
'ritatifit �mttitan. 
ES'l'ABLISHED 1845. 

MUNN & CO., Editors and Proprietors. 

PUBLISHED WEEKLY AT 

No. 361 BROADWAY, NEW YORK. 

O. D. MUNN. A. E. BEACH. 

TERMS FOR THE S(JIENTIFI(J AllIERI(JAN. 

One copy, one year posta/le Included................... . ............. 83 �o 
One copy, six months postage included ... . ...... .................... 1 tiO 

(Jlnbs.-One extra copy of 'l'BE SCIENTIFIC AM ERICAN will be suppliec 
Rl'atls for every CIU� of live subscribers at $.�.W eacb; additional copies at 
eame proportionate rate. Postage prepaid. 

Remit �y postal order. Address 
MUNN &; CO .• 361 Broadway, corner of Franklln street, New York. 

�'he Scientific American Supplement 

Is a distinct paper from the SCIE"TIFICAMERlCAN. 'I'HE SUPPLEMEN'l 
Is issued weekly. Every number contains 16 octavo vages, uniform in siZE 
Ivlth SCIEN1.'IFIC AMERICAN. 'l'erms of subscription [or SUPPLEMENT, 
'5.00 a year, postage paid, to subscribel's Sin/lle copies, 10 cents. Sold by 
all newsdealerstbrou/lhout tbe country. 

(Jomblnetl Rates. -Tbe SCIENTIFIC AMERICAN and SUPPLEMEN'I 
will be sent for one year postage free. on receipt 01 .even do!Ia.rB. Roth 
papers to one address or ditferent addresses as desired. 

The sa.fest way to remit is by draft, postal order. or registered letter. 
Addre.s MUNN &; CO., 361 Broadway. corner of Franklin street, New York. 

Se1entilic AmerIcan Export Edition. 

'l'ile SCIIGN'rIFIC A MERICAN Export Edition is a large and .plendld peri
odica1, issued once a month. Each number cc.ntains about one hundred 
large qnnrto pages, profusely illustrated. embracing: I).) Most of tbe 
plate. and pages of the four precedlng weeJdy issue. of tbe SCI""l'IFIC 
AMEltlCA", witli its splendid engrnvlngs and valuable information: (2.) 
Commercial, trade, and manufacturing announcements of leadinll houf'es. 
Terms for Export Edition, $5.00 a year, sent prepaid to any part 01 tbe 
world. Single cople. 50 cents. ar Manufacturers and others wbo desire 
to secure foreign trade may have large. and bandsomely dl.played an· 
nouncements publlsbed in tills edition at a very moderate cost. 

Tbe SCIJI�TIFIC AM !GIIICAN Export Edition ilas a large guaranteed circu
lation in all commercial places throul!'hout. the world. Address MUNN & 
CO.,361 Broadway, corner of Franklin street, New York 

NEW YORK, SATURDAY, DECEMBER 13, 1884. 

(Jonteut •• 

(lllQstraLed·article. are marked with an a.terlsk.) 

Ardea coorulea ... ..... ........ .... 39U Inventor., American, more time 
Be)) telephone patent. .u.- for .............................. 893 
l!elt",!,���j.}.!\

e.
:::::::

.
: ':. ::::::::: �� l

nv
�

t
�.��,.�:�.�����

t 
.�
f
� .����- S96 

flllsiness and personal . ........... 402 Lantern, .electrlcal, new .......... 398 
g:����;I�����ln��'Tailiciiet'B.::: �l �:f:f�:��:a-:�::·:::::::::::::::: .. �g 
Cattle, tine specimens of .......... 399 Mica .beet, composite .... . . ...... BOO 
Cattle. tbe slaughtering of ........ 393 New books and publication ....... 402 
Cheese, poisonous .......... ...... 401 Notes and queries .............. 402. 40S 
Cider, bow to keep sweet . . . . . ••• 396 Pens, steel, how made . . . .••••. . . .  401 
C1vil service reform in mines... . 896 Photographs, magic............. 396 
8��[::r 4c':.�ia��"e��.�ffl.

