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PREFACE.

M. Saunier’s writings occupy an unique position in
‘Europe, as works of reference for all who are engagee
‘in watchmaking, and it may not be out of place to observe
‘that the American edition of his treatise promises to take
a similar place among English-speaking communities.

A glance at the index will show that the information
_given is essentially practical in its character, and such as
-will be of use to the watchmaker in his daily work. The
volume is thus in no sense an abridgment of the original
-edition, but on the contrary, it contains much more mat-
ter than the original work.

In recent years the work of the ordinary watch
repairer has undergone considerable change. The
apprenticeship he serves, if indeed it can be called a real

~apprenticeship, is shorter than formerly. The immense

N
v
-

number of badly constructed watches that he is called
‘upon to put in going order for a trifling remuneration,

* compels him to replace the older methods of procedure
- by others, whenever by so doing time can be saved.

[

- From this point of view, then, the value of the present
"Hand Book can hardly be over-estimated, since it con-

= tains, in a readily accessible form, many details as to the
® working of metals, and descriptions of various practical
3 operations, new and improved forms of tools, etc.
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6 PREFACE.

But the volume will be found of daily use to a wider
circle of workers than those above referred to. We
believe that there is hardly a branch of the watchmaking
trade which may not benefit by the numerous practical
details that are given; indeed, although the work is
specially designed for the use of watchmakers, a great
portion of it will be seen to be no less applicable to other
mechanical arts.

M. Saunier’s original works, the Guide-Manuel de
P Horloger, and Recueil des Procedes Pratigues, which
appeared as separate volumes, have been incorporated in
this American edition, a large amount of additional infor-
mation being at the same time added. As the second
contained many details that more properly belonged to-
the first, and wice versa, it has been thought desirable to
remodel the whole, and, as will be seen from an exami-
nation, the six parts that constitute the work are distinct
in their character. '

With a view to further facilitate the use of this Hand
Book as a work of daily reference, an unusually full index
has been added, which the reader is recommended in all
cases to consult, and no effort has been spared to make
the cross references in the body of the work as complete
as possible.

It seems aesirable here to give some explanation in
regard to several of the practical methods described.
Every watchmaker will at once recognize that recipes
are included which are of the nature of makeshifts, and
that it would in many cases be better to replace a piece
by a new one rather than to repair it in the manner indi-
cated. But, on the other hand, it has been felt that the
work will often be appealed to by those who, from vari-
ous circumstances, may be prevented from making or
procuring a new part that will suit the watch under
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repair, while those who are not so situated will have no
difficulty in deciding for themselves as to which method
to adopt. :

The original work of M. Saunier, and the English
edition, both had the illustrations in the back of the work,
which necessitated considerable inconvenience when con-
sulting them. In this edition we have ventured to insert
the illustrations in the text that describes them. The
antiquated tools, like the bow, bow-lathe, the turns and
mandril, have been omitted, and the modern foot wheel,
lathe and accessories substituted. '

Henry G. ABBOTT
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Bcauplo) y burnishers and files
Beat block ..

Begianers, al
Bell-metal ..
Belts for lath
Bench......
Bent pivot, to redress.
Benzine..oe.eecueeaaacaacaens

Berlioz rounding-up cones..........
Berzelius pastile....coaea...
Black polish on steel......
Bleaching silver dials.....
Blow-pipes.... .........
Blow -pipe, gas
automatic.....

Blue polishing stone......
Blueing steel,cceeeeanne.oc
Board, arrangements of
“Body" of steel...ccee.n..
Borax as flux for soldering..
Bouchons, movable.........
s to make....
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Brass............... ............. 90, 110
[ T S, -86, 110

*  dials, to silver._
¢ etc,, drill blade for..
influence of unpunues on.
‘¢ plates, to harden,..
*¢ rods, to harden..
to anneal_ ...
‘¢ bronze..
¢ ¢ polish..
* select...
* smooth_._.......
wheel tecth, observations on
cutting,....__
wheels, to po
Brazing,.
Breguets

Bro:uhmg .-
a hole round .---499
Brocot method of hardcnmg brass

rods......
Broken screw extractor...
‘¢ to remove withalum, 128
Bronze ......................... 98, 10
¢ aluminium..........
*  torender malleable
Bronzing..ceoeooooo ..o

Brush, to clean with..

Brushes preparation of.... -382
Buff leather .......... -133
Burnishers,,....:... -108
o« Beaupuy, -195
“ to re-face.... 98

Burntiron____............

C li , figure-of8.. ............... 197
! for heights, etc 197
¢ micrometer . ... .27

o pallet...._..... .466
. rest, jeweling_. -249
‘ vernier ... .28
Camphorated ofl...._..._. 131
Cannon pinion, to tighten.. .49
Carbon in cast iron and steel. . 60
Carnelfan.....ccocoeeoooos -1
Case hardening___.. . 88
Case, to examine... 289
Cast brass ........ - 90
¢ jron,.. 160
¢ steelicanncacnnnas . 61

Castings, malleable,
Catgut bands, to join.,

Cenu.nt apphcatlon of _156
steel,.caaena ou . 62
Center of circle, to find 44

Centers, to test truth of.. .366
** various .c.eeeeae .266
Center wheel.......... .379
“ tooil..... 388
Centenng attachments...... .253

from circumference.

.
[
[}

Chain hook, to rivet,ceaccaceeccnanns 434
Chalk for cleaning.. .382
Chamfering tools. ... 281, 283
Charccal for polishing...... ..-133

* used for smoothing.. .133
Chinese bronzing..........

Chloride of ammonium..
‘¢ of zinc as flux for soldenng us
Chrysolite cccceeeaccccncaannnn
ChuckS,eeccececcnnnn. -
Circle, divisions of....
* sub.division of..
* to find center of
Circular oil stones .....
Clrcumference, ratio to di:
to center from,
Cleanmg brushes

“ gold or giitobjects.

“* metal dials

e nickel movements,
s rough steel...._.
‘e watches,....

Clock barrel, to make,..
¢ dials, ‘o clean...
. hands, to blue..
¢ pinions, to polish,
©  to time rapidly,...
Closing barrel holes, etc..
Cocks, to make........
Colcothar of vitriolieeeea...
Cold ilding without mercury.
mmering..
Collet, balance spring, tool..
Coloring gold dials._ _....
Com pass, proportional....

ConJucnvny
CoPPe ..............
alloys with gold..
“  to bronze........
Cord of lathe..........
Countershaft____......
Counting vibrations.
Cover of barrel, groove for..
“ " “ to ma.ke..
CrocuS.ceecceencunnemaccan
Crossing out 2 wheel........
Crossmgs of wheel, to mark,
“ to renew broken.,
stallization, axis of....
€ TOOl,muecaacceaean

Curb toadjust_.__.ceeen.n
Cutters. to adjust form of..
¢« for jewels... caceeanas
" “ making grooves, etc..
s e sliderest...ceeen..
* ¢ steel wheels....
b ¢ teeth, various kinds.

*  roseand star
“  rounding u
¢ tool for m‘ﬁmg wheels
¢ to sharpenslide rest..
“ wheel, to make.....
Cuttmg a fileaenoo.
edge, angles of
¢ faces of gravers, forms of ..239
b laSS. . o cceeeaecmaneen.
‘*  wheels, observations on 310, 348
Cylmder esculye wheel, to test..
t
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D
Dead smoothlng...-...... .......... 148
% surface of gold, 126
Decantation, ..oceeeecocecaaane. -136
Definitions, geometrical .23

Degrees of circle defined.

De-magnetizing watches.

Density....... PO -108

Depth caliper 197

Dep‘ths, application of laws o
.

in stem-wind work.........462
*  theoretical and practica ,460
¢ toeas€i..o..... 36!
“ ¢ secure goox 45

“ visible and invisibl
Depthing tool, to test accuracy of
Design, to transfer,...._
Dial, enamel, to cut hol

. . “edrill ool 4
¢ reduce diameter of 486
** remove figure from.486
** plate, to cut.. -479
“ tofilehole in...._............. 481
‘  ‘‘remove enamel from back of .482
Dials, enamel for..
“ ﬂe:.ed by feet. ..

¢ gold, to restore
¢ metal, to clean,
¢ silver, to restor
**  to paint hours on
¢ ¢ repair,.

. “
.~ “

Diamond...........
‘¢ drill, to us
“ ¢ " and graver:
‘¢ for polishing.....
‘%  powder, driiling wi
“ ‘  to prepare
Di tine for polishing.

Diameter, ratio to circumf

Dies for screw-making.

¢ ' wheel-making.
Dividing plate

“ scales, etc,.

¢ table, micros

Dome, freedom of,

Douzieme gauge

Draw-plate,c.cc.e....

Drawing, geometrical

e nstruments

s scales....

to reduce

precautions in.. . .. 242, 244

¢ tool, to test accur: dy of....366

‘  with diamond powder...... 168
Drills for o1l-cupS.cca. ceee cacacanen. 281
¢ to make.emeenieuciieanonnanns 244

¢ ¢ mountdiamond............ 173

R 71 5 10 T SRR 241

Duplex ruby-;oller, to make........ 173

E

Elasticity of steel.,...
Electro-gilding ..
Elements of prac
Elevation defined
Ellipse, todraw.

[0
paper,to make.
“  wheels and sti

¢ erase tigure
¢ & ¢ reduce giamet
*¢  dials fixed by feet,
" “ “ by screv
Endshake,.....
Endstone, to fix.
[ (1) me

om.
er of.

Engine, wheel-cutting.
English movement, to e
Engraved design, to transfer
Epicycloidal depths..
Equaling file, to cut,.....
Erasing figure from enam
Escape‘ments, action of,
€

auges for.
o glaygof pivo
“ to examine,........
“ ** measure angles o
[ ““ oil._
£scape-wheel, clip for
P tgs ............... 290
" cock passage, toturn . 312
Essences for cleaning. -.-133, 384
Examining watches. .81, 389
Expansion..... SO, 109
Extra‘,cting broken screws..128, 262, 817

square root of numbers.. 21
Eyesight, to preserve.ceeocee.....-- 17

ile, to cut equaling...
¢ "¢ round-up teeth
¢ useof...

Filing block.

* " fixture

¢ flat..

¢ rest...

‘*  square by
Finger-piece, to make,.
Fl‘::t filing..---.......

¢ device for...

‘¢ polishing, tool for.
Fletcher furnaces,.....
Fluxes for soldering.
Foot-wheel....ceeeneoaaananen
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Fourth whee
Fraise, Ingol -
Freedom of various parts,..378, 875, 891
Frosted surface omsteel, to produce, 144
Frosting silver dial..... 487

Furnace temperatures, tal 3
Furnaces, wind and muffle.. 201
Fusee, ucivantages of. 482

" to adjust,
¢ gnail.
¢ watch, t
Fusion, points of .......... .e-

G

[ R —— |

Gay,
‘:ge’for balance-springs...

L)

L)

¢ escapements,.__
movement, table o
registering...... -
s

csssescncccnee ececescance [

"

Geneva mo t, to .87
Geometrical drawing..... 28
s proportion. ®
“ ratio . ....... 20
Geometry, elements of practical. 28
* importance of .17
‘German silver.........
Gilding..cceaeaeanos .
" ath, to prep 124

cut...... ..-498
S8 drilll. .498
¢ useof....... 175
Glue, application of..cceaaocnoo ool 158
Glycerine and alcohol on oil-stones. .191
meemeiceieescccsancaccananes 101, 110
* toclean...ocoocniciicannanne. 20
¢ ¢ dcaden surface..... .. 126
% ¢ prepare in powder ... ...128
 copper alloyS..ccoccncaacnana. 102
¢ dials,torestore......ccocoo.... 493
% solders .cccocaanaann ceaa---114,116
® Springs_ . eeeioiiiooos 102, 478
‘Graduations of scales, etc,. ... 49
Grain of steel, ......._.... .. 68
Graining pri(;r togilding.... ...%ﬁ
‘Grammaire,...... ce mmmeeceen PR+ ]
Gravers, diamond,.......c.cceaeenn. 162
**  to mount diamond ...162
“  useofieococa.. ...178
o’ various......... ...238
Grinder, traverse spindle........... B8
Grindstone,....cooc....... - .-.192
Groove, circular, tocut,.cccoaoo.... 311
¢ for barrel cover, to make...410
‘¢ straight, to make,.......... 813
%  toturn......... ceeocnanaaaal 312
H

‘Hairspring, see Balance spring,

Rrine stud index....... ;‘......230
Halrspringing collet tool............ 286
Hammer hardening..... -.68,74, 92
Hand fitting pliers_._..cccocaa_..... 288

¢ holder ......... .27
** to enlarge hole in.. .- 287

¢ s getin position. -
% turning tools............. e

Handles, to set tool:
Hard steel, to drill.
" “" “" t

Hardness of jewels, to test.

" “steel..

s scale of.....
Health, preservationof..........
Heat, mode of applying, to temper

** of furnaces, table of.
Homogeneity of s
Hone slates. ........ -
Holder, escape wheel......

¢ for watch hand.............
Holes, methods of tapping..........
Hook, chain, torivet.........

"o fix in barrel_. ..

**  wheel, freedom of,. -
Hydrochloric acid.ceeoeeeeaoao.ae.
* * flux for soldering.118
Hydrofluoric acid........ ..........120
Hydrogen in palladium............107

Idlers..eceoanacnnccann... cececaeaca222
Impurities in brass, their influence.. 90
“ “" sml " “"

Index, to ease,.
lnﬁolJ fraise..... -
Inks for painting dial
Instruments, drawing, --- 82
Involute depths...... --
Iridium, alloy with platinu:
Iron, cast. . .coceeeecnans
¢ for soldering.........
¢ its properties and uses.._......
** oxides of, for polishing........ 135
¢ tocase harden,...oooolooo....
¢ ** distinguish from steel...... 57
¢4 % restore,....
¢ wrought .ooc..ooooo... PR

J

Jewel in pallet, to advance.......... 463
“ resettingt ool
¢ getting, cutters for...

¢ to find axis of...._... ...168
¢ holes, thickness of ... .
¢ ¢ to make,......- P |
. DT 1! AR 171, 298
¢ ¢ % smooth and polish,...169
jeweling caliperrest_....... cmeee. 49
ewelry, alloys used for............. 102
¢ toclean after soldering....126
lewels,.......... .-

¢ toselect.....
4 working ine.occeceecanons

-166
.---.165
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R
Keyless pinion, to drift.............508
“  winding depths........302,462

‘“ “

wheel, to make...’.441
work, need of oil...........388
¢ to examine....e.....

simple form of.
¢ for jewel making.
large size......
% to center rods in..
% band......... cae-
Lead. . coooniicciceaaaaaes

Leaves of pinions, to polish.
Leclerre’s vibration counter.

Left-handed screws, to make. .......
Lever escapement, to examine......391
Lift, to measure, . ccceeeacecnnaaana. 465
Lines, to connect Up,eeeceececocnnnn
% " ¢ draw parallel.cccenccnaaaae 43
“ ¢ subdivide ceveecemmenncanns 43
Liquation.......
Local time...... 54
Locking stones, to make....... -.-172
Longitude, value in time...... cecase 55
Lubrication of whetstones..........191
M
M etism, tO remove..acec-cecaae- 3858
ainspri; setting up... .
;S arces- S 86
o “ make ey€.... ......431
‘e ¢ reduce height of....432
“o ¢ select...cocaeen .432
Malleability, etc., of steel,. (1)
Malleable bronze......... 98
i castings. . 61
‘e nickel cooonoa.. .100
Materials used in horology.. 57
Measurement, exact...... .88
co of angles......... 26
" ' triangles, squares,
“"
Melting points.
Merﬁury...
Metals........

Methylated spirit..
Micrometers.......
Micrometer screw. .......-
Micrometrical dividing table
Mill cutters for steel teeth,
Milling fixture...ccoeceae.
Minute wheel, freedom of.
“ ¥ tocuteeeeee-- -
Mixed oilS.ccucemccnn coamann.. —eaeee 181
Mortar for making dlamond powder 188
Motion work, to examine...........87:

Motive force, effect of variations in 402
Movement, to examine English and

Americal .. ceeee-- P
Movement, to examine Geneva..
Muffle furnace.... .cceeevccoceancaan

N
Natural steel............. s
Nickel.....-- ceeme
¢ movements
¢ tosurface.........

¢ % render malleable.
¢ silver..ccceeceae-en
Nitric aCid.cce cccaacenemancacacecnnn 127

|| I eemven secocsreaaan ceemnen
“ application of e eeceecaeeee.-
¢ necessary in keyless work.......
* retention of, at center pivots, 378, 386
“ s * on acting surfaces..132

“ tests of qualityof ............ .eee120

* to secure permanency ine........ 130
Qil-cup chamferers, ... ... ___..--. 281
Oil-cups, observations on..

« to polish........ PR |
Oilsinks...... e 131
Qilstone...... -..135, 190
Qilstones, circular....... PR | |
Oilstone-dust, to prepare.__ .-187
Oriental chrysolite....... ...168

¢ rub¥..eeeccee... 162

,**  sapphire,......... -163
Oxides of iron for polishing........ 135
P

Paillard’s balance-springs
Painting dials.....
Palladium .........

o balance-sp

Pallets.oceoceecnen---

Pallet-opening calliper.
*  stone, to alter...
1]

[ ‘" “" Cement
(3 (1} " make -
" “" o“" MOVE ecu-
Pallets, verge, to open or
[ ¢ ‘* measure.... 466
Paper used in cleaning watches.....385
Parallel lines, to draw...... - 42
Parallelogram. ....... ccecesen -
Pendulum, counting vibrations
spring, see Balance-
spring.

" vibrations of ... eeeeaea460
Permanency in oil, to secure ..180
Perpendicular, toerect....... .- 41
Petrol , use for cleani 384
Pewter, composition of.... .- 99
Physical properties of alloys. .-108
Pickling dialS...cac....... cecomanes 488
Pinion, to tighten 449

% “hollow, to replace pivot of..458
s leaves, to polish.............445
¢  riveting tool.ceeeuoceanaanas

to drift keyless. ... caceea----287
i ord 444
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Pinions, etc., cutters for............ 349
*¢  high and low numbered

& sizesof.. ..443

“  to make...
Pivot-holes, cleaning

Pivot pohsher. .......
to bush...__ 456
Plvots bahnce, length of.. P 1
form of... . 400
¢ centre..ceoeo. .. ... 378
 play Ofcaeen. ceen 78, 452

replacing broken, ...
to polish mechanically
* ¢ redress bent....
*turn..... cee
Pivoting a cylinder. ..
Plate, watch, to make..
Plates, brass, to harden._.

*¢  for screw-making.. ..315

‘¢ tostraighten,..... .-504

Plaung, gold,_.... 124

silver dials -491

Platinum, .ccooe ool canaen ..106

¢ balance-springs. 108

‘  tosolder 131

Pliers............ - .-196

** hand-fitting__ _288
Poise of balance.......

Polish, blnck, on steel.
Pohisher, form of....
Pol-ahmg brass..
circular grooves. ..
o cvlincer hips, tool for.
“ escape-wheel teeth. ..
“ flat objects
jewel holes_ o
machine for p
“ materiads__ .
i pivots inlathe_
powders, to prepare
ratchict teethoo oo
sinks and oil-cups
E TEIC) PO
stones, C
Positions, lining in......
Posrt, to adjust.___.
Powers ot numbers..
Prccious stoncs
. “

“

Preservation of huull.h.g..
Prime numners. ... _.
Propoxhon ot numhers

¢ balances.
Proportional compass
Protractor .....
Puddied steel

R'ulwav time.
Ratchet, to renew barrel-arbor...
o ¢ smooth.
s * snall.._

Receipts for watchmakers......... 407

Re-tacing
Registering gauge. ..
Regulatmg a clocKacamaaaas
watch.
Renewing files
Repairng watches.

Reaclllng jewels..o..
Resin as flux for soldering .
Resist for use in glldmg ............
Retention of oil on acting surfaces..132
Riveting stake and punch 198
Rods, brass, to harden. 95
ot <tr4ught¢.n.. 504
Roller remover..... 264
*  to make duplex 173
Roots of numbers..ceeenn ceeeea.. 20
Rose cutters.... .349, 357
Rottenstone. .. 135
Rouge............. 1

Rough steel,to clean.
Roughing files__.....
Round holg, to broach..

Roundmg~up attachment 259
cones...... P

“ * cutters, to
%« teeth by hand....... 03
“ * toolS,cemceecnuan-.330, 359
Rubitine....... 134
Ruby.... 162
false. e cancanacea. 163
¢ roller, to make duplex..... 73
Rust, to remove and to prevent..... 58

S

Sa{ amoniac as flux for soldenng...l"g
t

Sapphirine.
Scule, to remove, from steel.
Scales used in drawing.
Scratch-brushing.
Screw dies. ...
¢ hcad sinkingtools_....._.%...

¢ to smooth, polish and
St e 142
micrometer.
plates, to make..
‘¢ and taps.
rapid mode of making..
Scre\vs, douhle and treble threaded. 381
left-handed

.

Se’llmg-wax as cement.
Secon s circle, to fix.oo.oao--.
‘ ¢ make hole for.
Sector.. oo ceateansccatancananns
Seml-cylmdncal drill.
Series of holes, to drill..
Set-hands arbor, to adjust
. nut, to make._......
. square, to make..422,
Settmg jewel-holes,._.....
cutters for..

Set-square, to centre with.

286
 Sharpening cutterseeceeeceneaea. R



Shear steel....
Shellac as cem
Shoulders, cutters for making.
b gravers for turning
bt to polish square, ___
“ ¢ turn square..
Sight, to preserve.........
Signs used in calculations,
Silver,_
¢ dial, to restore
¢  German or nickel, ..
“ solders..eeee.... .
“ solution for dials....
¢ for plating, to apply...
¢ [ “" “ prepare’
Sinks in watch plate_....
**  to polish.... ...

turning with,......
Slidini-tongs ..........
Smoothing brass wheels_.__
“ -metallic surfaces
Snailing, circular._...........
steel.....

“* tool for..

Soap, application of.....
Soldefs for various metals
¢ hard and soft...

to clean jewelry after..

Solid content, measurement of ..

¢ geonctry

¢ squares..

Specific gravity
¢ hea

Spelter solders
Spinel ruby..
Spiral, to draw.
Split chucks,oooao..
Spotting, circular..
b machine.

Spring, halance,.
Springs, to blue, ...
Square hole, to drift a..
* mecasurement of..

¢ set hands, to -
s shoulders, to turn.

o to file by hand...
*  winding, to renew

Squares, solid and hollow, 500
o to make,..... a----422, 419,500
Staff gauge. ...... 205,27
% 1 . 505

influence of impurities on
maximum elasticity of.....
* precautions in hardening...... 9

Steel preparation of...
wo

o annval.....
¢ ¢ braze.......
. "%

clean rough
*¢ ¢ determine g

perimentaliy
¢ % distinguish {rom iron e 33
s ¢ polish... ‘

[T
TS
“ooe
“ e
[
“oow

whiten.,.. .....

