gate of the waterway, each side of w hich 
was lined with battl e shi ps, were anchored the Mino­
taur and Agincourt-one bearing the flag of Admi ral 
Sir W. Hewitt, V. C. ,  th e other that of Rear-Admiral 
the Hon. E. Fremantle, C.B .  These five-masted iron­
clads are the most im posing in ap pearance of all our 
m od ern men-of-war, but the metal from one of their 
broadsides would not weigh much more than two shots 
from th e Inflexible eighty-tonners, and ,  for defensive 
purposes, their iron-plated sides would not long resist 
the shock of modern artil lery. We had tim e to note 
the beautiful proportions,  the towering masts , and 
s lender top spars of the Black Prince, o ldest and least 
powerful , bu t by far the most graceful of al l the great 
war shi ps here assembled. Opposite her lay the Im­
perieuse, a swift ocean cru iser, partially protected by 
an armor belt in  the middle, with four 18 ton guns en 
barbette. Next, anchored abreast, were two of the 
most modern and powerful '  types, the Con queror, with 
its l ow freeboard forward , its high poop astern , and its 
torpedo boats hoisted inboard , looking like huge 
whales. and the Collingwood, which carries its great 
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44-ton guns mounted in r evolving barbette towers fore Christian, Prince Henry of Battenberg and Princess 
and aft. The lallter has one bare pole, called a military Beatrice , th e D uchess of Alban y, the Crown Prince 
mast, wi th double tops for machine-gun crews, and, in '  and Princess of Germany and daugh ters, the D uke 
this respect, d iffers from al l other ships of the arlllada. and D uchess of Tec k, the COlllte de Pari s, the Duchess 
Her broadside bHlwarks bristle with quick-firing g uns, of Mecklenburg-Strelitz, the Crown Prince and Princess 
an d her principal pieces of ordnance, shaped like of Portugal, and Princess Eulal ie of Spain, th e Prince 
enormous bottles , can be made to cover the whole an d Princess of Wales an d the young pri nces and 
circle of sea round about her. 'rhe S ultan , one of the princesses, with th e King of the Hellenes and Prince 
most pow erful of our b roadside ironcl ads, lies at anchor Henry of Prussia. Some l itt le time was occ upied by 
opposite th e Iron D uke, which gained unenviabl e no- the removal of the royal p arty from the Alberta 
toriety once upon a tim e by ramming the Van guard. to the Victoria aud Al bert, the flag'S which haC: been 
'fh e Sultan was one of th e ships that played i t,s part flying in th e smal ler y acht having b een transferred 
wel l under Sir Beauchamp Seymour in the bombard - to the larger one as soon as her Majesty had gon e 
m en t  of Alexandria, and just astern of her lies the aboard, white ensigns being hoisted in their p lace. 
Monarch, whose shots mad e deep scars in the fortifica- This being accomplished, precisely at twenty-five 
tions that were manned by Arabi's Egyptians. minutes past three the Victoria and Albert started in 

Opposite the Monarch ,  in the port division, is anchor- thll directi on of the fleet, preced ed at about four h un­
ed the Infl exible, with the m uzzles of her formidable dred yards distance by the Galatea, the yacht of the 
SO-ton guns grinning through the dark portholes of Trinity House, with the Elder Brethren aboard , 
her turrets. 'rhose gu ns, belchin g out 1,700 lb. of iron piloting the way. After abo ut the sallle interval , 
at every sh0t, red uced Fort Pharos to silence before which separated all the fo llowing ships, the Osborne 
noon ; and the mark of their missiles may still be seen steamed alon g, with the standards of th e Prince of 
deeply indenting the walls of that stronghold. The Wales and the King of th e Hel lenes stil l flying. The 
fast cruisel' Mercury represen ts quite another type, but Al berta came n ext, and then, in th e order named, 
one not less important for modern warfare than armor- the Enchantress, with friends of the Lords Cotllmis­
ed ships. She can steam j ust nineteen knots an hour sioners of the Admiralty ; the Helicon , with the am­
with ease, and on her trial trip from Portsmouth to bassadors and foreign m inisters ; the E uphrates, wi th 
Portland she covered the sixty knots in less th an four peers and peeresses ; th e Crocodi le, with m emb llrs of 
hours . The t OI'pedo fleet to which she happened to the House of Commons and th eir friends ; the Malabar, 
give chase in broad daylight, or with no friendly haven with Indian and Colonial visitors ; and, last, th e Assis­
close at hand, w ould have a very bad time of it. Be- tance, with a mixed compan y, som e m embers of the 
yond the Archer, in the port line,  lies the mischievous- House of Commons and the Indian and Colonial visit­
looking Rattlesna ke, which is a torpedo boat for at- ors, and the re presentatives of the press. The first 
tack, b ut preys on her species by becoming a torpedo gun from the Commander in Chief's flagship Inflexible 
catcher when in the mood. Of thi s type our most sci- announced that the Victoria and Al bert, with the 
entitlc and enterprising men would g lad ly see a hun- Queen on board, was approaching the fleet. This was 

---

SpiCllOUS by thlilir  gay and glittering uniforms. Each 
vessel as "h e slowly passed was saluted by the royal 
marines on the poop. 

The Queen's flotilla steamed from west to east b e­
tween the line of gun boats off the Ham pshire shore 
and the northernmost line of ironclads and cruisers. 
Instead of i m mediately turning to the starboard after 
clearing the en ds of these lines, the Victoria and Albert 
continued her course for a consi1erable distance, and 
did not turn for abo ut an hour. On its return th e 
royal flotilla stopped b etween the columns of ironclads,  
and came to anchor opposite the I nflexible. The sig­
nal was given for Admiral Sir George Wi lles, with the 
flag officers and al l the captains under his command , to 
go on board the royal yacht, the Victori a and A lbert. 
The Prince of Wales and the foreign princes also w ent 
on board, and a kin d of levee was held, the Queen gra­
ciously speaking a few words to several officers. Her 
Majesty then made the following general signal : 
" Convey to the officers and men und er your comm and 
that her Majesty has great sati sfaction and pri de in the 
magnificent display made by her navy this afternoon. " 
Each captain , on returnin g to his own ship,  read the 
Queen's message to h is assembled crew on the quarter­
deck. Several foreign naval officers-French , Dutch, 
and German-commanding ships that lay near, w ere  
received by th e Prince of  Wales, who presented them 
to her Majesty. 'rhe royal flotilla once more got 
under way, steaming clown the line, while yards were 
manned, and the big guns thundere d o ut a farewel l 
salute, which was echoed from the forts on shore, and 
with that th e great n aval review was at an end. 

T he i llumination of fleet at night was a magni ficent 
display. The showers of red , white, and blu e lights 
looked as if the sh ips were d raped in flags of fire, and 
th e electric lights when thrown upward to form an 

1. MInotaur. 2. Imperleuse. 3. Conqueror. 4. Sultan. Ii. Monareh. fl. Mercury. 7. Curlew. 8. Hercules. 9. Hotspur. 10. Invincible. 11. Rupert. 12. Belleisle. 13. Mersey. 14. Fearless. 15. ActIve. 
16. Volage. 17. Iuconstant. 18. Aginconrt. 19. Black Prince, 20, Collingwood. 21. Iron Dnke. 22, Inflexible. 23. Rattlesnake. 24. Archer. 25. Edinbnrgh. 26, Devastation. 27. Ajax. 28. Neptune. 
29, Shannon. 30. Amphion, 31. Mohawk. 32, Rover, 33, Glatton, 34. Prince Albert. 35. Medway. 36. Medina. 37. Arrow. 38. Hecate. 39. Cyclops. 40. Galatea (Pilot). 41. VIctoria and Alhert. 
yacht of the Queen, 42. Osborne and Albert, yacht of the Prince of Wales. 43. A .. istance and Albert, yacht of the Admiral. 44. Helicon, yacht of the Ambassadors. 45-46. Troop Ships conveying the Lords 
and Commons. 46. Hydra. 47. Gorgon. 50. Jnmna. A, B, C. Flotillas of gnn and torpedo ooats. D. Isle of Wight. E. Ryde, where the yachts of civilians and visitors were located. 

THE QUEE N'S JUBI LEE NAVAL REVIEW-TH E ROYAL CORT EGE PASSING BE TWEEN THE NAVAL SQUADRONS. 

dred add ed to th e British navy. The Hercules, sister 
shi p  to th e Sultan ; th e Edinburgh, a very powerful 
fightin g ship; the D evastation , whose puissance is still 
to be dread ed by th e foes of England ; the Aj ax, un ­
wieldy in maneuvers, b ut mighty in battle ;  and the 
Invincib le, on board of w hich Sir Beaucham p Seymour 
hoisted his flag at Al exandria, find many admirers. 
The N eptune, one of th e cheapest purchases from a 
private firm, thou �h bought d uring t he panic of a 
threaten ed war, lies abreast of another t urret ship, the 
Rup ert. Astern of them com e squadrons of corvettes 
and fast cruisers, with a few line-of"battle shi ps ,  but 
Done of modern type among them . Passing by the m, 
we emerge on clear water at the w estern end of the 
line. 

Soon after three o'clock in the afternoon, all the 
vessels appointed to take part in the royal procession 
having assembl ed on th e I sle  of Wight sid e, th e r oyal 
yacht Alberta, drawing less water than the Victoria 
an d Al bert , was seen coming from th e direction of East 
Cowes. At her foremast head was flying the Admiralty 
flag,  a red banner with a yellow anchor denoting that 
the Lords of th e Admiralty were on board . The royal 
stand ar o  at the main showed that the Queen was afloat 
and at th e mizzen was a Un ion Jack, th e flag always 
used by erow ned h eads in thi s country as a dressing 
llag. in stead of a white ensign , As soon as the yacht 
was perceiv ed from the decks of the assembled trans­
ports, guards of marines were turn ed up, th e flags 
d ipped . and anchors weighed. A mong those on board 
the ro yal yachts , in ad dition to the Queen , w ere the Duke a.ud Duchess of Connaught,  Prince and Princess 

the signal for th e royal salute of twenty-on e  gu ns, 
and at once every shi p  that had gun s on board b egan 
to salute. 

Th e Victoria and Albert soon came abreast of the 
Agincourt , which lay at the extreme west of th e north­
e l'U line of iron lllads. When the guns had c eased to 
thunder,  and the vast c louds of smoke had passed 
away, it was seen that all t he yards of the masted 
shi ps and the t urrets, breastworks, and decks of th e 
unmasted were manned with h undreds of sailors. 
Marin e guards of honor were placed u pon the poops, 
and before the approaching floti lla was vi sible one 
could hear th e cheering from the ships far dow n th e 
l ines .  As the Victoria and Albert passed slowly by, 
th e eyes of all were looking for the Queen. While th e 
marin es saluted, the band played th e national anthem ,  
and the commander o n  the bridge led three hearty 
rounds of cheering. Th e Queen sat surrounded by 
her grandchildren and the ladi es of her suite, under 
an awnin � on the quarter·deck of her yacht. So 
close did she pass that the expression on her face was 
cl early visible to all who had good glasses. H er Majesty 
looked very well, and smiled gracionsly as each ship in 
succession took up the cheering. Following the Vic­
toria and Albert, at a di stance of a coupl e  of cables, 
came the Alberta , and then the Osborn e. On board 
th e latter was the Prince of Wales, in his new uniform 
as honorary Admiral of the Fleet. He was on the 
brid ge, and scarcely took his binocular from hi s eyes 
except to make a q uick observation to th e Princess, 
who, in h er pale cream-colored dress , stood at his sid e. 
Some of the Indian visitors in the Malaba.r were con -

arch over the fleet might have b een seen from fifty 
miles inland. Thousands of people watched th e 
s pectacl e from Southsea common. Each shi p was 
lighted by a line of lanterns pl aced 9 ft. apart along the 
llpper deck from stem to stern , and by rainbows of 
lamps over the masts. E ach ship had also, triced u p  in 
her rigging, a monogram of the letters " V. R. ," formed 
of incandescent electric lights. The pattern of the 
monogram was not prescribed, and scope was thus left 
for th e ingenuity of th e officers of the various vessels . 
Th e best results were prod uced b y  the Inflexib le,  which 
had two plain letters traced by bri lliant white lamps; 
and by the Agincollrt, which had a monogram that was 
alike on both sid es,  and was formed of plain white 
lamps and others covered with red bunting. When 
th e display of th e fireworks began, so much smoke w as 
evolved that v ery little of th e general effect could be  
seen from any one point. Bouquets of rock ets or 
brilliant salvoes of Roman candles were sent u p, with 
beautiful effects of color, from all the shi ps. When the 
fireworks were exhau sted th e hour w as late, and but 
little time remained for displaying the electri e search 
lights. These were, however , exhibited for a few 
minutes, each ship throwin g a beam upward over th e 
ship abreast of h er ,  the result being the formati on of a 
series of avenu es of light, By eleven o'clock the i Il u· 
minations ended ,-nZu,strated London News. 

Our general view is from Le Monde nlustre. 

FLAT t urnips constitute one of the best crops to raise 
in a garden after an earl y crop has been sec ured. A use 
can b e  fou nd for them in the hou se as well as the b arn . 
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THE NECESSITY OF FURTHER INVESTIGA­
TION INTO '.rHE ACTION OF THE RUD­
DER UPON STEAM AND SAILING VESSELS. 

By GILBERT R . FRITH. 
MANY years ago I had occasion to make a voyage 

from Halifax, N. S. , to Bermuda. The vessel was the 
Cunarder Merlin, and her commander the commodore 
of the Bermuda, West India, and Newfoundland line. 
We left the pier about midnight, and a very dirty 
night it was. Something very like a gale was blowing 

�4L 
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from E.N.E. ,  with fltful storms of rain. We made 
a good start, however, and in an hour and a half 
had steamed past Sambro Light, some 12 or 14 miles 
from Halifax, and the dangerous, stony-hearted group, 
the Sisters, with whom mariners care not to have even 
a bowing acquaintance (no pun intended), were hold­
ing their storm revel!' not far away. From the time of 
leaving the wharf, I had remained in shelter from the 
rain, under the main companion, smoking, and 
enjoying the scene-if scene could be called what was 
dimly visible on so dark a night. Suddenly a rush of 
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feet on deck, an excited outcry, and then a tremen­
dous crash on our starboard side. Simultaneously 
an immense white spectral object towered high above 
us, and instantly vanished astern into the darkness, 
while down upon the stout hatchway-the half-dome 
beneath which I stood-rattled blocks and broken 
rigging. It was the work of a moment to j ump on 
deck, and of little more to kick off my boots, for I 
thought froUl the shock that we must founder, and 
was determined to make as good a fight of it as possi­
ble. A glance round showed that the starboard bul­
warks had been swept away from about 'midships, and 
with them boats and a deckhouse, while the starboard 

...Fi7.� # 
,----- ,..--< ">-- ---

-< >-----

-'� 
stays of the smokestack had disappeared and the main 
and mizzen shrouds ano. backstays swung in against 
the masts. Some minutes passed before I was able to 
get a word with one of the junior officers, when I 
learned that the ship had not received any serious 
damage, and that the in.iuries she had sustained were 
all above board. "What was it that struck us ?" I 
asked. "A large, square-rigged vessel. She bore down 
straight upon us, under as Uluch sail as she could 
carry. The beggar carried no lights, but just as we 
struck I saw a fellow jump into the bows with a lan­
tern." After I had with some difficulty recovered my 
discarded boots in the darkness, I walked aft on to the 

quarter-deck, and found the captain near the wheel. 
"A pretty clo!!e shave that, Captain S--," I said. 
"Yes, " he answered, quietly and seriously ; .. but if I 
had followed the sailing instructions, we should not be 
here now to talk about it." It was not my province to 
ask him to explain, but I felt that at a critical moment 
his thorough seamanship had inspired him to do some­
thing which contravened official orders for such emer­
gencies, but had saved our lives. I have since been 
able to form an opinion as to what the gallant little 
captain did do, and proceed to relate another incident 
which will perhaps enable the reader, if interested, to 
do so too. 

,,�4 
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Several years after the adventure narrated above, I 
was standing on the pier at Halifax, seeing off some 
friends on the Cunarder Alpha. As the steamer shot 
out into the stream, a friend who stood near me (a ship­
owner himself, much interested in matters of naviga­
tion, and a keen observer) remarked: "G--, what 
course will that steamer take when her helm is just 
a-port 1" I answered, ., Why, surely, there can be no 

doubt about it; her head will come round in the other 
direction. " "N 0, it will not, " he said ; " her course 
will be very soon changed to that direction, but you 
will find that it is the stern of the vessel which will be 
deflected to the left, and not the bow which moves 
round in the direction you suppose. Now take a line 
along tha' ship to the white house on the opposite 
shore, and note the movement!' I did so, and surren­
dered my opinion at once, for he was right. The follow­
ing diagrams will illustrate my observation: Fig. 1 is 
the line which I was confident the ship would follow ; 
Fig. 2 suggests the deflection which I actually saw. 

J'"'-eu 6 
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Now my preconceived idea of the movement of a vessel 

when the helm is put up or down is, so far as my ob­
servation goes, the universal belief. If this is so, what 
a fruitfnl source of collisions! In the hope of eliciting 
a description which may throw light u pon this impor­
tant matter, and lead to beneficial results, I have 
written this article. 

Some ten years ago (if my memory serves) occurred 
the disastrous collision between the two German iron­
clads Grosser Kurfurst and the Konig Wilheltn. The 
facts of this catastrophe prove, as it seems to me, the 
principle above stated and the ignorance of the com­
manding officers in regard to it. The two vessels in 
question had in the course of maneuvering got into 
dangerous proximity, while steaming paraJIel to each 
other, and orders were given to sheer off and separate, 
the belief being that if one helm were put down and 
the other up, the vessels would diverge in regular curves. 
What actuaJIy occurred was that the sterns of the 
two vessels approached each other until the collision 

occurred, which resulted in the sinking of the weaker 
vessel and the drowning of the greater part of the crew. 
In the inquiry which was made into the cause of this 
disaster, the officers of both ships were pronounced free 
of blame, and it was determined to institute a course 
of experiments to ascertain how the vessels could have 
come into contact while efforts were being made to 
separate them. I have never heard what the result of 
the experiments was, and do not think that it was 
published. -

To illustrate by a diagram, Fig. 3 represents the in­
tended course of the two ships while separating, Fig. 
4 their actual conrse. 

Not long after the preceding catastrophe, occurred 
the following collision, which must be well remembered. 
Two Sound steamers of the same line, the Stonington 
and Narragansett, were proceeding to their destiJla­
tions. They had been accustomed to pass each other 
midway of the route for years, but on this occasion 
they proved to be approaching each other too directly. 
The rule of the road was followed on this occasion. 
Each vessel obeyed the sailing instructions, as was 
afterward admitted. If these were adapted to such 
cases, they ought to have cleared each other. But 
they were approaching head on with great speed, 
there was not sufficient interval to allow further stern 
deflelltion, and they were brought into collision with 
such violence that one sank with the loss of Illany lives. 
The newspapers commented on this collision as inex­
plicable because the sunken steamer was struck on the 

flne steamer Oregon. The facts in this case are, un­
fortunately, not very clearly known, but it is generally 
admitted that she was sunk by a vessel approaching 
her obliquely from the port side, which, in the fog, had 
got too near to be avoided. It seems to me possible 
that the collision was owing again to the following of 
sailing directions based upon ignorance of the principle 
whicb I am seeking to establish. Fig. 5 shows my 
idea of what actually happened, Fig. 6 what mhrht 
have happened if the instructions had been directly 
disobeyed. 

Had the vessels then struck, it would have been a 
glancing blow, which would not have seriously injured 
the steamer. 

It is to be hoped that a series of experiments as to 
the amount of this deflection, and its relation to the 
length, draught, and speed of the vessel, might result 
(if it is not presumptuous in a landsman to say so) in 
such a modification of the sailing instructions for such 
critical cases as I have above instanced as may avert 
collisions arising from similar causes in the future. 

Since a conversation on this subject here, incited by 
the accounts of two very recent collisions of English 
ironclads, a friend informs me that he has observed a 
steamboat leaving a wharf in Toronto Bay which he 
carefully lined by means of a stationary object on the 
island opposite. The boat was steaming directly away 
from him at five or six knots, when the helm was 
ported, and he saw that the whole vessel was deflected 
to the l eft side of the line on which she had been travel­
ing, and that it was some seconds after the helm was 
ported before her bow crossed that line. See Fig. 7. 

Toronto, Canada. 

A NOVEL RAFT BOAT. 

THE methods of handling logs are no more univer­
sal than are the rules of inspection. Probably the 
Mississippi River operators would say that they had 
reached the highest known stage of perfection in the 
rafting line, and when looked at as an art, anybody 

acquainted with the different processes would agree 
with them. The reckless, dare-devil disposition that 
was required in earlier days in getting rafts down the 
Wisconsin or the Susquehanna is not called for on the 
Father of Waters, but instead there is brought into 
service what would rank at a species of engineering 
skill. The raftsmen on the Mississippi would think it 
as un workmanlike to pull  a raft through the water as 
a high-bred sportsman would to shoot a bird except 
when on the wing or to catch trout with angle worms. 
To shove a great lIlass of logs down the river, forcing 
them into the proper channels and avoiding the danger­
ous projections and bars, is an accomplishment which 
has won the admiration of every man who has been so 
fortunate as to ride on a Mississippi raft boat. The 
pilot is certainly an artist. 

