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[ntena.l-conrb*s!ioz Engines, oleratcd by gas Jrour lozurs'
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By HORACE ALLEN.
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Power Developed by Internal-combustion Engines-Actuation and Develop.
ment of Cams for Lifting Valves-.Cyclic Irregtlarity of Gas Engines-
Construction of Gas llngine Flywheels-General Description of Gas Engines
by Various Makers-Gas Engirres of tbe Vertical 1'ype-Two-cycle Internal-
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Positive Action. High Efficiency. No Valves.
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couplcd dirct to Steam, Oil, and Gas Engines, or to Electric ltlotors.
Stock sizes, with fast and loose pulley-s, lii0 t,r !'1.000 gallons per horrr.
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of lron rnd Steul; CoDstitutiulr of lr,,r urrd lteul; Heat fruarorcrrt of
Iron rnd Steel: lticrographic ExamilttioD of !'lilures; Iletallogrrphie
.{ptxr:!trls a!r'1 t,.,t.%
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Cyliuder, Arrr Nnd Coutonto,. 20
tJylirrcler Cuvele, Thickoeee of 144
Cyliuder Oils, Selcction of. . .. 475

Save

n n ecessarv

wear

tear

and

on

etc.

Prevent

Accidents.

IilIIIWRIGHT'S WORK.
number of Cotton Mills,
and abroed with Mill-

throuehout.

lVo have fitted up a large
Factories. Worke at home

wright's Work

Send .for 200-page Catulogue (free):

DAVID BRIDGE & CO. Ltd.
Sot .r,: r\I r,rinns,

Iransmlsslon llorks, CASILET0t, tAllCllESTtR.

HEYWOI|D A]ID BRIDEE'S

CTUTCH DS
Have slood the test on all drives.

Can be put.in and out of geru when rururing at full
speed without anr,' shocli or jar taking place.

Any Power

Quickh,
repay their
initial cost

by the

economies

effected

in power.

IrfO[DER.N

Any Sped

For Buyers' Directory see pages xii' xiii', riv.
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PAO T
I Domestic Hot \Yater Boilers. . 145

Double-octiDg Steam Dngines. 235

DowEon Girs.........'....204' 393

GREEN'S EC()N()MISER

Write for Pampblet "A.8."

E, Green a$on Ltd,,
WAKEFIELD.

SAYES ONE \il'AG()N ()F C()AL
IN EYERI. FIYE.

CAN BE APPLIED TO EVERY TYPE OF
STEAM tsOILER.

Dowson Gae PIaDt, Tcst'. .... 3011

l)rainrge, Coudcttsers . -.... .. 25S

Ltrainrric, Stejrm El'9itre.... .. 231

Urairrace. Sieam PlPes .. . '.. 162

Irrives, Ln|ge (las Elrgiuos .. 383

Urivius Lh,iirrs ........'..... 4S1

Drrvinr-rvlr"el Spritrge .... .. 301

Drivinl{ \!lreels, L,'cuDUtivcq 3tS
l)rv-baik MrtltitrrLrrl:rr ljoilere I34
Drrdbridge Gas Plaut, Test .. 399

Duff Producer Gd8 ....... .. 200

ljrt'1, \ Gaq.lilrgirrc ..."..... 3sI
I rrristutr. llxl,ctirrretrts on Htat

'rransmissiou """" " " " lxll
Dust Fuel )tokcrs.... ...'... 209

DustRcmoYcI from Ilooms.570, ti,
I)utch Metal, Compositiou '. Sli

l)Lrtt', PumpiDgIlDgirres....., 43!
Dyrre, Unifof Forcc.......... 1:'

Dyues, Yatuc :l

D
'I'r'anrmissiotr
'llotes..-...

Diagrrm, Wrist Plrte ........ 350
Itirmetrrl rtrd Circuhr Pitclres 4s2
Dicscl EngiDe, Description .. 406
Diescl EugiDc, Explosi.orrs antl

Iicirkdorvns ....,..,...... 407
Diesel DDgine, Test of .. ., .. .. 40i
Disc Friciiou iD Turbines .. . . 27I
Dished tsoiler EDds . . . . . . . . . . 114
I)isplacemeDt p,,pp" .,.. .... 415