c
�::::::: glm ��l�l;;' 'm�:,.��raska::::·::::::: = 

F{�r1!:
s
�����:

s
::

. 
who' runs"u 396 ���ile�fi��

e
ro
e
�:pfci:::���:: �::: f?Ji 

GO
I
�·'t,:�

i
II .. ::.::::::: . .' .... ::::.::: � Sup

:i�r�s
t
�gfs�

s
e���:eOit���'l.� 394 

Gun. macbine. self-acting· ........ 391 

N
��f!;lIne. pneumatic, at 

Heaters, acetate of soda .......... 391 rls.. ....... .............. .... S95 
Ink. indelible, stamping .......... 897 bird catchlnl< .. . ..... . . .. . . 400 
Inventions. agricu1tnral ......... . 402 ater, sea, artificial,for aquaria 400 
Inventions, enl<ine�ring ........ 40'� Weatber, to foretelL .............. 393 
Inventions, miscellaneous .... .... 40� Worms,earth . . ..•...... i • • • •••• • •• 891 

TABLE OF CONTEN'l'!; OF 

THE SCIENTIFIC AMERICAN SUPPLEMENT 

N"e>.467, 

For tbe Week ending December 13, 1884. 

Price,10 cent.. For sale by all newsdealers. 
PAGE 

1. CHEMISTRY AND METALLURGY.-Determlnation of Taonin.-
Blf:Ei J�����e�e 

.. 
(·�o,;;JiWitio;, 

.. ;,f'(:iaseoi.-.::ilj ·Ii." ii: iiiii:iN:'::'Ab: 7458 
.tract of paper read before the British ASSOCIation at Montreal . ... 7458 

Aluminum and its Alloys . .... ............................ .... ....... . .  7462 

II. ENGINEER1NG AND MECHANIOS.-The New Dam at Sure.ne •• 
-:r�

t
:r:;� r1:��giiui.icai �i aciiine:'::' Witli' engra vinii. '.:: '.'.:':'.::.: . :: 1m 

Raismg of tbe Fallen Girder. of the Douarnenez Viaduct.-2 en-
grav'inlls ....... ............. , ............. ........................... 7454 

Improved Wire Testing Machme.-Wlth engraving .. ............. 7454 
Imp,roved I)oubling and Laying Macblne.-Wlth engraving ....... 74M 
BOller Tube .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . ... 74M 
¥l:�

r
����i��11�a�:;I.rut;.��fl

u
��,:.;,;::::::::.::

.
:::: 

.• :::::.::::::: i:gg 
Grulet's Screw tor Ral.lng Water.-l engraving ............ ....... 7456 

Ill. TECIINOLOGY.-On Various Toning Batbs.-Several expert-
ments.-By W. M. ASHMAN .................... ....... ................ 7456 

Coating Plates with Gelatine Emulslon.�5l1gures .................. 7407 
lodo-chlorlde of Sliver Emulslon.-B

f
i V. SCHUMANN .... " ....... 7458 

��r"
a
:�

t
.��.���. �.������i�� ':.���� . . � .

t
�. ����������. :����:::�.�.�: 7458 

IV. I'HY;\l(�S ELECTRI(,l'rY.\ETC.-The Wave Tbeoryof Llgbt.-By 
SIR WM. THOMSON.-Sound and light. due to wave vibrations.-Dlf
ference between vibration. of light and sound.-Radlant beat.
Solar spectruffi.-Luminiferous ether.-lIow to measure wave 
lengths of IIgbt and tbe frequency of vlbrations.-Wlthdlagram •. 7448 Tbe Limitations of Submarine Telegraphy ..... . ..... 7450 

Williams' System of Coast Defense by Electrical Torpedoes.-
Full page of ligures.... ... ........ ... ........................... ...... 7401 

rn�';;,I:ig��
r
igr�:I�

I
��;�ri;�a ¥e���t'o,;ii ·i..ines:.:..:g figures' .. .'.',:::::: ��� 

Electric Ligbt in T�eater. .. ................................ ........ 7402 
Rings of Smoke.-ollgures ............ ............... ......... ...... 7461 