The person interested in rafting can stand on the 
river bank at Winona or La Crosse and see the raft 
boats going down the river on their way from Beef 
Slough to the mills ; then, if he will strike eastward 
across the State of Wisconsin, 150 miles or thereabout, 
until he reaches Oshkosh, he will find another way of 
getting logs through the water-a way so different from 
the one he observed on the Mississippi that he wil l 
wonder that they both exist in the same country. 

'The method of towing logs in the Wolf River dis­
trict is sui generis. 

The Wolf River, whence comes the supply of logs for 
Oshkosh, Fond du Lac, Neenah, Menasha, and Winne­
conne, reaches north for nearly 200 miles, dlld upon its 

A RAFT BOAT. 

reverse side to what would have been expected, which 
fact is easily explained upon Illy hypothesis. It was, 
I believe, by ordering the helm of the Merlin in a 
sense directly opposed to the published instructions 
that Captain S. so deflected the after part of h is ship in  
the few moments allowed to him as to receive a glanc­
ing instead of a direct blow. 

As a last illustration, 1 will instance the loss of the 

banks and those of its numerous tributaries are yearly 
cut about 100,000,000 feet of logs for the above markets 
-largely pine, with small amounts of hemlock and hard 
woods. About 20 miles north of Oshkosh, th river 
widens into a shallow lake, named POV/1:an, a.t the 
southern outlet of which is the town of Winneconne; 
thence south a few miles of river, and another lake, 
Buttes des Morts; thence three mile. of river, upOIl 
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whose banks stands the city of Oshkosh, whose eastern 
line is that of Lake Winnebago, said to be the largest 
body of fresh water in the United States wholly within 
the limits of one State. Where the river debouches into 
Lake Poygan are the rafting grounds under control of 
the Wolf River Boom Company. At these grounds the 
rafts, made into what are called fleets, are takeu pos­
session of by the queer-looking raft boats. These 
boats are small sidewheelers of very light draught and 
engines of moderate power. Near the bow of the boat 
stands a large oak pole, 40 feet long, called a growser. 
and weighing two and one half to three tons. This is 
pointed with iron, has an iron band on one side, and 

to the boat, and then up growser and away again ; 
and thus alternately running ahead, dropping growser. 
and pulling up, the lakes are passed, and the fleet 
moves along at the rate of two miles an hour. Arriv­
ing at Osh kosh, the rafts are uncoupled and delivered 
to the bul l  pens or hitching grounds of their owners. 

Even the unini tiated can see the points in these boats 
which endear them to the Wolf River lumbermen. 
They can be run in very shal low water, and when the 
growser is down-when the boat, as it were, digs its toe 
nails into the bottom of the lake to get a firmer foc,t­
hold -the power .exerted on the rafts represents that 
which would otherwise have to be produced by a more 

for use either on board ship or from a boat, and the 
conditions were that it should be able to flre tweI Te 
rounds a minute, the gun being destined chieflv for use 
against torp'edo boat attack. 

-

Of late, an extension of the use of metallic cartl'idge 
cases, and simultaneous loading, has been carried out 
t.o guns of considerable shell power and penetration, 
thereby largely increasing the area which can be effec­
tively defeuded by guns of this class. 

It is obvious that if a considerably increased rate of 
fire can be obtained from a weapon firing a 30 lb. or 
eveQ heavier projectile, a great addition has been made 
to the value of the smaller caliber guns on board ship, 

FIG. l .-TWENTY-FIVE POUNDER ELEPHANT GUN. 

slides downward through an iron-lined aperture in the 
bottom of the boat. It is held in its position by a clamp. 
The purpose of the growser is to anchor the boat. 

Behind thp, wheel house is  a strong oak beam, known 
as the tow or paddling post. To this the tow line is 
attached for towing rafts, where there is a current, but 
when the lakes are reached, or when the wind is un­
favorablE', growsing is resorted to. 

On the lower deck there is a large wooden barrel, or 
spool, around which is wound 1 ,200 feet of the best 
Manila rope, from one and three fourths to two inches 
in diamet er. This is connected with the engine by Ii 
sleeve clutch working on a feather key. The rope is 
altached to the fleet, and the boat runs ahead till the 
rope is out, when the clamp is unloosed and the growser 
drops into the mud, firmly anchoring the boat. The 
spool connec' . .:In if' then made, and the fleet pulled up 

powerful and consequently more expensive craft.­
N. W. Lumberman. 

RAPID FIRE GUNS AT THE NEWCASTLE 
EXHIB ITION . 

FIG. 1 shows a 4 in. jointed (25-pounder) elephant 
breech-loading gun designed for field and siege service 
ann for transport by e lephants. One of its special fea­
tures is that it can be divided into three parts, each of 
which weighs 893 lb. , and forms a load for an elephant ; 
this arrangenllmt gives great facility for carriage. It 
appf'ars to be a valuable as well as novel weapon, and 
considering that our empire is the only power which 
possesses trained elephants, it should p rove without a 
rival for the special work for which it is intended. 

The original 6-pounder rapid fire gun was intended 

whether for defense against torpedo attack or for other 
purposes. 

This is the object Sir W. G. Armstrong, Mitchell & 
Co. have had in view in designing the heavy caliber 
rapid fire gun , as i l lustrated in Fig. 2. 

The 30·pounder rapid fire breech-loading gun, cali ber 
4 '724 in . , or 12 cen timeters. fires a shell of 30 lb . ,  with 9 lb. of powder. The gun is composed entirp,ly of steel ; 
its total length 14 ft. 2� in. , length of bore 35 calibers, 
and weight 34 cwt. 

The breech is closed, like other Elswick breech-load­
ing guns, on the interrupted screw system, but the 
novelty consists in making the breech screw conical in 
form, and forming the screw threads in steps. The 
conical form not only permits of more rapid working. 
as, by its adoption, one motion in both opening and 
closing the breech is dispensed with, but the r{jSistance 

FIG. 2.-TH IRTY POUNDER RAPID-FIRING BREECH-LOADING GUN. 

ORDNANCE EXHIBITS AT THE NEWCASTLE EXHIBITION. 

© 1887 SCIENTIFIC AMERICAN, INC.



SCIENTIFIC AMERICAN SUPPLEMENT, No. 609. SEPTEMBER 3, 1 8 87. 

of the whole thickness of the breech piece is brought 
into play in opposing the longitudinal strain. Again, 
by arranging the thread in sectionlS, and placing the 
sections on one step opposite the blank spaces on the 
other, the resistance of the whole circumfel'ence of the 
breech piece is utilized. The gun is fired by electricity, 
the mechanism for that purpose being simple and in­
genious. In the base of the cartridge case is screwed 
an electric primer, against which a brass pin, carried 
in the axis of the breech block, presses. This pin is i n  
communication with the electric wires, which carry the 
eurrent to fire the primer, only when the breech slock 
is closed, and secured by turning the lever downward, 
against the rear of the block. I n  this manner all dan­
ger of accidental discharge is avoided. 

The Vavasseur mounting consists of an under car· 
riage, or slide, carried on four rollers, and working 
round a central pivot. To the front is attached a 
shield, to protect the gllnnt\rs. The training is effected 
by !lleans of a pinion ou the left of the carriage, work­
ing in a rack on the bed plate, and the elevating by a 
rack, pinion, and worm, also on the left of the carriage. 
The shafts which actuate the training and elevating 
gear are both brought well to the rear, and close to the 
wooden shoulder piece, against which the fireman aim­
ing leans, so that he has every thing close to his hand. 
The carriage proper works 011 top of the slide, the 
recoil being checked by means of an hydraulic buffer. 
The running out is automatic after each round. 

This gun has been most successfully tried at the gov­
ernment ranges, a rate of fire of ten rounds per minute 
having been obtained. 

A 7C-pounder rapid fire gun is nearly completed, in 
which, in the main, the arrangements adopted for the 
improved 30-pounder have been followed. Should this 
gun give good results, it  is possible that rapid firing 
guns will replace on board ship all the lighter artillery, 
whether forming the main armament of small vessels 
or the auxiliary armament of large ironclads.-En­
gineering. 

NEW EXPERIMENTS UPON THE THRUST OF 
SAND. 

MR. SIEGLER, government engineer, has j ust pub­
lished, in  the Annales des Ponts et Chaussees, a memoir 
in which he makes known a new experimental method 
of studying the reactions that occur between a mass of 
earth and the walls that support it, and gives an ac­
count of some experiments made with such method, in 
order to elucidate various questions of principle, still 
obscure, in the theory of the thrust of earth. As these 
questions are of interest, we give a summary of the 
article. 

Criticism on Old Expllriments. -The experimenters 
who have endeavored to determine the thrust of a mass 
of sand upon a wall have all operated in nearly the 
same way : A panel of wood, movable around an axis, 
performs the role of a sustaining wall, and tends to 
pivot around the axis under the influence of a thrust. 
The moment of this force is balanced by that of 
another measurable force. In most cases, a lever fixed 
to the panel carries a scale pan containing marked 
weights that are progressively d iminished u ntil the 
panel swings. It is admitted that the moment of these 
weights with respect to the fixed axis is then equal to 
that of the thrust. In Mr. Darwin's experiments, a 
dynamometer was interposed between the panel and 
the coun terpoises. 

Method of the Four Axes.-Upon operating succes­
sively with four parallel axes placed at the upper part 
of a wall ,  the point  of application of the thrust has 
been found a little above a third of the height. On 
the contrary, with four axes placed at the lower part, 
the point of application has been foun d  a little below 
this third. The fact has been verified that the direc­
tion of the thrust makes with the surface of the wall 
an angle nearly equal to the angle of friction of sand 
upon sand. 

To all these experiments the same objection may be 
made : Before swinging, the panel makes slight move­
lIlents around the stationary axis. If this axis is fixed 
at the lower part, the panel disengages itself from the 
I llass at the top ; and if the axis is above, the panel dis­
engages itself at the bottom. In both cases, the reac· 
tions are rapidly modified under the influence of the 
slight movements of the panel, and the experiment 
gives but an imperfect approximation of the.. thrust. 
We are notably u nable thus to determine the compo­
nent of the thrust situated in the plane of the interior 
surface : that is to say, the tangential ' component. If  
the axis is  in this same plane, the component has a n ull 
moment ; and if it is outside of this plane, t,here de­
velop, between the panel that is beginning to pivot 

FIG. 1. 

and the sand, sliding frictions that cannot be distin­
guished from the tangential component of the static 
thrust. To show this difficulty better, the author re­
calls  a curious experiment devised by Engineer i n  Chief 
Gobi n, who took a vertical panel. A B (Fig. 1) ,  passing 
through a slit, C, in  the bottom, D E, of  a box, and 
suspended by a cord from a pulley. 'I'he box being 
fi lled with sand, if the thrusts that the two surfaces of 
the panel experience are oblique to such surfaces, they 
ou�ht to give a vertical resultant directed down ward. 
In order to determine whether in effect such a result­
ant exists, Mr. Gobin measured the stresses necessary 
to displace the panel in its plane, either downward or 
upward. He found that such stresses are equal , and 
concluded therefrom that the vertical resultant sought 
iii null. 

This conclusion does not seem t� be well founded. A 

down ward thrust on the panel cannot exist and be 
measured unless the panel is capable of resisting this 
force ; that is to say, unless it is kept in place. If the 
panel gives way, it diminishes and then becomes an­
nulled. If Ute panel is drawn downward, the reaction 
that it undergoes on the part of the sand changes 
direction. What Mr. Gobin measured was the sliding 
friction of the panel on the sand, in its downward and 
upward motion ; he ought necessarily, then, to have 
found the same resistance in both directions. 

In order to solve problems of this kind, the panels 
supporting the thrust must remain entirely immovable, 
and we must succeed nevertheless in measuring the 
reactions that they undergo on the part of the mass. 

Use of Violin Strings. -In order to overcome this 
difficulty, Mr. Siegler first tried a very imperfect but 
interesting method. As dynamometers, he used taut 
violin strings, and repeated, among other experiments, 
that of Gobin described above, in suspending the panel 
between two short violin strings attached to each ex­
tremity at fixed points. After determining the notes 
given by the cords when the box was empty, sand was 
slowly poured in in horizontal layers by means of a 
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funnel. The upper string then gave a shriller not 
than before, and the lower one a graver sound. The 
first was therefore tauter than before the introduction 
of the sand, and this supplement of tension could be 
attributed only to a downward thrust exerted by the 
sand upon the panel. 

But it is clear that the panel had not remained im­
movable, and had been carried along slightly by the 
sand, and that this method responds but incompletely 
to the conditions laid down. It shows t hat there is a 
tangential thrust, but does not permit of measuring it. 

Use of Electricity. -An endeavor was afterward 
made to apply to the problem the well-known property 
that carbon possesses of becoming a better conductor 
of electricity when it undergoes an increasing pressure. 
Two superposed carbon disks receh'ed the pressure 
that it was dellired to measure, and formed part of a 
circuit comprisin g  a pile and a galvanometer of feeble 
resistance. Upon increasing the pressure, the intensity 
of the current kept i ncreasing. 

It was thus possible to graduate the apparatus em­
pirically, and afterward place the disks under Mr. 
Gobin's panel to measure the intensity of the current 
before and after the introduction of sand, ane. to de­
duce the thrust of the latter. It is clear that the COlll­
pression of the carbon disks could be considered of 
little consequence, and the displacement of the panel 
as null. Unfortunately, this method could not be 
rendered practical. 

Friction Dynamomete1·. -In order to determine the 
intensity of a pressure without displacing its point of 
application, Mr. Siegler measures the sliding frict.ion 
that such pressure develops with a small friction dyna­
mometer (Fig. 2). 

A strip of iron, A, is  placed between two plates of 
iron, B and C, which are provided with grooves in 
which A can slide. The plate, C, is screwed to a fixed 
support. It is provided with two pins, m, which enter 
corresponding holes in the plate, B, and prevent the 
latter from moving horizontally. The pressure to be 
measured is exerted perpendicularly upon the plate, 
B, and consequently upon A and C. To the plate, A, is 
fixed a cord, I ,  that passes over a pulley and carries a 
scale pan. 

Neglecting the weight of the strip and upper plate, 
the sliding friction that must be overcome by means of 
the scale pan is proportional to the pressure. Nothing 
is easier than to tare the apparatus, by placing loads 
upon the upper plate of 1, 2, and 3 pounds, for example, 
and noting the weight that must be put into the pan 

FIG. 4. 

to cause a sliding. We thus have no correction to make, 
and do not have to take into account the weight of the 
apparatus, the friction in the pulley, etc. It will be 
seen that this method entirely satisfies the desideratum, 
since the point of appl ication of the pressure is abso­
lutely fixed , provided that the faces of the movable 
strips are exactly parallel. However, it is not entirely 
accurate, since, despite every possible precaution, 
errors amou nting to from 8 to 10  per cent. cannot be 
avoided. We might probably att.ain a greater approx­
imation by improving the construction of the appara­
tus. 

ExpeTiments. -The following experiments prove that 
the thrust upon the internal surface of a sustaining 
wall is oblique with respect to such surface, and makes 
with it an angle equal to the angle of friction ; so that 
to the pressure exerted by the weight of a sustaining 

wall upon its foundation is added the tangential com­
ponent of the thrust, which increases the pressure up­
on the foundation ground just so much. This explains 
why an empty box (Fig. 3) is capable, through the sur­
face, AB, of sustaining a mass of sand. 

1.  Mr. Gobin's Experiment modified.-Under the 
vertical plate, A B (Fig. 4), . is placed a friction dyna­
mometer, d. In order to prevent the plate from falling 
wh en the box is empty, it is held by two flexible cords, 
m n, p q, that are fixed at m and q to the sides of the 
box, and that can give no vertical reaction. A determi­
nation is made of the weight necessary to p u t  in the 
scale pan to cause the movable strip of the dynalllometer 
to slide when the box is empty . The box is  carefully filled 
with dry sand, and the weights necessary to prod uce the 
sliding are again put into the pan. It is found that 
such weight is greater than it was before the introduc· 
tion of the sand. With a box 9% inches in length and 
8 inches in width, and with a height of sand of 4;ll 
inches, we thus find that the dynamoIlJ etel' recei ves 
from the sand a vertical thrust of 22 ounces. 

2. Thrust upon a Sustaining Wall.-This experiment 
was performed with a box open on one side: To u n­
derstand the arrangement, we may suppose that the 
part to the right of the panel in Fig. 5 is suppressed. 
The horizontal shifting of this panel is prevented by 
means of four horizontal cords fixed to pins driven into 
the sides of the box. These cords cannot cause any 
vertical reaction, and consequently cannot vitiate the 
experiment. 

The dynamometer is tared, and the box is ti lled with 
sand. The friction developed in the dynamometer is  
measured anew, and the vertical pressure that it  receives 

'from the panel is deduced from it. 
In operating with a box 12 inches square, and with 

successive heights of sand of 4, 8, and 12 inches, we find 
the following figures : 
Height of 

sand. 
4 in. 
S " 

12 " 

Vertical component 
of the thrust. 

0 '66 lb. 
1 76 " 
1 '76 " 

These figures demonstrate in an absolute manner 
that the vertical component of the thrust exists ; but 
it would be necessary to operate upon a larger scale to 
obtain numerical results utilizable for the theory. 

The sand had a density of 1 '6, and a natural slope of 
about 33° with the horizon. On ramming it down in 
horizontal layers, we find vertical components that are 
sensibly feebler. So, too, when we make measurements 
successively for heights of 8 and 4 inches in gradually 
emptying the box, we find smaller figures for the same 
height than in the period of filling. This difference 
will be explained further along. 

3. Distribution of the Weight of Sand over the Bot­
tom and Sides of a Box.-Finally, it has been deter­
mined how the weight of a mass of sand placed in a 
box is distributed between the bottom and sides. 

A bottomless box (Fig. 5), 10 inches in length, 6 in 
width, and 15 in height, rests on the one hand, through. 
a knife edge, C, upon a stationary table, and on the 
other, at E, upon a dynamometer, d', fixed upon the 
same table. The weight of this box and the vertical 
stresses that it will undergo will be distributed equallv 
between the knife edge, C, and the dynamometer, d" 
which are placed symmetrically with respect to the 
axis of the box. It will suffice, then, in order to have 
the total of these stresses, to double the pressure 
measured at the dynamometer and to deduct the 
weight of the box. 

A bottom, I K, independent of the box, rests upon 
another dynamometer, d. The taring having been 
effected, two layers, of 17� lb. each, of sand are put 
into the box and leveled orr. 

The following pressures are found : 

Weight 
of 

8Ilnd. 

Height 
of 

layer. 

Vertical 
pressure on 
the sides. 

Vertical 
pressure on 
the bottom. 

Tota.l. 

--- ---- 1 ----- 1 ·---- 1----
17% lb. 7 in. 
35 " 14 " 

9 ' 6 lb.  
22 " 8 ' 8  lb . 

12 ' 76 " 
18 ' 4 lb. 
34 ' 76 " 

The difference between the weight of the sand and 
the sum of the pressures is due to experimental errors. 
It does not exceed 5 per cent. 

FIG. 5. 

It is remarked that in measure as the height of the 
sand is greater, the proportion of the weight exerted 
upon the walls notably increases. 

It must not be concluded from this that when we 
build on sand the pressure is distributed between 
the lower foundation earth and the lateral walls in the 
above proportion. All depends, in fact, on the respec­
tive resistance of the strata of earth met with. If the 
lower soil is hard and surmounted by compressible 
strata, the latter will yield in a vertical direction, and a 
greater part of the pressure will bear upon the bottom. 
If the ground is homogeneous, the walls will take the 
greater part of the load. 

Explanation of the Facts observed.-The existence 
of the tangential component is placed beyond a doubt. 
The two elements upon which this component depends 
are (1) the coeftlcient of the friction of the sand upon 
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itself and upon the internal surface of the wall and (2) 
the compressibility of the sand. If the friction were 
null, it is clear that there could be no vertical compo­
nent. But that does not suffice. 

Were the prism of the greatest thrust incompressible, 
it would bear by i ts lower point, like a rigid body, upon 
the basal plane. Its entire weight would be transmit­
ted to the base, and the pressure that it would exert 
upon the wall would be merely horizontal. But such 
is not the case ; sand is compressible, and ha.s a tenden­
cy to pack. If we pour sand into a box (Fig. 6) hav­
ing a vertical glass side, and now and then interpose a 
thin stratum of sand of a different color, we observe a 
subsidence gradually taking place , but not in hori­
zontal strata. The sides exert a retarding action upon 
the settling, j ust as do the sides of a water conduit 
upon the l iquid that flows through it. This retarding 
action necessarily supposes a vertical reaction down­
wa.rd of the sand upon the wall. It is the tangential 
component of the thrust. And this force develops as 
long as the sand has a tendency to settle, that is to say, 
as long as the limit of compression is not reached. 

We now understand why, in experiment No. 2, we 
fo und feebler vet·tical components, with the sallIe 
height of sand, in the period of emptying than in that 
of ti l ling. The lower stratum of sand, at first COIlI ­
pressed, expanded, so to speak, and reacted upon the 
sides from bottom to top instead of lying heavy on it.  