¢ wheels, cutters for, __
Stem wind pinion, to drift,

s wheels, to make
Stepping device,
Sterro....... eesmaccocnan: -
Stone, pallet, to cement.__. g
Stones for polishing, Cadot's_.....136

¢«  precious . caa... .161

¢  to make pallet,, .17
Stopping barl Foies.. o
topping barrel holes... o412
i pivot holes.qoeou.eo ... 456

Stopwork, proportions of Geneva,..4:6
L to examine English... s
“* *¢ examine Geneva,
Straight groove, to make.,...
Straightening rods, etc....
Stud index, hairspring
Studs, to remove....
Subdivision of angles.
6 ¢ circle..
“ ¢ lines,.
Sulphuric acideccacacacecaaa..
Surfaces, smoothing of metallic
S-rfacing nickel movements._ .
Synchrometer, Guilmet’s

T

TailstocK . ccmeemommecmcaaan el 247
Tap, to increase diameter of.........323
Tapping holes, various methods of, 323
Taps for screw making,, 317
‘ left-handed screw.. 8
Teeth, forms of.. .. ...
¢ of escape wheels, to test,..._.2490
¢ & Jever escape wheel, to
polish..
¢ ¢ to cut,
**  precautions
¢ steel, to polish,.coeaon
% torencw in wheel
*¢ ¢ round up...
6 to trueiieecnaneanan
Temper, as indicated by blucing..... 87
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THE
WATCHMAKERS’ HAND BOOK.

PART 1.
ARITHMETIC, GEOMETRY, DRAWING, ETC.

ARITHMETIC.

1. WEe often hear the theory advanced that in this
country, at the present day, it is not necessary to have a
knowledge of arithmetic, geometry, drawing, etc.,
because our interchangeable system of manufacturing
watches, makes all knowledge in these lines superfluous,
and that without any knowledge of arithmetic or geom-
etry a man may become a thorough master of watch-
making. This is a mistake that too many of our young
men make. The fact that the leading watch factories of
the United States have adopted the interchangeable sys-
tem, of course lessens the number of parts which the
repairer will have to make and fit, but it by no means alters
the situation as regards the repairing of foreign-made
watches, nor even the changing of American watches
from key to stem-winders. Without a thorough knowl-
edge of arithmetic and, at least, an insight into the prin-
_ciples of geometry, no young man can hope to become a
first-class watchmaker in the true sense of the word.
Without these accomplishments he will be deprived of

2 . 17
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the pleasure of reading understandingly the best litera-
ture of the day, the works of those who are best fitted
to impart knowledge to the members of the trade.

With a knowledge of geometry he will be able to com-
prehend the works of the best authors, to ascertain the
dimensions of solid bodies, and be in a position to apply
the rules that form the basis of linear drawing. Every
watchmaker, worthy of the name, should be able to
make and understand the drawing of any machine, or of
any horological instrument. Many inventors, and even
ordinary workmen, would avoid a large amount of hard
work, often useless, and occupying much time, if, instead
of at once putting an idea into practice "with brass and
steel, they were able as a preliminary, to make for them-
selves a correct design drawn to scale.

2. It is taken for granted that the reader is familiar
with the rules of arithmetic at least, and we will touch upon
some points in algebra and geometry that it will be well
to mention. Should the reader have no knowledge of
arithmetic, algebra and geometry, we would advise him
to take up these studies during his leisure hours, using
some of the standard text books for that purpose.*
Besides possessing a knowledge of prime numbers, num-
bers which have no divisors but unity and themselves,
the watchmaker should be able to determine the greatest
.common measure of several numbers, a rule which is of
great importance in calculating a train of wheels that
is complicated. ‘

We shall confine our attention to the methods of extract-
ing square roots and proportions, the rules for which may

*Loomis’ Treatise on Arithmetic.
Loomis’ Treatise on Algebra,
Loomis” Elements of Geometry.
Robinson’s Algebra and Geometry,
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Thave been forgotten, owing to their being less frequently
-employed than the more common rules of arithmetic;
they are of frequent use in horology.

SOME SIGNS EMPLOYED IN CALCULATIONS.

8. The sign of addition is an erect cross, +, called
Plus, and when placed between two quantities it indicates

that the second is to be added to the first. Thus, 5+ 3
equals 8. :

The sign of subtraction is a short horizontal lit;e, —
<called minus, and when placed between two quantities it
indicates that the second is to be subtracted from the first.
Thus, 8—3 equals 5. )

The double sign, + is sometimes written before a
quantity to indicate that in certain cases it is to be added
and in others it is to be subtracted. Thud 5+3 is read
5 plus or minus 3.

The sign of multiplication, X, when placed between
two quantities indicates that the first is to be multiplied
by the second. Thus, 3 x 5 equals 15.

The sign of division is a short horizontal line with a
point above and one below, +, and when placed between
two numbers or quantities it indicates that the first is to
'be divided by the second. Thus, 62 equals 3. .

The sign of equality is two short, horizontal, parallel
lines, =, representing the words equal to. Thus,
6+2=3.

Inequality is denoted by the angle >, the opening
always being toward the larger number or quantity; thus,
in 12+ %> 14, the sign >, indicates that the sum of 12
and 7 is greater than 14, and the whole expression is
read, 12 plus 7 is greater than 14. The expression
-9<4+7 is read, 9 is less than 4 plus 7.
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A parenthesis, ( ), denotes that the several numbers or
quantities included within it are to be considered together,
and subjected to the same operation. Thus, (10+4) x 3
indicates that both 10 and 4, or their sum, are to be mul-
tiplied by 3.

A horizontal vinculum, ______, placed over the num-
bers or quantities, is frequently used instead of the paren-
thesis. Thus, 2+4+6X7 is equivalent to (2+4+6)X7.

Division is more usually indicated by a line between
the two figures, the dividend being written above and the

16

. [ ]
divisor below the line. Thus, 5 indicates- division, the

same as 16-+8.

Algebra is that branch of mathematics in which the
operations are indicated by signs or symbols, and the
quantities are represented by letters.

The sign of ratio consists of two points like the colon,
:, placed between the quantities compared. Thus, the
ratio of @ to & is written a:b.

The sign of proportion consists of a combination of
the signs of ratio. Thus, : :: :. The first two and
last two dots are read 7s Zo, while the four in the middle
are read as. Thus, if @, b, ¢, and d, are four quantities
which are proportional to each other, we say @ is to 4 as
¢ is to d, and this is expressed by writing them thus:

@a:b::c:d.

POWERS AND ROOTS.

4. The power of a number is the product formed by
successive multiplication of the same number by itself.
Thus, '

2X2=4, the second power or square of 2.
2 X2 X2=38, the third power or cube of 2.
2X2Xx2X2=16, the fourth power of 2, etc.
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An exponent is a number written above a quantity, at
the right hand, to indicate how many times the quantity
is to be taken as a factor, as 6° =6Xx6x6.

The root of a quantity is a factor which, multiplied by
itself a certain number of times, will produce the given
.quantity. Thus, in the above examples 2 is the square
root of 4 and the cube root of 8.

: The radical sign, v, indicates that the root of the
-quantity placed under it is to be taken, and the index of
the root is expressed by a little figure placed outside of
the bend. If a square root the index figure is usually
-omitted.

N4 =zory 4 =2and T =2

5. Extracting the square root of whole num-
‘bers.. *I. Point the given number off into periods of two
figures each, counting from the units place to the left.
For example, we wish to find the square root of 399424,
we point it off thus: 39,94,24.

II. Find the greatest perfect square’in the left hand
period, and write its root for the first figure in the required
root; subtract the square of this figure from the first
period, and to the remainder bring down the next period
for a dividend. Thus: 39,94,24(6

36
394

III. Double the root already found, and write the
result on the left for a divisor; find how many times this
divisor is contained in the dividend, exclusive of the right-
hand figure, and place the result in the root and at the
right of the divisor. Thus: 39:94,24(63

36
23 394
*Adapted from Robinson’s Algebra.
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IV. Multiply the divisor thus completed by the last:
“figure of the root; subtract the product from the divi-
dend, and to the remainder bring down the next period
for a new dividend. Thus:
39,94,24(63
36
123 394
369
2524
V. Double the right-hand figure of the last complete
divisor for a new divisor, and continue the operation as.

before. Thus: 39,94,24(632
36
123 394
369
1262 2524
2524

PROPORTION.

8. Itis often convenient to express the relations of
qualities in the form of a proportion and from the pro-
portion derive an equation.

-Ratio is the quotient of one number divided by another..

' . . 30
Thus the ratio of 30 to 6 is %

7. Proportion is the equality of ratios: Thus if

6 8
or the proportionality is usually expressed (8) thus:
30:6::40:8
and this constitutes what is called a geometrical propor--
tion, and 30 and 8 are called the extremes and 6 and 40
the means.

30 s and 4 _ 5 then we may state that 3?0 =4_g.
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8. The product of the extremes is always equal to
the product of the means. Thus: 30x8=6Xx40—240,
Hence it follows that if we only know three terms we
can always determine ‘the fourth, or unknown term,
which is usually represented by the letter ». Thus in
the proportion

: 12:3::16:x
we find the product of the means, or 3X 16—=48; this
product divided by 12, the known extreme, gives us the
value of «, or the unknown extreme, as equalling 4.

9. If we know the two extremes and only one of the
means the same rule is applied. Thus in the proportion

20:5::x:25 ,

500

we have: 20X25—3500. < = 100, the value of x.

ELEMENTS OF PRACTICAL GEOMETRY.

10. The object of geometry is to measure the extent
of bodies. . A body has three dimensions, length, breadth
and thickness, and one of these latter is sometimes termed
weight or depth.

Either dimension taken by itself is measured by a
straight line.

When the extent of a body is expressed by combining
any two dimensions, it is termed area or su7face,and when
three are employed we obtain the solid measure or volume.

Plane geometry only takes cognizance of figures sit-
uated in one plane orsurface, and therefore only possessing’
two dimensions; so/id geometry, however, regards bodies
as having all three dimensions.

Two lines are parallel when their distance apart is
the same at all points. The same is also applicable to
parallel planes.
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Two lines or planes meeting each other will form an
angle. The point at which they meet or intersect is
termed the apex or summit of the angle.

A straight line is perpendicular or at right angles to
another straight line, or to a plane, when all the angles
which it makes with that line or plane are equal.

A circumference of a circle is a curved line / cd f (fig.
1,) such that all its points are equally distant from an in-
ternal point, o, termed the center. The circle is the space
enclosed by the circumference.

It will be noticed that in geometry these two words are
distinguished, although they are frequently referred to as
identical. Thus, the rim of a wheel or balance is gener-
ally termed a circle.

Two circles (!cdfand b r a, fig. 1,) described from
the same center are said to be concentric. When their
centers do not coincide they are called excentric with re-
gard to one another. )

Any portion of acircumference, such as £ nd, is termed
an arc of the circumference, or, more commonly an arc
of a circle. .

A chord is a straight line, /'d, which unites the two ex-
tremities of an arc. 'When the chord passes through the
center of a circle it is termed a diameter.

The radius of a circle or circumference is a straight
line drawn from the center to the circumference; and all
the radii that can be thus drawn are equal. A diameter
is, then, always double the radius, and, conversely, the
" radius, is always half the diameter.

A tangent is a straight line that only touches a circum-
ference at one point, as g’/ (fig. 1); whereas a secant cuts
the circle, as 7.

A circumference is assumed to be divided into 360
equal parts, termed degrees. The degree is subdivided
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1nto sixty equal parts, or #mnutes, and the minute into 60
seconds. These are respectively symbolized by the marks
¢ ' ¥ placed at the right-hand top corner of the figure.

Such an expression as 18° 30 15-5" would, then, be
read 18 degrees, 30 minutes, and 15-5 seconds.

11. Ratio of the circumference to the diameter.
A The diameter of a circle is to the circum-
ference as 7:22; or, employing decimal
fractions, as 1 : 314159 (a number which,
% in algebra, is always represented by the
f Greek letter z.)
Knowing a diameter (D), the circum-
Fig. 1. ference, », can be ascertained from the
‘proportion:—

A}
o by Jo

&

&<

I:3I4I59 :iD :a.
Knowing a circumference (c), the diameter, », can be
.determined from the proportion:—

314159 :1 ::C A

The latter proportion will also give the value of the
‘radius, which is half a diameter.

12. The superficial area of a circle is equal to the cir-
-cumference multiplied by half the radius, or to the square
-of the radius multiplied by 3-14150.

A sector is the circle enclosed between an arc and two
‘radii bounding it,as & o 7 £ (fig. 1.)

The area or surface of a sector can be ascertained by
‘multiplying the length of the arc by half the radius.

A segment of a circle is the portion intercepted between
.an arc and its chord, as fd # (fig. 1.)

The surface of a segment, as 4 £ 7 s, can be obtained
by subtracting from the area of the sector 04 £ 7, the
area of the triangle, & 7 o (15).
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13. Ring. To determine the surface of a flat ring, the
area of the inner circle must be subtracted from that of
the outer circle; in other words, take the difference
between the areas of the two circles that fix the inner
and outer diameters of the ring.

The area of a flat ring can also be calculated by adding'
together the internal and external diameters; then multiply
the number so obtained by their difference and by the

decimal fraction 0-7854 (that is, 3—1—21—5?) The product

will be the required area.

14. Angles and their measurement. When two lines.
meet one another, they form an angle, as we have
already seen. If we take the apex as the center of a
circle, the number of degrees intercepted between the
two straight lines gives a measure of this angle.

The angle measured by a quarter of a circumfer-
ence, or 9go°, is termed a right angle.

An obtuse angle is greater than a right angle, and an
angle that is less is termed an acufe angle.

15. Triangles, squares, etc., and their measure-
ment. The triangle or plane area enclosed within three
straight lines joined two and two together (a, B, ¢, fig. 2,)
is said to be rectangular when one of its angles is a right
angle; it is eguilateral when the three sides are equal,
under which circumstances the three angles are also equal;,
and Zsosceles when only two sides are of equal length.

The sum of the three angles of a triangle is always
equal to two right angles. If only two of the angles are
known, itis thus easy to determine the third.

Si¢milar triangles are characterized by the fact that
their homologous sides (that is, the sides opposite to
equal angles) are proportional.
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Peculiarity of the right-angled triangle. The square
described on the longest side, termed the kypotkenuse
. (B, fig. 2,) is equal to the sum of the
y; \ squares described on the two other
. # sides. Hence, it follows that, if the

A N8  lengths of the two shorter sides are
: 4 known, that of the hypothenuse can be
ascertained by extracting the square
root of the number formed by adding

. Fig-2 together the squares formed on these
two sides (5).

If the hypothenuse is known and one of the shorter
sides, the third can be determined by extracting the square
root of the number formed by subtracting the square
of the known side from the square of the hypothenuse.

The surface of a triangle is determined by multiplying
one of the sides by half the perpendicular height of the
angle opposite to this side.

18. The surface of a square or of anoblong or rectangle
(@ & ¢ d, fig. 3) is equal to the product of the base multi-
plied by the height.

The sum of the squares described on the four sides is
equal to twice the square described on a diagonal. This
diagonal divides the rectangle into two equal rectangular
triangles.

17. The smface of a parallelogram or lozenge, a plane
_. figure with four sides, opposite pairs
of which are parallel (¢ fg dand ¢
7 d, fig. 3,) is equal to the product
of one side multiplied by the per-
pendlcular height of the figure.

The sum of the squares described on the four sides
of a parallelogram is equal to the sum of the squares
described on the two diagonals.
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18. Measures of various solid bodies. The vol-
ume of a cube of parallelopiped (that is, a body bounded
by six four-sided figures, every opposite two of which
are parallel) is obtained by multiplying the surface of
the base by the height.

The wolume of a straight cylinder is the product of
the surface of the circle which forms its base into the
height of the cylinder.

The area of the curved surface of a cylinder is ob-
tained by multiplying the circumference of the circle
forming its base by the height.

The wolume of a tube or cylindrical ring of rectan-
gular section, such as the arbor-nut of a barrel, or the
rim of a circular balance, etc., is equal to the product
of the plane surface of its base (18) into its height.

The volume of a right cone or of a regular pyramid is
the product of the base into a third of the height.

- Thesurfaceof aspheremay be determined by multiplying
the square of the diameter by 3-1416 (11).

The wolume of a sphere is equal to this surface multi-

plied by a third of the radius.

GEOMETRICAL DRAWING.

19. An elementary knowledge of the art of drawing,
an ability to represent the outlines of objects by simple
lines, is of the first importance to the watchmaker.

Such a design is obtained by projecting on to one plane
all the visible points of the object represented.

Projection on a vertical plane gives an elevation; the
object is looked at from one side.

Projection on to a horisontal plane produces a plan;
the object is observed from above, thus giving a bird’s-eye
view.
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The projection of a point on a vertical or horizontal
plane is the foot of the perpendicular, from the given point
on to the plane. Assume the line # m (fig. 4), to be fixed

in space; its horizontal projection will give
¢ d, and its vertical projection, 7 s.
Miscellaneous details. 'When one portion
of the object to be represented is found to
pass behind other pieces so that it cannot be
seen, the continuation is frequently indicated
Fig. 4. by dotted lines.

Surfaces that are situated in planes one behind the other
are shaded, the more deeply according as they are far-
ther back. This shading is produced by a number of
parallel lines which may be vertical or horizontal.

Parts that are in relief are indicated by projected
shadows, or by increasing the thickness of a line that
would cast a shadow.

In order to distinguish the several shadingsor to empha-
cise the lines by which they are separated, it is a very
usual, though not invariable practice to assume the light
to be coming from the left hand upper corner.

When drawing a square in relief, suchas a4 ¢d (fig. 3),
the lines ¢ d & d, will be made darkest; but if it is a recess,
the lines @ &, @ ¢ should be brought into prominence by
means of dark lines.

These several directions will be found useful when a
hole, any cavity, a pin, a round object etc.,
has to be depicted, as in fig. 5. Asa A ?
general rule, the thick lines shouldindi-- | O &)
cate the position at which a shadow would |-
form, the light being assumed to fall on Fig. 5.
the drawing in in the manner indicated above.

A section shows a body as it would appear if cut in
two, and one portion removed an order to expose the
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interior, as in fig. 6. A section is indicated by a series of
parallel lines drawn close together and at an inclination of
about 45° to the vertical.
In order to leave more
, room for important de-
§ tails, or to show objects
that are situated behind,
Fig. 6. a piece is often broken
off by an irregular line, as shown in that drawing.
Lines formed by a series of detached points sometimes
serve as a means of associating several figures represent-
ing the same object looked as in different directions.

20. Tracing and transfering. These two operations
are resorted to when it is required to obtain one or more
copies of a picture or design already drawn.

Tracing consists in laying a piece of tissue or other
translucent paper over the drawing and copying it by
following over the lines that are visible with a pencil. Or
ordinary paper can be used for the purpose, providing it
is not too thick, if the picture be placed against the pane
of a window or, what is more convenient, on a sheet of
glass used as a desk and illuminated from below. When
either sheet of paper is too thick to allow sufficient light
to pass, one or other of the methods of transfering indi-
cated below must be resorted to.

21. This operation consists in reproducinga tracing on
a scparate sheet of paper or on metal that is to be
engraved.  Either of the following methods may be
adopted:

1. The picture to be transferred is fixed to a table or
drawing board if tracing paper is to be used, or to a
sheet of glass if only ordinary paper is available. The
lines are then traced with a black lead pencil that must
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not be too hard. When this is finished it is laid, face
downwards, on a sheet of white paper, taking care that
both sheets are so fixed that they shall not slip. Apply
pressure to the upper surface by tapping with a small
pad made on purpose and, at the same time, gently
rubbing, Experience will very soon show how hard
the pad should be. Now remove the tracing, still
taking care to avoid any slipping, and.a faint repro-
duction of the design will be found on the lower sheet
of paper. It is only necessary to follow over the lines
with India ink. The figures will be reversed but a
transfer with - it in the original direction may be
obtained by inverting the picture and laying it on glass
so as to make a reverse tracing. ‘

(2.) Lay the picture on a desk or drawing board
and trace it with ink on a very transparent sheet of
paper. When the ink is dry, invert the tracing and
blacken the back with a No. 2 pencil. Now lay the
tracing, with the ink side uppermost, on a sheet of
clean paper, taking care to avoid slipping, and go over
the several lines with an agate or metal style, avoid-
ing excessive pressure on account of the risk of tearing
the paper. On removing the upper sheet an impres-
sion will be found not reversed. Go over all the lines
with India ink and clean the paper with India-rubber
or stale bread. ,

Observations. The choice of paper and pencil is not a
matter of indifference. All kinds of paper do not
receive an impression equally well, neither do all pencils
transfer with equal facility. The Faber pencil No. 3,
will generally be found best suited to such work.

In preparing drawings which you desire to preserve,
as drawings of escapements, etc., a good quality of light
weight bristol board will be found more desirable than the
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best drawing papers. White wedding bristol, about two-
ply in thickness, answers admirably, and India ink lines
drawn upon it will not spread as they often do on
drawing papers. The prepared liquid India inks now
on the market are superior to any you can prepare by
grinding the sticks.

22. To transfer an engraved design. This method
is available when it is desired to obtain an impression, for
example, of the engraved surface of a watch case.

Procure some of the inks used by copper-plate engrav-
ers, or, in its absence, ordinary stencil ink may be used.
Taking a small quantity on the end of the finger, tap it
on the surface of a glass plate, in order that the ink may
be distributed, leaving only a small quantity evenly spread
over the finger: tap with the finger thus prepared over
the watch case long enough to make sure that all
the surface in relief has received some ink; take a piece
of writing paper and, after slightly moistening it,
spread it over this surface. Lay above this a piece of
paper folded in four and pass over it in all directions
any round body, such as a small tool handle, and with
some pressure; then raise the papers without allowing
them to slide.

If the operation has been carefully performed a very
clear impression will thus be obtained of the engraved
surface. The relief will be black and the hollows white,
but, of course, the figure is reversed like that in a looking-
glass. If required in the right direction it must be traced
through to the other side of the paper.

DRAWING INSTRUMENTS.

28. It is needless here to describe the rule, set-square,
T-square, bow-compass, etc., as every one knows them.
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7o verify the accuracy of @ rule. On a pertectly flat
smooth surface carefully draw, with the rule in question, a
fine straight line. Then turn the rule over, hinging it as
it were on the line just drawn; if quite straight the edge
of the rule will exactly coincide with the line, in this new
position, throughout its entire length. Each edge should
be thus examined.

7o verify the accuracy of a set-square. Having fixed an
- accurate rule on a smooth surface, place one edge of the
set-square against it, and draw a line along the edge per-
pendicular to the rule; then, having turned the set-square,
hinging it on the line just drawn, bring it against the rule
and along the line. If the square is true the edge and
line will coincide throughout their length.

24. The Protractor. Fig. 7 represents a common
form of this instrument. It is made of horn, or, if of
metal, the inner portion is cut away,
leaving only a base and a semicircular
arc, which is divided into 180 equal
parts or degrees; a complete circle
would therefore consist of 360 such
degrees. The point indicating the center of the arc,
should be very small in order to facilitate the exact setting
of it at the apex of an angle.