V. AR"HITECTURE.-The New Technical High School at Berlin.-
Wltb engravlnll'........ ....... .. .............. ..................... 7"7 

The New Univer.ity Buildings at Strassburg.-2 engravings . ..... '1"7 

VI. BOTANY. ETC.-An Improved Hyacinth Glass ........ ............ 7461 
Tbe Botanical Club ofthe American A •• ociatlon ................... 7461 

Vil. HYGIENE, MEDIC[NE, ETC.-Herbst'. Metbod of FllIIngTeeth. 
-Demonstrated by Dr. G. C. CLUDINB......... .................. . 7459 
- Dr. Kocb's Berlin Lecture on Cholera and the Comma Bacillus .. 7469 

Local A n",sthesia by the Hydrochl(lrate of Cocalne.-By R. J. 
LEVIS. M.O................... . .  ..... ................. . .... ....... 7469 
DI��h���IlIj�t��f�:�17��f.�3y Wro9.'te��k�:g��.���,. ���, �� 7460 

VllI . MISCELLANEOUS.-The New York Street Cars .. ... ..... .. . ... ·1460· 
Petroleum Wells ................ ........... .. .... .................. 7462 

Jcitutific !tutricnu. 
lIELT l'IIATERIAL. 

The first idea of a belt for machine purposes is a leather 
band, but other materials have been used for many years; 
the writer remembers seeing a six inch or an eight inch belt 
that had rull for more than a year in a wood working estab
lishment, which was made of cotton cloth-sail duck. The 
belt connected two pulleys of three feet and two feet dia
meter respectively, the shafts of which were on the same 
level. To compensate for the shortening and lengthening 
of the belt by the changes in humidity of the atmosphere, a 
pivoted idler was used. This change of length appeared to 
be the only serious drawback to the employment of cotton 
as bel t material; for the adhesion of the material to the face 
of the pulley was excellent. 

Rubber belting is simply cloth and rubber united by being 
pressed between hea vy rollers; its strength depends on the 
fibrous portion-the cloth. Tuere has recently been another 
cloth belt put upon the market, that depends for its adhe
siveness to the pulley face on cotton. Thi5l a woven belt, 
the woof or warp of which is of a series of continuous steel 
wires, the filling being coarse cotton yarn or twine. No 
preparation is given the c otton, either before or after the 
weaving, and the" shed" in weaving is so arranged that the 
steel wires, on which the strength of the belt depends, are 
entirely covered. One of these belts has been noticed by 
the writer for more than two yearB-6 twelve inch belt lead
ing from the fly wheel of an engine-and it shows no sign 
of destructive weal' yet, and has absolutely no stretch. 
From these examples it would appear that under some cir
cumstances (those of a dry atmosphere, equable temperature, 
and an unshipable belt), cotton might prove to be an excel
lent substitute for lea�her for belting purposes. 

There appears to be only one sort of leather that is pro
perly applicable to belt making-that from the skin of the 
ox or Bos tribe. During a residence of several years in one 
of the British American provinces, the writer was compelled 
by circumstances to make his own belts, of such material as 
could be obtained. Moose hide leather was tried, but it had 
a quality ofindefinite elretch; to obtain a six inch wide belt, 
strips not less tuan ten inches wide were required, and these 
were wetted and stretched by powerful winches for several 
days before they were fit to cut to width. The leather was 
very thin for the width of belt, but it was wonderfully tena
cious and adhesive. Raw hide (untanned skill) will do 
fairly well as a belt if kept soft by oil, but it lacks the hug 
of leather, and has little elasticity. 

Ox leather belts stand at the head of those of aU other 
materials for the satisfaction of all demands on belts. No 
other belts will stand the wear of the shipper; cotton belts 
!Ire weakened wuen wet; ru.bber belts are rotted when oiled, 
but leather will stand wet and dryness, cold and beat, and 
lasts a long time even when oil saturated. 