It wil l be remarked, too, that the elementary verti­
cal component of the thrust furnished by It horizontal 
section of the mass does not dere ll d  solely upon the 
normal pressure, but also u pon the degree of subsid­
ence of the lower strata. This component is analogous 
to the sliding friction, but it does not vary in the same 
way as that upon the height of the wall. In the sec­
tion in contact with the earth the vertical component 
is sensibly null ,  while the sliding friction, proportion­
al to the normal pressure, is maxim um. 

The sliding friction develops when the wall displaces 
itself or tends to do so. The tangential component 
exists in the absence of all motion. 

A conclusive experiment shows that the pressure of 
an embankmen t upon its base is diminished of all the 
weight that bears upon the surface of the wall. The 
part of the Illass near the wall remains suspended 
there, so to speak, and bears less upon the ground. If 
we could determine the lines of equal vertical pres­
sure in the interior of the embankment, we should find 
curves analogous to those shown in Fig. 7. 

In measure as subsidence proceeds, these curves ap­
proach horizontality. 

As the existence of the vertical component contri­
butes to the stability of the wall ,  it will be seen that 
suhsidencf> would diminish suoh stability if it did not 
at the same time contribute to red uce the horizontal 
thrust and increase the cohesion. 

Conclusions. -The friction dynamometer permits of 
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measuring forces without shifting their point of ap­
plication, and may, for this reason, find applications in 
various experiments on the resistance of materials. 
With this  apparatus it is possible to eliminate the 
causes of error that a large number of experi ments on 
the thl'l1st of earth admits of. It has been found pos­
sible, especially, to make evident and to measure the 
component of the thrust exerted on the inner surface 
of a wall sustaining a mass of sand. 'rhis  component 
is distinct frolll the fl'icti on that occurs between the 
sand and the wall when the latter begins to displace 
itself. It exists in a state of rest in consequence of the 
sand's tendency to subside, and it increases the pres­
sure that the wall exerts upon its foundation . 

Laboratory experiments, performed necessarily upon 
a small 8cale, could not furnish coefficients app licable 
to constl'l1ct,ions and to the calculation of the thick­
ness of sustaining walls. Dry sand, moreover, is a 
body of a very peculiar nature, which, especiallv 
under heavy pressure, behaves very differently from 
earth, and especially from clay. 

METHOD OF MAKING A CABLE. 
WHIZ·z ·z-bur-r-r-clatter-r-r-buz-z- z ! These were 

the only distinguishable sounds that greeted the West­
ern Electrician representative as he was ushered into 
the insulating room of the Western Electric Company, 
Chicago.;>, bound on seeing a telephone cable pass 
through al l the processes of manufacture from the bare 
copper wire to the reel on which a huge cable had beeu 
shipped away as he entered the factory. Amid the 
clatter of this insulating room it is well-nigh useless to 
attempt to listen to explanations, and the eyes must 
con vey the information to the brain.  We will watch the 
process of making what is known to the trade as a 
twenty-five wire cable. The naked copper wire is  
brought on a reel to a winding machine. This is the 
machine that prevents the questions that would other­
wise be asked-not that any one . machine is particu­
larly noisy, but one machine in conj unct ion with a 
h undred others succeeds in creating a second Babel. 
In an adjoining room are the braiding machines, which 
serye the same purpose as the winding machines, dif­
fermg, however, in the character of the work they turn 
onto In the case of the winding machines the covering 
of cotton or j ute is wound round the wire, and in the 
case of the braiding machi nes the covering is braided 
about  a wire as a core. To those unaccustomed to a 
braider the bight is a novel one. The parts of the 
machine carrying the thread follow such serpentine 
courses, flash in and out, double on thei r  own courses, 
and engage in such convol utions that the uniniti­
ated 8tranger awaits with abated breath the mo­
lIIent when the machine will twist itself into such knots 
that there will be a general smashing on all sides. 

The catastrophe does not occur. Now and then a solution of what looked like a complex problem. One 
thread breaks ; the girl in charge, who has been coolly of the employes takes a wad of cot.ton and attaches to 
eying the stranger, calmly halts the crazily whirling it a fine, light, but strong string, which i n  turn is con­
machine, as calmly reunites the ends of the thread and nected with a rope, and that in its turn to one end of 
starts the mach ine in its whirligig course again. But 

I 
the cable which is stil l  in the oven. The wad of cotton 

it is through the winding machines that the bare cop- is  inserted in the end of one of the lengths of pipe, a 
per wire passes until from one end to the other it is small air pUlllP is attached to the other end, a handle 
covered with its cotton or j ute dress. As fast as it is I is worked, and as the air in front of the cotton is ex­
dressed, so to speak, it is  woun d on a reel to await the hausted, the atlllospheric pressure behind forces it 
next step in the process. T wenty-five of these w ires through the pipe in a flash-or to be less techIJ ical, t.he 
are covered or insulated, as the technical term is, and cotton with its string attached is " sucked " through 
then the whole twenty-tive are bound together and the pipe. The rope is drawn through the pipe, and 
covered in the same way as the first wire. At the con- after it follows the cable. While the rope is going 
clusion of this step in  the manufacture, the cable, for through the first length, the cotton and string are put 
that name can be given it  now, resembles a rope. The through the second len gth of pipe, and by the time 
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cable then goes to another part of the building, where 
it enters a huge oven and is thoroughly dried in order 
to get rid of that bane of a good cable-moisture. After 
an exposure of about t welve hours to a heat of about 
180 degrees Fahrenheit, the cable is ready for its bath 
of paraffine, the purpose of which is to exclude any 
moisture that might tend to work back i nto the cable 
at any spot. Into a large iron tank partially filled with 
melted paraffine, which. so far as appearance goes, re­
sembles water, the cable is placed, and it receives a 
thorough soaking. When the melted paraffine has pen­
etrated every pore of the cable, the latter is replaced in 
the oven for another hot-air bath, but the ends of the 
cable are brought through perforations in the side of 
the oven, for a purpose to be explained, leaving the 
coil on trucks on the oven floor. This cable. may be 
several thousand feet long, is to be drawn through a 

FIG. 2. 

lead pipe, which, by the way, is of special composition 
for this purpose. The lead pipe is made in lengths of 
125 feet or 1lI0re, and the  casual visitor may puzzle his 
brain sOllie ti me before arriving at the method by which 
that cable is  to be drawn th rough that pipe. The 
lengths of pipe are lai d  side by side on the floor of the 
room in which these operat ions are carried on. The 
ends of the pipe are not soldered together, and up to 
this point we have a continuous cable and a number of 
pieces of lead pipe whose aggregate length is the same 
as that of the cable. 'rhe next. step in the process is an 
exceedingly simple one, and yet leads the way to the 

the cable is on its way through the first length, the 
cotton and string are in the third length of pipe, and 
the rope started on the second length. When the cable 
is through the first length of pipe, it follows the rope 
and thread all the way through the other lengths. The 
joints in the pipe are then soldered, making the pipe 
with its core of cable continuous for the desired length. 

Again another paraffine bath. But this time the 
melted paraffi ne is forced into the pipe, under a car­
bonic acid gas pressure of from 80 pounds to 140 pounds. 
The cable is once more treated to a hot air bath, and is 
then wound on a reel and tested, and the wires at either 
end are so marked with tags as to be read ily identified. 

These cables are used aerially or underground or for 
submarine purposes. When one of these cables is 
used aerially, it is with the idea of carrying a num ber 
of wires within a small compass, thus doing away with 
oostruction to light, and not overloading the poles that 
support the wires. Aerial cables are generally swung 
from a wire that carries the cable and saves the latter 
from pulling apart from its own weight. Underground 
cables are designerl to get rid of the annoyarlce of wires 
strung on poles, while submarine cables are used for 
crossing bodies of water where wires strung above the 
surface would be inadmissible. Su bmarine cables are 
sometimes armored, that is, wrapped with a heavy 
wire to secure immunity from damage by chafing on 
rocks or having anchors of vessels dragged across them. 

The illustrations h erewith serve to give a clearer 
idea of the subject matter. The group of cuts showing 
the cross sections of  cables exhibit the different kinds 
of cables manufactured at the establishment visited. Fig. 3 shows an aerial cable with its insulation of 
paraffine and the sheath of lead pipe. Fig. 4 d iffers 
from Fig. 3 in its armor of wire to protect it frolll in­
jury. Fig. 5 is  another form of aerial telephone cable 
with an induction wire through the center. Fig. 6 
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shows the induction wire, the copper conducting wi res, 
the insulation of cotton or j ute, the paraffine inwla­
tion, the sheath of lead pipe, and tinally the armor of 
wire. Fig. 7 shows a telegraph cable which is u8ed un­
der water or under ground, and also shows the charac­
teristics of other cables already described , of the paraf­
fine insulation, the sheath and the armor. Fig. 2 illus­
trates the hanger used to support aerial telephone 
cables, while Fig. 1 shows the terminal to a cable. 

A LARGE SIPHON. 
A SIPHON of considerable interest has recentlv been 

constructed at the large Fritztle works, close -to the 
town of Laurvik, Norway. This extensive establish­
ment comprises, besides the various works, no less than 
about 700 square kilometers of landed property, mostly 
forest, annually yielding some 400,000 pieces of timber. 
The large iron works were here, as almost everywhere in 
Norway, discontinued about a quarter of a century a go, 
but at Fritztle, at least, other industries have worthily 
taken their place. 

The present Fritztle works consist of engineering 
works, two planing milia, two saw mil ls, two flour 
mills, with a yearly production of 1(10,000 hectoliters of 
flour, and a wood pulp manufactory that produces some 
7,000 tons a year. The whole of this large concern is 
lighted by electricity. There are 240 incandescent 
lamps and two dynamos, driven by a separate turbine. 
The number of men at the works themselves is about 
600. 

With the exception of the two planing mills and one 
of the saw mills, all are worked by water power from 
the waterfall between the Farris lake and the town. 
The power amounts to 2, 000 horse power, and the tur­
bines number sixteen. The height of fall actually 
utilized is 36 ft. , and the quantity of water req uired is 
15 '5 cubic meters (550 cubic feet) per second. 'rhe Far­
ris lake, which forms a reservoir fl)!' the water power, 
has an area of 21 '80 square kilometers, and receives its 
supply from a river of the same name. The lake water 
is collected and regulated by a dam dating from the 
year 1765. It is built of hewn stones with .. luices both 
for the floating of timber and for the exit of the water. 
The dam does not rest directly on the rock, but has its 
foundation on clay and gravel. 

Taking the large quantity of water into considera­
tioll, this construction is not altogether favorable, &1-
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though no mishaps h ave occurred during the 120 years 
the present dam has existed. As the power required at 
the works increased, the supply of water was not 
always sufficient, especially in the winter, it being im­
possible to draw the necessary 15 '5 cubic meters per 
second through the sluices of the dam when the 
water in the Farris sank below a certain level. On the 
other hand, the average quantity of water in  the river 
was sufficient to produce the above quantity all through 
the year. 'rhere were, consequently, two alternatives, 
either to raise the level of the water in the reservoir 
(the Farris lake) by making the dam higher, or to draw 
it to a greater depth. The latter course had several 
advantages ; a higher water level might prove prej udi­
cial to the surrounding property, and the dam might 
not be able to stand the greater pressure from the in­
creased volume of water. The plan adopted for lower­
ing the level of the water would, in most cases, have 
been to sink the sluices already exi sting or to make 
new ones below these. This could, however, not be 
done on acco unt of the natn re of the dam foundation, 
and the building of a double siphon was therefore de­
cided upon, It was thought advisable to give this the 
full capacity of 15 '5 cubic meters per second, so that 
the tubes could carry the entire quan tity of water re­
quired, should the level of the l!'arris resen'oir sink be­
low the bottom of the sluices in the dam. The siphons 
can now draw the water to a depth of 4 ft. below the 
bottom of the slueies. 

The diameter of the siphons is 5 ft. 2 in . , and they 
have a l ength of 82 ft. ; their suction height is 3 ft. 1 1  
in. , and t h e  height o f  t h e  fall is 4 ft. 8 i n _  The mouth­
pieces are of cast iron, and these, as well as the ai r 
pump, are made at Forsvik's Engi neering Works, 
Sweden. The siphons themselves are built of riveted � in. steel plates from the Motala W' orks, Sweden. 
'I he riveting and putting together has been done at 
the Frit.zoe ""forks_ The opening and the closing of 
the siphons is  done by a ring sluice, which is lifted 
vertically by hand power by the aid of a scre w gear ; 
only one man is req uired to do this. The air pump is 
situated i n  the middle between the two siphons, one 
pump acting upon them both . Four men can pump 
out  the  air of  hoth siphons i n  ten  minutes. The two 
siphons are placed side by side in one of the old s luice 
holes in the dam. The mouthpieces rest upon 12 in.  
timbers, covered with 3 in ,  boardin g. 

The fixing of the siphons was a work of extreme 
difficulty. It was necessary to b uild an intermediate 
semicircular tlmbankment above the proper dam. 'rhis 
had a diameter of about 16 meters, and was built of 
poles, on the outside of which horizontal beams were 
fixed, and these were covered with 2� in_ b oardi ng, 
Outside these there was a layer of gravel, etc. , of about 
5 ft. t.hickness. The water was pumped out of the 
outside by two 12 in. PU Ill ps, worked by a 6 horse power 
portable engine. While this was going on the water 
was taken through an aperture at one side of the 
dam and led down to the Fritzoe works through a pro­
visional canal. At last i t  h o wever became necessary to 
close the reservoi r altogether for some weeks. The 
cost of the siphons amounted to about 40,000 kroner, 
and they have given great satisfaction. Another work 
recently completed at Fritzoe is the rebuilding of the 
various canals leadi ng the water to the different parts 
of the works. This n ecessitated th e laying of some 
64, 000 cubic feet of foundation. The length of the 
canals amounts to 1 , 600 ft. The pulling down of the 
old and building of the new ones was done in the course 
of four weeks, with a staff varying from 100 to 300 men. 
-Engineering. __________ _ 

DECORATIVE GLASS.* 

produces a yellow hue, and only to a slight degree. It 
is by no means easy to adjust the quantity of black 
oxide of manganese to the amount of iron in the sand, 
and if in excess, a purple color is produced. Much of 
the window gla�s of nin ety years ago is of a purple 
hue on this account. If rightly proportioned to the 
iron in the sand, no appreciable col or is imparted by 
this substance. I believe that at present arsenic is 
considered, for various reasons, an equally effective and 
more manageable agent for this purpose than black 
oxide of manganese. The proportions q uoted by Pro­
fessor Rarff for window glass materials are : Sand, 4 ; 
sulphate of soda, 2 ;  lime, about f to, I ,  with a �mall 
quantity of carbon as charcoal. For flint glass : Sand, 
3 ;  red lead, 2 to 2� ; carbonate of potash, 1 �  to 1%, 
with a little niter, or saltpeter, as an oxidizing agent. 
The analysis of Pompeian glass gives : Sand, 4 ;  soda, 
1 ; lime, � (about) ; and a small quantity of alumina. 
Here the proportions of soda seem much less, and lead 
does not enter into the mixture. Different makers 
vary these proportions, and have mixtures of their 
own. If soda i" in excess, there is apt to remain a 
certain amount of it not properly reduced , and it is 
gradually dissolved by the action of the weath er, 
making those holes which we see on the outside of 
some old window glass. Sometimes we see on the sur­
face a delicate film, which, seen in a certain light, is 
opalescent. This is also noticel),ble in glass that has 
been long buried, froUl the action of salts in the super­
incum bent earth, and shows that the due proportion of 
the ml),terials has not been observed, and a perfect 
union has not resulted. It would be very desirable 
that careful experiments should be made by chemists, 
so as to save glass founders from errors of this kind, as 
far as they can be made avoidable_ 

The materials are partially heated togetner and are 
then called fritt. The fritt is afterward put into 
glass pots, made of fire clay, in the furnace, where 
they are gradually fused, and fresh fritt is added 
till the glass is in a doughy state, not too liquid, 
in  which condition it is known as metal. The pots for 
window glass aye uncovered, and the fire passes over 
them. Those for flint glass are covered over, leaving 
an opening in front for the use of the ·blower. A scum 
which rises to the surface is removed by iron ladles. A 
small quantity of broken glass is thrown in at inter­
vals to complete the fusion and purify the metal. 

3. Various colors are imparted to glass by the mixture 
of metallic oxides : red, by copper, as well as green and 
blue, according to the nature of the oxide : blue by 
cobalt_ A beautiful pink is produced by oxide of gold, 
and, if used in large quantities, a fine red. Oxide of 
i ron produces either green or yellow. Yellow, of various 
depths, is also produced by silver, but not by melting 
it with the metal. Oxide of silver is mixed with chalk, 
or some similar substance, and laid on the glass when 
cold, and it is then heated to a dull red , and the yellow 
stain is pale or deep, according to the quantity of 
oxide used. Red produced by oxide of gold and cop­
per red are both coated over clear glass heated and 
blown into sheets. Purple and black are produced by 
black oxide of manganese. There are, however, many 
varieties of hue which are produced in different 
factories, some, probably, by accidents of the melting. 
It is of these materials that painted glass is made, but, 
as glass painting belongs rather to the pain ter's art, I 
shall not attempt any discussion of it here. As we see 
it in old church windows, it is the very romance of 
med iawal painting, and its special claims depend 011 the 
mellowness and beauty of the glaEs prepared for it. 

4. Besides glass colored in the metal, gold leaf can be 
laid on glass, etched and coated over with a thin film 
of glass. Gla�ses colored, but 1Il0re or less opaque, are 
used in small dies on w alls and vaults, for another kind 

By JOHN HUNGERFORD POLLEN_ of painting call ed mosaic. Light is reflected by this 
THE rem arks I have the honor to lay before you , kind of painting, but it is transmitted in many hues by 

ladies and gentlemen, this evening, are descriptive of a pai nting on colored glass in  windows. The Whitefriars 
beautiful and fairy-like art. I call it fairy-like, not furnaces turn out a peculiar kind of glass, opaque, and 
on l y  because of the delicacy and beauty of the material having the look of unglazed porcelain, on which de­
used , but because of the s i mplicity of its Il:anipulation signs are drawn and painted with enaIllel colors, and 
and the rap io ity with which its most attractive crea- these paintings are put into muffles (small kilns, which 
tions are effected.  can be gradually heated at will), and burnt in as in 

Glass is tr'1n Sparellt as water, and , like the drops aml window painting. Like mosaic work, it is a kind of de­
jets of water, th reaos of it are crystal lized into jeweled coration applicable to wall surfaces, in which it can be 
forms by the action of the air ; and , again, light, brittle, embe(ld eo . I notice it here because this kin d  of glass is 
and destructible as glass vessels are, they are yet cap- the result of a peculiar process. It may be produced 
able of outlasting many, if not most, of the substances by breaking up glass of the color required, and fusing 
out of whieh vessels can be made for our use. it over again.  What sort of intensity of heat, or period 

L Before proceedin g  to discuss the manipulation of of time may be required in its fusion, I do not know, but 
our materia l it will be necessarv to show how it is it may be prod uced in another way. I shall have 
made. Glass, says the late Professor Barff, t ap- to advert presently to the process of annealing, or tlJe 
pears to be a mixture of sil icates. The material is very gradual cooling which glass goes through be­
principal ly  sand, with an alkal i ne substance, either a fore it is fit for use. Now it seellls that glass, when 
salt of soda or potash and liIlle ; though in some kinds it l eaves the furnace, takes a long time for its particles 
of glass oxide of lead takes the place of lime. to arrange themselves. If glass vessels have not been 

The scientifie name for sand,  or, rather, its principal properly annealed, they are extremely brittle ; they 
constituent, is silica. T h is compound oxide of silicon, crack easily if hot water is poured into them-Illore 
or si l icic acid, when brought into contaet with bodies easily the thicker the glass is ; the inside heats and ex­
of an opposite ch aracter, under suitable conditions  pands before the heat has reached the outside. Thin 
unites with them ami forms a salt. Now, silieic acid, glass is less brittle. But i f  thick glass has been care­
at the ordinary tem perature of the air. has no action fully annealed , it is less liable to such accidents. J f, on 
whatever on carbonate of soda, but. when heated suffi the other hand, glass is kept at too high a t.emperature 
ciently ,  the aetion becomes vigorous. W hen sand is in the annealing furnace, and for too long a time, it 
mixed with oxide of lead (common litharge), they unite, loses its transparency and becomes crystalline in tex­
forming a compoun d  similar to that produced by the ture. This process i& called devitrification. A kind of 
silica u nited with the soda. In OHe ease a soda glass is porcelain was at one time made of glass in this st.ate, 
formed, in the other a lead gla�s ; the former is made and went by the name of Reaumur's porcelain_ Devit­
with coarser or finer sand , aecordiug' to what is to he rifted glass, as it can stand the weather, if painted and 
made from it, such as eOlIllllon bottles, crown, sheet, or if the incorporation of the enamel colors used upon it 
p late glass. The latter kind is  called flint glaRs, and is were thoroughly understood, might, I suppose, be used 
used for the finer works of the glass b lower-glasses, not only for internal, but for external wall decoration 
table decanters and glasses, and imitation jewels. It is as well. 
Illore brilliant, colorless and triwsparent ; it is also con- As far as I can learn, such a complete incorporation 
siderably heavier than windo w glass. of enamel ornament on glass of whatever kind has not 