When an angle has to be drawn with accuracy, the
protractor is unsuitable; it will be better to adopt one of
the methods described at paragraph 3%, or trigonomet-
rical methods. f

25. Drawing scales. When an object is represented
by a drawing, if the dimensions are the same as those of
the object itself, or, rather, as they would project on to a
horizontal or vertical plane, the drawing is said to be full
size; but the object is generally represented either on an

s
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increased or diminished scale, which is defined, the pro-
portions between all the parts being still, however, main-
tained the same.

With a view to avoid the many calculations that such
a change would involve, it is usual to employ drawing
scales. The following notes will sufficiently explain their
construction and use.

Let it be required to reproduce a large drawing on a
small scale, in such a proportion that the dimensions are
reduced in the ratio of 10 to 1. ‘

. xz
< . i
7 ¢ 3 & 8 & 735 o s

Fig. 8.

Take a straight line of indefinite length, a 4, fig. 8, and
mark out on it spaces equal to @ 1, which represents any
measurement taken on the original object; at ¢, the 10th
division, draw a perpendicular, and on it measure ¢ g
equal to @ 1, or one-tenth of @ ¢ and join a g.

Through the points indicating the divisions into tenths
draw lines parallel to ¢ g; and you will thus have a series
of triangles,d @ 1,d"' a2,d" a 3, etc, similar to the tri-
angle g a c. In virtue of a well-known property of such
triangles (15), 4 1 will be one-tenth of @ 1; d' 2 one-tenth
of @ 2; and so on. -

Thus, if a measurement taken on the object, or on a
large drawing, is equal to @ «, it will only be needful to
turn the compass on the point  as a center, and to ob-
serve accurately the perpendicular height, x 2, to ascertain
the corresponding measurement on the reduced scale.

Such a scale can be employed to measure meters and
decimeters, or feet and inches (but in this latter case, it
would have been necessary to mark off 12 instead of 10
divisions from a). Since @ 1 might be made to represent
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one metre; @ 2, two meters, etc., in virtue of the principle
-of the triangle already referred to, d 1 will be the tenth
of a 1,and will therefore represent a decimeter; d* 2 will
represent 2 decimeters, etc. The length required to rep-
resent, say 5-3 will be ascertained by taking the distance
a 5, to which the distance d” 3 is added. Similarly 6 feet
2 inches would be given by @ 6, to which @' 2 is added
-on a 12-division scale.

28. The following description of one of these decimal
scales, which is engraved on metal or ivory, and often
included in cases of drawing instruments, will suffice to
enable any one to construct a scale on this principle, that
goes to a still further degree of accuracy, measuring, for
-example, meters, decimeters and millimeters, or yards,
feet and inches.

Let A B, fig. 9, be a flat rectangular rule, divided
throughout its length by parallel equidistant lines into ten
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Fig. 9.

strips. At right angles to these are the lines 0 0', a a’,
etc., separated from one another by a distaqce of one
centimeter (doubled in the drawing in order to make the
details more clear.) The first centimeter is subdivided
along the two edges, A 0, #' o, into 10 equal parts or
millimeters, and the division, o, on the upper edge is
joined by an oblique line with the 1 on the lower edge,
and the others by parallel oblique linhes as shown in the
figure. Thus ¢ 7 will be one-tenth of a millimeter, s 7
two-tenths, and so on.
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If the compass is opened so as to reach from x to 2, it
will be seen that it covers a space of 16 millimeters and
2-10ths of a millimeter, for there are one large division
(or 10 mm.), 6 smaller divisions (or millimeters) plus a
fraction of a millimeter equal to s 7 or 2-10ths of a
millimeter.

27. Sector. When it is required to reduce the scale
of a drawing, subject to the condition that the dimensions.
shall be all diminished in the ratio of two given lines, we
may state the problem thus:

The longer of the two given lines is to the shorter, as
any given dimensions of the old drawing is to . The

~ . value of x thus determined will be the

F corresponding dimension of the new

A figure. . '

Such a rule of three proposition would

— involve a considerable amount of work,.

spe—-6\8 and the required result can be arrived at
R with greater faciliy by the geometrical
T methods which forms the basis of the

/ T scale just described, or, better still, by
wfleeee—Ne\ using the sector shown in fig. 10. It
Fig. 10. consists of two brass or ivory legs hinged

about a center » which is at the apex of the angle » m
¢ formed by two straight lines similarly divided into
equal parts.

It is employed as follows: Let us assume that a draw-
ing has to be reduced in the ratio of the line A to the
line B; set off the length A along m #, and suppose its
extremity to be at s, where division number § occurs.
Open a compass to a distance equal to B, and placing one
point on s, open the two legs of the scale until the second
point coincides exactly with the corresponding division #,
that is, with the 5 on the other leg, 7 ¢. Maintaining the
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scale open to this amount, it is only needful, after meas-
uring a distance on the original drawing or object, to
set it off along m #, and to measure the distance be-
tween its extremity and the corresponding point on the
other leg; this distance will be the dimension on the
reduced scale.

28. Proportional compass. This consists of two
equal stems terminating with points, fig. 11.
‘They are cut through for a portion of their 7=~
length, and provided with a slide forming a
hinge, that can be clamped by a screw a in
any position. Graduations on the two slots
and a mark on the slide indicate in what
position of the slide @, the length @ 4 (equal
to @ g) is equal to 4, 4, %, etc,, of @ d; and
thus show what is the ratio of g étocd,
a ratio which is independent of the extent
to which the arms are opened.

s

29. The vernier. The vernier consists ®
of a small graduated slide which is adapted
to a graduated rule or circular arc with a view to ascer-
tain the value of small fractional parts of the divisions
marked on the rule or arc. :

Let A B, in fig. 12, be a rule divided into millimeters
(the proportions are enlarged in the drawing so as to
avoid confusion among the lines), and let it be required
to determine a length to within the tenth of a millimeter.

As the measurement is required to the tenth, take ten
less one or nine of the divisions of the scale; they will
extend from o to IX, and this represents the acting length
of the vernier.

Subdivide the vernier into ten equal parts; it is
manifest that each graduation of the vernier differs from

Fig. 11
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the original subdivisions of the rule by 1-10th of a grad-
uation of the latter. In other words, unity on the vernier
is equal to g-10ths of unity on the rule.

When the rule and vernier are placed as shown in
fig. 12, so that the o on both scales coincide, the suc-
cessive divisions on the rule (marked with Roman

0 v X XV

ll..."..“

numerals for distinction) will be progressively more and
more in advance of the corresponding divisions on the
vernier in the following proportion:—

The marks I and 1 are 1-10th apart; the marks II and
-2, 2-10ths; III and 3, 3-10ths; and so on, the mark X
being 10-10ths, or one complete division in advance of
10, this division being a unit on the scale.

Thus if the vernier is caused to slide along the edge
of the rule, when 1 coincides with I the vernier has
advanced 1-10th; when 2 coincides with II, it has
advanced 2-10ths; and so on.

Let it be required to determine the distance p 4, fig 13.
The division 6 on the vernier coincides with a division of

v
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Fig. 18.
the scale; hence it follows that the extremity d of the
vernier is at a distance of 6-10ths millimeters from III,
the next division of the scale to the left. The distance
between P and 4 is thus 3-6 millimeters.
With a vernier showing tenths, if two consecutive
divisions of the vernier fall between two divisions on the
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rule, and there does not appear to be a tendency
towards one side more than towards another, even when
o observed with a strong glass, it is possible
to take an approximate reading to the
twentieth.

In measuring circular arcs a curved
Fig. 1. vernier is used in place of a straight one,
and its graduations are made to correspond with those

on the circle as shown in fig. 14.

80. Micrometer screw. By employing a microm-
eter screw it is possible to measure infinitesimal amounts,
but the screw must be perfectly accurate, and must work
without appreciable backlash or loss of time.

Assume V, fig. 15, to be such a screw, having a pitch
of 1 millimeter. It will advance by this amount with each
complete rotation.

To the head of the screw is attached a disc of such a
size that its rim can be divided into a number of equal
parts, say a hundred. These graduations may be marks
on the edge or notches cut in it when an index is

AAA e |

Fig. 15.

required to stop in them; but the index is less frequently
met with than a simple divided straight-edge almost in
contact with the disc. The divisions round the disc are
numbered in ascending order as the points ¢ and @
separate, so that zero comes under the index or rule
when these points are in contact. Readings of the
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numbers will thus afford a measure of the displacement
of the point of the screw.

When the disc is rotated the point @ will move
towards or from ¢ by 1-100th of a millimeter for each
division passing under the straight-edge, and one milli-
meter for each complete rotation. It is thus possible to
obtain the dimensions of an object when it enters without
play between the two jaws to within an error of about
1-100th of a millimeter if the instrument is accurately
made.

If, instead of passing the object between the two jaws,
it is gripped by them, the measurement will be less exact,
as no account is taken of the pressure exerted and of the
" elasticity. (44.)

GEOI,WETRICAL DRAWINGS.

‘81. Sketches. It is advisable from an early age to
accustom oneself to make rapid freehand sketches of
objects as they present themselves to the eye. Such a
sketch will help in the preparation of a more exact
drawing, which involves a knowledge of the several
geometrical methods given below.

A drawing may be transferred, reduced or enlarged as
follows:

Draw across the original picture a number of equidistant
vertical and horizontal lines, forming perfect squares, and
number the two sets of lines in succession. Then draw
a similar series of lines on a clean sheet of paper, setting
the lines at an equal, less or greater distance apart, and
copy in succession the parts of the figure that are enclosed
within the several squares. :

As it is not always possible to draw lines across a
figure, they may be replaced by a frame carrying fine
threads or wires stretched in the two directions. The

3
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frame is laid over the original drawing, which can then
be copied, as above explained, on a sheet of paper divided
into squares (fig. 16).
The frame may, moreover, afford assistance in the
drawing of solid objects. Having placed it above or in
risise front of the object and in contact with
nasuss] > it, copy on to the sectional paper the
: ; contents of each corresponding square, .
‘ taking care to look at the object per-
Fig. 1. pendicularly. With a little practice,

and by placing the eye in the correct position and always
at the same distance from the frame (a distance which
way be regulated by a glass), a sketch in fair proportion
may easily be obtained.

YL X

32. To erect a perpendicular on a straight line.
Either the compass or a set-square can be employed; the
vse of the latter instrument is so simple that '
no further reference need be made to it.
Assume q, fig. 17, to be the point in the line
n m at which a perpendicular is to be drawn.
On either side of ¢ measure off equal Fig. 1.
distances @ #, @ m; from z and m, with a radius about
-equal to the distance 7z m, draw two circular arcs cutting
one another. If their point of intersection & be joined to
. the line @ & will be the required perpendicular.

83. To erect a perpendicular at the extremity

of a line. From the extremity ¢, fig. 18,

" mark off four equal parts towards s. From s,

with a radius equal to five such parts, describe

- a circular arc, and from ¢, with a radius of

Fig- . three such parts, describe another arc cutting

the first at d. The line j ]ommg ¢ and d will be perpen-
dicular to s c.
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For the square of § is 23, and this is equal to the
square of 4 or 16 plus the square of 3 or 9. Thus
the triangle s ¢ d must be right-angled (15).

Or the following method may be adopted: With any
center ¢ and radius ¢ g (fig. 19), as large as possible,

describe a circumference passing through g.
From the point p, where the circle cuts the

% line, draw the diameter p 7 4. If the point A

#~—" be joined to g, it is the required perpendicular;

Fig. 5. for, by a property of the semicircle, the angle
% g p is a right angle.

34. To let fall a perpendicular on a straight.

line. In order to let fall a perpendicular s
from the pointa on to the line &¢ (fig. 20),
describe from e as a center, a circular arc ¢/

sufficiently large, cutting the straight line
in two points, 4 and c. From these two
points, with the same opening of the com-
pass, draw on the under side of the line Fid. 20.

two arcs that intersect. The point of intersection o
joined to @ gives the required perpendicular.

2

85. To draw parallel straightlines. Having fixed
a good straight edge over the drawing, as many parallel
lines as are required may be
drawn with the aid of a set-
square which is caused to slide
Fig. 21. along the rule. They will be
vertical, horizontal or inclined, according to the position
of the rule, which must be set exactly perpendicular to
the direction in which the parallel lines are to be drawn
(fig, 21).
7o draw, from a given point, a line parallel to a given.
line. Let dbe the given point, and a 4 the given line:
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(fig. 22). From 4 draw the circular arc a ¢, and from a
where it cuts ¢ 4, with the same radius

describe the arc d 4. From a set off on 7} ‘:\
a ¢, a distance equal to @ 4. The line “a s
joining & and ¢ is the required parallel. " Fig. 2.

+ 36. To subdivide a line into equal parts. Let it
be required to divide the line 3 v (fig. 23), into five equal
parts. Draw a line p ¢ inclined at any angle, and mark
off on this line five equal parts of any length; join ¢, the
extremity of the five lengths, and v,
and through the points g, 4, ¢, d, draw
lines parallel to ¢ . In virtue of a
: property of similar triangles these:
S +—— lines will divide p v into equal parts..

Fig. 2s. It is advisable that the lines v and.
2 ¢ should not differ very considerably in length, as,
otherwise the inclination of the parallel lines to % ¢ will
render it difficult to observe the exact point of inter-
section.

To divide a line into proportional parts. The proposi-
tion can be solved in a similar manner. Let it be required
to divide a line ¢ » (fig. 24), into two sections that are to
2z » one another in the proportion of 5 to 3.

' On ¢ s mark off a series of equal parts.
given by the addition of these numbers
together, that is 8; and join the last

Fig. 24. pointstor. Then draw thraugh c, the
fifth division, a line parallel to s ». This hine ¢ 4 will cut
¢r into two parts, which are to one another in the propor-
tion of 5 to 3.

By an analogous construction a fourth proportlonal can
be graphically obtained, as already indicated in articles

26—217.

€,
H
.
.
[l
'
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. 87. To construct an angle equal to a given angle.
The angle may be measured by means of the protractor
(24), which then enables us to draw a similar angle; but
greater accuracy is obtainable by using’the compass.

Let it be required to construct at » on the line m
(fig. 25), an angle equalto bad. With as
large a radius as possible, draw from the

. % pointszand m the arcs b dand n p. Measure
: the distance d & and mark it off with the
i" S compass from p on the arc  n. A line

- drawn through m to the intersection of the

Fig. 5. two arcs will give the required angle equal
tobad.

88. To subdivide an angle into 2, 4, or 8 equal
parts. In addition to the use of the protractor, the fol-
lowing graphic method is often given in works on
geometry.

An angle ¢ f g being given (fig. 26), from its apex Vi
as a center describe the arc ¢ g, and from its :
two points of intersection with the sides, with
a radius greater than half their distance apart, <\~
draw two short arcs cutting each other at s.
A line drawn from f through the intersection
s will divide the angle into two equal parts. S

If four divisions are needed, repeat the pro- % #-
cess on the two angles s f e, 5 f g and so on for a
further sub-division.

The line that divides the angle into two equal parts
will also bisect or divide into two equal parts the chord
and the arc e g-.

39. To find the center of a circle or of a circular
arc. Take on the circumference, or on the arc, three
points & ¢  (fig. 27). Join & to ¢ and ¢ to ». At the
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middle point of each of these lines* erect a perpendicular.
The point of intersection of these perpen-
“ diculars is the required center.

. A similar method should be resorted to
when it is desired to describe a circle passing
through three given points.

40 To connect up or associate lines. In order to
join up a straight line, such as 7 ;' (fig. ——0i--

28), with the curve / , erect a perpen- s
dicular at 7, and through the middle %
point of a chord, / p, draw a second Fig. 28.

perpendicular cutting the first in £. This point will be
the center from which the curve uniting the two lines
should be struck.

To unite a curve a 4 (fig. 29), with another curve, ¢
or ¢ z, at the point ¢, first find o, the center of the curve
« @9, draw the line & o, continuing it beyond
i~ the center; join @ and ¢, and erect a perpen-
(:‘, #\} dicular at the middle point of this chord.
! 7\4, The intersection of this perpendicular with

F“g 2 a o, produced if necessary, should be taken
as the center for a curve uniting 4 @ with c.

To join up two lines inclined to each other or parallel
lines of unequal length, suchas @7r,bs, fig. ~e-=..
30, draw mldway between the two another ._;________L‘*"i »
line, z d; join the two extremities » and s, 5____ 7"
and from these points let fall perpen- Fig. 50,
diculars » 7 and s ¢; then from & draw a line perpen-
dicular tos». The point o thus obtained will be the
center of the arc » d, and ¢ will be the center for d s.

a@
.
‘

* Determined in the manner explained for erecting a perpendicular
in par. 32 except that intersecting arcs are described on both sides of the
line (» m, fig. 17); the perpendicular will be a line joining these points of
intersection.
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41. Todescribe an ellipse. Let a & (fig. 31), be
the major axis of the ellipse; divide it into three equal
parts, and from the two pomts, ¢ and ¢, at which it is
divided, with a radius equal to 7 ¢, draw (in,pencil) two
circles, intersecting in the points x and z. Through these
points draw the lines x £ g, ¥ c k, 27 f,zcd.

- With the center z describe the arc d £, and from &
draw A g; the ellipse will be completed by the two arcs, _
J 68, dak,of the primitive circles.

If it be required to describe an ellipse that shall have a
shorter minor axis, divide the major axis into four equal
parts, thus obtaining three points of subdivision. With
each point as a center and with a radius
equal to one of the spaces describe circles.
Those to the right and left will determine
the extremities of the ellipse, and the cen-
tral circle will intersect the minor axis in Fig. 31.
two points which must be taken as centers for describing
the top and bottom portions of the figure.

‘When the length of the long and short axes are given,
proceed as follows (fig. 32): From the center @, where
they intersect at right angles, mark off the distances a #,

a o, equal to the difference in the length
s of two semi-axes. Join % o, and add
one half of % o0 to @ 0 measured in the
direction of @ v, thus obtaining the
~ point £; with the radius @ % describe
. 82, acircle. On this circumference will
lie the four centers; # for the arc 7 # s, m for the arc
v ¢, ¢ and 7 for the short arcs ¢ 7's, p e 7.

The figures obtained by the methods here given closely
resemble the ellipse, but are not of the strict mathematical
form. It is well to acquire some facility in drawing
ellipses, for the projection of a circle on a plane, when
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the two are neither parallel nor perpendicular, is an
ellipse, and one often has occasion to describe it.

42. The following may be added as a mode of describ-
ing an ellipse:

The major axis and the two foci (points in this axis)
being known, fix two pins in these foci. Then tie a piece
- of string into a loop and place it over the pins; stretch it
- with a pencil, the point of which is on the paper, and on
moving this around in a circular direction, the string being
maintained stretched, an ellipse will be described. When
the string is so stretched that it lies along the major axis,
the length should be such that the pencil is exactly at its end.

43. To draw a spiral curve. Draw four lines form-
ing a small square (fig. 33). The point 0 is taken as the
center of the first arc, 7 7, s is the
center of 7 £; uof £l; 7 0f /n. Then,
to continue the curve, o is again taken
as the center for z p, and so on. This
method produces a volute in which the
coils are at a considerable distance
apart, such as has no special applica-
bility to horology. _ Fig- 8.

As the balance-spring of a watch is partially concealed
by other pieces, it is generally sufficient
to represent the parts that show them-
selves by concentric circular arcs, or
arcs described from two centers. If
a more accurate representation be
required, the following method may be
resorted to: when working on a small
. 84, scale it involves the use of the eyeglass,
for the figure (fig. 34,) here given is exaggeratedin order
to avoid confusion in the lines, numbers, letters, etc.
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A small circle having been described, it is divided into
an even number of equal parts, say four; a less number
than this should never be adopted. From the same center
describe another circle as small as possible, which will be
cut by the two diameters drawn between opposite points
of division numbered 1, 2, 3, 4.

Assuming a torepresent the starting-point of the curve, .
from the center 1 with radius 1 @ draw the arc ¢ 4; from
2 with radius 2 4 draw the arc & ¢; from 3 with 3 ¢ draw
¢ d; from 4 with 4 ddraw d s; then recommencing with
1 and the radius.1 sdraw s £, and so on.

The less the radius of the small circle and the greater
its number of divisions, the closer will the successive coils
be together. To secure accuracy when working on a
small scale, it is advisable that the center and the several
points be in a thin brass or horn plate, which is maintained
in position by steady pins.

THE MICROMETRICAL DIVIDING TABLE.

44. This instrument is no more than a simple applica-
tion of the screw to dividing straight lines, but it will
suffice to enable the reader to understand the principles
on which the more complicated instruments are based.

A plate, p, fig. 35, supports a bracket @, in which a
screw, similar to the one described in paragraph 30, is
engaged by means of a collet; it rotates, being supported
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between this bracket and the small bearing 4, that receives
the pivot at the end of the screw.

The screw is fitted carefully into a nut », which is
rigidly attached to the small plate %; this carries a fine
marker, movable on an axis, and terminating with a chisel
edge or a fine diamond point, according as the instrument
is to be used for engraving metal or glass; or it may be
provided with a fine pencil if the object is merely to make
subdivisions on a drawing.

This being understood, it will be evident that, if a rule
or rod of any form be fixed by screws or otherwise
between f and g, it can be graduated by means of the
marker, the screw being made to advance; the millimeter
screw can be used for dividing into millimeters and frac-
tions direct, or, with a little calculation, into fractions of
an inch. Each complete rotation of the head means a
displacement of the marker by a millimeter; a half turn
will be half a millimeter, etc.

OTHER METHODS OF DIVIDING INTO EQUAL PARTS.

45. First method. Having fixed a sheet of drawing
paper on a smooth board, draw the line M N, fig. 36,
longer than the rule which is required to be divided.
Then, with a compass or graduated scale, mark off a
series of equidistant points, commencing at N, equal in
number to the required series on the rule, and let M be
the last division. With the center N and radius N M
describe the circular arc p v, and with M as a center and
the same radius, describe a second arc 7 s, intersecting
the first at 0. Join o with M and N. Assume a ¢ to be
the rule that is to be divided into equal parts; slide it on
the paper parallel to M N until the extremities.  and c,
coincide with the lines 0 M, 0 N, and are equidistant from
0. This position can be easily found by the aid of a
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compass with one of its centers at 0. Now fix the rule
in position with sealing-wax, or by some other means,
2 3 & gy and, with a firm upright pin,
center the brass rule r at o, so
=4 L/  thatit can rotateround this center
[//°  on the pin as a pivot. It now
only remains to trace a series
p of lines o 4, 0 4, 0 d, etc., with

Fig. 3. the rule, to the division points of
the line M N. The line @ ¢ is thus divided into as many
equal parts as the line M N. The graduations will be all
the more exact according as the divisions of the line m
N are longer.

46. Second method. By the side of the chuck of a
wheel-cutting engine, arrange a horizontal slide y £, fig.
37, that can travel easily in a direction perpendicular to
aT. A watch fusee-chain, or a very flexible spring, is
fixed by one end to the chuck, and by the other to the
slide at 4. . The chain or spring is kept stretched by a
weight which tends to draw the slide from f towards d.’