.. 4 "'" 
GOLD LEAF. 

If a sheet of.gold leaf is held up against the light, it ap
pears to be of a vivid dark greeu color; this means that the 
light is transmitted through the leaf. When it is considered 
that this leaf is a piece of solid metal, a better idea of the 
extreme tenuity of thickntss of the leaf can be comprehend
ed than by any comparison by figures; nothing made by the 
hand of man equals' it in thinness. This extreme thinness 
is produced by patient hammrring, the hammers weighing 
from seven to twenty pounds, the lighter hammers being 
first used. Wheu the true method of this beating is under
stood, the wonder expressed sometimes that gold leaf beat
ing should not be relegated to machinery ceases; the art be
longs to the highest department of human skill and judg
ment. Apprent.ices have served a term, and have been_com
pelled to abandon the business, because they never could 
acquire the requiSite skill and judgment combined neces
sary to become auccessful workmen. 

The only pure gold leaf is that used by dentists for filling 
carious teeth, and it is called foil. It is left much thicker 
than the gold leaf for gilding-indeed, it could not be btaten 
so thin; for thin or leaf gold an alloy of silver and copper 
is required to impart the requisite tenacity. Dentist's foil 
weighs six grains, five, four, and three grains per sheet, or 
leaf, according to its thickness. The last operation on the 
leaf is annealing. This is done over a charcoal fire, the leaf 
being laid singly in a sort of corn popper-a square recepta� 
cle with wire bottom at the end of a uandle-over which is 
held a similar cover to prevent the flame from carrying the 
leaf away. An instant's exposure to the flame induces a 
red beat, when the leaf is laid on a sheet of a book. 

The material for p,old leaf and dentist's foil is coin gold. 
The gold is precipitated by muriatic and nitri0 acids over a 
fire to separate the gold and silver, the copper of the alloy 
passing off in the heat. The silver from gold coin amounts 
to about seven pennyweights to $800 worth of coin-the 
amount usually treated at a time. This reduction and sepa
ration of the metals is the.usual method, and does not require 
special description. 

The pure gold is then melted in sand crucibles with the 
proper proportions of silver and copper to produce the color 
of leaf desired. very fille ornamental effects being produced 
ill gilding with leaf of differing shades. The fluid metal is 
poured into iron moulds, making bars seven inches long, one 
and an ei�hth inches wide, and one-fourth of an incu thick. 
These bars are forged, like iron, between anvil and hammer, 
to even the edges, and then rolled in powerfully geared rolls 
to a ribbon not thicker than writing paper and. one inch 
wide. Of course, in the rolling as in all the processes, there 
must be occasional annealings. 
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Now comes thefirstof the beating processes. 'fhese squares 
of gold (one inch .square) are placed in a pile alternating 
with larger squares (four inches or mOl'e) of "kutch " pa
per, a material made from a pulp of animal membrane-raw 
hide, intestines, etc.-and the outside of the pile receives a 
square of parchment. The hammering then begins with a 
seven pound hammer on a block of marble that rests on a 
solid foundation. After one uour's beating the pile is warm
ed at a fire to anneal tue gold, a process requiring care, so 
that the kutch paper be not burned. Four hours of beating 
sufiicesfor this preliminary process, 180 squares of gold be
ing treated in one pile. The final process requires great 
skill. The partially beaten squareR ar� packed as before, 
but with alternates of gold beater's ski n, until the pile con
t,ains 900 sheets. The beating is coutinued with increasing
ly heavier hammers until the final finish with the twenty 
pound hammer. The gold beater's skin comes from Eng
land, and the best of it-and the most of it-is made by one 
family-Frederick Perkins. The skin is so thin a� to be al
most transparent, and yet it is dou Lie, two thickntsses. It 
is prepared from the larger intestine of the ox. Each sheet 
of the skin is rubbed on each side, before the pack is m'ade 
and whenever the pack is rearranged (placing the outer gold 
in the center and vice 'Versa), with a powder made from cal� 
cined gypsum of a very pure sort, imported from Germany. 
'rhis is to prevent the gokl from sticking to the skin. 