2. In putting together the materials for glass maki ng been yet arrived at, the enamel having a liability to 
of the finer kind, it is of great importanee that the wear off the surface, and the process is perhaps still 
sand should be as free as pOEsible from impurities. The to be examined .b1 practical c�emists. S� far, then, 
Venetian furnaces are sai d to have been suppl ied from as to the compo�ItIOn of the varIOUS glasses m use . . 
the coast of Syria, where the sand had he en famed for , 

5_ Next, Il;s to. Its man ufacture. I have c�mpa�ed It !o 
its excellence from the days of ancient ROllle .  The the .crystalhzatIOn of pure water by the actIOn of �he aIr, 
sand now used for fli nt glass is bronght fro l ll Al u l II for It I� �he breath of the workman that puts hfe and 
Bay, in the Isle of Wight, and from Fontainebleau, in beauty mto the l umps of soft I�Je�al that he.dra'Ys out 
the latter case at high priees. The pri ncipal impurity of the �ot. There are several dlstmct oI?eratIOns m the 
found in common sand is some form of oxide of iron decorative treatment of glass. It IS blown, cast, 
which produces a green color, and the presence of iror� monlded , stamped, and cut !n a variety of �ays when 
is neutralized by adding black oxide of manganese. This cold.. Th.e oldest and the slIJ?plest process IS. tha_t of 
reduces the oxide to the state of peroxide. Peroxide ma�mg slmf!l� bottles. a?d wmdow glas�- wh.ICh IS of 
____________________ � ___ varIOUS quahtles. ThIS IS how sheet glass, for mstance, 

* A paper lately read before the Society of Arts, Loudon. is made : The workman takes aN. i ron blowpipe, from 
l' lIriti.h IndustrIes, Glass. etc, 5 feet to 6 feet long, and from % of an inch to 2 inches 

in diameter, according to the weight. of glass he intends 
to work. HI) dips this into the glass pot, gathers by a 
twisting motion a lump of doughy metal at the end of 
it. He then blows into it till it swells out into a pear 
shape. He then rolls it on a slab of marble or of sm ooth 
iron, called a ma1'vel', so as to keep the shape and thick­
ness he requires. It is then swung from side to side 
over a pit till it has drawn itself into a length some­
times of 50 to 60 inches, and has assumed the form of a 
true cylinder. It is again heated in the furnace. The 
cool end of the tube is stopped with the finger, and the 
air expanding within the cylinder bursts the heated. 
end_ The workman withdraws it, and while hot rolls 
it round, and with an iron tool brings the burst part 
to the diameter of the cvlinder. The other end is de­
tached from the blowpipe by drawing a thread of hot 
glass roun d  the shoulder. and after removing the hot 
glass, a cold tool causes it to crack all rou nd. The 
cylinder is scored down its length internally wit.h a 
diamond, and placed in a flattening kiln ; when soft, it 
is opened out with wooden tools where the line has 
been scored ; it is then flattened out on the smooth 
floor of the kiln. Glass so flattened is sometimes 
polished, and is then one kind of plate glass. Com­
moner crown glass is made by opening the globe blown 
by the workman, who then heats it aga;n, and trundles 
it rOllnd till the heated sides of the globe start suddenly 
round into a great disk, with the thick bull's eye in the 
middle. These kinds of glass are annealed and cut up 
for window glass. Plate glass is  not blown, but is 
either ladled or poured on an iron table, which has 
edges to suit the req uired thickness of the glass, It is 
then rolled with iron rollers. 'Vhen cold, t wo plates are 
brought into contact with each other, and the two sur­
faces ground wit.h sand and water_ They are finally 
polished by machinery, a process formerly done by 
hand. 

6. These may be called elementary operations. Deco­
ratiTe blowing, which is now to be considered. is a more 
intricate process, for the working- of w hich long t raining 
and skill, readiness and confidence, are required. The 
workman's tools are of the simplest kind. He uses a 
blowpipe as described, rough tongs, scissors with 
short, broad blades, and com passes to gauge his work as 
he goes on. He has a m arver to roll his metal on, and 
a chair, of which the arms are horizontal iron mils, 
on which his blowpipe, or his pontee, or solid holding 
rod, can be revolved by one hand, acting as a rough 
and ready turning lathe. 

Let us see how he makes one of those elegant glasses 
which I shall speak of as Venetian glasses, because 
the Venetians made them two or three centuries 
ago in sllch endless variety, and they ' now form the 
glory of g lass collectors. Here, for instance, is a decor­
ated glass such as I have had the great pleasure of see­
ing made in the glass house of Messrs. Powell, in White­
friars . Withdrawing, with the blowpipe, a small lump 
of not too liquid glass, the workman blows it  into 
a bulb, and the general shape-convex or conical-is 
given to it. He then takes a fresh piece of glass to 
make the stem ; sits in his chair and keeps revolving 
his pontee (holding rod), with glass at the end on 
the arms, as if in a turning lathe. By the use of 
his tongs he contracts it where he wishes, forming 
neckings and bosses. If he is working from an original 
which he wishes to copy, or from a drawin g  he has pre­
pared, he regulates the measures of his new stem by 
applying his compass to the drawing and to his work. 
Glass cools too quickly to allow the modeling of such 
a stem without reheating the material from time to 
time. If it has considerable length, he has to keep 
t urning it round in the furnace to avoid its drooping. 
It is then again brought to the chair, and the lathe 
action rene wed, till this portion of the glass is com­
pleted. 

N ext, an assistant, with a pon tee, armed with a dab 
of hot glass, sticks it to the center of the bulb, the 
workman detaches his end of it from his blowpipe by 
touching it all round with a wet iron. The pontee, 
with the bowl of the future glass, is reheated. The 
operator trims the edges with a pair of scissors, rolls it 
on the warmer, and shapes it out with his tongs, turn­
ing the bowl of the glass round as he does so. The 
bowl, or body, has then to be detached from the 
pontee on which it has been kept, the stem heated, 
and the two attached . If the gl ass has wings or han ­
dles o f  white o r  colored glass, a small l u m p  o f  the re­
quired metal (as the fused glass is called) is brought by 
an assistant, the modeled glass being kept at a proper 
heat. The workman takes a pinch of it with his tongs, 
draws it out to the thinness he requires, sticks it  in its 
position on the glass, draws it out to a thread or ribbon, 
forms a loop or loops in it, and brings the end down 
again to the bowl or stem of the vessel. He pinches 
this ribbon in at intervals, or thinning it out into a 
thread , he loops it in and out as he wishes. We 
see on some old glasses the wings, head. claws, and 
feathers of the two-headed imperial eagle of the 
German empire. 

Many of these devices are highly complicated, and 
when the rapid rate at which they are necessari l y  exe­
cuted, and the lu�trous crystalline beauty of the fin­
ished vessel and its decorations, are considered, there 
is no violence in the comparison of this beautiful art 
to the action of the northern wind on the raindrops, 
and the tender spray of the waterfall. But while these 
beautiful crystallizations grow dim and disappear when 
we grasp them, the marvels of the glass blower's art 
lllay outlast the lives of many generations. 

7. I have spoken of clear glass, whether white or . 
colored, but glass vessels were and are still made by 
t.he Venetians, and at Whitefriar� and elsewhere, in 
which opaque white glass is inserted, taking variously 
shaped filigree patterns, twisted, net work, and collected 
into beads or balls, and similar arrangements in great 
variety. I shall show you presently in the lantern 
some examples of this from the South Kensington 
Museum. This white goes by the Italian n ame of 
latticinio, or milky. The vessels made in this material 
are usually striped, that is, made of bands of clear 
glass and of glass in which these white lines, variously 
twisted, are cont.ained_ How is this m ade ? 

Opaque white or enameled white glass, as it is some­
times called, is made by the addition of oxide of tin, 
and the metal is then drawn out in t,o little sticks called 
canes, as in these specimens from Whitefriars. To 
make these into Venetian Zatticinio or filigree, a n U lB­
ber of short piecell of cane are arranged at intervals 
round a jar, and kept, perhaps, in place by a l i ttle 
sand at the bottom. or accommodated to slight flu tings 

© 1887 SCIENTIFIC AMERICAN, INC.



SEPTEMBER 3, 1887. SCIENTIFIC AMERICAN SUPPLEMENT, No. 609. 9 7 2 7  

inside the vase. A lump o f  heated glass i s  then held by 
the blower j ust ill the middle of the vast'. For some 
time he merely so holds it that it may bring- the little 
canes up to the requisite heat, so that when touched 
by the heated mass they may adhere to it. He then 
blows and expands the heated glass till it  touches and 
takes up the white canes. The mass is then heated, 
drawn out, and rolled on the marver till the canes 
are flattenerl and thoroughly incorporated into the 
sides of the clear glass in the middle ; the whole is 
then coated over with clear glass. This lump is  then 
pulled out and shortened ; one man holds it  with one 
hand on the arm of his chair, while a nother gradually 
draws it out and twists it. 

During this process he varies these twists by holding 
the glass in  at intervals, and other clever turns of the 
hand. The white lines Illay run round a central white 
line, inserted previously in to the clear glass, or round a 
colored one. 

When these filigree canes have been twisted and 
drawn out to the thickness of a quarter of an inch or 
so, short lengths. perhaps of a series of these compound 
canes of d ifferent patterns, are themselves incorporated 
into a fresh center of clear glass, and blown into a 
globe or a vase, which then has altern ate stripes of 
filigree and clear glass running up its surface or 
spirally round it. We see dishes and vases in  which 
the white or colored lines cross each other in what we 
Illay call engine-turned reticulations. One method of 
this operation is  said to be by blowing a globe of glass 
out of a piece in which the white has befln twistfld 
spirally and in one direction. The lower half is then 
pushed up inside the upper, and a reverse set of spiral 
lines is added, and the glass thus doubled is dealt with 
to forlll a vase or dish, but I have never seen this opera­
tion performed. 

Many of the larger glass vases have medallions of 
colored glass on their shoulders or round their sid es. 
This is done by laying a lump of heated glass in the 
place desired, and stam ping it at  once as  if  with a seal 
on sealing wax. Vases are someti mes made with gro­
tesque animals, such as stags, fishes, or birds, within 
thflm, or else the glasses themselves are in those shapes. 
These gmtesque forms are said to have been i ntended 
for the m ysterious pharlllacy of the alehemist. The 
visitor to large museuIlls will see an endless variety of 
these blown, twisted, and variegated vessflls, dishes, 
bottles, etc. , not to speak of the beautiful chandeliers in 
wh ich the branehes are in terspersed with stems bearing 
colored flowers and erimped leaves. Chandel iers and 
compl ieated-looking glass frames are made up of many 
different parts, the making of w h ich is simple enough 
when we exalIline these compositions in detail. 8. I must now ad vert to a mixture of fragments of 
colored glasses welded in the metal state and veined in 
the manner of marbles, out of whieh ornamental glass 
vessels are blo wn ; this i s  called schmelz. Glass is also 
made to take up minute pieces of  gold leaf or of copper, 
whieh are i ncorporated into the mass, and forms a 
costly-looking material cal led avant1l1·ine. Many of 
the d ecorati vfl additions to Venetian vases, ete. , are 
made in avanturine glass. Another prod uct of com­
bined pieees of glass consists of seetions of eane arranged 
as stars and flowers, and bedded in clear metal, form­
ing a mosaic. Paper weights, and other masses of this 
kind of glass, ha ve long been made by the glass makers 
of Murano for the E u ropean markets. 

9. The processes we have been considering are prop­
erly the work of  glass blowers, but glass vases have 
been made in Venice, and sti ll more i n  Germany and 
oth er northern countries, who borrowed the art of glass 
anaking from the Venetians, with heraldry and other 
ornaments painted on the surfaces with enamel. The 
eolors are made up with some metallic flux, or with 
glass reduced to pOWder , whieh melts, when exposed to 
a moderate heat, suffieient to heat the surface of the 
vessel ,  and becomes incorporated with it. 

C y l i ndrieal vases, deeorated with enameled pai nt­
ings, nJade in Bohemia, and in various parts of Ger­
many, are to be seen in most collections. Other methods 
of deeorati n g  glass are by moul ding, eutting, and en­
graving. Glass moulding is done by blowing the gla.ss 
into a mould. Moulds are now made of metal, bu t I 
bel ieve it is a question whether i n  ancient glass w ood 
was used, or wood eoated with �ome composition. In 
any case, glass is b lown into the mould till it reaehes 
the sides, and recei ves t h e  pattern or  design prepared 
for it. 'fhe mould ,  whieh is h inged in t wo or more 
parts, is opened as soon as the glass eools, and the 
vessel retains its fire polish. 1 0. C u tting is performed by applying the glass ves­
sel to the edges of a disk of sandstone, with a sharp 
edge, revol ved by a treadle, and on which sand and 
water ar-e Illade to trickle. 'fhe cuttings are next 
smoothed on a disk of slate or some fine stone, and are 
finally polished on a grinder of cork, with putty made 
of somb produet of lea d.  Faeets, stars, and other sim­
ple patterns are made by these means. For more 
delicate work, a copper Elisk is employed, not larger 
than a shil l i ng, or smaller still ,  and finally, the graver. 

C utting of a fine kind, in elegant designs, is found on 
many of the Venetian vessels of the 16th and 17th cen­
turies. T here are vases in the Kensington Museum, of 
Germ an-Venetian workmanship,  with figures on the 
surface, etched, apparently, with a diamond, and of 
the utmost fineness and delicacy. 

Venetian 17th century looking-glasses are foun d  w ith 
figures cut on the baeks, which are left rough , and show 
l i ke dead s i lver. When certain designs, such as scrolls 
foliage, and the l ike, are polished as well ,  and in all their 
parts, they add extraordi nary delicacy and luster to the 
glass or vessel 011 which we find them, and impart to it 
some of thfl charm which belongs to eut and polished 
rock crystal. So far, then, as to the general operations 
of  the art now under discussion. 

1 1 .  Considering, n ext, thfl knowledge of chemistry, 
and the eonneetion of that science with the making of 
gl ass itself, one would be inclined, at first sight, to sa y 
that glass can only be the produet of a scientific age. 
As a scienee, chemistry is of comparatively modern 
growth . Yet glass making has a far-reaching history. 
In many respects the composition of the material, and 
certainly its artistic treatment, has been carried further 
by thfl ancients than by ourselves. The antiquity of glass 
is proved both by paintings in the ancient tombs of 
Egypt of the 4th dynasty, between 3,000 and 4,000 years 
old , and by specimens, still sound and entire, which 
have been recovered from them, and can be seen in the 
British and other museums. Whether Egypt is the 
country of its actual invention is disputed. The 

Romans claimed it as an accidental discovery of PhalUi­
cian traders. As  a fact, the art was carried frolll Egypt 
to Syria ; to Sicily ; round the Mediterranean, to 
Asiatic Greece ; and finally to Rome. Alexandria con­
tinued, for a long period, a principal seat of the manu­
facture. Tvre was another. It was established on 
Monte Cmlio, in Rome, and elsewhere in Italy, in the 
time of the early Cresars, and the beautiful colored 
drinking cups then made or imported were highly 
valued by them. A story is told of a maker who, when 
the Emperor Tiberius spoke of the fragility of his 
wares, dashed down, or let us suppose let fall, a glass 
cup, which was uninj ured by the action. It is eOll­
ceivable that the process of making unbreakable glass, 
as now practieed , may have been known in those days. 

12. Among the productions of Egyptian glass makers 
mUl;t be reckoned that of artificial precious stones. 
Some of them were of an astonishing size : A statue of 
Serapis, 13 feet high, of emerald ; an emerald given to 
a Pharaoh by a Babylonian king, six feet by fou r feet, 
in this case of Asiatic manufacture. Some large pieces 
survived those ancient times and are still survi ving in 
church treasuries, which were believed to be colossal em­
eralds in the middle ages, and were highly valued ac­
cordingly. We hear of a table made of a single emerald, 
found by the Arab con querors of Spain.  * The colors 
of such slabs, or blocks, of this material as are now ex­
tant are of extraordinary richness and beauty. 

The Kensington Museum possesses a number of 
dishes, vases, bottles, and fragments of green, amber, 
amber brown,  sapphire bl ue, and sch melz of great 
beauty.  'fhe can es, of wh ieh the mixed glass vases 
contained sections, are twisted and rolled together in 
the manner described, as regards Venetian glass, but 
far surpass sueh examples as I have seen. They can 
searcely be represented by photography. The l ight 
must be seen through them and on them, in order to 
the ful l appreeiation of their splendor. 13. '1'he Romans were l uxurious and costly in the 
decoration of their houses, especially of their dining 
rooms, in whieh the important business of the day was 
carried on. They devoted mueh splendor to the ceil­
ings of these rooms, which were paneled and coffered 
in various ways, and the inclosed s paees were gilt n nd 
inlaid, among other materials, whh little decorativ(' 
mOUldings of colored glasses. There are fragments of 
sapph ire blue moulded glass decoration at Kensington 
which seem to have been made for this purpose. 14. Among the morfl costly glass productions of an· 
eient times we must reckon dishes and vases, cut, like 
cameos, from colored glasses coated with opaque 
white glass, the parts not required for the design being 
cut down to the translucent ground. The Portland 
vase in the British Museum is a beautiful example. A 
vase of two eolors of glass, one opalescent, the desiglls  
in high relief, was exhibited at  Kensington some years 
ago by a member of the Rothschild family.  There is 
a fragment of a figure, the drapery only, modeled in  
very low relief on blue  ground, at Kensington. The 
d rapery shows that the entire figure must have been 
nearly a foot high. 

15.  Sefer Nameh, an Oriental traveler, who wrote a 
journal between 1035 and 1043, speaks of green glass, 
made in the suburbs of Cairo, in his day, and of fnr­
naces at Tripoli and elsewhere on the Syrian eoast. Of 
Ori('ntal glass, the most noteworthy examples that can 
be referred to are the lamps formerly hung in the Arab 
lIlosques of Cairo and other cities. Indeed, few lIIore 
beautiful examples of deeorative glass can bfl seen any­
where. They are in the form of bo wls on flat stands 
with wide funnel-shaped necks, and loops on the shoul­
ders for suspension. They appear to have been made 
of eOlllIIlon glass. In the structure of it  yon observe 
specks and bubbles, and they have a horn y look , perhaps 
from their age and the constant presenee of oil about 
theIIl. The decoration eonsists of bands of red or blue 
enalIlel color, and legends written in fine Arabie ehar­
acters, clear glass on the colored bands and viae versa. 
The legends express pious ejaCUlations, quotations 
from the Koran, and the names of reigning  prin ces or 
donors. There are several examples of these lamps at 
Kensington, and sOllle of small size of  other shap('s. A 
large collection has been made at Cairo, and some of 
those examples were lent at one time for exhibition at 
Kensington .  The glass houses of Alexandria, Tyre, and 
other Medit('rranean cities turned out these beautiful 
lamps during the 14th and 15th centuries. But they 
were made also in Venice to order during the same 
period. The Persians were the ehief customers. Per­
sian workmen were possessed vf extraordinary ski l l  i ll  
repairing broken glass ,  but were not sueeessful i n  mak­
ing these lamps for themselves. Persian glass vases 
and mille .fiori work of great beaut y  w i l l  b tl  �een in  
the South Kensington Museum. 

16. The aneient Roman industries, and the best 
arti sts of the 4th century, were transplanted bodi ly by 
Constantine to his new capital. Constantinople, and it 
was from the Greeks of the Eastern empire that the 
glass maker's art was recovered in the middle ages, when 
Italy emerged from the ruin of barbarous invasions. 
The Venetian islands offered a refuge for snch refugees 
from the mainland as they eould support. It  is claimed 
by Venetian annalists,and I incli ne to believe j nstiy, that 
this glass industry has been preserved by the republic, 
eveil frolll Roman ti mes. However that may be, it 
seems to be from the Greek artists who were received 
in Venice after the sack of Constantinople, at the be­
ginning of the 13th century, that the finer treatment 
of glass took its renewed traditions. This industry 
grew and prospered. Two eenturies later, the Eastern 
em pire was overthrown, and a more general immigra­
tion of artists and learned men took place i n to West­
e rn Europe. It is from this t ime that the Venetians 
encouraged the manufacture not only of beads and 
imitation jewels, hut fine glasses and vases. The island 
of  Murano became the chief sflat of the glass houses of 
the repUblic. Severe laws were passed, forbidding the 
emigration of skilled workmen, and a sort of home 
rule was granted to the l ittle island,  and many social 
privileges were conferred on the leading members of the 
guild or craft. 'Ve have already spoken of the kind of 
work produced. 'Vhen the fashion of cut glass came 
in, during the last century, Venetian glass making de­
clined. 