The rule to be grad-
uated, @, is now fixed
on the slide, and an ini- ‘
tial division is marked -
on it with a pointed |
rotating cutter in the ~
position usually oc- tﬁ
cupied by the wheel-
cutter, or else by strik-
ing a small pointed or flat-edged chisel arranged for the
purpose, in such a manner as not to be liable to derange-
ment.

Rotate the table through a definite distance; the rule @
will advance through the same distance; mark the second
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division; then having moved the division-plate through a
distance equal to its first displacement, mark the third
graduation, and so on. Suppose, for example, that it be
required to make 30 divisions on the rule between f and
d; select on the plate the circle corresponding to twice or
thrice this amount, so that the radius of the chuck may
not be relatively too short, and that the chain or spring
may not act at a disadvantage; take the number 60 for
-example.

The two marks at 4 and g on the spring indicate the
length that corresponds to the straight line to be divided.

The chuck is placed in the lathe and reduced in diame=
ter until the half circumference is exactly equal to the
distance between these two marks on the spring, which
thus fall on a diameter, 7 g, of the chuck. '

The spring having been fixed by its two extremities,

_the slide with the rule attached is placed in position, so
‘that the mark g 1s on the line @ T; it will be evident from
the figure that each displacement of the division-plate
through one-sixtieth of its circumference will cause « to
advance through one-thirtieth of the space between f
and d. )

Remarks.—Knowing the relation of a diameter to the
circumference (as 1 : 3-1416), we can determine the
-diameter of the chuck at once by calculation.

Its form should be a true cylinder, and it is well to place
guides that will prevent the spring or chain from assum-
ing a helical position.

The side that carries the rule should be strictly per-
pendicular to @ T; and the portion of the spring that is
not coiled on the chuck should always be parallel to this
slide.

The chuck and spring must be quite clean and smooth,
and the latter should be very pliable. A greater weight will
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be needed to keep the spring stretched than will suffice for
a chain, and it must be increased as the strength of spring
is greater.

The slide, y £, may simply travel over a horizontal
surface between pins planted in two parallel lines. But
it would be preferable to adopt some other method, for
instance, to make this piece (F, fig. 37), travel with a
little friction along a perfectly true cylindrical rod.

47. Third method. This is merely an application of
the arrangement mentioned in paragraph 44. The lathe
can be employed for marking off a series of equidistant
points in a straight line. Knowing the pitch of the slide-
rest screw, determine the distance apart in, say, milli-
metres, of the required divisions, and fix the rule perfectly
flat on the face-plate, which must be rendered immovable
by any convenient means. Then mark the first point
with the drill-stock. Advance the screw by the amount.
previously determined upon and mark the second point.
After withdrawing the drill, again advance by the same
amount and mark the third point, etc. Always be careful,
before making the first mark, that the screw has already
traveled some distance in the direction it will continue to
move, S0 as to avoid backlash, or loss of time.

TO SUBDIVIDE A CIRCLE.

48. To divide the circumference into equal
parts. After having drawn the circle, A, fig. 38, draw
two diameters, d @, & ¢, at right angles to each other,
dividing the circle into four equal parts. Join the points,
¢ a, and divide the line, ¢ @, accurately into nine equal
parts.

Draw a series of circles concentric with the first, at
distances apart equal to one of the divisions of ¢ @, and
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to the number of one, two, three, etc., according as it is
required to subdivide the circle, say for a pinion, into
seven, eight, nine, etc., equal parts.

With a fine-pointed compass,
measure off the radius of the
initial circle A. - Placing one
point of the compass at ¢, the
other point will give the posi-
tion of the next leaf, and so on,
all around the circumference.
If the innermost circle A be
selected for sub-division, six
divisions will be obtained, and
there will be one morg division for each larger circle.

The operation will be facilitated by selecting the first
«circle, so that the line @ ¢ contains exactly nine divisions
equal to those of some scale that is accessible. Such a
circle can be easily found, by first drawing the two diam-
eters, laying the scale in the direction ¢ ¢, and determining
by trial the radius for which the first and ninth divisions
correspond to @ and ¢ respectively.

49, To divide a surface into rings of equal or
proportional superficial area. The following solu-
tion is-due to M. Brocot:

Let a d be the radius of a circle (fig 39), that is required
to be subdivided into four rings of equal area by concen-
tric circles. Taking @ d as a diameter, draw the semi-
circumference, @ & d; accurately divide @ & into four equal
" parts, and at each point so obtained, erect a perpendicular.
‘Through the intersections of these perpendiculars with
the semicircle, draw a series of concentric circles; they
will trace out rings, 1, 2, 3, 4, that have equal superficial
areas.
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If it be required to divide the surface in a given pro-
portion, divide the line a d,
according to that proportion.
The right-hand side of fig.
39 gives a special application
of this method to the division
into two equal areas of the
interior of a barrel exclusive of
the space occupied by the
Fig. 3. arbor-nut. If the mainspring
accurately covers ¢ ¢ when wound up, and 7 ; when
unwound, it will give the greatest possible number of turns.

TIME.

50. Solar time is taken from “the revolutions of the
earth, and the watchmaker can easily get the exact solar
time of any point at which he may happen to be by a’
little calculation from known standards. These standards
are: 1. The zenith. 2. The longitude of the point of
observation. 3. The difference between noon at the
point of observation and noon of a known meridian either
east or west of the point of observation. The zenith is
that point in the heavens where the rays of the sun are
in a plane exactly perpendicular to the surface of the
earth at the point of observation, and when the rays of
sunlight are in this plane it is noon at that point. The
circumference of the earth is divided into 360 degrees or
meridians of longitude, so that as the earth revolves once
every twenty-four hours, each of these meridians will
pass the zenith, or fixed point, in that time. In twenty-
four hours there are 24 X60=1,440 minutes, so that the
interval between the passage of one meridian and the next
will be 1,440+-360=4 minutes. A degree of longitude
is divided like an hour, into minutes and seconds, so that
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1 degree of longitude equals 4 minutes of time.
I minute ¢ “ “ 4 seconds «  «
I second ¢ “ “ L or .066 seconds of time.

51. Thus it happens that, at a town one degree east
of a given point the sun will be visible four minutes sooner,
and if to the west, four minutes later than at, that point.
The «local,” or solar time, therefore, will be four minutes
_earlier at the first town, and four minutes later at the
second town, than it is at the point of observation.

52. It will be readily seen that, having any two of the
three factors given above, the other can be readily found.
Thus having the time of a given meridian and the local
noon or meridian time, the longitude can be readily found;
or, having the longitude (which can be readily obtained

from a surveyor) and the time of a given meridian,
- «noon,” can be calculated, etc. The first method is fol-
lowed in calculating distances at sea; the chronometer
keeping Greenwich time, and the local noon giving the
longitude. '

When great accuracy is necessary, however, a fixed
star is used as a means of observing the exact time when
a revolution of the earth is completed, as the revolution
of the sun in its orbit causes a slight variation during the
year. For further information on this point the reader is
referred to works on astronomy.

To obviate the constantly varying time in running east
or west, the railroads use the time of a given meridian
over each fifteen degrees of longitude, and as each degree
of longitude equals four minutes of time, it follows that
only the hour is changed in changing from one standard
to another. In Europe the zero of longitude, or the time
of the meridian of Greenwich is used. In the United
States the time of the 75th degree, which passes through
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Philadelphia, is used from the 67th to the 8oth degree,
which comprises the territory from Princeton, Maine, to
a line drawn north and south, passing through Erie and
Pittsburg, Pa., and-is called Eastern time. The time. of
the goth meridian is used from the 8S8oth to the 102d
meridian, and is called Central time. The time of the
105th meridian is used from the 102d to the 114th
meridian, and is called Mountain time. The time of the-
120th meridian is used from the 114th meridian to the
coast (which ends at about the 124th meridian) and is
called Pacific time. The time of the various standards
is telegraphed through their various territories at noon
each day, and furnishes an accurate standard of com-
parison to all watchmakers.

53. In very many cities the actual or solar noon has
been discarded and the railway standard adopted, thus
making but one standard and removing the source of con-
, fusion and annoyance to many people. In o‘hers, how-
ever, the two standards are still used, and it becomes
necessary for the watchmaker to be able to calculate
both standards, in case of accident or irregularity in his
regulator. Hence he should calculate his longitude
within one second by means of the difference between
railroad and local noon, and have the nearest surveyor
correct his reckoning; then, by means of the accurate
longitude and the railroad time, correct the solar time;
then by means of the solar noon and the longitude calcu-
late the railroad time. When all these calculations check
each other perfectly, he possesses all the time data he
needs for that place, and can correct his standard or
regulator if at any time it should become irregular. The
calculations are very simple, and can be easily performed
from the data given above.



PART 1L

MATERIALS EMPLOYED IN HOROLOGY.

IRON.

54. Iron is an elementary body, that is to say it cannot
be decomposed. It is the most tenacious of the metals,
having a breaking strain of about 75 kil. per sq. mm. (or
106,000 pounds per sq. inch) of section. Two pieces
«can be perfectly welded together when raised to a white
heat.

In the smaller horological appliances, the metal is not
-employed except after conversion into steel. In common
«clocks it is used from motives of economy, for forming
pins, screws, etc. In turret clocks, however, considerable
use is made of it,many of the parts after they are formed
being cemented, that is to say, having their surface ren-
dered hard in a manner subsequently indicated (85).

Such a mode of manufacture is particularly applicable
to pieces that are subject to a constant succession of im-
pacts; their hardened, steelified surface resists wear, while
the iron core affords security against rupture.

It is important to carefully distinguish the cases in which
iron is preferable from those in which its substitution for
steel serves merely to augment the profits of the manu-
facturer.

The fracture of a good piece of iron is characterized
by long twisted fibres of a brilliant white color.

57
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If heated frequently or carelessly, the quality of the
metal is impaired—it ceases to be fibrous and looses its
tenacity: in this condition it is said to be durnt.

It is better to work with a charcoal or gas fise, as coal
acts more rapidly in rendering the metal brittle. Cold
hammering, or “hammer hardening,” also makes it brittle
and diminishes its tenacity, but this is again restored by
a suitable annealing.

Iron dissolves slowly in dilute nitric acid; if not diluted,
this acid rapidly oxidizes it. Dilute sulphuric acid dis-
solves the metal easily, butif concentrated, it hasno action
in the cold, whereas, on heating to ebullition, the iron is
dissolved with evolution of sulphurous acid gas. It is also
dissolved by hydrochloric acid, or acqua regia.

Iron is less magnetic than steel, especially hardened
steel, which, owing to its great coercive force, is magne-
tized with greater difficulty, but retains its magnetism for
a longer period. Indeed, sof? iron, if properly prepared,’
can be magnetized and demagnetized instantaneously.

Some workmen can distinguish iron from steel by the
musical note emitted on striking. A more certain
method, however, consists in using dilute nitric, or sul-
phuric acid. If the surface remains unaltered, or nearly
so, when touched with a drop of either acid, the metal is.
iron, but, in the case of steel, a black mark will be left,
owing to the liberation of carbon.

55. To Remove Rust. The usual mode is to rub
the object with a piece of oiled rag, or emery paper. It
appears that more rapid and more satisfactory results are
secured by using very pure petroleum, and wiping with a
hempen or woolen rag.

56. To Prevent Rust. Dip iron or steel articles in
a mixture of equal parts of carbolic acid and olive oil,
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rubbing the surface with a rag. Others rub the metal
with a mercurial ointment, leaving a thin layer over the
entire surface. It is stated that, if iron be dipped in a
solution of carbonate of potash or soda in water, the sur-
face will be protected against rust for a long time, and
objects can be protected for any period by burying in
quicklime. Rubbing the surface with plumbago has a
similar effect, and Barff has pointed out that, by exposing
iron to the action of steam, heated above the boiling point
of water, a coating of magnetic oxide of iron is formed,
which is equally serviceable.

57. To restore iron and steel that has been burnt,.
or badly forged. When iron is burnt, or carelessly
forged, it becomes crystalline and brittle; in order to
restore it toits original condition, a fresh and very careful
forging is generally needed. This can be avoided by
having recourse to the following method, suggested by
Caron: it consists in treating the metal somewhat after
the manner adopted in hardening steel.

He experimented with a bar of good iron, which was
easily bent when cold, without breaking or showing any
cracks. It was then burnt and became brittle when cold,.
the fractured surface showing brilliant shining facets.

Prepare a boiling saturated solution of sea salt, heat
the piece of iron to a bright redness, and plunge it into:
the bath until it is of the same temperature (about 110°
C.or 230° F.) After undergoing this operation, it is
found that the metal can be easily doubled in the
cold, exactly as it did before being burnt.

Perret states that steel which has been deterorated by
frequent hardening can be restored as follows: Heat it
short of dull redness and quench in melted tallow, repeat-
ing the operation, if necessary, when the steel may be
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again hardened in the ordinary manner, and will be
nearly, if not quite, restored to its original condition.

CAST IRON.

658. This is only used in the manufacture of tools and
large clocks; the employment of cast iron wheels in
the striking train of such clocks has materially reduced
their price.

Like steel, it is a compound body, consisting mainly
of iron and carbon. Cast iron, however, differs from
steel in the quantity of carbon present, for, whereas its
proportion in cast iron varies from 2 per cent. upwards,
there is never, in steel, an amount exceeding 1.5 per cent.,
and even .5 per cent. renders an iron hard, converting it
into ¢ mild ” steel.

Cheapness is not the only argument in favor of the
use of cast iron. In virtue of its molecular structure,
this material offers a considerable resistance to a
crushing strain,.so that the teeth of wheels, made of
carefully selected cast iron, will work for a long time
without sensible wear; moreover, the founder’s art has
made such important advances that there is no difficulty
in casting, to a constant pattern, a wheel, together with
the pinion that it carries, and any other projections, etc.,
that may be required; this economizes labor to a very
great extent.

The use of cast iron in the construction of certain
classes of wheels, and parts of tools, presents advantages
which we cannot afford to ignore; but it must be care-
fully observed that this material is not suitable in cases
where great accuracy in the acting parts is required, as it
cannot, like brass and steel, be conveniently worked:
by the turning tool or file. In recent years, howevaer,
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this difficulty has been overcome by the introduc-
tion of what are termed ¢ malleable castings,” produced
as follows:

59. Malleable Castings. The object is first made
of ordinary cast iron, and the invention consists in render-
ing this malleable by the removal of the carbon that has
served the very important purpose of rendering the metal
fusible. In large cast-iron pots, the castings are laid with
alternating layers of powdered red hamatite, and the
whole is kept at a temperature of about goo®-C. (1,650°
F.), or cherry-red heat, for 72 hours. On cooling, the
castings are found to consist of nearly pure iron, and to
be perfectly malleable, and, therefore, workable.

STEEL.

60. The treatment of steel involves some of the most
prolonged and delicate operations in the entire range of
horology. If the metal is badly selected and prepared,
. the working of it will be laborious, difficult and unsatis-
factory; the resulting object will be distorted in the hard-
ening, and will not harden uniformly; in short, it will
occasion much toil and loss of time, with very little
success. ,

Let the young watchmaker accustom himself from
the first to study the steel that he uses, so that he
may be thoroughly cognizant of both its advantages
and defects; he will, in the practice of his art, be amply
repaid for the brief time spent in making such an ex-
amination.

61. Steel is not an elementary body; it is usually
regarded as a carbide of iron, that is to say a combination
of carbon and iron. Analysis, however, proves other sub-
stances to be usually present in almost infinitesimal
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quantities; their remarkable influence on the physical
properties of the metal has not yet been fully investigated,
but much attention is being devoted to them at the pres-
entday.

. The varieties of .steel are very great. Whatare known
as puddled and natural steel are obtained by acting
directly on cast iron. Cementation is a very old method
of converting bars of malleable or pure iron into steel
by enclosing them in charcoal and heating the whole for
several days, until the carbon has worked itself into the
center of the bars in such quantity as to covert the iron
into steel.

The steel obtained by the above method is very hetero-
geneous; in other words, the composition is not uniform
throughout a given block or bar. One part is highly
carbonized, whereas another part, especially towards the
centre, will not be sufficiently so. The gran, although
very fine in one part, will be more coarse in another;
hard particles of pure cast iron, termed ¢ pins,” are to be
met with that resist the action of the graver or the file
and give rise to cracks in the hardening, h\ammering, etc.,
and portions or sometimes even entire layers that have
taken up no carbon whatever. The differences in the
density, hardness, malleability, etc., that can be shown to
exist at different points in the same bar arise from this
cause. :

Such faults can in part be corrected by skearing, an
operation which consists in binding together a number of
bars in a bundle, raising them to a red heat and beating
them with sledge or steam hammers so as to weld them
into one. The bar thus obtained is again heated, folded
several times on itself, again hammered, rolled, etc., when
it is termed skear steel. 1f these operations are performed
carefully and without a too great heat, the quality of the



. L]
OBSERVATIONS ON STEEL. } 63

steel is much improved; it is more homogeneous and can
be worked with greater facility.

62. The discovery of the earliest method of produc-
ing cast steel, thoroughly homogeneous, was made by a
watchmaker, B. Huntsman, of York, and metal produced
by his method is very highly prized at the present day.
Many other methods have been since introduced, amongst
which may be mention the Bessemer and the Siemens-
Martin processes, and steel is now produced from iron of
very varying quality, so that the mark cast steel is now
far from being a guarantee of quality. The fusion of
shear or cement steel will only secure a marked superi-
ority in its quality under two principal conditions: (1)

- The metal must be carefully selected, since certain quali-
ties do not intermingle thoroughly. (2) Very great care
and skill must be devoted to all the operations, the succes-
sive heatings, forging, rolling, etc.

In short, in the case of steel it is exceptionally true that
we must never accept the metal merely on its own recom-
mendation. Whatever maker’s mark is selected, the
results obtained will never be satisfactory unless the
degree of hardness, the elasticity, cohesive force, etc., are
such as will ‘suit the metal to the special purpose to
which it is to be applied as well as to the working it will
have to undergo. Experiment can alone make us fully
cognizant of the qualities of a steel.

GENERAL OBSERVATIONS.

63. All steels, if of good quality to begin with, will
deteriorate if subjected too often or too long (according
to the character of the metal) to the action of either the
fire or the hammer. They will become brittle and in-
capable of hardening, in the end even reverting to the
condition of iron.



64 THE WATCHMAKERS' HAND BOOK.

The quality of steel becomes worse as the number of
flaws, blackish filaments, more or less carbonaceous veins,
and occasional particles of pure iron in its substance are
greater; as its surface is cindery, that is to say spotted with
minute black marks which become more prominent after
polishing, etc.; as its fracture presents an uneven grain, etc.

Such a metal is found to vary considerably as regards.
hardness, elasticity, etc.; not being uniformly affected in
the hardening, it becomes difficult to work with the file
and almost impossible to form into a perfect cylinder in
the lathe.

Other conditions being equal, these faults are charac-
teristic of natural steel rather than of the two other varie-
ties. At the same time, if well sheared, it becomes very
elastic, and has the great advantages of not being deteri-
orated under the hammer and of being less ready than
the other varieties to be converted into iron.

Rolling, wire-drawing and hammering occasion a mole-
cular re-arrangement; it is necessary, therefore, to anneal
the metal from time to time, as otherwise it becomes
brittle or cracks.

There is a certain temperature, corresponding to each
variety of steel, which cannot be exceeded without the
metal being injuriously affected; this temperature must,
then, be previously determined.

The grain of a piece of steel that has been super-
heated or burnt is characterized by brilliant diamond-like
particles; the mass loses its beautiful color,and resembles.
iron more or less according to the degree of heat applied.

Some few workmen are enabled, by long experience
and a very delicate touch, to judge approximately of the
quality of a steel from its weight, feel, and resonance.
Metal that is of a good quality, homogeneous, and
very dense, they term fu/.
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SPECIAL OBSERVATIONS."

64. Natural Steel. In the case of natural steels of
low quality, the fracture is usually characterized by un-
even grains, a somewhat fibrous nature and a bluish tint.
The grain becomes finer and more even and the surface
presents more and more the appearance of a piece of
coke, as the quality of metal improves. In addition to
these distinctive features a natural steel of high quality
can be distinguished by the fact of its being more thor-
oughly hardened and less liable to break when hard.

In hardening it must be raised to a higher temperature
than cement steel; in other words, steel of a low quality
must be heated somewhat above bright redness, while
the better qualities should be heated to an orange-red, or

nearly so (77).

65. Cement Steel. The cement steel ordinarily
"met with has a lamellar fracture, the lamellz varying in
form and color from the center towards the circumfer-
ence. The grain is usually finer and more uniform than
that of natural steel, there is seldom any appearance of
fibres, veins, or flaws. The color of the fracture is grey-
ish, tending towards blue in the ordinary qualities.

The better qualities are marked by a closer grain, a
more uniform, dull, greyish-white color, exhibiting neither
streaks or black spots after hardening, and by the fur-
ther fact that hardening can be effected at a lower tem-
perature. If of the very best quality, it should not re-
quire heating beyond a clear cherry-red; often even a still
less degree of heat will suffice.

66. Cast Steel. Cast steel is the most homogeneous,
full, and beautiful of the three classes. Several varieties
exist. The fracture of cast steel, as compared with others,
is smooth, compact, and of a white-grey color, resembling
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coke. The grain is fine and very even. - The metal must
be hardened at a temperature much lower than can be
safely applied to other classes of steel, since it is rapidly
deteriorated by heat.

Cast steel is more fusible than ordinary steel, and will
fracture with ease under the hammer when heated to a
blue tint, so that great care is essential in hammering it.

The metal should never be heated beyond a dull or
cherry-red heat, lest it be burnt.

The tenacity will be increased by forging at alow tem-
perature or even by cold hammering.

The fineness in grain, together with its high density,
afford an indication that the metal can be rendered very
uniformly hard; that very fine cutting edges and the
most minute rods can be made of it; and that, after hard-
ening, it can be highly and uniformly polished; in other
words, that it does not exhibit spots or streaks differing
in color from the mass, as is always the case with natural
and cement steels. For most horological purposes (such
as making pinions, staffs, pivots, etc.) cast steel is prefer-
able. It is the only kind that can with certainty be
highly polished, turned perfectly round, and that does not
get distorted in the smoothing. Moreover, when wear
does occur it exhibits less irregularity,

Highly-carbonized shear-steel exhibits a fine, close grain
that would make it easily mistaken for cast steel. They
can be best distinguished by the application of dilute
sulphuric acid. The side of the bar when acted on by
this means exhibits lines that indicate the junctions of the
several layers constituting shear-steel.

DETERMINATION OF THE QUALITIES OF STEEL.

87. It is unnecessary to observe that as we are writing
mainly for the use of practical watch and clockmakers,
we shall make no reference to those elaborate systems of
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testing that form a remarkable feature of the engineering
of the present day, but shall confine ourselves to the tests
which workmen can apply for themselves.

When the grain is fine, close and homogeneous, the
fracture in even curved lines and the surface of a uniform
grey aspect, the metal is considered to be of good quality.
It is, nevertheless, unsafe to rely too much on such indi-
cations, for a steel that has been hammered until cold will
exhibit a fine close grain, whereas the grain of the same
metal will be coarse and open if it was still red hot when
the hammering or rolling was concluded. The grain of
hardened steel, moreover, depends on the degree of heat
to which it has been subjected.