- In beating, the work of spreading the gold is from the cen
ter of ep.ch square of gold out toward the edges, and the 
finished squares are thicker at the edges than in the center. 
A contrary spreading would split the. edges and ruin tue 
squares. In rearranging the squares in the process of beat
ing they are sometimes torn, but another piece laid on as a 
patch, lapping over the torn place, will be firmly welded in 
the after beating. 

The finished squares are cut to a size of three and three
eighths inches, and packed in a "book" holding twenty
five sheets, the paper leaves being rubbed with red ocher to 
prevent sticking. These books of twenty-five sheets are 
sold at from thirty to forty cents each. Tue cutting of the 
leaf is done by knives, which are simply slips of the outer 
shiny shell or skin of the Malacca cane such as is used for 
walking sticks. The outer rind contains silex or fiint in 
minute, invisible particles, forming a peculiar edge. Steel 
win not answer the purpose. 

'4 ..... 
CRIMINAL IGNORANCE. 

'The October number of l'he Locomotive has an editorial 
articie on the foolish c arelessness of engineers of stationary 
engines that ought to be generally read, because it tells tue 
tmth where subterfuge and p retense has sometimes blinded 
judgment. Engineers are not, as a class, pretenders and 
cheats; but tuere are many who pretend to know their busi
ness who are simply and only swindlers; who do not know 
the manual of their business even, and never thought of 
knowing its chemical and mechanical reality. 

The Locomotive says: 
The carelessness �ometimes displayed by engineers (?) who 

have charge of boilers is simply criminal, and deserves the 
severest penalties. A recent occurrence will illustrate this. 
Visiting an establishment wuere we had boilers insured, our 
attention was attracted by the suspicious actions of the eu
gineer. Watching for what ue supposed was a favorable 
opportunity, he climbed up on top of the boilers and headed 
toward the safety valve, always keeping as nearly between 
it and us as he could, but not, however, succeeding in al
ways keeping from view. Reaching the valve he busied 
himself a few moments about it, and then returned with a 
nonchalant air to where we were. The following conversa
tion then occurred: 

ir,spector: "Tired of living, are you?" 
Engineer: "No; what do you mean?" 
inspector: "I thought perhaps you were." 
Engineer: .. What makes you think so?" 
Inspector: "Why. from the use you make of that wedge 

you now have in your overalls pocket. I see that you had 
the safety valve fllstened down with it. Now, if you want 
to die, why don't you go out and jump into the liver, and 
drown yourself; tuen nobody's life but your own would be 
endangered? " 

Engineer: "Those boilers are all rigut. I don't believe a 
boiler can blow up so long as there is plenty of water in it. 
I have been running boilers twenty years." And so on to 
the end of the chapter. 

'l'his fellow had actually made an iron wedge, and driven 
it into the forked guide above the lever, EO that it was im
possible for the valve to Ii ft, in order to "bottle up the 
steam," as he expressed it. And this in spite of the fact 
that the prrssure was all that could be safely allowed; and 
he had also moved the weight out on the lever fifteen pounds 
beyond the limit allowed. This is an actual occurrence. 

,. � .... 
PULLEYS AND GEARS. 

In American practice, pulleys have led gears for more than 
thirty years. There was a time when no large establish
ment driven by power could be arranged to run except by 
gearing; all the main shafting was geared to the prime 
mover, and if that was a steam engine a jack wheel instead 
of a belt imparted motion from the fly wheel or crank shaft. 
The writer remembers a set of cards in a cotton mill; the 
cylinders, licker-ins, doffers, and even the doffer combs, 
were all connected by gear wheels. Years after the grind
ing, wearing, noisy main gears were superseded here by the 
smoothly running pulleys and belts, tue English adhered 
to the toothed wheel system. It had its value; it has its ad
vantages, and the gear wheel is taking its place as a valuable 
adjunct to machinery of all kinds. One of these advan
tages is its absolute security; "give a tooth take a tooth " i� 
an old adage in mechanics, and is an absolute law in gear-
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