17. German prinees and governments took great 
pains during the 16th and 17th centuries to introduee 
Venetian glass work within their own borders. Work­
men were enticed and smuggled into these states, and 
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some fine blown glass vessels were made in various 
countries. It has been maintained that the fine Vene­
tian pieees on which the imperial eagle and other Ger­
IIIan insignia are worked must be of German origin · 
but, as glass was made for half the princes and noble� 
men of Europe, in Venice, in many cases to special 
order, in others as d iplomatie presents from the govern­
ment, we ought, I believe, to eredi t  examples of this 
kind to the makers of Murano. It is  true, however, 
that in Germany and Flanders, Venetian vases and 
glasses, more or less decorated, were produced, but the 
very finest examples were probably imported. As re­
gards German 17th century glass, herald ry, and inserip­
tions in enamel painting, or engraving, form its chief 
decoration . 

The government of Louis Xl V. took as much pains 
to smuggle glass makers into France as it  did for lace 
making and other highly skilled industries. Fine ex­
amples of cut glass ehandeliers, looking-glasses, blown 
glasses, and other old French glass work are still to be 
Illet with. 18. As regards our own country, the makin g  of com­
mon window glass was active from the 7th century. 
By the middle of the 1 6th it was established at Crutched 
Friars. In 1673, the Duke of  Buckingham brought 
Venetian workmen over, and settled them in Lam beth. 
Their prin cipal work was making mirrors of east or 
flatted glass, with slightly beveled edges ,  and carri age 
windows. Such beveled glass was used for glazing the 
royal palaces and eostly housfls. Panes of it  (of the 
1 7th and early 18th centuries) can be seen now in the 
sashes of Wren's portion of H ampton Court. 'Vine 
bottles, to j udge from an old one in our possession, 
were squat bulbous quarts, with the family crest 
stamped on the shoulder, wine being i mported and 
bottled at hOille. The glass industry was for a time 
protected by state bounties. 

The last century saw the end of many deelin ing loeal 
industries. Twenty years of war ru ined a vast num­
ber of porcelai n ,  glass, and other establ ishments. Eng­
land had fine potteries still ,  and exported these wares 
to the north of Europe and to the south. It i s  to be 
met with in GerIllany and Holland ,  and in Spain ,  but 
deeorated glass was con fined to cut table glass, chan­
deliers, and other work of which cutting is  the chief 
ornament. Such chan deliers were to be seen in al l  
th('aters, hal ls, and bal l  rooll1 s. The material was 
clear and l ustrous, the prisllJatic pendants and hang­
ing ehains brilliant and effeetive, though not eq ual to 
the earlier produetions of France. The brill iancy of 
these chandeliers goes far to redeem their weight and 
troublesomeness in cleaning. So, too, of  table glas� ; 
but i ts great w('ight is a serious d isad vantage, and its 
decoration is  merel y m echanical. 

19 .  Great pains have been taken for somfl years past 
by our London and other manufaeturers, both with 
the crystalline an d bri l l iant quality of their flint glass 
and in the manufaeture of colored glasses. A great 
i m pulse for the latter was gi ven by the revi va.l in  
France, and sti l l  more, and even passionately, in  Eng­
land, of mediffival art. Chureh restorations, at the ex­
pense of the governlllent in the form('r eountry and by 
private persons in our own, led to the cultivation of 
glass paint ing, al most a lost art till o f  recent. years. 
'Villemen t and Gerente are nallles honorabl y con­
nected with that movement, and the m ethod of  attain­
ing  the splendid h ues of old window glass has been 
careful ly studied. Commoner, in ferior, and less crys­
talline glass is a better vehiele for color than flint glass, 
perhaps a more effective material for Venetian blown 
work. 

SOllle years ago Sir Henry Layard, Sir  Will iam 
Drake, and others eame forward to try and put  new 
life into the glass works of lH urano. They found fund s, 
looked up work m en who still  represented t.he old tradi­
tions, and so, u n der the energetie l ead of Dr. Sal viati , 
the decorati ve glass blowing of Venice has been reviyi­
fied. Al l  the old methods and Ill any of the ela borate 
designs of the old artists have been (Jut in practice 
These Venetian pro('.esses ha\·e been carefully followed 
by some of our own leading glass makers. 

Within the last few years some very beauti ful earneo 
glass cutting has been exeeuted, pri neipall y, I believe, 
by artists in the Stourbridge works. SOlll e very S IlC· 
eessful examples were shown at Kensington in the 
Health Exh ibition in  1884. There e videntl y i s  a hope­
ful future for this  special hmneh of seu l ptnre. 20. T h is brings me round to the point from wLieh I 
started, the art as we see i t  now in our factori es at 
home and i n  Venice. Both there and here the ai l ll i s  
the same, t o  restore t h e  old methods and work them 
out with the old skill .  Modern ch t'Ill ical knowledge 
ought to put us at an ad vantage ov('r ou r an cestors as 
regards methods and compounds, and to make it  dear 
w hether Illodern furnace h eat ing is better or worse 
than t.he former practice. But that rule of thumb 
which comes from long and u nbroken ('xperi('nce i s  
not to be reeovered easi ly  or SOOH. Seei ng what ac· 
curacy of eye, what del icacy of  touch , what graee i n  
t h e  aetion o f  t h e  hand, are required for the finer pro­
duetions of the blowiug iron , it Illay be dou bted 
whether the Italian h as n ot a natural advan ta ge over 
our northern workers. Joints and mu scles matu red 
under a sout.hern sun are Ill ore su pple and elastic than 
t.he hardier and stronger arm s o f  the colder latitudes. 
But the feeling an d spirit that i n spi res the artist e m ­
anate n ot from his  fingers, but froIll h i s  mind.  I have 
no desire to enter on the thorny path of abstraet prin­
eiples regarding this  or other arts. 'roo m ueh has 
been said on that head , and said a great deal too often. 
I prefer to speak of t h e  art of glass makin g, so pu re, . 
so fresh, so luminous in its  creations,  as a tradition 
with some 3. 000 years or thereabout at its baek. 
Though the Venetians threw themsel yes into the Greek 
traditions, as they callie down to them, I have l i ttle 
doubt but .that they pmhed the art of  blowing and 
manipulating fused glass beyond any perfection at­
tained by the Greeks of Byzantium, perhapt; by the 
ancient Greeks ; but of that we have not sufficient 
ground for judging. They do n ot ,  however, seem to 
me to have cOllle near the aneients in eOlllpound i n g  
those preeious materials i mitative o f  emer.ald and 
other costly erystals, out  of which were made the cups 
and bowl s  to which I have already referred. I think 
this is a kind of perfeetion from whieh the Venetians, 
and we ourselves, are still far removed. So we sti l l  are 
from such sculpture as we see in the Portland vase. 

2 1 .  Now for a woru or two as to our mode-rn English­
Venetian and as to modern Venice-Venetian blown 
work. Much of it is of great beauty, and where dec-
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orations of colored glass and avanturine are employed, 
it is skillfully done. But com paring it with 1 6th cen­
tury work, we are struck by a glaring and o ver-showy 
look about it, and an absence of refinement. What we 
call good taste in art is a delicate and instinctive ap­
preciation of the suitableness, the propriety, and fitness 
of decoration, which accord with the natural limita­
tions of the material employed. A glass, or a vase, is 
set off by a certain amount of ornamental d.f>tail of 
colored glass, or of  other decoration. But the color 
should be sparingly used, and should not be of many, 
very genpral l y  not of t wo, colors. The colored parts 
are l i ke je well'Y on a lady's neck. We lII ust not ask 
her to su'pelld it from her nose as well as her ears, or 
load he l' with many-colored varieties. Each addition 
will detract from the value of those al ready hung. 
A van t u rine, agai n,  i s  a gold glass, or passes for it. 
This  l IIateriaJ, so valuable in appearance, must not be, 
as it too often is, in such proportions as to lose its dec· 
orati ve vltlue. As to cut glass, chandeliers and table 
glass so Q.ecorated have a splendor of their own. But 
what are we to say to a huge throne, a sort of tour de 

jorce, made of vast masses of moulded and polished 
glass ; or to fou n tains, such as I have seen in some of 
our vast international exhibitions ? I doubt whether 
any absolute novelties are in store for us in  this bran ch 
of human industry. But lost ground we have still 
much to recover. '.rhe bane of modern artistic indus­
tries is the popular demand for a novelty, even though 
a novelty should be monstrous. 

Shal l we ever make again those masses of splendid 
material, jewel-like in color, containing something like 
crystall i ne light wi thin them, and those colors, not 
only the primary and secondary colors of the middle 
ages, which indeed we already have, but those ter­
tiary colors which the ancients contrived to reach ? 

Every generation has some qualities of mind which 
are its own, every nation has its natural aptitudes and 
aspi rations. By these the traditions of art, and more 
especially of artistic industries, take a definite char­
acter if genuinely carried out. We read it on the s ur­
face of the prod uction of ages and of nations, and when 
we �ee it we say this or that piece of work is of such 
and such a time and country. If we are faithful to the 
laws which trained the artists of oldpr days, we shall 
acq u ire confidence, and become artists in  our turn. 
Our work wil l  be thorough, and have new life in it, 
though our ways will be old ways stil l . 

ELECTROMAGNETIC MACHINE TOOLS. * 
By F. J. ROWAN, of Glasgow. 

THE electromagnetic machine tools devised by the 
author, and forming the subject of the present paper, 
are the result of his  endeavor to overcome the difficul­
ties of riveting the plating of ships by other mean s 
than hand labor. The conditions of the work itself 
involve thil separation of the riveting or hammering 
portion of the apparat us from the bolster or holder-up, 
while on the other hand the conditions of the process 
of riveting require that the two portions of the machine 
shOlild be rig-idly held together ; and in consequence 
of these con flicting requirements, the application of 
machine riveting to this class of work has not been a 
promising field for experiment. Almost the only 
method hitherto possible of uniting the two parts of 
the riveting apparatus has been by bolting them to­
gether by bolts passing through the ri vet holes. It 
has been found, however, that this requires too much 
labot:. and time ; and it also leaves a number of vacant 
holes which cannot be reached by the machine, and 
must therefore be fil led up and have the rivets closed 
by hand. One of the most successful of the machine 
ship riveters was that introd uced by Mr. John McMil­
lan, of D u m barton, in 1876. The necessity for very 
frequent shifting of the attaching bvlts was obviated 
by having the steam stri ker carried on a horizontal 
slide, which was bolted at i ts ends to the side plating 
of the ship, and embraced about the length of a plate ; 
no method of mechanical holding up was included i n  

FIG. I .  

the plan. This arrangement, however, !;,till left some 
rivets to be closed by hand, and continued to req uire 
manual labor for the holding up, which has been 
proved to be the most severe portion of the ri veter's 
work. In spite of these drawbacks, the machine did 
some excellent work, and proved to the satisfaCltion of 
the surveyors of the Board of Trade and of Lloyd's 

* From a paper recently read before the InstitutIOn of Mechanical Eu­
&ineers, Edinburgh.-lndwtrie8. 

Registry that the quality of the riveting done by I has been. by inference at any rate, very fully estab­
machines in ship build i ng is superior to that of ha

.
nd Iished. From. a careful examination of the voluminous 

work, in so far as regards the fi l ling up of the rivet tables given in Professor Unwin's report to the  Institu­
holes, on account of the machine  blows being much tion upon this subject, the results of the greater 
heavier and more d irect than those given by hanel nnmber of experiments made on iron and steel plates 
ham mers. lead to the general conclusion that while thin plates, 

Electromagnetic Rivetin.q. -The use of electromag- even of steel, do not Huffer very much from punch ing, 
nets for the purpose- of attaching  t he machine to its yet in  those of 7:f in. th ickness and upward t h e  loss of 

A 

FIG. 2. 

, " ,  ' J  

work satisfies the requirements in a very complete way. 
It gives a rapid method, practically instantaneou s, of 
fixing the riveting portion of the machine to the work, 
and leaves no rivet holes to be afterward filled up by 
hand. The bolster or holder-up is as quickly attached 
on the other side of the plating. When the magnets 
al'e properly arranged on opposite sides of the plating, 
with the two poles of unlike denominations facing each 
other, they are drawn toward each other, thus 
pressing the plates together and insuring the proper 
condition for riveting. The effect of bolting the two 
portions of the machine together through the rivet 
holes is thus obtained wi thout any attendant draw­
backs, and the distressing work of Illanual holding up 
can be reduced to a minimum. In Fig. 1 is shown one 
form of the electromagnetic riveting machine ; AA are 
the holding-on magnets, and M the motor, which by 
means of the gearing, G, and cam, C, lifts the hammer, 
H, against a spring, S. The amount of compression 
iIll parted to the spring in lifting is regulated by the 
position of the disk or piston, D, which can be adjusted 
by hand by Illeans of the screw spindles, R, and spnr 
gearing, W ;  the same mode of adj ustment is equally 
applicable where springs are used in tension instead of 
in compression. The striking mechanism may of 
course be worked by other means than the cams shown 
in these diagrams. Hammers driven by steam, com­
pressed air, water, or gas can be used with holding-on 
magnets ; or the motor may be apart from the magnets, 
and the power transmitted by flexible shafting. The 
same remark also applies to the driving of th e rest of 
the tools subsequently described. The holder-up is 
shown in Fig. 2; A A are the h olding-on magnets, and the 
bolster or dolly, B, is kept to its work by the spring, 
S, which compensates the flattening of the rivet head 
during the operation of riveting. A curved arm or at­
tachment, E. carries a small subsidiary bolster and 
spring. for insertion under the reverse bars of ships' 
frames or into confined spaces. 

Dl'illing.-'I'he application of the same principle to 
drilling, tapping, and other tools became apparent to 
the author as soon as the idea had occurred to him of 
constructing a riveter in this way. The application to 

tenacity d u e  to pUIlching ranges frollJ 10  to 23 per cent. 
in iron plates, and frolll 11 to 33 per cent. in  the case of 
mild steel .  In drilled plates, on the contrary, ther.:>. is 
no appreciable loss of strength. It is even possi ble to 
remove the bad effects of punching by su bsequent 
reamering or annealing ; but the speed at which work 
is tu rned ont in these davs is not favorable  to a dd i ­
tional treatment. These "facts lead irresistibly to  the  
conclusion that the  introduction of  a practical method 
of drilling the plating of ships and other structures, 
after it has been bent and shaped, is a matter of very 
great importan ce. If even a portion of the 30 per cent. 
dpteriol'ation of tenacity can be prevented, a m uch 
�tronger structure results from the SRme material and 
the salUe scantling This has been ful ly recognized in  
the  modern practice of the  con struction of  �team boil­
ers with steel plates ; punching in snch cases being 
almost enti rely abolished, and all rivet holes being 
d l'il led after the plates have been bent to the desired 
form. The magnitude of the interests wh ich are de­
pendent upon the strength and therefore upon the 
security of ships is l ittle, if at all, less th an that of 
those which are affected bv boiler safetv. Electro­
magnetic drilling mach i nes offer practically the sallie 
facili ties for the work of ship building and for other 
operations as are already possessed in  boiler making ; 
but they differ from t.he  drill ing mach ines used i n  the 
lattllr process in this respect, that in usi ng the electro­
magnetic dri l ling machines it is  necessary to move only 
the smaller weight of the machine, instead of the 
larger weight of the boiler 0 1' other structure. This of 
course renders them applicable also to boi ler making 
and other engineering work. In Fig. 3 is  shown a 
simple form of drilling machine, in which AA are the 
holding·on magnets, M the IlIotor axle, D the d ri l l  
spindle, and F the feed o f  drill. After se\'eral trials of 
other forms. it has been found better to work ei ther 
hammer or drill through an opening cut in the  center 
of the yoke joining the two magnet cores, and to have 
the hammer shaft or drill spindle between the magnet 
poles instead of beyond their center line. The th rust 
of the hammer or drill is thereby distri b uted eq ually 
over both magnet poles. In some exceptional positions, 
however, convenience of working requires other forms, 
and machines may be made which will  work satisfac­
torily although the above arrangement is departed 
from. An instance of such alteration in form is given 
in Fig. 4, which ill ustrates a drilling machine now at 
work with good results, the drill projecting bp)'ond the 
magnets. Multiple and radial drilling machines, and 
several other kinds of machine tools, have also been 
designed on th is system, as shown in Figs. 5 and 6. 

Tapping.-Th e  operation of tapping stay bolt and 
other holes can also be carried out rapidly by power 
by means of electromagnetic. machines, instead of very 
slowly by hand as at present. In using an electro-

drill ing is, he thinks, even more im portant than to FIG. 3. riYeting, and is capable of a wider range of employ-
ment ; because, while an elect.romagnetic riveter must 
compete with hydraulic, steam, and power machines, motor for working the tapping bar, there is the ad· 
w here these are practicable, the case is different with vantage of its direction of motion being easily and 
regard to d ri l ling. The want of suitable drilling tools quickly reversed, in order to rapidly withdraw the tap­
for ship building work has prolonged the continuance 

I 
ping bar. The tapping machine is similar in general 

of the more imperfect system of punching ; and the design to the drilling machine shown in Fig. 3. No 
hand ratchet, which is in lIlany cases the only alterna- fe(�ding screw is required in this case. as the tapping 
tive to the punching machine, is a very slow and I bar feeds itsel f forward as soon as a thread is formed. 
inefficient appliance. The importance of substituti ng Consequently only a lever is provided, for giving the 
drilling for punching in the preparation of structures i needed pressure on the head of the tapping bar, in 
composed of plates and bars of steel, and even of iron, order to .start the cut, 
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Oaulking and Ohipping.-These operations are also 
quite under the control of electromagnetic machines. 
Frames to serve. as guide bars are attached to the work 
by electromagnets or otherwise, in such a position that 
a long range of seam or surface is commanded by the 
machine when moved along these guides. The chip­
ping or caulking tool is regularly and quickly struck 
by a power hammer, which is worked by an electro­
motor or by a solenoid or otherwise, as is convenient. 
In Figs. 7 and 8 are shown forms of caulking and 
chipping tools, that in Fig. 7 being worked by small 
motors, and that in Fig. 8 by a solenoid. An electro­
magnet is shown attached to each of these tools ; and 
in Fig. 9 is shown the guide bar arrangement, by means 
of which the tools without holding-on magnets can be 
moved along through a considerable range. 

A general idea is given in Fig. 10 of the !lide plating 
in sectional plan, several tools, such as a steam riveter, 
a spring hammer, and an electric hammer, working on 
the same guide bar or frame. When the holding-on 
magnets of the tool are released, the tool drops down 
on the guide bars, along which it can then be shifted, 
and the attractive force of the magnet.s is sufficient to 
raise it back again to its working position. 

Practical Results.-With a VIew to ascertaining 
practically the conditions essential to successful work, 
one or two trial machines were constructed, which, al­
though imperfect, were useful in enabling experience 
to be acquired of the kind desired. After a very small 
a.mount of practice, the men working t.he machines 
drilled the t in. holes in the shell with great rapidity, 
doing the work at the rate of one hole every 69 seconds, 
inclusive of the time occupied in altering the position 
of the machines by means of differential pulley blocks, 
which were not conveniently arranged as slings for this 
purpose. Repeated trials of these drilling machines 
have also shown that, when using electrical energy in 
both holding-on magnets and motor amounting to 
about t h.p. ,  machines of the form illustrated in Fig. 3 
have drilled holes of 1 in. diam. through 11 in. thickness 
of solid wrought iron or through 1� in. of mild steel in 
two plates of H in. each, taking exactly 1t minutes for 
each hole. The machine illustrated in Fig. 4, which has 
magnets of less holding power, when using only about 

0·6 h . p. of electrical energy, took the same time to drill 
holes of H in. diam. through wrought iron of H in. 
thickness. As regards speed of drilling, the author 
believes these results are equal to any obtained by 
machines using much greater power. With the ham­
mer shown in Fig. 1 ,  using an electromotor giving out t brake h. p. ,  from 100 to 150 blows per min ute have 
been obtained, with a force of i mpact equal to about 
180 ft. lb. per blow, as nearly as could be ascertained. 
This is much greater than the force of blow given by 
hand hammers weighing 6 lb. , and striking as heavily as 
is possible in staving up. At the works of Messrs. 
Immisch in March last, this riveter was seen closing 1 
in. rivets in 10 seconds each. The electromotors used 
by the author in the machines constructed for Mr. Mc­
Millan, with which these results have been obtained, 
were of Messrs. Immisch's design and manufacture, 
and the author believes they will not readily be sur­
passed. After seeing the machines at work in Messrs. 
McMillan's yard, Messrs. William Denny & Brothers 
constructed an electrical drilling machine havjng a 
modification of the traversing frame illustrated in Fig. 
10, but without holding-on magnets, and applied this 
machine to drilling the rivet holes in the butt joints of 
a large steamer. The drilling machine illustrated in 
Fig. 3 has also been successfully used for drilling holes 
of ll- in. diam. in the engine seat of the S.S .  Pukaki, 
under the direction of Mr. Archibald Denny, of whose 
co-operation and assistance the author has had the 
benefit in the early working of his machines. 

In designing the earliest machines on this system, 
the author was without any data which were of use as 
a guide in determining sizes of electromagnets or of 
electromotors for the various requirelllents of different 
machines. Most of the investigations into the elements 
of electromagnets have hitherto been directed to ques­
tions affecting their I1se under the conditions found in 
dynamo machines. Consequently, expressions of their 
efficiency which are to be found in published treatises 
are given in terms chiefly of the intensity of the mag­
netic field, and not with reference to their holding or, 
as it is called, lifting power, which is the quality made 
use of in the machines here described. From a n um­
ber of experiments which he has made with apparatus 
of different dimensions, the author has, however, ob­
tained results which promise to yield the elements for 

FIG. 6.-PUN. 