When of equal quality, even if from the same maker,
‘the grain will be finer in bars of small dimensions than in
those that are larger.

Cast steel even, especially in large pieces, is not always
perfectly homogeneous, as can be easily perceived on
applying the file, or still better, in the lathe; an object can
with difficulty be turned perfectly round, and loses its
shape in the smoothing. As @ general rule it is impogsi-
ble to_form a reliable opinion on a specimen of steel until
after it has been worked, filed, turned, and. tested according
to the particular use to whick it is to be applied; for a steel
that is excellent for making, say, a spring or a cutter, may
be quite unsuitable and give most unsatisfactory results if
used for making staffs or fine pivots, or the converse may
be equally true.

As a preliminary test, break a piece of the metal; after
having examined the fracture, forma cutting edge, harden
to what seems to be a convenient degree, then sharpen
and employ for cutting small pieces of iron. If the edge
is in no way damaged by the iron, this may be taken as
a good indication that the metal possesses body and
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tenacity, and that it can be hardened as much as is
required for such purposes.

The following are methods of obtaining more complete
information as to the homogeneity, the character of grain,
the degree of hardness a given sample can attain, as well
as its malleability, body, elasticity, etc.

68. Homogeneity. Place drops of dilute sulphuric
acid equidistant along the surface of a bar. If the metal
is homogeneous all the drops will impart the same
color.

Cold hammer or hammer-harden, and then fire-harden
part of the bar. Break off the extremity in order to
study the fracture; if the result of this examination is
satisfactory, polish the hardened end carefully, and with
the aid of a glass again examine into the homogeneity of
the metal. The polish will be the better and more
uniform according as the steel is more homogeneous.

69. Grain, hardness and temperature of hard-
ening. All varieties of steel do not harden to the same
degree, and each requires to be heated to its own partic-
ular temperature for hardening; moreover, the character
of the metal, its color, and the size of its grains vary
according to the degree of heat to which it is subjected.
It would be difficult to draw any exact conclusions as to
the character of grain and the hardness without the fol-
lowing practical method, which we owe to Reaumur:

At a temperature not exceeding a dull redness, forge a
piece of the steel to be tested into the form of a razor-
blade, that is to say, leaving it thick on one edge and thin
on the other, in the direction of its length. - Then heat
the blade, holding it by one end, and when the other end
has reached a bright' red heat, plunge the whole into
water. Part of the steel will then be hard hardened.
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Along the entire length of the thinner edge carefully
break off the metal with a hammer or otherwise, and
-examine the character of grain at different points of the
-exposed thicker edge thus left.

As the form, color, etc., of the grain depend on the
.degree of heat to which each portion was subjected, it
follows that we shall observe four types of grains: (1)
Large, white, sparkling grains; (2) Grains that are
medium sized and intermixed, some being white and
sparkling, others white and dull; (3) Fine dull grains;
and (4) Grains that are medium sized, but dull and ill-
-defined.

According as the third class of grains is observed to
be more numerous than the second class, so is the fine-
ness of the steel greater, and conversely.

This method of testing possesses, moreover, the advan-
‘tage that the workman can experiment on his blade of
steel with a view to determine the temperature best
suited for hardening.

Grain No. I corresponds to a white-red heat for hard-
-ening. '

Grain No. 2 corresponds to an orange-red heat for
hardening.

Grain No. 3 corresponds to some shade of cherry-red
heat for hardening.

Grain No. 4 corresponds to a dull red heat for hard-
-ening.

As there is some difficulty in remembering the exact
points at which these several temperatures are reached we
will complete this account of the mode of testing by the -
following: :

70. On a thick plate of metal, maintained at an orange-
red heat, place three fragments of the steel under exam-
ination, previously marking them, so as to observe the
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order in which they are immersed in water; and have
three vessels of water standing near. As soon as one of
the pieces reaches a dull cherry-red heat, allow it to slide
into one of the vessels; heat the second to a medium
cherry, and the third to a bright cherry-red, introducing
them in succession into the water-vessels. If these pieces
be examined as to the resistance they offer to breaking,
and the fracture of each be compared with the fracture
at different points of the razor-blade, the file being
used to test hardness, we shall have sufficient evidence as
to the most suitable temperature for the hardening of this.
particular variety of steel.

71. Body. A steel that possesses body is not brittle.
This quality may be tested in the following manner:
Several bars of different kinds of steel, of equal dimen-
sions and hardened as uniformly as possible, are bent
until the breaking point is reached. If all the conditions..
of the trial are identical, those bars that stand the greatest
angular deflection without breaking have the most body.

Steel that possesses body does not break as easily as
that which is wanting in body. Its fracture will be, as it
were, bevelled off like the mouth-piece of a whistle. If
soft and fibrous, it will be characterized by parts being
torn asunder. .

72. Elasticity. The elasticity may be tested in a
similar manner. It is proportional to the curvature or to
the weight that a rod or blade of the metal under exam-
ination can support without failing to return to its initial
position as soon as the weight or obstacle is removed. A
sample of steel that is distorted by a weight that another
specimen resists, is evidently inferior in elasticity.

73. Malleability, tenacity, ductility. A cold ham-
mering, if carefully managed, will suffice to indicate the
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limits between which steel will support frequently
repeated percussion, without breaking, cracking or flying.

Forge a piece, introducing it a number of times into
the fire in order to ascertain whether it loses its distinctive
characteristics rapidly,and whether it can be successfully
forged.

It is more difficult to forge, according as it is harder
and more “steely.”

The degree of malleability is indicated by the manner
in which it supports hammering and rolling, and by the
smallness of the dimensions to which it can be brought
by such operations.

Passing the metal through a draw-plate with smooth
holes, or tapping it mn a screw-plate will give useful indi-
cations as to degree of ductility and tenacity.

A metal is said to be malleable when it can be easily
spread out under the hammer or in the laminating
rolls. It is called ductile when it can be reduced to very
thin wire by passing through the draw-plate.

It would seem that these two properties, ductility and
malleability, should always exist together, to the same
degree, in any given metal, but such is not the case. Iron
can be drawn into very fine wire, but cannot be reduced
to sheets of relatively equal thinness; tin and lead give
leaves of extreme thinness, but cannot be drawn out into
very fine wires; gold and silver are both very malleable
and ductile, and they rank highest as regards the pos-
session of these properties.

Steel is more fusible and malleable than iron, but less
ductile.

74. Observations. Formerly the makers of cylinder
escapements preferred forged steel, and their cylinders
often cracked after the hardening : modern makers employ
drawn steel, and it is much preferable. At the same time
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they do not appear to recognize the principal reason for
the difference in the two varieties of steel. It seems to
us to be as follows: forged steel is malleable; drawn
steel, which has passed well through the draw-plate, is
ductile, and, therefore, tenacious. But tenacity in a metal
is nothing else than an exceptional resistance, opposed by
its particles to a fracture or separation; it follows, then
that drawn steel will crack with less facility than the
other.

PREPARATIONS OF STEEL.

75. When a variety of steel has been selected that
possesses the requisite properties: that is to say, fibre and
elasticity for springs; body and tenacity for circular cut-
ters, gravers, etc., it must be prepared; in other words,
it must be made so that it can be worked with ease, for
steel that is badly prepared will resist both the file, the
graver and the drill. It can never be turned perfectly
round, and will harden unevenly.

76. To anneal steel. The commonest, and at the
same time best, method consists in heating the metal to a
dull, red heat, burying it in hot ashes and allowing it to
cool slowly.

Steel raised to a red heat in contact with air loses a
portion of its carbon, so that it is better to place the metal
in a vessel of burnt clay; this is introduced into a fire
which must not be too bright at first,and when the vessel
has attained a red heat the fire is checked and left until
the whole is quite cold.

In order to soften steel by annealing with a view to
work it, engineers entirely cover the metal with dry pow-
dered wood charcoal or dry iron filings or turnings, in a
cast-iron box or pot, or in a crucible, shutting up all the
openings so as to protect it from the direct action of the
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fire and from the air. The vessel is then put in a dull
fire, the heat being gradually raised until the whole has
acquired the requisite temperature, which is known by
observing the color (see the following table); this degree
-of heat is maintained for about ten minutes and the fire
-quenched, after which it must be allowed to gradually die
out. Frequently the cooling is not complete for a day
or two, and even more when the crucible is of large
.dimensions.

The metal will become softer, according as the cooling
is more slowly effected. It is generally heated to 800°
or goo® C. (1500° or 1600° F.), a cherry-red heat.
‘When the steel is associated with brass, as in the case of
-a compensation balance, it is not safe to exceed 600 C.
(1000° F.)

77. It will be useful here to give the following table,
.compiled by Pouillet, of the temperature, as indicated by
the air-thermometer, corresponding to various colors of a

heated body:

Incipient red heat corresponds to 525° C. (980° F.)

Dull red « “ «“ ygoo° C. (1280° F.)
Incipient cherry-red “ « 8oo° C. (1470° F.)
‘Cherry-red “ “« goo° C. (1650° F.)
‘Clear cherry-red “ « 1000° C. (1830° F.)
Deep orange « « 1100° C. (2010° F.)
‘Clear orange “ “ 1200° C. (2190° F.)
‘White v “ « 1300° C. (2370° F.)
Bright white « «“ 1400° C. (2550° F.)
Dazzling white “1500-1600° C. (2730-2910° F.)

78. Annealing or softening in water. Instead of allow-
ing a piece of steel to cool slowly, it may be thrown into
water when heated to a temperature just below that at
‘which it would harden. In this case the metal will not
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harden, but, on the contrary, become very soft. A single
operation suffices for certain varieties of steel, but with
others it must be repeated.

The only difficulty consists in fixing upon the precise
moment at which the metal has the requisite tint (a pur-
plish yellow or dull red), and this is more especially felt
when dealing with small pieces; experience can alone
guide the workman in this matter.

A skilful workman recommends the employment of
water containing one-fifth of its weight of gum arabic.
He also recommends that the metal be wiped over with
an oiled rag, then held in the fire, and, as soon as the oil
is converted into a thick smoke, and is on the point of
igniting, to immerse in water.

79. Hammering steel. Watchmakers who are
called upon to manipulate exceedingly small pieces of
steel, can somewhat increase the body and homogeneity
of the metal by a cold hammering. After annealing, the
object is hammered with light, uniform blows, again an-
nealed, and the same operation is repeated one or more
times, according to the degree of malleability already ac-
quired by the metal. Steel thus prepared has more body;
the particles composing it are more closely pressed to-
gether; it files and turns well, can be heated more evenly,
and is not distorted or only very slightly in hardening,.
providing the requisite precautions are taken.

80. 7he hammer and anvil. It is important that in
these operations the surfaces of the hammer and anvil
employed be perfectly smooth and even polished. If
they are rough or cracked, if they are uneven or have a
grained surface, a flaw will be produced in the body of
the steel or a crack on its surface.
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81. To clean rough steel. The black coating
known as ¢ scale,” which covers the surface of the metal
after it has been in the fire, will rapidly spoil gravers and
files, and, in addition to this, it leaves behind in them ex-
cessively hard particles that will become imbedded in the
steel itself after a clean surface has been exposed. It is
then essential, in order to ensure good and rapid work~
manship, to previously remove this crust from the sur-
face.

This can be done in two ways: by using a rapidly-
revolving grindstone, which instantaneously removes the
oxide, at the same time smoothing the surface of the
steel; or by leaving it for a sufficient length of time in
dilute acid, by which the superficial oxide is dissolved.

Sulphuric acid is usually preferred; in addition to the
cleaning, it is said to produce an effect somewhat similar
to annealing. On withdrawal from the acid, the steel
must be thoroughly washed with water and wiped dry
with care.

. 82. Ordinary mode of preparing steel. When
the metal has been annealed by one of the methods indi-
cated above, its preparation is completed by “pickling ”* in
acid, after which it is hammered cold between an anvil and
hammer (79, 80). When the metal has been worked, it
is heated to a bluish tint, and after cooling slowly is ready
for the hardening.

83. M. Covillot’s mode. This author adopts a method
whereby he obtains steel that is very soft to work and
perfectly free from hard grains or “pins” of castiron, which
are so often to be met with in steel, causing it to crack in
consequence of their inability to spread under the hammer.
Take some garlic, the younger the better, mix it with
sufficient good walnut-oil to cover the garlic and form
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into a paste; then place it in an earthenware pot on the
fire. 'When beginning to boil, heat the steel to dull red-
ness and plunge it into the boiling paste. Withdrawitwitha
quantity of oil and garlic adhering; again heat to redness
and plunge into the paste. This operation may be re-
peated two or three times. Then heat the steel, while
inclosed in an iron tube or box placed on the fire, and
allow the whole to cool. Finally, the steel may be
finished by setting it to cook (if we may use such an ex-
pression) for ten or twelve hours in the composition of
garlic and nut-oil. : '

The last operation may be performed by setting the
boiling solution over an oil-lamp, after depressing the
wick in such a manner that the paste may be kept just
simmering.

M. Covillot employed the same mixture for hardening
the objects; but then, of course, it must be cold.

HARDENING.

84. Itis well known that by the operation of hardening,
which consists in heating a piece of steel to a red heat
and immediately chilling it, the hardness is very materially
increased.

Hardening increases the dimensions of the object. A
steel collar adjusted to fit a cylinder will slide on more
easily after hardening.

Rolled steel is more liable to be distorted in the
hardening than metal which has been forged or ham-
mer-hardened. As a general rule, when steel—especially
cast steel—has been carefully annealed, cold-hammered
and, after working, heated to a blue temper and slowly
cooled, it will not be distorted in the hardening, providing
the heating is skillfully conducted, and if, at the moment
of introducing the object verticallyinto the bath, the heat
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is evenly distributed throughout. Some practical men
affirm that the mere presence of an oily layer on the sur-
face of the water will check the tendency to distortion.
A workman frequently pretends that he has some ex-
ceptionally good solution for hardening, of which a great
mystery is often made; but it is very generally admitted
by those who are well-informed that these so-called
secrets are a delusion and in no sense superior to pure
water. There is a certain amount of truth on both sides,
and the former class are somewhat justified by experi-
ments with the various solutions enumerated below. We
may, however, lay down the three following conditions
as essential to the successful conduct of the operation of
hardening: (1) The steel must previously be carefully
prepared and worked; metal that has been skillfully ham-
mered cold or below a red heat, for instance, will harden
better than when not so treated; but if hammered too
much or carelessly, it will crack; (2) Zke method of
heating should be such that the heat is evenly distributed
throughout the object; if, on immersion, its temperature
. is not uniform, the degree of hardness will vary; (3)
Te skill of the workman must enable him to detect the
exact degree of heat the variety of steel can withstand,
and this must on no account be exceeded, for in that case -
the steel will lose tenacity, will be more or less durnt,
&c. In the case of irregular shaped articles, considerable
sxill is often needed to ensure that the several parts of
the mass shall be cooled at, approximately, the same rate.

85. Methods of hardening. The baths used for
hardening may be classed under three heads: Zoug#,
Hard, and Glass-kard. It must be understood, however,
that these classes may be made to merge more or less
into one another, by- varying the degree of temper.
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(88). The following receipts are drawn from various
sources, and the reader is recommended to select the one
which he finds on trial to be best adapted to his require-
ments, for, as Prof. Akerman has pointed out, there are
very many conditions exceedingly difficult of calculation
that influence hardening, and hence it follows that a work-
man accustomed to hardening often considers that only
one method, which he has been in the habit of employing,
can be used for a certain purpose, while another equally
skillful workman can only attain the same result by a
method essentially different.

I Zough. Tallow; tepid water; oil; resin; sealing-
wax; lead; beeswax; a solution of 3 to 4 parts (by
weight) of gum arabic in 100 parts of water; 1 part of
soft soap in 100 parts of water; cold water with a layer of
oil over it, the thickness of which varies with the degree
of hardness required; 10 parts mutton suet, 5 parts resin,
2 parts sal ammoniac, and 35 parts olive oil.

II. Hard. Cold water; water containing various salts,
such as sal ammoniac and sea-salt; a solution of § parts
sea-salt and 1 part sal ammoniac ih 20 parts of water; 4

_ parts sulphuric acid, 50 parts sea-salt, 10 parts alcohol,

and 1,000 parts water (all by weight); 4 parts sulphuric
*acid, 1 part nitric acid, 1 part pyroligneous acid in 1,000
parts water (to be used very cold).

IIl. Glass-hard—Mercury; nitric acid; opium; any
cyanide.

86. As a rule it is well to employ tallow for the hard-
ening of small objects in which hardness without brittle-
ness is needed. Oil renders the surface harder than the
interior, and soapy water has the same effect. Saline
solutions generally give great hardness. Very minute
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drills may be hardened by simply whisking them about
in the air after heating the blade to redness, and small
objects may be hardened by pressing between two cold
surfaces, as those of the hammer and anvil.

If hardened in nitric acid, opium, or mercury, the hard-
ness of steel is so great that it will easily cut glass. But
such steel is brittle and all the more delicate according
as the precise temperature necessary (which is not very
high) has been exceeded. For it must always be borne
in mind that steel which has been heated too highly has
deteriorated in quality and will remain brittle.

87. Precautions to be observed in hardening.
In the case of delicate pieces it is necessary to avoid the
use of the blow-pipe, as the current of air causes the sur-
face to scale, and, as is well known, the metal being un-
evenly heated will be distorted in the hardening, and will
not be uniformly hardened.

It is better to enclose the article between two pieces of
ignited charcoal, or in a metal tube, or to bring it in con-
tact with a sufficiently hot piece of metal, etc. An excel-
lent plan is to heat the article in a bath of hot lead, or of
lead and tin in proportions dependent on the temperature
required. The heating is thus exceedingly uniform, and,
if operating in a dark room, the temperature can be ac-
curately judged.

When it is required to harden an object without dis-
coloring the surface or destroying the polish, it may be
placed in a tube, and completely surrounded with pow-
dered wood charcoal, or, preferably, animal charcoal.
The whole after being heated is plunged in water with-
out the steel being in any way exposed to the air. The
powder must be heaped up as a precaution against access
of air. On being taken from the water, the steel is at
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once placed in alcohol, and if at all dull it will generally
be only necessary to rub the surface with a little rouge.

It is essential that the animal charcoal be previously
heated in order to expel moisture, as otherwise it would
adhere to the surface and produce marks and even irreg-
ularity in the hardness.

As a rule the object must be immersed in the cooling
liquid vertically in the direction of its greatest length, and
if of unequal thickness, the stout portion should touch
the surface first, so that the metal may cool more uni-
formly. In hardening large masses of steel, various de-
vices are resorted to in order to insure uniformity in the
cooling, but space prevents us from entering more fully
into this interesting question.

The vessel must be of such a depth that the object will
not reach the bottom until quite cold. It is liable to dis-
tortion if introduced sideways, or if the vessel is too
shallo%.

The method described above for protecting the surface
from the action of the fire should be adopted when hard-
ening delicate or complicated articles; but in the case of
drills, for instance, a simple coating of one of the follow-
ing preparations is sufficient. '

When an object is hardened in a saline solution, it is well
to cover it with a paste composed of water, salt and flour
(some use yeast and salt for this purpose), orathinclay. This
precaution prevents any blistering or oxidation of the sur-
face. If it be desired to avoid oxidation, and, at the same
time, to restore to the steel the carbon it has lost owing
to the action of the fire, it must be rolled, while still wet,
in another paste, containing powdered horn or leather, or
some such calcired animal matter. Delicate parts can
also be protected by a layer of beeswax and olive oil
made hot.
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In hardening small drills, very good results are obtained
by enclosing the blade in a pellet formed of prussiate of
potash, lard and Castile soap, and cooling in beeswax.
or the surface may be protected by a layer of soft soap.

Steel as forged, that is with the thin scale on, is less liable
to break in hardening than if previously- brightened, for
the scale causes it to cook, and, therefore, contract more
slowly. At the same time it should be borne in mind that
when the surface is bright the hardness will be scmewhat
greater.

It will be well to warn the beginner that, if an object is
not entirely immersed in the cooling liquid, it should never
be held still, but rapidly moved up and down, as otherwise
there is a liability to crack at that part which was level
with the surface.

As a watchmaker only uses steels of the best quality, he
should, in hardening never exceed a cherry-red heat, and
cherry-red comprises three distinct tints (77); incipient
cherry-red, cherry-red, and clear cherry-red. The second
of these should not be exceeded in hardening cast steel,
and the third should be taken as an extreme limit in the
case of shear steel. ‘ '

Ice-cold water should never be employed, but the ex-
treme chill should be first taken off. Indeed, it is found
that frosty weather interferes materially with the opera-
tion of hardening.

Some workmen maintain that the hardening is done
better if the water has been long used for the purpose
without renewal.

TEMPERING.

88. Hardened steel is extremely fragile, but its tenacity
may be restored by lempering, that is to say, by heating
it to a degree dependent on the amount by which its
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original softness has to be restored. The color of the
metallic surface will gradually change as the temperature
rises, each tint corresponding approximately to the
degree of heat given 1n the following table (Stodart):

1. Very pale straw yellow.._220° C, (430° F.

2. A'shade darker yellow...235° C. (450° F) Tools for metal.

3. Darker straw yellow_____ 245° C. (470° F) Tools for wood and

4. Still darker straw yellow_255° C. (490 screws, taps, etc.

5. Brown yellow_....__.__. 260° C. (500° F) Hatchets, chipping

6. Yellow, tinged slightly chisels and other
with purple.__.__...... 270° C. (520° F.) percussive  tools,

g. lI).lglll‘t purplle ............ 275° C. (530° F) J saws,etc.

3 ark purple.. ... ...... 290° C. (550

9. Dark bll)ug? .............. 3220 C. g;& F) }Sprmgs

10. Paler blue......_....._. 310° C. (590° F.)

11.  Still paler blue_._..__._. 320° C. (610° F.){ Too soft for the

12. Still paler blue, with tinge above purposes.
ofgreen._....._...... 335° C. (630° F.)

89. It will facilitate the precise determination of these
points if it be remembered that

An alloy of 1 part lead and 1 part tin (by weight)

melts at 196° C. (385° F.)
Metallic tin u “ u 230° C. (446° F.)
An alloy of 2 parts lead and 1 part tin « 240° C. (465° F.
Metallic bismuth “ “ 270° C. (520° F.
An alloy of 5 parts lead and 1 part tin “ 2g0° C. (550° F.
Metallic cadmium ¢ « 310° C. (590° F.)
Metallic lead “ “ “ 320° C. (608° F.)

90. Before proceeding to teinper

an object, at least

one of its faces must be smoothed with pumice stone,
oilstone dust, or emery paper, and the surface must be
left perfectly clean, care being taken to avoid contact
with the fingers, as otherwise it will be difficult to ensure
the requisite tint being obtained.

Tempered to any shade between Nos. 1 and 6 the steel
will, if previously well hardened, be left too hard to be
worked by a file or graver; heated beyond No. 10, it
can no longer be much bent without distortion. :

When the quality and the degree of hardness of steel
differ, the temper corresponding to a given tint will also
vary. As a rule, hardened cast steel, tempered to No. 8,
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will be found as soft as natural steel which has been let
down to No. g, or even to No. 10.

A piece of steel can be let down to the same tint several
times in succession without altering its properties.

If a good and uniform color is desired, the steel must be
highly polished, as the oxidation of rough parts will
render the tint irregular. The rouge employed must not
be too dry, and, if the burnisher is used, care should be
taken that it acts on the entire surface. Metal of a bad
quality, which will not take an even polish, can rarely be
nicely blued.

- When the object is finely smootked with a uniform white
surface, very good results may be obtained; but in such
cases the cleaning must be carefully conducted, as the
presence of minute greasy particles will always render
the color irregular, and may even entirely prevent its
-appearance.

A uniform color can only be obtained by heating the
-object in such a manner that its temperature is raised
evenly throughout.

‘The tempering may be performed by placing an object
on the bdluing tray, a thin metallic plate, often covered
with a thick layer of fine brass filings, which should be
renewed for each operation; or ona thick piece of metal
previously heated to a sufficient degree; on ignited char-
coal covered with a layer of white ash; in a bath of
molten metal, the temperature of which corresponds to
the requisite degree of heat, or the object may be laid
-on the surface of such a bath, etc. Some watchmakers
when letting down a piece of steel immerse it in water
to check the action; but by so doing they produce an
-exactly contrary effect. If a piece of steel be cooled
suddenly in water as soon as it assumes any given color
it will be sofzer than if left to cool in the open air (78).
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At one of the blue tints, steel possesses its maximum
elasticity. 'The exact shade varies with the different
qualities of steel.

If a hardened and tempered spring has lost its initial
elasticity, this may be restored or evenimproved upon by
gently hammer-hardening, and after whitening with
emery, again tempering to the proper blue tint.

91. A very convenient way of tempering a large
number of small articles at a time, heating them with
absolute uniformity, is to place them in a small vessel with
sufficient tallow or cold oil to cover them; the whole is.
then heated to the requisite degree, which may be deter-
mined by a thermometer or by observing the smoke.
When smoke is first seen to rise, the temper corresponds
to No. 2 in the table (article 88). Smoke more abundant
and darker corresponds to No. 5. Black smoke still
thicker, No. 7. Oil or tallow takes fire with lighted paper
presented to it, No. 9. After this the oil takes fire of
itself and continues to burn. If the whole of the oil is
allowed to burn away, the lowest temper in the table is
reached.

It is often convenient to simply smear an article with
oil or tallow, and hold it over a flame or piece of hot iron.
The temper can then be judged in the manner just
explained.

With a view to combine the two operations of harden-
ing and tempering, M. Caron suggested that the tempera-
ture of the water used for hardening be heated to a pre-
determined degree. Thus the requisite temper may be
given to gun-lock springs by heating the water in which
they are hardened to 55° C. (130° F.).

TO WHITEN AND BLUE STEEL

92. Some makers of watch hands and balance-springs,

when they are not satisfied with the color assumed
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by an object in tempering, immerse it in an acid bath,
which whitens it, after which the bluing operation is
Tepeated. :

We have seen watchmakers whiten small pieces of
steel with a piece of pith moistened with dilute sulphuric
.acid, but the method cannot be recommended.

Others fix fine steel work, a watch hand for example,
with wax on a plate, and whiten it by means of pith and
polishing rouge, or a small stiff brush charged with the
same material. It is then detached, by heating, and
cleaned in hot alcohol.

These methods, if judiciously employed, are of great
service, but it is important to remember always to
thoroughly wash after the use of acid, and then to allow
the object to remain for a few minutes in alcohol. '

Sulphuric acid does not whiten well. It often leaves
«dark shades on the surface. Hydrochloric acid gives
better results. :

93. To blue steel uniformly. In order to secure a
uniform color in tempering or bluing, it is essential that
the smoothing and polishing should have been very
evenly done. The surface must be perfectly clean; for
.otherwise parts that are greasy, or on which the rouge
has remained too long, or has been too dry, will not
exhibit the same tint as the rest. The heat must be
uniformly distributed. This is why, when bluing screws
in a perforated bluing pan,it is customary to lightly
strike the handle, for the vibration and the perpetual
.change in the contacts ensures their receiving the. heat
more evenly. A similar purpose is served by placing
the pieces in brass filings. Steel must not be tempered
while only in contact with bodies that are bad conductors
of heat, stone, either in powder or block, for example;
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because, as we have already observed, the distribution
of heat would occur unevenly throughout the metal.

Watchmakers secure a uniform tint more easily by
using an iron or copper polisher than one of any other
metal.

94. 7v blue small pieces of steel evenly. 1f the fore-
going precautions are carefully observed, the following
methods will give satisfactory results:

First blue the object without any special regard to uni-
formity of color. 1f it proves to be imperfect, take a piece
of dead wood that does not crumble too easily, or of clean
pith, and whiten the surface with rouge without letting it
be too dry. Small pieces thus prepared, if cleaned and
~blued with care, will assume a very uniform tint.

A clever mechanic assures us that he easily obtains a
similar result by rubbing the surface, aftér it has been
well smoothed, with the end of a stick that has been
partly burnt in the fire.

95. 70 blue a clock hand or a spring. To blue a
piece of steel that is of some length, a clock hand for
example; clockmakers place it either on ignited charcoal,
with a hole in the center for the socket, and whitened over
its surface, as this indicates a degree of heat that is ap-
proximately uniform, or on a curved bluing tray perfor-
ated with holes large enough to admit the socket. The
center will become violet or blue sooner than the rest, and
as soon as it assumes the requisite tint, the hand must be
removed, holding it with tweezers by the socket, or by
the aid of a larged-sized arbor passed through it; the
lower side of the hand is then placed on the edge of the
charcoal or bluing tray, and removed by gradually sliding
it off towards the point, more or less slowly according to
the progress made with the coloring; with a little practice,
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the workman will soon be enabled to secure a uniform
blue throughout the length, and even, if necessary, to
retouch parts that have not assumed a sufficiently deep
tint. :
Instead of a bluing tray, a small mass of iron, with a
slightly rounded surface and heated to a suitable temper-
ature, can be employed; but the color must not form too
rapidly, and this is liable to occur if the temperature of
the mass is excessive. Nor should this temperature be
unevenly distributed.

A spring after being whitened can be blued inthe same
way. Having fixed one end, it is stretched by a weight
attached to the other end, and the hot iron is then passed
along it at such a speed that a uniform color is secured.
Of course the hot iron might be fixed and the spring
passed over it. A lamp may be used, but its employment
involves more attention and dexterity.

96. Bluing as an indication of temper. This
subject has already been very fully considered in article
88 to 90. When the color assumed by a piece of steel
does not require to be preserved, and it is only necessary
to temper the object at a certain temperature, the means
best adapted to expedite the operation will naturally be
sought. Thus, in factories, large numbers are tempered
at once in a bath of tallow, oil, etc. The workman, in
judging temper by color (88), must have enough experi-
ence to enable him to determine, for a given sample of
steel, what are the successive colors as well as the tem-
perature of the bath, etc. His success is certain; but it
depends on the experience, and, therefore, on the sense
of sight of the operator, and, we should again add, on
the knowledge he possesses of the qualities of the steel
he is using.
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CASE-HARDENING.

97. This process is often resorted to when a hard
surface is required on objects of wrought iron, for ex-
ample the face of an anvil. It is the exact converse of
the method already described in article 59 for obtaining
malleable castings, and consists in heating the object to a
red heat in contact with charcoal, or some substance con-
taining carbon; this enters into the surface iron, convert-
ing it into steel. Or after heating to a bright redness
the object may be sprinkled over with prussiate of pot-
ash, returned to the fire, and after a few minutes cooled
by immersion in water. When a greater thickness of
steel is needed, or when dealing with large articles, they
must be enclosed in wrought-iron boxes, and bedded in
such substances as fragments of horn, bones, leather cut-
tings, etc; the box is then luted up and the whole main-
tained at a red heat for twelve hours, after which the fire
is allowed to die out. Articles may sometimes be case-
hardened by coating with a paste of arsenious acid, pow-
dered leather, horn, or other nitrogenous body and hydro-
chloric acid, and then heating them to bright redness in
a muffle or other suitable furnace.

INFLUENCE OF FOREIGN METALS AND METALLOIDS
ON THE QUALITIES OF IRON AND STEEL.

98. It would be impossible to give a full account of
this subject in the space at our disposal, and the reader
must be referred to works on the metallurgy of iron and
steel for details in regard to the remarkable influence of
minute traces of phosphorus, tungsten, silicon, mangan-
ese, arsenic, etc., on the mechanical and chemical proper-
ties of those metals.
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COPPER.

99, Copper is an elementary body of a reddish-brown
<olor, which must not be confounded with brass,
-occasionally termed yellow copper. In tenacity it comes
next below iron, breaking with a strain of 34 kils. per sq.
mm. of section (or 48,000 lbs. per sq. inch).

In horology, the only use made ot the pure metal is for
the construction of compensation pendulums on the grid-
iron principle, and as wire in electric clocks. Itis also
-employed, when rolled into thin sheets, for a base to
receive the enamel of watch dials, in consequence of its
-expansion being about the same as that of the enamel,
which does not therefore crack in the cooling.

The copper of commerce is seldom pure, and this gives
_ rise to many of the imperfections met with in ordinary
brass.

ZINC.

100. This is an elementary metallic body of a bluish
white color. Itis used in the form of rods,for compen-
.sation pendulums.

It must be obtained of great purity, whether it is em-
ployed by itself or to alloy with another metal. The
presence of foreign bodies in zinc, even in very small
quantities, has a marked influence on the physical vrover-
ties of an alloy into which it enters.

The purer the metal the more easily will it roll, and
this fact can be taken advantage of as a test of quality.

Although very brittle at 0°C.(32°F.) and 200°C. (400°
F.),it has a maximum malleability at about 100° C. (212°
F.), the boiling point of water; it should, then, be heated
to this degree before bending, rolling, hammering, etc.

It may be annealed in boiling water, or by heating to
-such a temperature that water hisses when allowed to
drop on to it.
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It melts at 420° C. (790° F.) and volatilizes if raised to
a red heat.

A sudden cooling, or the presence of arsenic or anti-
mony, will render zinc brittle. It must not be melted in
cast iron vessels, as the quality of zinc is deteriorated by
the small quantity of iron it takes up undeg such circum-
stances.

This metal possesses a great affinity for oxygen, and
therefore oxidizes very readily when fused.

It is usual, before pouring zinc that is intended for roll-
ing, to throw some pieces of the solid metal into the
molten mass, the object being to somewhat reduce the
temperature, and thus prevent a too rapid cooling, as, in
that case, zinc is very brittle.

BRASS.

101. Pure copper is difficult to work with the graver
or file, but such is not the case when this metal is alloyed
with zinc; we then obtain brass, or, as it is sometimes
termed, yellow copper.

Alloys containing copper, zinc, and tin are termed
bronzes.

If a small quantity of lead, about 1 per cent. of its
weight, be added to brass, it renders the metal less
fibrous, imparting to it a certain degree of brittleness so-
that it is more easily worked with the graver, file, drill,
or the saw.

When the brass is required to be hammered, a portion
of the lead is replaced by tin; by this means the metal
becomes more malleable, or, in terms of the workshop, soft.

The color, tenacity, ductility, malleability, etc., vary
with the percentage composition of the alloy. It is, then,
of the utmost importance that a watchmaker be able to
test and select the brass before employing it in his work;
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metal that is excellent for wire-drawing, for example,.
would be utterly useless for making an escape wheel,
since it would become distorted in the cutting in conse-
quence of its ductility. It belongs, in fact, to the class of
metals that will extend under the hammer without
hardening (very soft brasses).

The following is given as an analysis of brass very
frequently employed in horology: copper, 66 per cent.,
zinc, 33 per cent. ; and lead, 1 per cent. But it must not
be forgotten that thisis only to be taken as a mean. Roth
the proportions and the qualities vary with different
makers, doubtless also according to the degree of purity
of the metals employed in their manufacture.

102. To select brass. By following the directions
given below any watchmaker should be able to select the
brass best suited to his special requirements.

When the copper is in excess, zinc being propor-
tionately reduced, the brass is usuélly soft and of a
beautiful golden color. On the other hand, as the pro-
portion of zinc is increased, the brass becomes more
and more brittle, and at the same time, more fusible;
the color changes to a light yellow, ultimately becoming
greyish-white, and brass of this nature is said to be ¢“hard.”

Very soft brass chokes the file, and spreads with-
out hardening under the hammer; very hard brass, on
the other hand, is fragile, liable to crack when ham-
mered cold, and breaks in passing through the draw-plate.

Metal of a good yellow shade, intermediate between
the golden and the pale "yellow color, passes well
through the draw-plate, spreads out slowly under the
hammer, but without cracking, until of about half the
initial thickness, and then resists the further action of the
hammer, which rebounds from it; such brassis usually
found to be of good quality for watchwork. '
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A sheet of brass is rarely homogeneous. If, after
pouring, the metal has been allowed to cool slowly, the
interior will be crystalline, and there will be an uneven
fracture. This will cause the tenacity, etc.,, to vary
throughout the mass. Similar differences are occas-
ionally to be observed between the two faces of the same
plate, due to the phenomenon of Ziguation; that is to say,
to a tendency that characterizes certain metals when
melted together to separate from one another when the
cooling is not affected under proper conditions.

If the two surfaces of a plate be scraped clean at sev-
eral points, and drops, as nearly equalas possible, of very
pure watch oil, be placed on these clean surfaces, it may
be taken as a rough indication that the metals are
uniformly distributed if the successive shades of color of
the oil as time goes on are the same at all the points
experimented upon.

Some watchmakers heat the brass to a red heat (which
must never be exceeded), and plunge it into nitric acid
(equal parts acid and water). By this means the entire
surfaceis cleaned, and the above examination is facilitated.

HAMMER HARDENING OF BRASS.

108. Plates. The selection of the metal will depend
on the purpose for which it is intended, and the thickness
must be such that, when hammered till of sufficient hard-
ness, it will approximately equal one dimension of the
required object; for it is advisable to remove as little of
the surface metal as possible, a plate always hardening
much more at the surface than in the interior.

There is considerable difficulty in indicating clearly in
a book the exact mode of conducting the operation of
hammer-hardening, and the assistance of a competent
wmaster is essential, at any rate for the first few trials. It
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must suffice to point out that the anvil, with a slightly
convex surface, and the hammer, of sufficient weight,
must be in very good condition and, if possible, polished
on their faces; the head of the latter should be rather
convex,‘and the pene or chisel end somewhat broad and
gently rounded off in all directions, for it will be needed
as a meansof bending the metal upwards; the curvature
being such that there is nota danger of starting a crack,
etc., by its means. We have already spoken of these
two tools (79, 80); it is only necessary to add that a thick
straw pad should bz placed under the anvil or block.

When one is compelled to use brass that is too thick,
so that there is much work to be done with the hammer
to reduce the thickness to what is required, it is a good
plan to commence by elongating the metalin one direc-
tion, striking with the pene of the hammer a series of
parallel blows in the direction of the required elongation;
when the thickness is two or three times that ultimately
needed, the surface is smoothed with the hammer-head
and annealed; then it is brought to the right thickness by
another hammering in the manner explained below, but
it should be again pointed out that, when possible, metal

of a suitable thickness ought to be taken in the first
~ instance, since too much hammering has a detrimental

effect.

Before hammer-hardening a plate, it must be dressed,
an operation which consists in rounding off the edges
very carefully in order to prevent their cracking, and in
rounding the bottom and sides of internal angles which,
without such a precaution would occasion a rupture.
After this is completed, proceed to the hardening, using
a rather heavy hammer, and giving sharp blows along

“lines parallel to the sides of the plate; commence from
one of the corners in the case of a square plate; and
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with a round plate let the blows be in circles. In the
latter case, work from the circumference towards the
center, at'the same time gradually increasing the force
of the blows, since the metal opposes a greater resistance
towards the center. If the work is done evenly and
without hurrying, the surface will remain fairly flat, a
fact which should be verified from time to time by the
-aid of a metal rule.

Round plates are sometimes hardened by commencing
to hammer in the center and working towards the cir-
cumference along two radii in opposite directions; that is
along a diameter. This first diameter is then crossed by
another at right angles; the intervals are filled in with
other diameters that must not touch until the entire sur-
face is covered, always taking care to work from the
center towards the circumference,

When the metal is thin only the hammer-head is used,
but beyond a certain thickness the pene of the hammer
must be employed until about half the required thickness
is reached; the surface is planished and the hardening
finished with the face.

Blows that are irregular, too hard or roughly given,
will cause the metal to crack. Hurried working will
disturb the molecular grouping of the alloy; it will at the
same time be heated and therefore softened, thus losing
all the good qualities that are anticipated from hammer-
hardening, namely increasedbody and elasticity. It was
in order to avoid this heating that the old watch-makers
used to hammer the brass in cold water, an excellent
precaution which is too much neglected at the present
day.

Brass that is badly hammered, the blows being violent
or irregular, will spring out of shape on being cut and
occasionally crack when gilding.
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If during the process of hammering, a crack is ob-

" served to be commencing at the edge, it must be re-

moved with a rat-tail file, all sharp angles being rounded

off; and when cracks immediately reappear on continuing

the operation, it is an indication that the metal cannot
support any further hammering cold.

If brass is compact or well forged it may be relied
upon to preserve the oil at pivots, etc., better, as oil is
decomposed more rapidly in presence of a finely divided
metal. '

104. Brass rods. Rods having a square section
must only be hammered on two opposite faces.

A rod of square section can be hammered on all four
faces but it must be first filed perfectly square; the ham-
mering must not be pushed too far, and the four angles
must be maintained right angles. If some are made
obtuse and others acute, a flaw will be produced in the
direction of a diagonal.

The three following methods are employed in the case
of round rods:

The first consists in hammering over the entire surface,
the rod being at the same time rotated on the anvil by
hand; but this operation must not be much prolonged, as
the metal is liable to crack lengthwise.

The second method consists in reducing the diameter
of an annealed brass rod to about one-half or two-thirds

“its initial amount by causing it to pass in succession
through a number of holes of the draw-plate.

‘When the third method, which is due to Brocot, is
adopted, one extremity of the brass rod is gripped in the
bench vise and the other end in a hand vise, which is
then caused to rotate round the rod as an axis. If the
torsion be continued until the metal is on the point
of breaking, it will be found to be very effectually
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hardened. This method is resorted to with advantage
for hardening pin-wire and the metal for making pil-
lars. '

TO ANNEAL BRASS.

105. When it is necessary to considerably reducethe
dimensions of a piece of brass, either with the hammer,
rolls or draw-plate, it must be annealed from time to
time.

The metal should not be heated to redness; it is sup-
posed, rightly or wrongly, that such a proceeding,
especially if repeated, separates a portion of the zinc, or

at least changes the mode in which it is associated with
" the copper. Brass should be heated slowly and uni-
formly, in a moderate fire, until the temperature is such
that drops of water thrown onto the surface are rapidly
converted into vapour, or paper turns yellow and begins
to smoke. It is then withdrawn from the fire and
allowed to cool.

Brass is brittle when hot, so that it can only be worked
cold.

When brass is annealed, just as when steel is tem-
pered, the metal should not be allowed to rest on a ‘bad
conductor of heat, such as wood or stone, because there
will be a tendency to uneven distribution of the heat
throughout the metal.

CAST BRASS.

106. This is usually brittle, owing to the fact that the
copper employed in its manufacture consists, as a rule, of
all sorts of scrap, from good or bad metal; moreover,
from motives of economy, the proportion of zinc is gen-
erally increased and, in pouring, the precautions essential
to avoid the effects of liquation (102), etc., are frequently
neglected. Such an alloy must never be used for small
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objects, it must be entirely excluded from a watch, and
in a clock only such pivots as are called upon to perform
an insignificant amount of work should be allowed to
run in it.

In order to avoid injuring the file, or embedding in the
metal any particles of the hard coating of oxide that
always covers rough castings, it is usual to dip the object
in dilute nitric or sulphuric acid (155), by which the oxide
is dissoived.

TIN.

107. This is an elementary body, almost as white as
silver and having a breaking strain of only 8 kilo. per
sq. mm. of section (or 11,300 lbs. per sq. inch.)

Watchmakers use it in making solder. It is also some-
times used in the form of plates or rods for polishing
with rouge, and it is said to be much more efficient when
very pure.

If a strip of pure tin is bent, a crackling noise, termed
the «crying” of tin, is heard. After frequent bending,
the metal loses this property.

The degree of purity may be judged:

(1) By the loudness of the «cry,” which is found to
be greater as the tin is purer;

(2) By the relative lightness of two balls of equal size,
one of which is formed of very pure tin and used as a
standard;

(3) By pouring the metal, when just melted,in a mould
I or 2 centimetres (about 3{ inch) in diameter. If tin is
pure, when cast into plates or ingots, the surface will be
perfectly smooth, without exhibiting any sign of crystalli-
- zation at the moment of solidification, whereas the pres-
ence of small quantities of foreign metals causes it to be
covered with a network of needle-formed crystals, which
are the more numerous according as the metal is less pure.
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The Banca tin is almost chemically pure; English tin
is also very pure; but others contain a small percentage
of copper, lead, iron, or arsenic.

BRONZE.

108. Bronze is an alloy, in very variable proportions,
of copper and tin, to which may be added, according to cir-
cumstances, a small percentage of lead or zinc, or eveniron,
when it is desired to increase the hardness or tenacity.

As a rule, this alloy is tough and hard to work; it is
especially used for parts of large machines that are sub-
jected to considerable pressure.

The fusion and casting of bronze require special pre-
cautions, for the proportion between the metals is liable
to vary through oxidation of the tin, which then goes to
form a dross, and the composition may vary throughout
the mass. It sometimes results from this that the bronze
bearings for the pivots in large clocks are not even as
good as ordinary brass, and wear away more rapidly than
the pivots.

Bronze is also used by watchmakers for making plates
or small rods for polishers, and for the bells of clocks.
Bell-metal contains about 78 per cent. of copper and 22
per cent. of tin; it has a beautiful fracture, and is very
fusible and sonorous. The addition of any other metal is
rather prejudicial than otherwise ; this explains why so
many clock bells are wanting in sonorousness.

An impediment to the use of bronze is its want of
malleability ; but Dronier has recently pointed out that
such alloys may be rendered perfectly ductile and malle-
able by adding from 5 to 2 per cent. of mercury. These
alloys are said to be less oxidizable than ordinary bronzes,
and at the same time more hard, elastic, resisting and
sonorous.
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STERRO.

109. This is an alloy containing 56 per cent copper,
41 zing, 2 tin and 1 iron. It resembles a reddish-col-
ored brass, and has been much used in Vienna, where
it is considered superior to brass from the point of view
of ductility, tenacity and malleability.

An experienced horologist, M. Grossmann, made satis-
factory lever escape-wheels of it, and he considers it to
be superior to the best brass in regard to both density
and elasticity. At the same time he points out that it
clogs the cutter, and the color is inferior to that of good
hard brass.

LEAD.