MULTIPLE DRILLING MACHINE. 

FIG. 7. FIG. 8. 

CAULKING TOOLS. 

FIGS. 9 AND 10. 

SLIDING FRAMEWORK TO CARRY TOOLS. 

ELECTROMAGNETIC MACHINE TOOLS. 
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the statement of a general law for the construction 
and holding power of electromagnets. This investiga­
tion is not yet completely worked out, but it is under 
consideration ; and the author reserves an account of 
it, together with further results from the working of 
the machines now described, for another paper. The 
introduction of these electromagnetic machines pJ:e­
sents also some interest frolll an economic point of VIew, 
in add it ion to their practical advantages in carrying 
out engi neering work. Until now the ship building 
inrl ustry of this country has been to a great extent 
controlled by the trades union of the riveters, so that 
employers of labor have been unable always to regu­
late the cost of work as affected either by the rate of 
wages or by the speed at which the work was completed. 
'.fhis has told most heavily against them in busy times, 
especially when an abundance of work has followed 
quickly on a period of depression. Hence it is of great 
i lllportance that they should possess such a means of 
controlling both the cost of the work and the rate of 
construction as the author believes is furnished by 
these electromagnetic machines. The subject of the 
present paper forms the threshold of the still larger 
subject of the electrical distribution of power for. en­
gineering operations in general, and the author believes 
it wil l  be found both economical and otherwise con­
venient to adopt electrical distribution in engineering 
workshops, instead of the existing system of shafting 
and belts, or even hydraulic distri bution of power. 

development ; and independently, Dr. Jobn A. Ryder 
finds that " the median fins of fishes normally present 
five well-marked conditions of structure which corre­
spond inexactly to as many stages of development, 
which, in typical fishes, succeed each other in the order 
of time." 

A great amount of work has been done in making 
clear the earlier stages in the developmerit of animals 
and breaking down the hard and fast lines which were 
formerly supposed to exist between the larger di visions. 
Dr. C. S. Minot, in a series of papers on comparative 
embryology, in referring to the work accomplished, 
says : " These researches h�ve completely altered the 
whole science of comparative anatomy and animal 
morphology by entirely upsetting a large part of Cu­
vier's classification, and the idea of types upon which 
it is based, substituting the demonstration of the fun­
damental unity of plan and structure, throughout the 
animal kingdom, from the spont;-es to man."  

Professor C.  O. Whitman, in describi ng a " rare form 
of the blastoderm of the chick, in which the primitive 
groove extended to the very mal'gin of the blastoderm, 
terminating here in the marginal notch first observed 
by Pander, " justly contends that " in the origin of the 
embryo from a germ ring by thp coalescence of the two 
halves along the axial lines of the future animal, and, 
secondly, iu the metameric division which followed in 
the wake of the concrescence, " we have evidence of the 
annelidan origin of the vertebratps, since concrescence 
of the germ bands is a well-established fact for both 
chretopods and leeches. 

[Continued from SUPPLEMENT, No. 60S, page 9713.] The tracing of apparently widely divergent struc­
WHAT AMERICAN ZOOLOGISTS H AVE DONE tures to a common origin has engaged the attention of 

FOR EVOLUTION.* many of our investigators. Not only has a large 
amount of evidence been offered to show a common 

By EDWARD S. MORSE. origin of widely separated struct.ures, but memoirs of 
To those who have already been startled by the a speculative and theoretical character have given us a 

memoir of Dr. W. Baldwin Spencer on the presence possible clew to the avenues we may follow in further 
and structure of the pineal gland in Lacertil ia and the establishing a proof of the unity of origin of forms and 
evidence that it represents a third eye in a rudiment- parts. 
ary condition, it will be interesting to know that Dr. Francis Dercum gives an interesting review of 
among some of the earlier mammals the pineal gland the structure of the sensory organs, and urges that the 
may have assumed functional import.ance as an eye. evidence goes to prove the common genesis of these 

Professor Marsh, in a description of the skull of Di- organs. 
plodocus, a Dinosaur, describes a fontanelle in the Prof. A. Hyatt has presented an interest.in g  study of 
parietal on the median line directly over the cerebral the larval h istory of the origin of tissue. He attempts 
cavi ty. He adds, however, that this may be merely an to show a phyletic connection between the Protozoa 
iud ividual variation. and Metazoa, and also to show that the tissue cells of 

Professor Cope observes an enormous fronto-parietal the latter are si milar to asexual larvre, " and are related 
foramen in the skull of Empedocles molal'is, a curious by their modes of development to the Protozoa, just as 
creature from the Permian. larval forms among the Metazoa themselves are related 

It would appear evident from these facts that at one to the ancestral adults of the different groups to which 
time the pineal gland, which in the mammals is in a they belong. " Dr. John A. Ryder has stu died the 
rndimentary condition, and in certain Lacertilia law of nuclear displacement and its significance in 
sufficiently perfect, as an eye, to be sensitive to light embryology. In a discussion of this subject he says : 
impressions at least, was, in certain extinct mammals " The m ode of evolution of the yelk is of great interest, 
and reptiles, of large size and functionally active. It and d�)Ubtless ?ccu�'red through t�e �orking of natural 
is a significant fact that no sooner does some one selectIOn . . It IS eYldently adaptive III character, and 
opposed to evolution undertake to lay down the law by I the necessity for I ts pres�nce !!,S an appendage of the 
setting a boundary to type features, than a discovery eg� grew

" 
out of the eXIgenCieS of the struggle for 

is made that breaks dow n  the barrier. Thus Dr. eXistence. . . . . . . 
Thomas D wight in an interesting memoir on the " Sig- Mr. H. W. Conn,  I� a paper entitled . �vol utlOn of 
nificance of Bone Structure, "  in which he makes a the pecapod Zore, " �Iyes a number of strlkmg an� sug­
brave defense for teleology, says, in speaking of the gestIv!l facts explallllllg the reason of the multiform 
persistence of the vertebrate plan,  . . There are never, and diverse charac�er of the larvre of Decapod 9rusta­
for instance, more than two eyes or one mouth or two ceans. He shows III what way natural selectl?n has 
pairs of limbs, " and, 10 ! an extra eye is immediately affected the young. What has seemed an almost lllso.lu­
added ble mystery, as to why the early stages of closely alhed 

Dr. Spencer Trotter has made a study of the collar Crustaceans should. be so o�ten diverse in the!r v�ried 
bone and its significance, in which he accounts for its armature of lo�g spmes, their powers of rapId fll�ht, 
presence or absence in mammalia by correlating it etc. , are explamed on . the ground of natural selectIOn. 
with the life habits of the animal in the use of the fore In au another lIlelIlOir by the same author on the 
l imb. He says : " Every fully developed tissue in an significanct; of tJ.Ie " Larva� Skin of Decap?ds:" a very 
organit;m is needed or it would not be there ; and just �mplete diSCUSSIOn of the views of authors IS given . . At 
so soon as by increasing change in life and habits it be- the outset he shows that the Crustaceans are a partlCu­
comes a factor of less and less importance to the animal, larly favorable group for the study of phylogeny, and 
it fails  more and more to attain its former standard of then suggests the cha�ac!er of the ancestral form of the 
development, and in time falls back to the primitive Crustacea f�om the slgm!icanc� of the larval envelope. 
condition from which it arose, and finally disappears. "  The author lllfers from hiS studies �h�t " all Decapods 

Many new and interesting facts have been added sus- are to be r�ferre� back to a form SImilar to the Proto­
taining the affinity between the birds and reptiles. zore (Zore), I� WhICh the segments of the thorax and 
Prof. 0 C. Marsh made a careful study.of the Archre- probably 0 the abd�men were present, and whose 
apteryx in the British Museum. The new points he antenIHIl Y . � . I OCOm?tIv� organs. " . . . 
has added bring out still more strongly the extraordi- .Not �h e � 1 Ig'htest J�stlCe can be done th IS admIrable 
nary characters blended in this creature. Among dISCUSSIOn I!l t�e brIef . reference h ere m�de, but the 
other featm'es he discovered the separate condition of perusal of It WII� certamly Impress �ne WIth the pro­
the pelvic bones, and shows that while it IIlUSt be con- foun� change �hICh has t!1ken place III the method of 
sidered a bird, yet it  has true teeth,  bi-concave verte- treatlllg a . sUbJ.ect of thIS n�ture .compared t<? �he 
brre, three separate fingers in each haud, all furnished treatment It Imght have receI.ved III I!re-D�rwmian 
with claws, metatarsals and metacarpals, equally un- days. Indeed, the features dlscuss�d III th.ls  paper 
anchylosed, and the pelvic bones separate, as already would not have . attract�d a moment s attentIOn from 
mentioned the older naturalIsts. 

Dr. J. Ar'rIOry Jeffries, in a study of the claws and Since :qaryvin published his provi�ional theory of 
spurs on birds' wings, has presented an interesting PangenesIs, It has provoke� speculatn:e efforts on the 
table showing the num ber of phalanges in each finger, part of s<?me o.f our naturalIsts to devIst; ot.her hypo­
from the highest to the lowest family of birds, with the�es wInch II!Il1ht answer s?me of the oi?JectIOns. urged 
the presence or absence of claws recorded for each agamst. Darwm s hypothesIs. Space wIll permit only 
finger. This table shows very clearl y that the higher a mentIOn o! a few �f these papers. Prof. W. K. Brooks 
birds have fewer phalanges and no claws, and as one presented, m a brief abs�r�ct at the Buffalo me�t­
approaches the lower families the phalanges increase mg eleve!l years ago, a proVISIOnal theory of PaI,lgenesI.s. 
in number the first finger having two phalanges and These VIews more elaborated are now publIshed III 
the second' and third fingers being tipped with claws. boo� form. under t�e title of ': T�Ie  Laws of �eredity. " 

In a brief stndy of the tarsus of low aquatic birds, An Il.Iust�IOUS reVIewer says It. IS tJ.Ie most Impo:t�nt 
made with special reference to the in terpretation of contl'l butIOn on the 8�eculll:tlve SIde of Darwlllism 
the ascending process of the astragalus with the inter- that has ever ap�eared lll. thiS country. He h:ts also 
medium of reptiles, I observed a separate center of aptly ter!ned studies of thIS nature m�lecular bIOlogy. 
ossification for this so-called process, observed its un- Dr. LOlliS Elsber&, at the !lame . meetmg also read a 
questionable position between the ti biale and fibulare. paper on the plast.Idule hypotheSIS: . . 
its increase in size with the growth of the bird. and its . Dr. J o.hn A; ,  Ryder has made an mteresbng c?ntrIbu­
final anchylosis with the proximal tarsal bones. In tIOn en�ItIed The .Gemm�Ile v�r�us the Pla��Idule, 8;s 
the bones of a young Dinornis which, through the the ultllnat� physIcal um� �f hvm� !Datter. In t h i S  
courtesy of Dr. Henry Woodward, I was kindly per- paper he. dIscusses D!l-rwm s prOVISIOnal theory o f  
mitted to  examine in the British Museum, the ascend- Pang�nesIs, and shows It to be  untenable from Gn I 's 
ing process was large and conspicllOus and firmly an- experImen,ts. . . . " 
chvlosed with the co ossified tarsals to the distal end of Haeckel s prOVISIOnal hypotheSIS of the PerIgenesls 
the tibia. of the Plastidule is clearly stated, and he closes by 

The question as to the existence of a sternum in saying that the logical consequences of the acceptance 
Dinosaurian reptiles has long been in doubt. Professor o! Haeck�l'� theory, and with it the the?ry of dynamical 
Marsh h as however discovered in Brontosaurus one dIfferentIatIOn-because the latter IS no longer a 
of the largest know� Dinosaurs. two flat bones �hich hypothesis-foreve� rel�gates teleological doctrines to 
he regards as clearly belonging to the sternum. They the cate�ory of extmct Ide�s. . . . 
correspond to the immature stage of similar parts in The WIdespread public mterest m Darwmism arose 
birds. from the fact that every theory and every fact advanced 

Dr. Alexander Agassiz in a study of the young stages in proof of the deriva�i�e origin of species applied w.ith 
of certain osseus fishes shows that while the tail is a equal for�e t.o the OrIgm of man as.oue of the �peCIes. 
tnodified heterocercal one, it is for all that in complete The PU�11C mterest ha� been. contmually eXCIted b.y 
accordance with embryonic growth and paleontological the conSIstent energy �Ith whlCh the church, CatholIc 

and Protestant alike, has inveighed again st the danger-
• Address of the ret iring President of the American Association for the ous teachingl! of Darwin. J ridging by centuries of 

Advancement of Science, New York, august 11, 1887. experience, as attested by unim peachable historical 

records, it is safe enough for an intelligent man, even 
if he knows nothing about the facts, to promptly ac­
cept as trl,lth any generalization of s.cience which the 
church declares to be false, and conversely to repudiate 
with equal promptness, as false, any interpretation of 
the behavior of the universe which the ch urch adj udges 
to be true. In proof of this sweeping statement, one 
has only to read the imposing collection of facts 
brought together by Dr. White, the distinguished 
ex-president of Cornell University, which are embodied 
in  his work entitled " The Warfare of Science, " as 
wel l as two additional chapters on the sallle subject 
which have lately appeared in the PopUlar Science 
Monthly. One then realizes the lamentable but start­
ing truth that, without a single exception, every theory 
or hypothesis, every discovery or generalization, of 
science has been uitterly opposed by the church, and 
particularly by the Roman Cathol ic church, which 
resists and, as Huxley says, " must, as a matter of life 
and death, resist the progress of science and modern 
ci vilization. "  

Only the briefest reference can here b e  made t o  a 
few of the numerous contribution I on the su bject of 
man's relationship to the animals below him. Thp 
rapidly accumUlating proofs of the close relation exist­
ing between lIlan and the quadrumana make interest­
ing every fact, however trivial , in regard to the struct­
ure and habits of the h igher apes. 

Dr. Arthur E. Brown has made some interesting ex­
periments with the monkeys at the zoological gardens 
in  Philadelphia. He found that the monkeys showed 
great fear, as well as cllriosity, when a snake Was placed 
in their cagt), though they were not affected by other 
animals, such as an alligator and turtle. On the 
other hand, mam mals belonging to other orders show­
ed no fear or curiosity at a snake. These experiments. 
repeated in variou s  ways, lead him to only one logical 
conclusion, that .. the fear of the �erpent became 
instinctive in some far distant progenitur of lIIan by 
reason of his long exposure to danger and death i n  a 
horrible form frolIl the bite, and it has been handed 
down through the d iverging l ines of descent which 
find expression to-day in the genus Homo and 
Pithicus. " 

The same author, in an exceedingly i nteresting de­
scription of the higher apes, says : " MI'. A .  R. Wallace 
once called attention to the similarity in color existing 
between the orang and chimpanzee and the human 
natives of their respective countries. It would, indeed , 
seem as if but half the truth had been told, and that 
the comparison might be carried also into the region 
of mind ; the quick, v ivacious chimpanzee partaking 
of the mercurial disposition of negro races, while the 
apathetic, slow orang would pass for a disciple of the 
sullen fatalism of the Malay. " 

Doctor Brown has also given a description of the 
grief manifested by a chimpanzee on the death of its 
mate. His grief was shown by tearing his hail' or 
snatching at the short hair on his head. The yell of 
rage was followed by a 'cry the keeper had never heard 
before, a sound which might be represented by hah­
ah-ah-ah-ah uttered somewhat under the breath, and 
with a plaintive sound like a moan . 

Mr. W. F. Hornaday read at the Saratoga meeting 
of this association an exceedingly interesting paper on 
the " Habits of the Orang " as observed by h im in its 
native forests. He says : . . Each individ ual of the 
Borneo orangs differs from his fel lows, and has as man y  
facial peculiarities belonging to himself alone as can be 
found in the individuals of any unmixed race of human 
beings." After recounting the many traits of the 
orang heretofore regarded as peculiar to man, he says : 
" Let any man who is prej udiced against Darwinian 
views go to the forests of Borneo. Let him there 
watch from day to day this strangely human forlll in 
all  its various phases of existence. Let him see it CJ i I II b, 
walk, build its nest, eat and drink and fight like 
human ' roughs. ' Let him see the female su ckle her 
young and carry it astride her hip precisely  as do 
the Coolie women of Hind08tan. Let him wit n ess 
their human-like emotions of affection , satisfact ion, 
pain, and childish rage-let him see all this, and then 
he may feel how much more potent has been the 
lesson than all he has read in pages of abstract ratio­
cination . "  

Prof. W .  S. Barnard several years ago, in  a study of 
the myology of lIlan and apes, showed that the scan­
sorius muscle which Trail studied in the higher a pes, 
and which he supposed had no homologue in man ,  was 
really homologous with the glutams minimns in man. 
Dr. Henry C. Chapman, in a stud y  of the structure of 
the orang-outang. has confirmed the trnth of Barnard's 
discovery. Dr. Ch apman is led to i n fer that the ances­
tral form of m an was interIllediate in character, as 
compared with living anthropoids 01' lower monkeys, 
agreeing with them in some respects and differing 
from them in others. 

The osteological affinities which man has with the 
Lemuroidre ,  as in sisted upon by Mi vart, are also recog­
nized by COTJe. In a general paper on the " Origin of 
Man and Other Vertebrates " he says : " A n especial 
point of interest in the phylogeny of man has been 
brought to light in  our North American beds. There 
are SOIlle things in the structure of man and his  n earest 
relatives, the chimpanzee, orang, etc. , that lead us to 
suspect that they had rather come from some extinct 
type of lemurs. " 

It would seem as if we must look further back than 
the higher apes for the converging lines of man's re­
lations with them. The earliest remains of IIIan or th e 
apes found fossil, presenting as they do marked types 
with little tendency to approach each other, would i n  
themselves suggest a n  earlier origin for both stocks. 

In a paper by Professor Cope on H Lemurine Re\'er­
sion in Human Dentition " he says, in concl uding h is  
article, " it may be  stated that the  tritubercu lar 
sl1 perior molars of man constitute a reversion to the 
den tition of the Lemuridre of the Eocene period of the 
fltlllily Anaptomorphidre, and second, that this rever­
sion is principally seen among Esquimaux and the 
Slavic, French, and American branches of the European 
race. " 

In another paper by the same author, on the " De­
yelopmental Significance of Human Physiognomy," he 
compares the proportions of the body and the facial 
peculiarities of man with the higher apes and human 
infants, and shows that the Indo-European, on the 
whole. stands higher than the other races in the ac­
celeration of those parts by which the body is main­
tained in an erect position, and in the want of 
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prominence of the jaws and cheek bones, which are 
I 

disease, or of any of the miseries which make a nation I this work. Children begin to plait at five and six years 
associated with a greater predominance of the cerebral wretched, can be pointed out by scientific methods, of age, while the IDothers of families, in addition to 
part of the skull and consequently greater in tellectual 

I 
then it is the stern duty of science to step in and at their domestic occupations, and females of all ages and 

power. least show the reasons, even if the remedy is not at almost of al l conditIOns, who do not fol low the business 
Dr. Harrison Allen, in a study of the shape of the once forthcOIu i ng . The IDen who would be re formers as a means of livelihood, employ their leisure time in 

hind limb as modified by the weigh t of the tJ'unk, and agitators, and who by thei r earnestness and devo- it. Formerly, when the production was carried on by 
dwells on the Illan ner of articulat ion in the gorilla of tion get the atten tion of mu ltitudes, are unlit for their persons connected with agricultural labor only, the 
the fi h u l a  with both calcaneum and the astragal us, as work if they show t.heil· ignorance, as most of them do, work was not constan t . but now it goes on all the year 
well It" the fact that the astragal us in that gen u s  pos- of the doctrine!! of natUl'al selection alld derivation. round. In the cultivation and preparation of the 
sessed a broad deflected fibula facet, and says .. this Dr. C. S. Minot rea.d a paper before the C incinnati straw, the seed used is carefully "elected with regard to 
pecu l iar projection is rudimental i ll the astragal us of meeti n g  of this assoc iat ion suggesting a rather the nature of the soil in which it is to be sown. The 
civilized man, but was found highly df'veloped in an startling proposition as to whether IIHLn is the highest q ualit.y employed is always a variety of spring wheat 
astragalus from an Indian grave found at Cooper's animal. which led D r. W. N. Locki ngton to reply in a ('1 '1'iticum restivum). 
Poi nt., New Jersey. " vel'y able article entitled ., Man's Place in Natu re. " As the o bject of the cultiva tor is to prod uce a fine 

In Illy B uffalo address I al l uded to a paper by Prof. '1'he great problem of food su ppl y has led to legisla- long straw, and not a full crop of wheat, all the usual 
N. S. Shaler on the i n tense selecti ve action which must tive enactments for the purposes of regulating the conditions are reversed. Thus a spring wheat is sown 
have taken place in the shape and character of the trap ping and netting of game and fish. State and in win ter, a mountain variety on low lands ; the seed 
pelvi s  in mau on h i s  assu mption of the erect posture- govern ment grants have been made for fish commis- is thickly instead of thinly sown, etc. The thicker the 
the caudal vertebrlll turning i nward, the lower portion sions ; but un less the pu bl ic are clearly educated in seed is sown, the finer the straw comes out _ Straw is 
of the pelvis dl'aw i ng together to hold the viscera, the rudiments of zoological f!cience and the principles largely grown about Campi .  Sesto, and Prato, i n  the 
which had before rested on the elastic abdominal wall !!, of n atural selection, appropriations will come tardily plain bet ween Florence and Pistoia, diminishing in 
the attending diffic ulty of parturition , etc. Dr. S. V. and i n  limited amounts. Dr. W. K. Brooks, i n  his re- q uantity in the neighborhood of the latter city. The 
Clevenger has since cal led attention to ot.her incon- port to the State of Maryland as one of the oyster cul tiyation is important between Florence and Em poll, 
ve niences reRulting from man's escape from his quad- commissioners, after sho wing the absurd way in which principally on the south west side of the Arno. on the 
rumanous ancestors. In a paper entitled " Disad van- the problem of oyster protection has been dealt with, plain,  and on the h ills com mencing i n  the vicin ity of 
tages of the U prigh t Position " he d wells particularl y and strenuousl y urging the necessity of oyster culture, Signa. In the prinCipal centers of cultivation straw is 
on the val ves in the veins to assist the return of blood calls  attention to t he faet t hat " civilized races have grown on nearly every farm. Plots of land are also 
to the h eart, which cons idered from the usual teleologi- long recogn ized the fact  that the true remedy is  not to h i red at a Illoney rent for this culture. The seed i s  
cal point of view seem!' right enough ; but why, h e  limit the de llland.  b u t  rather t o  increase the su pply of sown very thickly toward the end o f  November o r  the 
a8ks, should man have val ves in the intercostal vei ns ? food, by rearing domestic sheep and cattle and poultry beginning of Decem ber. The ground is dug up and 
He sho ws that in a recu m bent position these val ves are in place of wild deer and buffaloes and tu rkeys, an d man ured in May, and generally sown with spri n g  beans 
an actual detriment t.o the flow of blood . " An appa- by cultivating the ground i n stead of searchi n g for the anll the like, which are often dug in. A bout October 
rent anomal y  exists in the absence of valves from par t s  natural fruits and seeds of the forests and swamps. " the ground is plowed for sowing, and at the end of 
whel'e they are most n eeded, s tich as the ,'enlll caVill, Mr. Ernest I n gersol l ,  author of the " Report on the May or the begmning of June following, when the ear 
spinal. iliac hemorrhoidal and portal. The azygos Oyster Industry, "  10th U.  S. Census, has, in an ad- is  beginning to swell, the straw is pulled up by hand, 
veins have i mperfect val ves. Place man upon ' al l dress before t he Geograph ical Society of New York, a a sunny day being chosen for the operation. The straw 
fours ' and the law governing the presence and absence strik i ng sketch of the effect of the white man on the is then made up int o bundles containing as much 
of val ves is at once apparent, applicable. so far as I wild animals of North America, showin� that had the straw as can be easi ly held in the hand, and these bun­
h ave been able to ascertain ,  to all  quadrupedal and I ndians remained i n  pOtlsession, l ittle, If any, change dies are tied up with broom. The gross prod uce of a 
q uadrumanou s ani mals. Dorsad vei ns are ,alvetl ; would have taken place, T h e  I nd ian, like the preda· hectare of land. the hectare being equivalent to about 
cephalad, ventrad , and caudad veins have no valves. " ceous animal , h u nts only for food, and shows even in 2 '47 acres, i s  calculated , approximately, at from 19,000 
By means of t wo simple diagrams he shows clearl y the this habit a wholesome self-restraint, never ki l l ing to 20,000 manate or bundles. 
distri bution of val ved and unvalved veins as they ex ist wantonly. He called attention to the survival of a 1'he next operation which the straw undergoes is that 
in mammals, aud why i n  man the same arrangement number of small birds about the dwellings of  man as of being bleached, which is effected by exposure to the 
becomes detrimental. He dwel ls on the num ber of the result of favorable conditions, such as a constant sun by day and to the dews by night. The bundles 
lives that are !j8.crificed every year by the absence of supply of food, etc. He shows that the cont.act of man are spread in fan shape on a bare river bank or other 
val ves in the hemorrhoidal vei ns. H e also mentions in the main has been d isastrous. His remarks o n  the open space, which m ust be entirely devoid of vegeta­
other disad van tages in the upright attitude, as seen in oyster are timely. He shows Its extermination along tion. After four or five days' ex posure the straw will 
the position of the fellloral artery, even with man's the coast by man's agency. " H ardly more than a cen- have acquired a l ight yellow color. The bundles are 
ability to p rotect it.. Its exposed condition is a danger- tury has elapsed since men believed that the oyster then turned over, and the under part exposed in its 
ous element. In gu i nal hern ia, of rare occu rrence in beds of Ne w York were inexhaustible and that a small turn for three or four days more, when the straw, after 
mammals.  occu rs very often in man ; at least t wenty m easure of legal protection, feebly maintained, was being well dried, is gathered in. When the dews are 
per cent. being affected . Strangulated hernia also quite enough to sll stain them against any chance of l ight, the process is slower hut more perfect. In case 
causes many deat.hs. Prolapsus uteri and other decay. So they thought in Massachusetts, where the of rai n, the straw is at once heaped together, and cov­
troubles and d iseases are referred to by Dr. Cleven- oysters have not only disappeared ,  but have been ered over to prevent its beco llling spotted. The straw 
gel' as due to the upright position In other words, the forgotten . So they t.hink now in Maryland and Vir- is no w ready for manufacture, the first operation of 
penal ties of original sin are in fact the penalties result- ginia, where thei r fond expectations are desti ned to which is the spilatura or unsheathing the ends, leaving 
i ug from man's assumption of the erect posture. equal down fall. "  only the inner portion to be worked up. This is gener-

In another paper by the same author, on the " Origin Prof. Will iam A, Brewer, in a paper on the •• Evolu- ally done by ch ildren . When unsheathed, the straw is  
and Descent of the H uman Brain,"  he gives an i nterest- tion of the American Trotting Horse . "  shows that the carried to t he factories, and after having been sl ightly 
ing sketch of the phylogenesis of the spinal cord to its trot ter is an American product, and that it is still in wetted it is  first exposed to the fumes of sul phur in & 
u it i l llate culmi nation in the development of the brain process of evol ution.  He gi ves a colu mn of figures to tight ly closed room. The straw has next to be sorted 
of man. He says that the most general interest centers show the speed that has been attained in this new form according to its different th icknesses. This is done by 
i n the large mass of cel l s  and nerve fibers callfld the of motion, from a flpcod of three minutes in 1 8 1 8 down means of an apparatus which consists of a series of 
cerebrum . • In the Ornithorhynchus. it is smooth and to two ten and a qual  t e l'  m i nutes in 1881. The mate- vertical metal cones placed on a stand in a double row, 
flim ple in form, but the beaver also has an uncon vo- rials for a cu rve are offered to mathematicians, and Prof. and provided with movable copper plates perforated at 
l uted b l'ain,  which shows at once the folly of attaching Francis E. Ni pher, in a mathematical article on the their lower ends. The holes in each succeeding plate 
psychological i mportance to the n umber and intricacy subj ect, shows that a definite time of n inety-one seconds are a size larger than those in the preceding one. The 
of folds in ani mal brai ns. With phrenology, which will u ltimately be attained by the American trotter. numbers general ly range from 0 to 13, but sometimes 
fi nd s  bibati veness in the mastoid process of the tem- Prof. W. H .  Pickering, however, u rges some objections they run up to 20. 0 represents the finest stems, A 
poral bone and amativeness in the occipital ridge, the to the deductions of Prof!lssor N i pher. bundle of straw being placed in the first t ube of the 
convol utional controversies must die out, as has the In drawing to a close this very Imperfect summary of series, a saltatory movement is given to the machine 
so · cal led science of pahuist l·Y. which reads one's fate what American zoologists have accom plished for evOL by means of a combination of cog wh eels, generally 
and fortune in t he ski n fol ds of the hand . " l ution, many other distingu ished contributors might worked by hand. The finest straws pass through the 

Prof. Alexanuer Graham Bell has presented a memoir have been mentioned. The work of eminent physiolo- holes of the plate, where they are suspenrled by the 
to th e National Academ y on the " Formation of a Deaf gists and paleontologists .I;1as hard ly been considered, ear. The larger straws are then put into the next 
Variety of the H u man Race." i n  which he shows by nor has the long array of . botanical facts for Darwin tube, and so on u ntil the whole is assorted , a constant 
tables a series of generations of certain families in as revealed i n  the fascinating study of the relations supply being maintained. The sorted straws which 
w h i ch, the proge n i tors bei n g  deaf m u tes, thi s  peculiar- which exi8t between flowering plan ts and insects, con- have passed into the holes up to the ends, by which 
i ty be<lomes perpetuated. i n  many of the descendants. trivances for cross fertilization , means of plan t disper- they are suspended and prevented from faIlin g  through , 
Recognizing fu l ly  the laws of heredi ty, natural selec- sion, etc. , a nd the distinguished botanists connected are then drawn out by the ears and placed in separate 
tion, etc. , he shows t,hat the establi shment of deaf with this work, received .attention here, Indeed, the receptacles. 
lIlute schools. in which a visual language is taught proper limits for an address of this nature have been The first thing after assorting the straw is to cut off 
which the pupils alone understand, tends to bring them far exceeded. the ears, an operat ion termed spigatu1 a, which is done 
into close association with each other, and that natu - Suffice it to say that all these students have worked by a special machine. Then follows the spilatura, or 
ral ly with this seclusion acquaintance ripens into from the Iltandpoint of derivative doctrines. A still assortment into length s, which is effected by placing 
fl'iendsh ip and love, and that statistics show that t here greater tri umph to Darwinism are the evidences of on a table a small cylindrical tin case, open at both 
is now in process of be i ng bui lt up a deaf variety of gradual conversion still going on aIllong a few isolated ends, and about eight inches i n  height and eight 
man. workers who still remain stubborn, yet y iel ding to the inches in diameter, into which a loose bundle of the 

Dr. W. K. Brooks, ani mated by the cogency of Pro- pressure of these views by admitting features that, ten prepared straw is placed vertical ly. The operator 
lessor Bell's reaso n i n g, is  led to prepare an article years ago, they repudiated. sweeps his hand over the bundle. and draws up from it 
enti tled " Can Man be mod i fled by Selection ? "  I n  There are two points to be em phasized here in «'Ios- the longest straws, which project above the rest . These 
t his paper he discusses the startlill� proposi tion of ing, and one is that American biological science stands he deposits ill the first compartnfent of a table fur­
Professor Bell,  and recogn izes the con vincing proof as a unit for evolution, and the other ill, the �stabJish- n ilihed with different divisions. He then draws from 
which he furnishes to show that the law of selection ment of a great genera.lization which shows that when the bundle the next longest straws, and so on until 
does place within our reach a powerfu l influence for intelligence became a factor in animals it was seized he cOlIles to the shortest. The straw i s  usually divided 
the i m provement of our race. The striking char- upon to the relative exclusion of other characteristics. into fi ve or six len gths for the finer kinds. The straw 
acter of the tables of facts presented by Professor This general ization offers an unassailable argument is of a bet,ter color, more consistent, and finer as it 
Bell ,  and the sign ifi cant suggestions of Dr. Brooks, to-day for a wider, broader, and deeper education for approaches the ear, the lower part, which is  protected 
lead one to consider how far the i nfiuence of the masses. The untold misery and sufferi ng of the by an outer co vering, heing whiter and softer. Form­
selection has had to do with the character of great work ing classes as witnessed in their struggles of the erl y this eud was not used, but now it is em ployed for 
comulIln ities, as to their intelligence or i gnorance. last two years would have been avoided had the rudi- making all the articles that go u nder the lIame of pedal 
When we see nations of the sa llie great race stock, one ments of social science-even a knowledge of the value hats or pedal plaits. 
showing a h i gh percentage of il l i terates, a high death and significance -of simple statistics--been appreciated The sorted straw is next made up into small bundles, 
rate, degradation and ignorance, while j u st across t h e  by them. which are bound together in a large packet, the point 
borders another nation, apparently no better off so far The startl ing paper of Dr Seam an , on the " Social or u pper ends hei ng placed upward in two bundles, 
as ph ysical environments are concerned , with percent- Waste of a Great Ci ty, "  shows the blunderin g, crimi- and down ward in t h e  other two. The united packet i s  
age of il l iterates and death rate low, a majority intelli- ual way i n  which m u n icipalities are controlled b y  co· n o w  laid under a cutter, and being divid ed through 
gen t  and cl ealll y, we are led to inqui re if  here a strict teries ignorant alike of science and the beneficent mis- the center yields four smaller packets; two of point and 
scientific scrnti n y with cat'eful h i storical I nvestigation sion she stands waiting to enter upon. two of pedal straw, which are ready for the plaiter. 
w i l l  not reveal the cause of these conditions. Can It be The straw is given out to the plaiters ei ther d irectly 
proved beyond q uestion that the i l l iteracy and degra- THE FLORENTINE STRAW INDUSTRY. from the factory or through a factor, in bundles either 
dation o f  Italy and S pain up to within recent years, at sufficient to make a lenl7th of fifty yards of plait or a 
least, is the result  of centuries of ch u rch oppression AN account is given in the report j ust issued by hat, as the case lIlay be. Before being plaited, the 
and the I n q uisition, destroying at once or driving out Consul-General Colnaghi of the Florentine straw straw is sligh tly wetted to rende r  i t  morfl flexi ble. The 
of t he land al l i ndependent th inkers and at the same industry. It is stated that this ind ustry was originally hats are sewn either with waxed thread or w ith the 
time forcin g hel' priests to lead cel i bate l i ves and in-

I 
confined to the Contado of Florence, where it existed fiber of a rush which grows on the marsh lands near 

ducing others of cultivated aud �entle minds to Jead in the 1 6th century. From this district it gradually Signa, and which is prepared for the purpose. On the 
cloister l i ves ? Is it  also a fact, as Alphonse de CandolJe spread into other parts of Tuscany and of Italy. The plaits being returned to the factory, they are measured. 
as�ert�, that by far the greater n umber of distinguished industry appears, however, to have become of impor· The length being found correct, they are washed in 
SCi e n t I sts have COIlle from Protestant pastors ? He tance only at the beginn ing of the 18th century, when potash water in order to whiten them, and occasionally 
gives a signi ficant list of emi n ent men whose fathers Domenico Michelacci introduced or perfected the cul- they are cylindered to give t.hem a polish . They are 
were Protestant pastors, saying that had they been ture of lip ring wheat (grano marzuolo), sown thickly, next wound upon a circular toothed frame of one yard 
priests of another rel igion , leadi ng celibate lives, these from wh ich an excel lent straw is obtained. The flrst in circumference, the teeth being to keep the strands 
wen would not have been born . experi ments WE're made on the hil ls  round Signa, and of the plai t evenly one over the other. They are then 

It is considered an i ntrusion i n t.o matters which do thei r success caused this culture to be q uickly extended made up into packets of six or twelve pieces, or some­
Dot concern science when such inquiries are made, but I to the nei ghboring districts. times of twenty-four pieces, after which they are 
the scientist has very deeply at heart the intellectual The industry now is so generally extended through- packed in cases for export. On the hats being brought 
and moral welfa re oC the com munity. If  the cause of , out the Florenti ne district that there is searcely a fam- to the factory, the loose straws are first cut from the 
degradation and ignorance, of poverty, of contagious ily in which Mowe Q! the members a,re not engaged in briws. aJld any defects in the plaiting are made goo4 
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by insertion, after which they are piled up on one 
another, and placed in large troughs full of potash 
water, in which they are pressed down by planks. 
They are then dried in the sun when the weather is 
fine, or in hot rooms when it is wet. The hats are then 
ready to be moulded into shape, which is effected by 
their being placed in heavy zinc moulds, and forced 
into shape by hydraulic pressure. They are next 
powdered with sulphur and polished with a small 
wooden instrument, and packed in cardboard boxes in 
dozens, and lOubsequently in wooden cases ready for 
export. According to the official trade returns, 18,000 
cwt. of plaits and 3, 399,000 straw hats were exported 
from Italy during the year 1885, chiefly to the United 
Kingdom, Switzerland, Germany, Austria, France, and 
North and South America. 

SOME CURIOSITIES OF REFLECTION. 
By GEORGE O. WILLIAMS, M.D. , Greene, N. Y. 

WHEN the light from any source falls upon a globe 
that presents a smooth but not too brilliant surface, 
the figure that the refiection assumes depends upon the 
relative position of three factors, viz., the luminous 
source, the globe, and the eye of the observer. 

Thus it may take the form of a crescent defined upon 
that portion of the circumference that is nearest the 
light, as Fig. 1, A, or it may appear in any shape in­
termediate between this and a gibbous or a round. In 
fact, it may illustrate any of the moon's changes. Some 
portion of all the figures are, however, defined by the 
visible (l)utline of the globe. 

These are the reflection forms that a globe at rest ex­
hibits. But if the light is reflected to the eye from a 
globe that is rapidly rotated on its axis, the figures as ­
sume entirely different appearances. The effect of the 

rotation is to convert any superficial inequalities into 
continuous strire or lines that are plorallel with the 
equator of the globe and with each other. (Fig. 1, 
B.) 

In order to conduct the following experiments, solid 
globes were made that were polished by lathe work 
and were moderately reflecting. The result for the 
purposes of the experiment was the same as if the 
globes were rotated. 

The strire produced need not be deep grooves. On 
a metal surface the microscopic lines of fine polish are 
sufficient to produce the desired effect. The strire are 
really circular groove/!. Their diameter is, of course, 
least near the pole and greatest at the equator. Each 
circle is a V shaped, annular sulcus, one face of which 
is directed toward the pole, the other toward the equa­
tor. One is a concave reflecting surface, the other a 
convex. 

Now, if the pole of the globe is the point nearer the 
light and the eye, the small circles around it intercept 
and reflect less areas, but greater quantities of light, 
while the large circles at the equator reflect greater 
areas, but less quantities. The figure is prolonged, in 
consequence of the reflection of the diverging incident 
rays from the facets of the parallel strire, and the curva­
ture of the general surface disperses the greater portion 
of the rays in directions from the eye. Hence, the re­
flection from such a globe in the assumed pO$ition is 
a triangle  of light brighest at the apex and faint at the 
base (Fig. 1, B). It may be of all lengths, from a 
mere triangular point t.o a large spherical sector reach­
ing from the pole nearly or quite to the equator. The 
convex side is brighter than the concave. A hazy re­
f}ection of diverging rays also attends the figure, out­
lying it laterally and in front. 

The bright apex is the reflection nucleus, the reo 
mainder is the reflection tail. Unlike the refiection 

----- .....:��:.-.-

from the globe at rest, the figure is seldom defined by 
the apparent circumference of the globe, but falls at 
some point between it and the vertical meridian. It 
sometimes is, however. 

Now if the light and the eye are very near each other, 
while the globe is at some distance from them, thus 
rendering the a.ngle of incidence and refiection exceed­
ingly acute, the pole being directed towa.rd both, 

the refiection appears as a disk of light surrounding 
the pole. It has a bright center, its margin is dim, 
there is no tail, but the equal refiection from every por­
tion of each !!tria around the pole gives a central 
n ucleus and a halo-like periphery (Fig. 2). The circles 
immediately around the pole give the intensest refiex 
because nearer the light. 

Strictly speaking, if any angle at all exists, the refiec­
tion cannot be circular ; but with a very acute angle the 
dispersion of rays in other directions than toward the 

ness until , at the point, C, it has reached its greatest 
development. The tail is fully formed, the nucleus dis­
plays its greatest brilliancy. This occurs j ust before it 
enters upon its perilucion, if a coined word is admissible. 
At the point, D, the reflection figure is obscured by the 
intenser light of the flame immediately near it, and be­
tween it and the eye, and is therefore lost to view. At 
E it reappears, but, owing to the axial inclination, the 
opposite pole is now proximal to the light and the eye, 
and hence the refiection nucleus appears at that point. 
The tail is, however, still directed away from the light, 
but in a direction somewhat opposed to that prior to 
the perilucion. From this point to F, the behavior of 
the refiection figure is the reverse of that prior to pass­
ing the light. It declines in distinctness and size until 
at F it has become again a faint, halo-like disk. Be­
yond this point it practically disappears. Observe also 
that the tail in the first half of its journey has been 
gradually rising above the orbit of the nucleus, which It:==:�-::==l�===:���1 is indicated by the dotted line, N. This is an entirely 

7' different affair from the orbit assigned to the center of 

eye is so slight that any deviation from a round ap­
pearance is scarcely perceptib le. The refiection may 
be circular with no central nucleus (provided the source 
of the light is circular), if the projection is at the equa­
tor, the angle of refiection as acute as possible, and the 
axis of the globe perpendicular to a line from the 
equator to the eye. Refiections from different lati­
tudes vary in shape, though toward the pole the tri­
angle p_redominates. Its apex is always toward the 
pole. When near it, the apex is pointed ; it becomes 
broader as the figure recedes from the pole. The nu­
cleus in these instances is elongated. Now, if the 
parallel strire are of variable depth and brilliancy, the 
deeper and brighter ones give, within the elongated 
nucleus, bright points of reflection. These points are 
arranged in a line corresponding to the meridian on 
which they occur. This line may therefore be either 
curved or straight, and the distances between them 
variable. Sometimes the points become transverse 
lines, brightest centrally. . 