110. A metal with a brilliant bluish grey lustre, which
rapidly becomes dull when exposed to the air. It is very
malleable and ductile. It breaks with a strain of 2.9
kilo. per sq. mm. section (4,000 lbs. per sq. inch), but pos-
sesses extreme flexibility.

Lead is not used in horology, except as a constituent
of solders; in these, however, it plays a very important
part. It is occasionally used in the pure state as a lap
for applying polishing materials, but more frequently
alloyed with tin, by which hardness is imparted to the
metal, the alloy being known as ¢ pewter.”

NICKEL.

111. Anelementary metallic body of a greyish-white
color, resembling that of platinum. With care it can be
forged when hot and formed into plates; its structure
in that case is fibrous. Its hardness is the same as
that of iron, and nickel will take a high polish. Next
to ircm, it is the most powerfully magnetic of all
metals. -
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It can be caused to alloy with many other metals—
notably iron, cobalt, copper, zinc, tin, and antimony.
According to Stodart and Faraday, an alloy of 33 parts
iron and 1 part nickel is as malleable as the former metal,
but less liable to rust. Fleitmann has recently shown
that by the addition of about 1-10th per cent of magne-
sium, nickel is rendered perfectly malleable and ductile,
capable of being drawn into wires or rolled into sheets,
and Garnier finds that 3-1oths per cent of phosphorus
has a similar effect.

Nickel is useful as a coating for objects that are not
subjected to friction, for preserving them from the action
of the air. It takes a beautiful polish, and is not tar-
nished by being touched. '

GERMAN SILVER.

112. Although the proportion of copper in this alloy -
is considerably greater than that of nickel, watchmakers.
frequently apply the latter name to it, doubtless on account
of the beautiful polish of which the metal is capable and
the comparative inoxidizability which it derives from the
presence of nickel.

German silver is an alloy of copper, nickel and zinc,
with the occasional admixture of a small proportion of iron
or tin. When used in the construction of objects that
require soldering, 2 per cent. of lead is added.

The alloy usually employed in horology is very malle-
able; it has a mean composition: copper, 60 per cent;
nickel, 20 per cent; and zinc, 20 per cent. That con-
taining 58 per cent copper, 14 nickel, 25 zinc, and 3 iron,
is said to be highly elastic. ,

The following useful details with regard to the employ-
ment of German silver for watchwork are due to M. C.
E. Jacot.
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Watch movements have been made of this alloy for
the past thirty years; it was long thought that the taste
would die out, but, on the other hand, the demand for
“nickel ” movements increases each year.

The alloy is better prepared at the present day;it has a
beautiful grayish-white colour, it is more malleable, and
better to work than tormerly, but still not so easy as brass.
‘The latter alloy is less detrimental to the file, and can be
turned and drilled more rapidly.

" German silver is only used for the plates, cocks and bars.
"The barrels and wheels are of brass, and surfaces exposed
to friction, such as the center pivot-hole (all other holes
being jewelled) are bushed with the same metal, for it is
.observed that in presence of nickel oil is rapidly blackened
and the pivots wear sooner than when working in good
brass.

The color remains unaltered for a long time if the sur-
face has been carefully smoothed in the first instance; and
if cleansed with soap and water, its original freshness can
be to a great extent restored. Some watchmakers prefer
to employ chemical preparations for cleaning the metal.

The following is recommended as very effective for
this purpose: Mix 50 parts alcohol, 1 part sulphuric, and
one part nitric acid. Allow the pieces to remain in this
liquid for 10 or 15 seconds, wash with cold water, and
.subsequently with alcohol, dry with a soft rag or in box-
wood saw dust.

GOLD.

113. An elementary body, the most beautiful and the
‘most valuable of all the ordinary metals. In the unalloyed
state it has a pure yellow color, and when reduced to
-extremely thin leaves, appears green by transmitted light.
It is the most malleable and ductile of all the metals, but
its tenacity is low.
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Gold resembles platinum,silver, iron, etc., in being capa-
ble of welding, that is to say, two pieces of the metal can
be united without previous fusion. Indeed, by the appli-
cation of great pressure it can be made to weld when cold.

It is insoluble except in aqua regia (a mixture of 1 part
nitric acid and 4 parts hydrochloric acid), alkaline persul-
phides and sclenic acid. Chlorine, phosporus, and a few
other substances can be made to combine with it by the
acid of heat.

It is as a preservative, that is applied in layers termed
« gilding,” that gold is principally used in watchwork, and
some details will be found on this subject under «Gilding,”
(articles 142—158). Owing to its softness the metal is
not used in a pure state, but usually alloyed with copper.
The principal alloys in use in this country are:

22 parts (carats) gold, 2 parts (carats) copper, for coin
and wedding rings.

18 parts gold, 6 parts copper, for high-class jewelrv
and watch-cases.

15.parts gold, g parts copper, for ordinary jewelry.

12 parts gold, 12 parts copper; and 9 parts gold, 15 .
parts copper, for common jewelry.

The alloys used for soldering gold will be described
under “Solders ” (128).

Alloys of gold with silver and copper have been
employed for making watch wheels; they wear well, and
will take a beautiful polish, which is maintained for a
longer time than in the case of brass wheels.

Chronometer balance-springs and the suspension-
springs for astronomical clocks have also been made of
gold-copper or gold-silver alloys rolled and hardened
(868.) If carefully prepared, they maintain their elas-
ticity unimpaired for a long period, and there is no liabil-
ity to rust.
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The dilatation for a given change of temperature is,
however, greater than that of steel, so that a greater com-
pensating effect becomes necessary, but this inconven-
ience is partially compensated for by its inoxidizability
and the fact that it is not liable to become magnetic.

SILVER.

114. This metal in an unalloyed state is too soft for
use 1n horology; its principal use is for cases, and as a
constituent of solders,

douriet made watch wheels of an alloy containing 2
parts silver to 1 part 18-carat gold, and he affirmed that
this alloy became polished at the acting surfaces of the
teeth. Jurgensen states that chronometer escape-wheels
made of this alloy, carefully hammered, do not require
oil at the points of their teeth.
~ Dumesnil proposed an alloy of 2 parts copper, 1 part
silver, and 1 part zinc, all perfectly pure. Lecocq made
chronometer balances in which the brass was replaced
by pure silver deposited on the surface of the steel by
electrolysis, thus avoiding the use of a fire. The com-
pensation is said to have been very efficient.

ALUMINIUM AND ALUMINIUM BRONZE.

115. Aluminium is an extremely light elementary
body, having a density of only 2.56; with equal bulks,
therefore, it will weigh only about as quarter as much as
silver. As its capacity for heat is very great, this metal
is observed to heat or cool more slowly than other
metals.

Pure, or in a slightly alloyed state, it has not been used
in horology, except for pendulum rods and large hands
" in regulator clocks; in short, it can be employed where
lightness is the principal quality in view.



104 THE WATCHMAKERS’ HAND BOOK.

It is extremely ductile. The presence of 1-100th part
of bismuth, however, renders the metal somewhat brittle,
and it develops cracks under the hammer. Traces of
iron also decrease its malleability.

An alloy of 5 parts silver and 95 aluminium can be as
easily worked as the pure metal, but is harder and takes
a better polish.

We would add a curious observation of M. Redier:
After passing a piece of aluminium several times through
the draw-plate, he observed that the elongation had only
occurred at the surface; for on cutting the wire at differ-
ent points, he noticed that, throughont a portion of the
length, the metal was hollow, a very fine capillary tube
being thus formed.

118. Aluminium Bronzeis an alloy of aluminium with
copper. A alloy of 5 parts of the former to 95 of the
latter has a beautiful golden color, but if the proportion
ischanged to 10 and go parts respectively, we obtain the
most serviceable and the most easily worked alloy.

This bronze can be forged at a cherry-red heat, and
even near its melting point; and its thickness can be
reduced to a very small amount under the hammer. It is
easily filed and turned, but does no{ possess any special
advantage over brass, which is less detrimental to the
file; the density is 7.7, very little below that of brass, 8.4.

It appears from a considerable number of experiments
that it might be used with advantage for the bearings of
axes that rotate with high velocities. It resists wear
better than any other metal. In the experiments made
by Foucault to demonstrate the rotation of the earth by
means of the pendulum, he found that an aluminum
bronze wire lasted for the longest period. Its tenacity is
equal to that of iron. It has been shown that slide-bars
of locomotives made of this bronze resist wear twice as
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long as those formed of the ordinary bronze. There
would then be an advantage in using it for the bearings
-of foot-lathes, etc. :

Grossman asserts thatlever escape-wheels of this metal
have proved satisfactory, and he makes the following
-observation on the subject. If aluminium bronze be
reduced to three-fourths of its original thickness by
hammering, it will begin to crack. This can be prevented
by heating to a red heat and plunging into water; it can
then be again reduced by one-fourth of its thickness, and
‘again annealed, and so on. He reduced the thickness
from 2.5 millimeter to 0.2 millimeter, and the metal
resisted for a long period repeated flexures backwards
and forwards; and he observes that no other metal, after
‘being so much compressed, would possess the same
marvellous degree of tenacity.

In order to obtain aluminium bronze of the best quality,
the copper should be absolutely pure, and, in the manu-
facture, the alloy must be melted and forged two or three
times in succession, as by this means the strength and
tenacity are increased, and the metal can be more easily
worked.

The beautiful golden color possessed by certain of
‘these bronizes when polished, has caused them to be used
for cheap watch-cases, but they always tarnish at those
parts that are not subject to daily wear.

MERCURY.
i

117. This is the only metal liquid at the ordinary
‘temperature; it solidifies at — 40° C. (— 40° F.). It
possesses a high” metallic lustre, resembling silver, but
‘with a slightly bluish tint, and does not oxidize at ordinary
'tempe\ratures.
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Mercury alloys with many other metals, forming amal-
gams, and as small a quantity as 1-40th per cent of lead
suffices to entirely alter its character. The presence of
such traces can be easily detected by the liquid wetting
glass or china, and therefore forming a tail when a vessel
containing it is tilted.

The commercial metal is rarely pure, but the greater
portion of the lead, tin, bismuth or copper, by which it is
contaminated, can be removed by distillation. The most
convenient method consists, however, in agitating the
metal with either dilute nitric acid, a solution of mer-
curous nitrate, strong sulphuric acid, a solution of corro-
sive Sublimate or of perchloride of iron, and subsequent
washing with distilled water. When mercury is only
contaminated with mechanical impurities, they can be very
effectually removed by agitating with powdered loaf
sugar.

This metal has many uses in the arts, for the construc-
tion of thermometers, barometers; for plating, etc.; in
horology it is used for compensation pendulums, and has.
also been occasionally used for compensation balances.

PLATINUM.

118. This elementary body is almost as white as
silver, takes a brilliant polish, and is highly ductile and
malleable. It is the heaviest of the ordinary metals, the
least expansive when heated, and has a breaking strain
of 40 kilo. per sq. mm. section (56,500 lbs. per sq. inch.).

Platinum is infusible, except at the high temperatures.
attainable with the oxy-hydrogen blowpipe. At a white
heat, however, it softens, and can be forged and welded.
It is unacted upon by the air at any temperature, and is.
insoluble in acids, except aqua regia (156), although acted.
on by certain alkalies.
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This metal is used in the construction of scientific
instruments, and for objects that are exposed to the air,
as, for example, sun dials. Alloyed with irridium, (a rare
~ metal of the same group) it possesses an excellent and
- unalterable surface for fine engraving, as the scales of
astronomical instruments, etc. This alloy has also been
adopted for the construction of international standards of
length and weight.

Platinum is much employed for chemical apparatus, in
consequence of its being unacted on by acids, and its non-
liability to melt in ordinary furnaces. Both the pure
metal and its alloys with silver have been employed in
the form of wire for bushing the pivot-holes of watches,
and in sheets for cutting out cocks and wheels, but the
results obtained were not as good as with good brass.
As a rule, such wheels are found to occasion a rapid
wear of pinion leaves.

Attempts have also been made to construct balance--
springs of this metal, but we are informed that they were
not found to possess any sufficient advantages.

It is advisable to heat platinumin a spirit-lamp or Bun-
sen burner; the naked flame is objectionable, because,
being charged with a certain amount of carbon, it deteri-
orates the metal.

PALLADIUM.

119. This metal resembles silver rather than platinum,
and is almost as infusible as the latter metal. It has a
density of 12:'5. When heated in contact with air it
becoreés blue, owing to the formation of an oxide. It
possesses the remarkable power of absorbing (or occlud-
ing) about goo times its own volume of hydrogen, if
attached to thé negative pole of a battery in acidulated
water; its bulk is increased slightly by this charge, and,
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on expelling the gas by the aid of heat, the metal shrinks
to less than its initial dimensions. Palladium is useful for
the graduated scales of scientific instruments, since it is
not discolored by sulphurous acid. It forms alloys with
most of the metals and some of these can be hardened
like steel. If 100 parts of steel be alloyed with 1 part of
this metal, 1th: resulting alloy is said to be excellent for
making scientific instruments, and an alloy of 24 parts
palladium, 44 silver, 72 gold, and 92 copper has been
recommended for use in horology.

M. Paillard, of Geneva, has introduced balance-springs
made of an alloy, whose composition is not given, pos-
sessing the following advantages: they are non-magnetic,
their tenacity is considerable, are not tarnished by the air, -
sulphurous acid, or sea water; nor are they distorted by
heating, and, on cooling, they recover their original elas-
ticity, which is equal to that of steel hardened and tem-
pered to a blue color. The co-efficient of expansion of
this alloy is rather less than that of steel.

CHARACTERISTIC PROPERTIES OF ALLOYS,

120. Density. This is sometimes rather greater and
sometimes less than that deduced from the densities of
the constituent metals,* but no exact law has been dis-
covered in regard to this question.

Hardness, Ductility, Tenacity. Alloys are usually
harder, more brittle, and less ductile and tenacious than
the most ductile and tenacious constituent metal.

Elasticity. The co-efficient of elasticity of an alloy
generally approximates closely to the mean of the co-
efficients of its constituent metals.

* The theoretical density of an alloy, on the assumption that in alloy-
ing the metals do not contract or expand, is obtained by dividing the
percentage proportion of each constituent metal by its density, adding
the products so obtained together, and dividing their sum into 100.
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Expansion. The co-efficient of linear expansion of an
alloy, that is to say, the number representing the propor-
tional part of its length by which it increases for each
degree rise of temperature, may be approximately esti-.
mated as follows: multiply the linear co-efficient of each
constituent metal by the percentage of it present in the
alloy, and divide by its density. Add together the sev-
eral numbers thus obtained. Multiply this sum by the
density of the alloy (which must be experimentally
determined) and divide by 100. The resulting figure is
the required linear co-efficient (122).

Fusibility. Alloys are always more fusible than the
least fusible of their component metals, and often more so
than any one of them.

Oxidation. As a rule, the air acts with less energy on
alloys than on their constituent metals. There are, how-
- ever, cases in which the converse is the case.

Action of acids. This is generally similar to the action
on the predominating metal.

Observations. Alloys formed of metals that differ
materially in density are rarely homogeneous, especially
if they have been allowed to cool slowly. It is, then,
essential that they be thoroughly stirred and cooled rap-
idly. Itis for this reason that alloys are frequently poured
out on to a flagstone 1o cool, or that they are compressed
after pouring, whereby the formation of crystals is pre-
vented.

121. Metals and alloys. The following table gives
the more important physical properties of the metals
and alloys generally met with, and will be found use-
ful for reference. The precise meaning of each number
may be gathered from the notes in paragraph 122.
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122. Notes on the foregoing table. For a com-
plete explanation of the several properties of metals and
alloys that are enumerated in the above table, the reader
must be referred to works on mechanics and physics,
but the foliowing explanatory notes are necessary.

The number in brackets after the name of each metal,
etc., refers to the article in which it is considered.

The specific gravity of a substance is the ratio of the
weight of a given bulk of that substance to the weight of
the same bulk of water at a definite temperature. The
numbers here given can only be regarded as approxima-
tions, as the specific gravity varies greatly with the state
in which a body exists, the hammering it may have been
subjected to, etc.

Degree of hardness is ascertained by means of the fol-
lowing standard series, observing which of them scrat-
ches the body under examination and which it is capable
of scratching.

1, Talc; 2, Gypsum; 3, Calc-spar; 4, Fluor-spar; s,
Apatite; 6, Felspar; 7, Quartz; 8, Topaz; 9, Sapphire;
10, Diamond.

Linear expansion. These co-efficients represent the
extension in length that the several substances undergo
when heated: the first column for each degree Fahrenheit
and the second for each degree Centigrade. The exten-
sion is given per unit of length; thus, 1 inch of copper at
32° F. will become 1 +0'0000102, or 1-0000102 inch at
33° F.; and 1+30 X .0000102, or 1.000306 at 32+ 30 or
62° F.

Superficial expansion may be obtained by multiplying
the linear co-efficient by 2, and cubical expansion by
multiplying the same number by 3.
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Asin the case of specific gravity, these data, as well as
those in succeeding columns, can only be regarded as
approximations, depending on the condition of the metal
etc.

Specific heat is the amount of heat required to raise
the temperature of a substance one degree (the Centi-
grade scale being here adopted), that required for the
same weight of water being taken as unity. The cor-
responding numbers on the Fahrenheit scale can be
deduced from those here given by multiplying by 5 and
dividing by o.

The melting points are given on Fahrenheit’s scale and
can only be regarded as approximate on account of the
difficulty experienced in determining these high tempera-
tures. Different observers often vary by two or three
hundred degrees in their estimates.

Conductivity for heat and electricity are given in
reference to that of silver, which is called 100. It sur-
passes all other known metals in both these properties
when chemically pure, but a trace of impurity hasa very
prejudicial influence on them.

It will be observed that in many cases the conductivi-
ties have not been determined, a remark that applies to
other columns of the table.

SOLDERING.

123. It is well known that a so/der is an alloy
employed to unite, by the aid of heat, two metallic bodies
that are placed in contact. A solder, then, must be much
more fusible than the metals it unites, otherwise these
latter would be damaged by the degree of heat applied.
Solder is all the less tenacious, and melts the more easily
according as the proportion of the most fusible metal
present is increased.
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This fact is taken advantage of when several solderings
have to be performed on the same object. The alloy
last employed will require to be considerably more fusi-
ble than the first, as otherwise the heat would be so great
that the earlier joints would melt. In an ordinary lead-
tin solder, the fusibility is increased by increasing the
proportion of the latter metal till the lead is to tin, as 6
isto 1. 'This alloy melts at 194° C. (380° F.), and the
melting point may be still further reduced by adding a
gradually increasing proportion of bismuth.

As the melting point of the solder approximates to
- that of the metals to be united, the risk of damaging
these latter is of course increased, but, at the same time,
the joint will be all the stronger, as the metal will be
almost as strong there as at any other point, and it can be
forged, etc.

Solders are distinguished as %ard or soft; the former
requires the application of a red heat, and can therefore
only be used for such metals as gold, silver, brass;
whereas the latter melt at very low temperature, and can
be employed for metals that have low melting points, or
when it is important not to exceed a moderate degree of
heat. The joint is, however, the more solid according as
the heat employed approximates to that at which the

metal will melt.
*

124, Composition of solders. The solders ordi-
narily employed can be obtained from material dealers,
but it is advisable to give here the composition of some

of the more important, specifying the metal to which they
_ are applicable. '

125. Aluminium solders. 1. Zinc, 70 parts; copper,.
15; aluminium, 15.



114 THE WATCHMAKERS' HAND BOOK.

II. M. Mourey employes a series of aluminium-zin¢
alloys, commencing with two per cent. aluminium to g8
per cent zinc, and progressing to 20 per cent of the
former to 8o per cent of the latter metal.

128. Gold solders. 1. Gold, 6 parts; copper, I part;
silver, 2 parts.

II. Gold, 15 parts; silver, 2 parts; copper, 1 part.

III. Gold, 11°94 parts; silver, 54-74 parts; copper,
28-17 parts; zinc, 5-81 parts. The three first metals are
melted together in a crucible, and when they have some-
what cooled, a rather greater proportion of zinc than is
here indicated (to allow for loss by volatilization) is added,
and the alloy constantly stirred.

127. Silver solders. 1. Silver, 2 parts; brass (for
pin-wire), 1 part.

II. Silver, § parts; pin-wire brass, 1 part.

III. Silver, 10 parts; pin-wire brass, § parts; pure
zinc, 1 part.

128. 7in solders. 1. (ordinary soft solder.) Tin,
2 parts; lead, 1 part.

II. (Harder, and known as ¢ Plumbers’ Sealed ” sol-
der.)) Tin, 1 part; lead, 2 parts.

IIIl, Many other proportions of tin and lead are
occasionally used, ranging from tin, 1 part;lead, 25 parts,
to tin, 6 parts; lead, 1 part.

IV. (Very fusible solder, melting in boiling water.)
Lead, 3 parts; tin, § parts; bismuth, 8 parts. The fusi-
bility is still further increased by adding mercury or
cadmium.

129. Spelter solders. (Used for brazing.) Copper
and zinc in varying, proportions. It becomes more fusi-
ble as the amount of zinc present is increased.
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METHODS Of SOLDERING.

130. A thorough cleansing of the surfaces to be
united is always needful, but more especially so in the
case of soft soldering. It may be effected by means of
acids, or with a graver or scraper, etc.; the cleansed
surfaces must not be touched with the fingers, and the
soldering should be done at once. If acidsare employed,
the objects should be thoroughly washed after soldering,
in order to avoid rust; and, after drying, they should be
rinsed with alcohol.

The parts to be soldered are held in position with
.clamps, tweezers, pins, or iron wire. This latter, known
as binding wire, is used for delicate objects and should be
very pliable. When a high degree of heat is to be
applied, all risk of the iron uniting with gold may be
avoided by mixing a little sandiver with the borax
-employed. (See article 153). '

Before heating, if there are already parts united with
solder, they should be covered with borax to prevent
softening.

Only a moderate heat should at first be applied, so as
to melt the borax, or sal-ammoniac without displacing it,
The violent frothing up, which is very liable to displace
the parts or the fragments of solder, can thus in a great
part be avoided. If a naked lamp-flame is used, or if it
is directed on to the object with a blow-pipe, it should be,
8o to speak, large and soft, and the jet should not be
directed to the point of juncture until the solder is
.observed to have fused. In soldering brass to steel, it is
sometimes necessary to direct the flame against the brass
oonly, in order, as far as possible, to avoid softening the
steel. The hard solders for gold, silver, etc., require a
considerable degree of heat so that the objects must be
heated to redness. :
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181. To solder gold and platinum to each other
or to themselves. On a hard wetted surface, marble, for
example, rub a piece of borax until a white liquid paste
is obtained (or the powdered borax sold by chemists can
be made into paste direct). Having prepared the borax,
the surfaces to be united are cleansed either by scraping
or with dilute nitric acid (155); the acid may be previously
heated to boiling, as it will then act more rapidly; and
the surfaces are subsequently scraped. They are now
covered with the borax with a paint brush, set in position,,
and small pieces of solder placed on the junction. As
already observed, the heating must at first be gentle to
avoid displacing the solder by the frothing of the borax.

132. To solder silver. Also for uniting gold to
silver, or silver, brass, steel to each other or to them-
selves. Proceed in the manner already explained. for
gold and platinum, except that the borax paste must be
sensibly thicker.