If, however, reverting tCf the polar circular figure, 
the globe is brought nearer, thus increasing the reflec­
tive angle, a small triangular tail is developed within 
the circular figure, which at the same time is diminished 
in diameter (Fig. 3). Sometimes two exactly opposite 
triangles are observed. Their apices are united. 

In order to illustrate some of these changes more 
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fully, it is desirable to assume for the globe certain 
arbitrary positions and directions (Fig. 4). 

It is given an orbit around a light. For convenience, 
this orbit is an open ellipse. The light is placed at the 
focus. The axis of the globe is given an. inclination to 
the plane of this orbit. This inclination in the same 
direction is preserved throughout the orbit. The 
striated globe thus represents a spherical mass that, 
while rotating on its inclined axis, IS also revolving in 
an orbit which incloses a luminary. The eye is also 

given a position within the orbit, although this is in­
essential. 

At the point, A, the reflection appears as a small faint 
circular figure defined arollnd the pole proximal to the 
light and the eye. It has a central nucleus. At H the 
small triangUlar tail has appeared. The expanded ex­
tremity of the tail is directed away from the light. 
The reflection fiKure now increases in size and distinct-

the globe as indicated by the solid line, M, although 
they are parallel. 

As it rises, the curvature of the tail becomes greater, 
but at no time has it reached the circumference, but 
still falls within it. On the return track the tail grad­
ually falls back to the direction of the orbit of the nu­
cleus. 

When the eye is external to the orbit, an endless 
variety of refiection figures occur. These may be 
straight with a central nucleus, as Fig. 8. The pointed 
extremities may be either curved or straight. This de-

pends upon what meridian they are defined. The tail 
may be pointed and the nucleus large (Fig. 9). In such 
instances the reflection is from a point at or near the 
equator. The reflection figure may disappear after its 

. perilucion, or it may be invisible prior, but visible sub­
i sequently. The tail may or may not be directed from 
the light. Oblate and ovate spheroids modify the fig­
ures. The reflections are much more effective when 
obtained from globes that greatly exceed the luminous 
source in size. The variations are endless and sug­
gestive. 

Hitherto, but one refiection figure has been cOlJsid­
ered. The truth is that from some point of view two 
diametrically opposite figures are always visible. (Fig. 
5.) These opposite figures have a common nucleus, or 
rather, their apices touch at the pole of the globe. In 
a certain position of the three factors, these opposite 
sectors are equal. That is, the globe must be ap­
proaching from a direction contin uous with its axis, 
and which, if prolonged, would intersect a line from the 
light to the eye. When equal, their convex sides 
are coincident with the apparent circumference of the 
globe, and hence serve to determine the dimensions of 
the globe. If unequal, they fall within it. All degrees 
of variation in the length of the minor figure, in fact, of 
both, occur. When very small, it gives to the greater 
figure the appearance of having a rounded head or 
nucleus, instead of a pointed ; and if the globe is of 
good size and the strire that encircle the pole have 
some depth to their walls, this rounded head will be 

found, if viewed through a camera, to be ma.de up of 
incomplete rings or crescen ts, with their cornua di­
rected backward toward the tail. Now, if the globe is 
moved slowly along, new annulations and crescents 
will be seen to develop in front of the head. On the 
other hand,  if the translation is reversed, the crescents 
will disappear, the nucleus become pointed and gradu­
ally fainter as it recedes from the pole. The minor 
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figure is now entirely invisible, but the tail of the On rotating it, its outline was nowhere visible, ex- might be caused by sun spots or some intervening me­
greater has become much elongated. A still closer cept where the bright nucleus and long curved train dium that intercepta the light, and hence the opaque 
analysis of the reflection nucleus shows that it is  also was defineQ.. This appeared !Suspended in m id-ai r , body was placed on the light. A corresponding dlVi­
attended by a true coma, due to the reflection of di- while the light from the bright points on the cu rtain sion of the reflection figure appeared. 
vergent rays. shone through every part (Fig. 1 1 ,  B). In fact, a very So too it was imagined that the smaller figures some-

It wil l  be noticed that similar causes produce the creditable artiflcial comet appeared. Indeed, through- times attending the cometic fig-ure are the result of 
bright points in the elongated nucleus defined between out the experiments the appearances and behavior of. re-reflections from planetary bodies near the sun, or of 
the equator and the pole, and the crescents in the the reflection figure are quite comet-like. If the ex- stray light from a distant sun. 
nuclems defined at the pole. periments are carried still further, and a careful analy- By imitating these conditions in the experiment, as 

Sometimes the polar nucleus exhibits a triangle of sis of the nucleus made, the similarity is still more strik- nearly as possible, the reflections were made to repre­
ing. Nothing, however, is claimed for the reflection sent the cometic appearances quite closely. 

light. If there is limited oblation at the pole, this tri­
angle has nearly rectilinear sides. Its apex is at the 
pole. If there is shallow, concave, circumpolar exca­
vation, the triangle has deeply concave sides, the con­
vex base is broad and adjacent to the concavity of the 
nuclear crescents. The basic angl es are acuminate 
corn ua directed backward toward the tail. The round­
ed nucleus is the final portion of the minor sector 
visi ble. 

When an opaque body is placed upon the flame, it 
should not interrupt the continuity of the flame itself, 
the globe being at the same time in close j uxtaposition 
to the light. A portion of t.he rays are, by it, shut off 
from the globe, and hence a longitudinal septum oc­
curs in the reflection (Fig. 6). 

It may partially or completely, equally or unequally, 
divide the figure. The position of the body on the 
flame in some measure determines the effect on the re­
flection. Very small bodies are sufficient to do this. 
Nothing smaller than one two-hundredths of the sou-

perficies of the flame itself has been employed i n  the 
experiments. The intercepting medium need not be 
perfectly opaque. 

Multiple figures may be produced in two ways. 1st. 
By plaeing detached reflecting bodies adjacent to the 
primary luminary (Fig. 7). The re-reflections from 
them appear as m inor and fainter figures attending 
the greater one. They may or may not be attached to 
the greater figure, they may be curved or straight , but 
they all radiate from the pole, and would, if continued, 
touch it. 2d. The same effect may be produced from 
a distant SOllrce, even a very distant, for the reflecting 
surface catches any stray flashes. They may be of all 
sizes and degrees of distinctness, and change their posi­
tions and appearances as the positions of the factors in 
the experiment are changed. 

Again,  if any inequalities exist on the surface of the 
globe, these shade the portion immediately behind 
them, and the effect is to produce transverse dark 
lines in the reflection figure, as in Fig. 10. 

It is desirable to prod uce a reflection figure that shall 
have all the preceding characters and yet be transpa­
rent enough to permit brighter light to shine through 
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it. In order to accomplish this, a wire hoop was used (Fig. 1 1 , A). Its diameter was 30 cm. It was made 
wholly non-reflecting, except its im mediate circumfer­
ence, which was slightly flattened and transversel y 
grooved. By a si Ul ple mechanism it w'ts rapidly rotat­
ed u pt')n i ts diameter. The result was a large globe of 
extreme tenuity. This was placed before a dark cur­
tain (Fig. 1 1 --1, 2, 3, 4), wh ich was studded with bright 
reflect ing points. The fiame was near the pole. 

figures. Whatever may be their import. they remain, A newly executed experiment also il lustrates the tri-
for the present at least, simply curious coincidences. angular dark space behind the nucleus. 

Fig. 9. 

Nevertheless, they are not accidental. They represent 
the reflections from a sphere revol ving around a central 
luminary, and rotating on an axis inclined to the plane 
of its orbit. 

They have been followed in legitimate sequence, and 
executed with the strictest deference to the laws of 
light and reflection . 

Frankly stated, the following question was the in­
centive to the experiments : 

May a comet be the reflection of the sun's image from 
the exterior of an immense sphere of cometic matter-a 
nebulous planet, or, perhaps, simply a vortex setting 

in motion the material lying in its lJath-that revolves 
around the sun and rotates on an axis inclined to the 
plane of its orbit ? 

It was thought that. �f such a sphere exists, its rota­
tion might convert any external unevenness, either of 
density or elevati()ll, and perhaps the larger of its dis­
crete components. ill effect, into continuous strire 
parallel with its equator , and while it must be so ex­
ceedingly tenuous as to offer an imperceptible obstacle 
to transmitted light, yet, if visible by reflected light, its 
reflections might be expected to conform to the figures 
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on the striated or revolving globes in the experi­
ments. 

The globes were therefore given a miniature cometic 
orbit: and the analogy observed as represented. This 
analogy is by no means restricted to the few illustra­
tions given, but it extends to all forms of comets that 
have come under observation, even to the minutest de­
tail of nucleus, coma. 01' tail. 

It occurred that the longitudi.nal septa of some comets 

It 

It is unnecessary to prolong the comparisons, they 
are limitless. 

Although it is  improbable that astronomers could 
accept the theory of a cometic sphere, yet the reflec­
tions may have a meaning that will aid in reaching the 
truth. If they accomplish this, or even if they secure 
the attention of investigators, the object of this paper 
will be gained. 

GOFIO : FOOD AND PHYSIQUE. 
By C. FAYETTE TAYLOR, M.D. 

ON a recent visit to the Canary Islands, one of the 
first things to attract my not ice was the good develop­
ment and fine personal appearance of the com mon peo­
ple. I afterward found that travelers are generally 
impressed in the same manner on their first visit to the 
Canarips. If they have previously visited the Spanish 
p@ninsula, they are apt to contrast the native Span­
iards with their Canarian relatives, always in favor of 
the latter, whose greater height and better bodily forms 
fl.re very evident. This superiority IlIay be due, in a 
certain degree, to the adlllixture of Spanish blood with 
that of thp Guanche race, which was found in posses­
sion when, in 1440, the Spanish undertook the conquest 
of the Canarian archipelago. It required more than 
fifty years for the purpo&e, and not until to the utmost 
efforts of Spain, then in the. h eight of her power, the 
treachery of four native kings had been added, did all 
the seven islands come under Spanish rule. The old 
chroniclers are fond of describing the IlJild and sweet 
dispositions of the Guanches, their tall, manly figures, 
and noble bearing in time of peace, as well as their 
great strength and valor when fighting to preserve 
their ancient liberty. 

Even the women took part against the invaders, and 
proved themselves, in daring and prowess, n o  mean 
antagonists. One woman i s  especially mentioned who 
rushed upon an advancing column, seized the foremost 
soldier and fled up the mountain, bearing her victim as 
if he had been a child, outstripping her pursuers, till, 
coming to a precipice, she leaped down and both were 
dashed to pieces. 

The conquerors not only mingled their blood with 
the conquered, as happens with the Latin races, but 
they adopted many of their customs, some of which 
are preserved to the present time. Perhaps the most 
important of these is in relation to their food, the prin­
cipal article of which is of Guanche origin. 

I have alluded to the excellent bodily development 
and proportions of the modern Canarians, and to the 
testimony left by the old chroniclers to the still fine 
characteristics of the ancient Guanches, who are indeed 
described as marvels of bodily strength, beauty, and 
agility. because these facts have an important bearing 
on the question of their food. As there can be no such 
bodily growth , strength, and activity as is described as 
belonging to these people without superior nourish­
ment, it follows that the food used by the Guanches, 
and adopted and still almost exclusively used by the 
present inhabitants, must be highly nutritious. 

This article, so evidently important, is  the gojio, 
na.med at the head of this paper. There is n oth ing 
mysterious about it ,  for gODO is simply flour made from 
any of the cereals by parching or roasting before grind­
ing. The Guanches IlIay have roasted thei r wheat, 
barley, etc. , by the ready method of first heating 
stones, on which or  among which the grain was after­
ward placed. As to that there are no precise accounts, 
but well-shaped grinding stones are plentiful ly  pre­
served. At present gofio is prepared by roasting the 
grain in a broad, shallow earthen dish, over a charcoal 
fire. It is kept constantl y stirred, to prevent burning. 
One can hardly pass through a village or hamlet with­
out witnessing Rome stage of the preparation of gofio. 
'l'he grain is first carefully picked over and all impuri-

• 

• 

ties removed. The processes frequently take place in 
front of or just within the always-open door, giving the 
traveler ample opportunity to see all steps of the pre­
paration. The grinding is done at the windmills, 
which abound everywhere. The roasted grain is 
ground to a very fine flour, when it becomes gofio. 
After grind ing it is ready for immediate use. When 
it is to be eaten. milk, soup, or any suitable fluid 
may be mixed with it-anything, in fact, to give it Buf. 
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ftcient consistency to be conveyed into the mouth. 
Being already cooked, it requires no further prepara­
tion before eating. 

Ultimately maize was introduced into the islands, 
and soon · became an article of general cultivation, par­
ticularly on the island of Grand Canary, where gofio 
from it is the staple article of food for the laboring pop­
ulation, as that from wheat or wheat mixed with maize 
is  in Teneriffe, wheat being more largely grown in the 
latter island. Gofio is also made from barley, and es­
pecially in Fuerteventura. It is also made from Span­
ish beans ; but this kind is not used alone, but to mix 
in proportion of about one fourth to three fourths of 
wheat, barley, or maize gofio, as some prefer. Whea t 
and corn gofio, mixed in equal proportions, is very 
much used, and is preferred by many to either article 
alone. Nothing can exceed the extreme handiness of 
this ready-cooked article of food. The Canarian laborer, 
if alone, takes some gofio in a bag made of the stomach 
of a kid ; if there are several persons, the skin of a kid 
is used. When the hour for the simple meal has ar­
rived, the bag is extracted from some pocket, or, like 
enough, from the girdle, and putting a little water into 
it, after being well shaken, the meal is  ready. Only 
enough water is added to make it sufficiently consist­
ent to be readily taken in the hand, from which it is 
invariauly eaten. The preparation occupies no appre­
ciable time. The winter before last I saw one or two 
hundred Italian workmen repairing the retaining wall 
to a river, and had reason to admire both their indus­
try and their simple, frugal habits. As the midday 
hour approached, one of a gang of ten or twelve men 
would step aside and prepare the dinner. It nearly 
always consisted of polenta, or Indian corn meal boiled 
in water. It took the best part of an hour t.o prepare 
it, and there was also the trouble of kettles, fires, pro­
viding wood, besides many antecedent preparations, 
even when cooking was thus reduced to its simplest 
proportions. The Canarian laborer has no such trou­
ble. The roasting of the grain is more q uickly done 
than cooking polenta, and can be prepared in larger 
quantity by the wife at home. 

The grinding is the same in both cases, but gofio has 
the great advantage of being easily carried about the 
person in a bag, and is always ready to be eaten. It is 
also much more palatable. The Canarian Archipelago 
consists of seven inhabited islands with a population 
of 240,000 persons. From the best information I could 
get, I should think that fully 2()(),000 of them live 
almost exclusi vely on gofio, as t.heir fathers have done 
before them, i ncluding their Guanche predecessors, 
from time immemorial. I havA been thus particular in 
giving, in some detail, the origin, preparation, and im­
portance of golio in sustaining a large population, 
because I believe this article to be worthy of attention 
on the part of purveyors of farinaceous foods. If intro­
duced into the United States, it would add a delicious, 
wholesome, and highly nutritious article of food, Vf�ry 
convenient to use, to our already large ,Variety. But 
gofio has other claims to our attention and favor than 
its economy, convenience, and evident highly nutritive 
q ualities. 

Finding it used, not only by the common people, for 
whom it constitutes the chief article of sustenance, as 
already stated, but also in the home8 of the wealthier 
citizens, children being especially fond of and thriving 
well on it, I tried specimens of both wheat and maize 
gofio and found them very palatable-the maize espe­
cial ly so, having a delicious, aromatic flavor, which 
soon made me prefer it to bread, especially in the 
morning. Very soon gofio, with a soft-boiled egg, 
goat's milk and coffee, constituted a satisfactory break­
fast. In fact, I liked it so well, and found it so digesti­
ble and nutritious, that I kept to it and throve on it 
till at the end of two months it occurred to me that 
during that time there had been no instance of 
" acid stomach," to which, in the best of times, I had 
al ways been subject. I left Teneriffe soon after, and 
d uring t.he voyage, and for some ti me after landing 
in the West Indies, the gofio breakfast was sus­
pended. After some weeks without it, the acidity 
returned very severely, owing to exposure and fatigue. 
And, as usual, the acidity once established, persistency 
continued. After suffering several days, I thought of 
the golio, a sllJall quantity of which we had brought 
from Teneriffe. On eating it for breakfast, as I had 
done before, the acidity immediately disappeared and 
has not returned. 

In this connection, I would say that I had previously 
observed the sam e phenomenon of complete exemption 
from acid stomach while using Carlsbad Zwieback, as 
the sole farinaceous food at breakfast. Zwieback, as 
most persons already know, is bread cut in thick slices 
and baked a second time. In Carlsbad the second bak­
ing is carried so far that the slice is browned through 
its entire thick.ness. If there remains a white central 
portion, it is not good, and will undergo acid decom­
position in the dyspeptic stomach when the properly 
made Zwieback wil l  relllain for a long time unchanged 
except by gastric fluids. But while useful as a tem­
porary expedient, Z wieback has not much nutrition 
after undergoing the three processes of raising, baking, 
and rebaking" to incipient carbonizing. It is incapable 
of being used alone as a sufficient aliment. To gofio 
there is no such objection . The roasting is tha first 
and only cooking of the food. Gofio is a food drY' 
cooked, no fluid coming to it till the very moment of 
eating it ; and we know that dry heat produces changes 
in the structure and composition of cereals different 
from those produced by moist heat. The roasting pro­
cess is essentially different from the steaming, baking, 
or boiling process, and, for one thing, converts starchy 
particles into more soluhle and more friable forms. 
Moderately browned bread crust illustrates the change 
produced. 

Perhaps the roasting process has a protecting efficacy 
against the action of the ferments which are always 
present in the alimentary tract, ready to effect some 
form of decomposition should digestion be long enough 
delayed to allow them to act. In fact, there is no doubt 
that in many cases the stomach actually becomes a re­
ceptacle for the cultivation of microbes. As one meal 
after the other is taken into the stomach. each succeed­
ing mass of fermentable material is affected by the fer­
ment germs developed and energized by those which 
have preceded it, till a high degree of potency is reached 
as in the usual method of bacteria cultivation. In 
such .. <!ase, normal digestion is antici pated by ferment­
ation, the wholesomeness of the food is impaired by 
�tecedent decomposition, the gastric power is lesilened 

by contact with noxious acids and gases, and we have 
the confirmed dyspeptic. The worst of it is that such 
a condition is self-propagating, all ordinary means fail­
ing to energize digestion or to de-energize the ferment 
that the former may precede the latter in the usual 
way. Even the useful and often indispensable stomach 
pump sometimes fails to prevent prompt fermentation 
of the first food taken after its careful use for cleansing 
purposes. In all my previous personal and professional 
experience, I found, when once the rapid acidulation 
of the food demonstrated the potentialization of the 
microbic ferment, there was no sure way te overcome 
it as, in turn, to energize the digestive a-ction by pro­
longed absence from food. In that case, the ferment 
becomes itself digested and de-energized and acts more 
slowly than the digestive process. 

After this the ever-present but now non-energized 
ferment germs act tardily, till some accident of over­
doing, or bad eating, or other cause, again delays 
digestion till fermentation is set up in the gastric cav­
ity, and the cultivation pl'Ocess above described is 
renewed, when there is another attack of acidity of the 
stomach, difficult to bear and difficult to get rid of, as 
every unfortunate dyspeptic and every unfortunate 
physician to such a patient full well know to their sor­
row. But the starving-out process is not easy, and is 
not applicable in many cases ; besides, not every one 
has the resolution for it, wlwn it might be proper and 
effective. If, in golio, already demonstrated to have 
the essentials of high nutrition and palatableness, we 
have an article of food capable of resisting the acid 
decomposition for a much longer time than the ordi­
nary preparations of farinacea, it will be an inestima­
ble boon to all civilized communities to make the fact 
known to them. 

I have set on foot trials of the value of gofto, in such 
cases as are appropriate to carefully determine its influ­
ence in preventing" gastric acidity. Whether the impres­
sions formed, as above described, after several months' 
personal experience, are to be sustained or to be found 
groundless, will be known in due time by ample clini­
cal demonstrations. But, considering the importance 
of the subject to so many persons, and to the end that 
experiments in the use of gofio in appropriate cases may 
be multiplied, I do not hesitate to place my (as yet) 
unsupported personal experience before the profession 
and public for their careful consideration.-The Popu­lar Science Monthly. 

M. GAREL has invented an e\f�ctrical method of pre­
paring paper stencils for letters, circulars, etc. In this 
apparatus a piece of very thin paper rests on a carbon 
block connected with one pole of a small induction 
coil, while the style, with which the writing is done, is 
conn�cted with the other pole. On mdng the appara­
tus a series of sparks pass between the style and the 
carbon block, perforating thl) paper, which can then 
be used as a stencil in the ordinary way. 
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