183. To solder tin. Also for uniting gold, silver,
brass to each other, or to other metals, such as steel, iron,
etc. Clean the surface with a graver or scraper; sul-
phuric or hydrochloric acid may be used, but in this case
the cleasing afterwards must not be forgotten,

The heating is effected as in soldering gold, unless a
soldering iron is used, when the directions subsequently
given should be followed,

134. To solder aluminium. M. Mourey recom-
mends the following method.

One of the series of aluminium solders, No. II. (art.
125), is employed and, as a flux, two-thirds of balsam of
copaiba, one-third very pure Venice turpentine, and a
few drops of the juice of a citron; these constituents are
pounded together in order to secure a perfect admixture.
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The surfaces to be united are covered with solder
(employing a soldering iron of aluminium) just as in the
case of tinning (187), the flux just mentioned being used.
The two surfaces, thus prepared, are placed in contact
and maintained in the required position, and, after laying
on the joint particies of solder that are richer in aluminium
than the one used for preparing the surfaces, the
whole is placed over a charcoal fire or heated before the
blow-pipe, pressing gently on the pieces of solder, which
will soon melt and should be distributed by means of a
little tool of aluminium.

During this second stage of the process, it is necessary
to be very cautions in the application of the flux; the
pieces of solder should only be dipped in it before being
placed in position, for the flux is mainly for use in pre-
paring the surfaces; as soon as the solder has run well,
the temperature should be lowered in order not to dry
up and burn the solder, which would be apt to become
brittle.

In preparing the solders, the aluminium is first fused
-and stirred with a small iron rod; then add the zinc and
stir again; add a little tallow and cast the solder into rods.

The zinc must not be too much heated, as it will vola-
tilize, leaving the alloy rich in aluminium and therefore
brittle.

135. Fluxes for soldering. Various substances
can be employed as fluxes for cleansing the surfaces to
be united: -

Sal-ammoniac reduced to powder and made into a
paste with sweet oil, or merely dissolved in water. A
paste formed of sal-ammoniac and resin, reduced to pow-
der, with water or oil. Aesin alone will suffice for the
soft soldering of copper or brass. Venice turpentine,
which has the advantage of not causing steel to rust,



118 THE WATCHMAKERS’ HAND BOOK.

although it makes the objects sticky so that they require
to be afterwards rinsed in alcohol or turpentine.

Various acid solutions are sold for the purpose and
experience will enable the watchmaker to select that
which is best adapted to his requirements.

Lastly, saturated clkoride of zinc can be recommended.
It is prepared as follows:

Some dilute hydrochloric acid (which also goes by the
name of spirits of salts, or muriatic acid) is placed in a
glass flask and strips of zinc are added one by one; the
flask must be left uncorked and the zinc added a little at a
time, lest the effervescence that occurs should break the
vessel. When the zinc added is not acted on by the fluid
it may be concluded that the acid is saturated or ¢killed,”
and the fluid may then be transferred to a stoppered or
corked bottle for use. In using it, a small quantity is
spread over the surfaces that are to be united and the
solder will be found to run with great freedom. Some

authorities recommend the addition of sal ammoniac to -

the extent of one fourth the weight of acid taken. It is
well again to warn the reader that the pieces must be
thoroughly washed after employing these liquids, for,
otherwise, they will cause tools with which they are
brought in contact to rust and will rust themselves if they
consist wholly or in part of iron or steel. The vessel
containing the fluid must be kept well away from the
work-bench.

The liquid can be used immediately after being pre-
pared as above explained; but all acid reaction may be
prevented by evaporating at a moderate temperature
until of the consistency of oil; it is then allowed to cool
and kept in a bottle.

136.. The soldering iron with a head of copper,
such as is used by tin-plate workers, is well known; if
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made on a small scale it may occasionally be of service
to the watchmaker. The tool may be T-shaped, one end
of the horizontal portion, the copper head, terminating in
a rather thin blade, and the other enlarged, so that, when
held in the flame of a lamp, it will store up a sufficient
amount of heat. The upright part of the T corresponds,
of course, to the handle. After the iron has been heated
just short of redness in the dark, the end of the blade is
moistened with soldering fluid and a small piece of solder
attached to it. The object to be united is gently heated
and also moistened with the fluid; the iron charged with
solder is presented to it, often with the enlarged extremi-
ty of the head maintained in the flame of a lamp, and the
solder will, as a rule, run without again heating the ob-
ject, although this might be done while the iron is still in
contact. It may be found convenient to fix the iron in a
suitable position with the lamp below the large end of
the head; the object will then be brought against the
iron after being moistened with the fluid.

137. Itis often advisable to tin the surfaces to be
united previous to soldering them; in order to do this
they are moistened with soldering fluid, small pieces of
solder are then spread over, and these are fused by pass-
ing the hot iron over the surface; or the solder can be
spread after fusion by means of a metallic rod charged
with the liquid.

138. Brazing. This operation consists in soldering
iron, steel, brass, or copper, with an easily fusible brass,
. which is specially prepared in the form of coarse dust,
termed spelter solder, or cut in thin strips of convenient
shape (120). The method resembles, in all essential
particulars, the application of hard solders previously
referred to (131, etc.)
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Heat is usually applied direct by the blow-pipe, borax
being used as a flux, and the precautions taken that are
mentioned in article 130: it is necessary to avoid a greater
degree of heat than would melt the brass, since the object
might in that case be fused. For fine work, it is better
to employ silver solder.

On an emergency, two pieces of steel can be united
by brazing and subsequently hardened, and we have suc-
cessfully practiced this method in such a case as the fol-
lowing: ‘A small portion having been broken off from
the quarter-piece of a repeater, we dovetailed into it
another piece of steel of the required form, but a trifle
too large at the upper side. When the brass had run
well into the joint, and the piece was still at a full cherry-
red heat, it was hardened, and afterwards cleaned and
tempered to a blue color. The upper surface was then
brought to shape with a good file, resting it on a wooden
block against a projection, and, after making sure that
it would act correctly, the whole was smoothed and
polished. It has since worked well and does not show
signs of wear.

BRONZING.

139. To bronze copper. The following are two
methods recommended for bronzing objectsof this metal,
for example, a medal. .

Dissolve two parts of verdigris (acetate of copper)
and one part of sal-ammpniac in vinegar Boil the
solution, skim it, and dilute "with water until it no longer
possesses a feebly metallic smell, nor produces a whitish .
precipitate on the addition of water. Then let it boil
again in an earthenware or porcelain vessel and transfer
it, while boiling, into another vessel containing the per-
fectly clean medals, etc., and place the whole on the fire.
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As soon as the medals assume the required color, remove
them, and wash carefully in clean water..

The objects must not be left too long in the acid
bath over the fire, because the layer of oxide would
become too thick, and would easily scale off the sur-
face; whereas, if the operation is properly conducted,
the coating adheres so firmly that it cannot be separated
even by scraping. Of course, itis only after a certain
number of trials, and with experience, that the exact
moment can be ascertained for removing the objects
from the bath. Itis very necessary that the bath be not
too concentrated, as the superficial oxide becomes pro-
portionately less adherent: moreover, a whitish powder
is deposited on the medal, which turns green on exposure
to the air and spoils the appearance of the bronzing.

140. Chinese bronzing. The Chinese employ the
following mixture for bronzing copper, the several con-
stituents being powdered before being incorporated
together: 2 parts of verdigris, 2 parts of cinnabar, 5 of
sal-ammoniac, § of alum, and 2 parts of the beak and of
the liver of a duck. A paste having been made, with
vinegar, it is spread over the perfectly clean suriace of
the copper, and the whole exposed for an instant to the
fire, then allowed to cool, washed, and the operation
repeated as often as may be needed in order to obtain
the desired tint. :

By adding sulphate of copper to the mixture a browner
shade will be obtained, and it may be made yellower by
adding borax. Copper thus treated is said to present a
beautiful appearance, and to be so permanent that neither
air nor water has any influence against it.

141. To bronze brass. Dissolve copper turnings in
nitric acid until it is completely saturated. Immerse the
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brass -objects to be bronaed in this solution after they have
been cleaned, smoothed with water of Ayr stone, and.
heated to such a temperature as the hand can just sup-
port; on being placed over a charcoal fire they will
assume a green color; rub them over with rags, repeat
the immersion and heating over charcoal until the required
tint is obtained. The shade may be improved by oiling:
the finished surfaces.

It is asserted that by immersing copper articles in
molten sulphur containing lamp-black in suspension, they
assume the appearance of bronze; and that they may
even be polished without losing their color.

GILDING.

142. Gold gilding without the aid of mercury.
Prepare the gold in fine powder, as explained in the fol-
lowing paragraph, or procure it from the dealers in
chemical products, who manufacture it of various tints.
Make a mixture of this powder with pure rock salt and.
cream of tartar (bitartrate of potash), pulverized in the
same manner as described in speaking of silver-plating
and take the same precautions in its application.

The gold surface will present a dull appearance; acid.
cannot be used to improve its color when operating, for
example, on a wheel with attached pinion, but the same
result may be attained by a very simple method. Rub-
the object after plating with cream of tartar, mixed with
a large proportion of water; then immediately wash inan
abundance of warm water at not less than 40° ‘C. (104°
F.); soap it thoroughly, so asto neutralize any acid that
may remain, and finally pass through alcohol to dissolve
any remaining soap.

The surface will be still further improved by rubbing
with a very hard piece of plth such as is occasionally met.
with.
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M. Robert, in describing the above method, adds:
¢ In this manner I have gilded cocks, domes, compénsa-
tion balance weights, and even their brass rims. When.
skilfully and expeditiously performed, the pinion need not
be discolored; but, if it is at any time slightly marked,
it may be restored by at once.rubbing the surface with a
soft stick and fine rouge.”

143. Preparation of the gold powder. As
already ol served this can be obtained of any desired color
from the dealers in chemical products, but the following
method is given for the benefit of any one who desires to-
prepare it for himself:

Place some gold in thin leaves n a dish, and add a little:
honey, thoroughly intermixing the two by the aid of a
glass rod flattened at one end; then place the paste so
obtained in a glass of water containing a little alcohol,
washing it and allowing the powder to settle. Decant
the liquid and again wash the residue, repeating the op-
eration until a fine brilliant powder is obtained. This
powder is mixed as required with rock salt and powdered
cream of tartar in the manner already described.

144, Second method. Dissolve one part by weight
(say about ten grains) of pure gold, rolled very thin, in
aqua regia (155) contained in a porcelain dish, which may
. be gently heated on a sand-bath, and evaporate the acid
until it assumes a blood-red color.  Add about 30 parts,
by weight, of warm distilled water, in which 4 parts of
crystallized cyanide of potassium have been previously
dissolved; thoroughly stir the mixture with a glass rod,
and filter it through a glass funnel.

W45, Third Method. Roseleur recommends the fol-
lowing solution for gilding by simple immersion. Distilled
water, 17 pints; pyrophosphate of soda (in crystals)
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28 ounces; hydrocyanic acid, 1-3 ounce; crystallized per«
chloride of gold, 2-3 ounce. The pyrophosphate is added,
in small quantities at a time, to 16 pints of water, in a
porcelain vessel, stirring with a glass rod and applying
gentle heat; then filter and cool. The gold salt is dis-
solved in a small amount of water; filter and add to the
cold solution of pyrophosphate; lastly, add the hydro-
cyanic acid and the solution, heated to the boiling point,
is ready for use.

The articles to be dipped must be thoroughly cleansed
and passed through a very dilute solution of nitrate of
binoxide of mercury; they must be constantly agitated
while in the bath and the best coating is obtained by dip-
ping the articles in a nearly exhausted solution of the same
kind immediately after the mercury solution.

1468. Electro Gilding. Butthe method most usually
adopted is that in which a battery is employed. It is,
however, imposible, within the limits of this work, to
explain the precautions that are necessary in conducting
the process, managing the battery, etc., and the reader must
bereferred to works on electro-metallurgy for these details.

147. To prepare the pieces to be plated. After
the surface has been stoned, boil the object a few minutes
in a solution of soda or potash, and rinse in clean water.

Roseleur, in the articles already referred to, gives very
full instructions, of which the following is an outline. The
reader who desires to obtain more complete information
can consylt his works.

Attach the pieces to a cork and brush with a clean brush
charged with water and pumice-stone powder and thor-
oughly rinse. Place them in a solution consisting of : water,
21 gal.; nitrate of binoxide of mercury, 1-14 oz.; sul-
phuric acid 1-7 oz. Then rinse again.
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148. Graining. Mix thoroughly with the applica:
tion of moderate heat, silver powder, 1 ounce; pure common
salt, finely powdered, 13 ounces; cream of tartar 4 to 5
ounces. Make a thin paste of this mixture with water
and spread with a spatula on the pieces; having mounted
them on a cork to which a rotary motion is given, rub
them in all directions with a brush with close bristles, add-
ing fresh paste from time to time. When the desired grain
is obtained, wash and scratch-brush with revolving wire
~ brushes. Three of theseare often used of varying degrees
of hardness and a decoction of ligorice, weak size or stale
beer is liberally applied to the surface.

149. Resist. This is a composition for covering steel
parts in order to protect them from the action of the acids,
etc., in the various processes of cleaning, graining and gild-
ing. It consists of yellow wax, 2 ounces; clear resin, 314
ounces;very fine red sealing-wax, I }4 ounces; finest rouge,
I ounce; Melt the resin and sealing-wax in a porcelain
dish, then add the yellow wax, and when the whole is
thoroughly liquid, gradually add the rouge, stirring with
a glass rod. The parts to be coated are slightly heated
and covered with the mixture.

To remove the resist after the gilding process is com-
pleted, place the pieces in warm oil or turpentine, thenina
very hot soapy or alkaline solution and lastly in fresh water.

150. When prepared as above explained, the object
may be gilt by one of the preceding methods; of course a
hot solution cannot be resorted to when the resist has
been applied.

151. To clean objects that are of gold or gilt.
The following method is equally applicable to pieces that
are gilt, such as cocks, domes, etc., the frames and parts
of timepieces and to either gold or gilt jewelry. .
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To about a tumbler of water add 20 drops of strong
ammonia. Immerse the object several times in this mix-
ture and brush it with a soft brush; as soon as the opera-
tion appears to be completed (which experience will soon
enable the workman to ascertain), wash in pure water,
then in alcohol, and dry with a fine linen rag. The origi-
nal brilliancy of the gilding will then be restored.

When the coating is thin and has been galvanically
deposited, only very soft brushes must be used. '

Gilders, instead of dipping in alcohol and drying with a
linen rag, usually immerse the pieces in boxwood sawdust,
leaving them long enough to become thoroughly dry;
after this treatment they merely require to be shaken’
.and lightly rubbed with a fine brush.

The sawdust must be perfectly dry; indeed it is a good
plan to slightly warm it by placing the wooden box con-
taining it for a few minutes on a hot oven or stove in the
‘winter and exposing it to a hot sun in summer. '

Instead of ammonia, alum (158) is sometimes boiled in
‘water and the objects dipped two or three times in this
solution, subsequently brushing as in the previous case.

152. 70 restore the dead surface of gold or gilt objects.
Place them for two or three minutes in chlorine water,
rinse them in clean water, soap them and finally dry
in sawdust. It is advisable that parts that are polished
be prevented from actual contact’ with the liquid as it
would produce a somewhat deadened surface.

158, 70 clean gold jewelry after soldering. Particles
of binding wire are often left adhering to the sur-
face of jewelry after soldering, and, on dipping the
object into the dipping liquid, a layer of oxide may be
formed. THis can be removed without detriment to the
polished'surface by plunging the object for a few seconds
in nitric acid (155)-
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ACIDS AND SALTS.

154. The watchmaker has occasion to employ a few
acids and salts. He should never forget the advice
already given to keep them away from his work-bench
and always to well wash a piece of metal that has been
in contact with them.

155. Acids. Nitric Acid, either in a concentrated or
dilute form, will dissolve iron, steel, copper, lead, silver,
zinc, brass, nickel, mercury, German silver. It does not
dissolve tin, but reduces it to a white powder, known as
metastannic acid. Hence, if an attempt be made to dissolve
bronze which contains tin, this metal is deposited, and the
copper and zinc pass into solution.

Sulphuric acid will dissolve iron, steel, copper, tin,
silver, zinc, brass, nickel, mercury, German silver.

"Hydrockloric acid will dissolve iron, steel, zinc and
nickel and has a slow action on copper, tin, brass and
German silver.

Agua regia, a mixture of about 2 parts hydrochloric
and 1 part nitric acid, will dissolve all the above-named
metals, and in addition, gold and platinum, although separ-
ately neither acid will attack these metals.

Hydrofiuoric acid attacks and dissolves all metals,
except platinum, lead and silver with violent effervescence.
It is also used for etching on. glass or enamel. It is
usually preserved in gutta-percha bottles, and is of such a
dangerous nature that no use should be made of it without
a good knowledge of its properties.

Acids are rarely employed pure by watchmakers; they
are diluted with water. Nitric acid of commerce has a
density of about 1.4 (38° on Baume’s hydrometer). If
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this density is reduced by the addition of water to 1-16
(20° Baume),we obtain the acid most commonly employed.
For cleaning metallic surfaces prior to soldering etc.; for
giving a grained surface to brass, and for whitening blue:
steel, special proportions are found most convenient, which
the reader can best determine experimentally for himself,
remembering that the action of the acid should neither be
too quick nor too slow. When once he has ascertained the
best proportion, he can always recover it by the aid of the
hydrometer.

156. Salts. Borax serves as a flux in soldering gold,
silver, platinum, etc., (131); also for the same purpose
in brazing (188); it is met with in crystals or as a
powder.

Sal Ammoniac (also called Chloride of ammonium,
is used for soldering tin, either as a powder or made into
a paste, with sweet oil or with water, or mixed with resin..

 Alum dissolved in water may occasionally be used in
place of nitric acid for cleaning surfaces that have been
soldered; it attacks iron or steel more energetically than
copper, zinc, or brass. This-factis often taken advantage
of for removing broken screws, etc., from brass plates.
All other steel parts are removed and the plate placed in
a solution of alum, when thesteel screw is gradually eaten
away by being converted into rust.

In 100 parts of cold water, only ¢ parts of alum will
dissolve, but if the water be boiled, it will take up 75 parts.
Its action will then be proportionately more energetic
when boiling. ‘

OIL.

"157. The oil intended for use as a lubricant for watch-
work, etc., should be kept away from the light, as other-
wise it would be discolored; it is on this account that the
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bottles containing such oil are frequently covered with
black paper. Only the quantity wanted for immediate
-use should be placed in the oil-cup.

Two preliminary tests will afford some indication as to

the quality of an oil. A thick layer is placed on a small

_ portion of the surface of a glass plate, and side by side, a
similar layer of another oil used for comparison, and they
are exposed to the air for some time without being touched.
The one that is found to be sticky under the finger when
the other has dried up will, in all probability, be preferable.
The second preliminary test is made on a whetstone; it is
usually found that the oil that takes the longest time to
thicken is of better quality. Of course these tests will
only suffice to afford a rough approximation, and cannot
be accepted as conclusive.

The mode adopted for testing either the acidity or the
purity of oil will afford no evidence as to how long it
will maintain its fluidity; and very good results have at
times been secured by the use of oils that were slightly
acid, or from mixtures of oils of two or more qualities.

Many of the methods recommended for purifying oils
are to a great extent illusory, for they cannot impart to
the fluid characteristics that are wanting from the begin-

" ning. Success depends largely on the skill of the manip-
ulator; and if he is not endowed with the power of judg-
ing, mainly by the taste, whether oil satisfies certain
prescribed conditions, he can never be certain of the result.
Crops differ as regards degree of maturity, etc., from year
to year; and the animals from which oils are procured are
rarely in the same condition as regards health, age, nour-
ishment, etc.

Tests made on a whetstone, and on a window-pane, as
well as observations made on drops of oil placed in jewel
holes, or in oil cupsin a metal plate kept for the purpose—
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some of the drops being exposed to the air, while others
are in closed boxes—will afford valuable indications; and
according to the observations of M. H. Robert, it is safe .
to consider an oil bad if, at the end of six or eight days
after being placed on a plate of good brass, it shows a
marked green tinge—especially so if a clearly defined
fringe forms round the drop, or else if the brass itself is
discolored.

After all, the only evidence on which the watchmaker
«<an rely is that which he obtains by experimenting on
watches which he keeps to lend to his customers while
their own are undergoing repair, and these trials should
last for at least a year.

And there is great variety among the wearers of
watches. Some live in constantly varying temperatures,
often dusty; many ladies use perfumes; some persons per-
;spire more than others; all these causes influence the oil,
and make it alter or evaporate more rapidly in one watch
than in another.

158. To secure the maximum permanency in
oil. Inthe case of very many watchmakers who com-
plain bitterly of the oils they employ, the fault is their own
and not that of the oil; for they neglect the most simple
precautions, both in purchasing and in using it.

The following are a few points to which attention should
be given: .

Do not buy, from motives of economy, bottles that have
lain for years in the shop.

Keep the oil away from the light, and only take in the
il cup the amount required for immediate use, as stated
-above. :

Ascertain that the watch-cases close well. If they do
not, there will be air currents generated, and the oil will
suffer.
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The oil in a cylinder escapement will always deteriorate
very rapidly; some watchmakers coat over the inside of
the dome-joint and recommend the owner not to open it.
By doing so, the oil can be maintained in good condition
at the escapement for a long time.

Lastly, when cleaning a watch, the work should be con-
scientiously done. This point is very important.

When the parts are carelessly cleaned with soap, or
with impure benzine, they will, after a few months, assume
a dull colour, in consequence of a thin layer of the mate-
rials used in cleaning having been left on the surface.
It has at times been noticed that steel work was preserved
from rust through the perspiration of the wearer, after
being cleaned by certain fluids. Evidently this was due
to a thin coating having been left on the surface of the
metal. The conclusion to be drawn is obvious: clean
«carefully; push the pivots into rather hard pith; finish with
a soft brush in proper condition, and clear out all pivot-
holes with pegwood. ’

159. Mixed oils: camporated oils. Good results
are frequently obtained by mixing together two different
kinds of oil. Thus, American watch oil, which is very
fluid and apt to evaporate at the temperature of the
pocket, is improved by the addition of a somewhat thicker
oil. A mixture of real American oil with the Rodanet
oil has been recommended as excellent.

There are some who advocate the addition of a small
quantity of camphor to an oil that is known to be satis-
factory, but we cannot answer for it from personal exper-
ience.

160. 8inks. In cleaning, it is important to avoid
removing the gilding in the oil sinks of watches, or the
superficial oxide in the sinks of clocks that have beengoing
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for a considerable time. For if it be removed, there wilt
be a fresh coating formed in time, and this, too, at the
expense of the oil.

In new timepieces that are not gilt, it is well worth while
polishing the sinks over their entire surface. If notapplied
too liberally, the oil will then be more likely to remain in
contact with the end of the pivot. Moreover, as the sur-
face is smoothed and hardened, and its pores are, as it
were, closed by the action of the polisher, the oil will

oxidize more slowly. This fact was first pointed out