:t54
399
.+11

0

F()!yLER.'S

E

Ebelneu's Gas, AD&1Y8i8...... 20'j
[corrumiser.Gtieuu's ... -.... l;l
l.:ot,nomiEcr: Wuter TuLe lJull.r lid
lillicieucv. ljoi;crs...........' lSl
Efficienci, r-:errtrifrrgal Prrmp.. 4llr
Ldricilcr'. Crrrlcs .. .... .. .. 4S1

Et]icieuc-v- Econ,'misers .... l;l
Efficieuuv. Grts Engines ..3C4 3;d
Etfi cierrcv, Loc,,ruotlve.. t :J5.310,31 5

Eftrcienc)-, Oil Ergines .. .... 411

Efticieuc1', Pumpe .. .. .. .... 43{i
Etlicietrcv. Rupe KLots .... .. 4Si
Efficieucv. Stenn Erreiues . 2.i7
Efficierrc-y,StoarnTurbirres.... S0

lilicioDcv. Vcrtilation, Smoke
'feet .... .......,5?;l

Egs-elded -Boilerb, Featllres.. 140
EEi-ended Boile: s,Overheatiug 140
Eqg-eDdedBoilerE, Propurtiolrs 110
Egg-eudcd tsuilers, Seam RiPs 14u
Ehrlrardt dDd Sehuer Gls

Engine . . . . . - , . . ,
Ejector CoDdeDsers ..,.....,,
Ulasticity Modulus .. . ' ... '..
Electdc Creues, Desigl . '....
Electric CraDes, Power ....,,
Electric GeD€rators, Turbo ..
Electric Speed Cbaugar . . . . . .
Electric Slop trIotions .......
Electricel B. ofT. Unit......

3S3
251)

539
433
48{i
291
25ti

t4

Architects' and Builders' Handbook,
A sylopsis of practlcal Rules, Tables and Data, specially
compilecl for the use of ArclritectB, Builders, plumbers,

Painters, DecoratorB and Students.
Comprislug oyer 600 pages with [umerous Illustrations

CONTAINS EXHAUSTIVE SECTIONS ON
Brick)aying - Masonry - Timber - Joinery and Carpentry-
Plumbing - Paintinq -and 

Decorating - Eiectricity-Supeiin -

tendence of Buildings during construction-Protective Coati ngs
for Iron and Steel, &c.-Styles of Architecture-Working
Rules for Building Trades, &c., &c.

Price 2/9, Post Free, in ordana,ry binding,
,, 319, 

_ :, in leather, gitt edges.

'I'nn SCIENl'IFIC PUBLISHING Co..
r53, Nov B&lloy Stroot, MANoEESTER, EnglaDd, For Buyers' Directory gsslpages xii., xiii., xiv.
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RENEIIABTE SETTINO IIAIIrE,

Massive Design.
Suitable for High Pressures.
Seatings Easily Renewed without

Special Tools.

gEltD FoR L|ST<

ROBERT HARLOIry & $ON,
STOCKPORT.

PAO A

Electrical Uaits .. .. .. .. .. -. . . 11
llwtrc-Magnetlc System, Uoits l4
ilophant Boil€rc, Fatures ,. 140
:llipse, Area ..............-. 22
f,llipsoid, Yolume...... ..... 2)
ilm, Oooparativo gtiffness .. 80
trIm, Crushing gtreDgth...... 80
ilm, Modulus ot Elaeticity . . 30
Elm, Special Propertios ....,. E0
ElE, T€nslle Strengttr........ 80
Elm, Weight of Cubic Foot . . 80
End Thrust iu Turbiuos .. -. . . 2i3
Eogino and Boilor Co., IIy-

draulic Tests . . . . . . . . . . . , . . 183
Enginos of AtlaDtic Lin€rs. . . . 70
Engiaes, Condensing, Stoam

Consumptioa ..........242, 243
Engines, Gas (eeo Gas)
En ginee, Nou-coudonoirg,

gteam Corrsumptio\....242, 243
Eoginoe, Pumpiug ......436, 43s
Engines, Steam, Air Pumps .. 25s
Engines, Steao, B rck Preesure 224
Engines, Stoam, Bellie aud

llorcom - . . . . . . . . . . , . , . , . . . 2Sl
EDgines, gteam, Clearance 23r,

238, 214
Engines, Steam, Coudensatiou 202
EDEines, Sterm, Coudousing

Wster.... ........2i7
Engines, Steem CoDsumptioD,

on. ooo o 
'., 

o {3

Engines, gte&u, Corliss ValveB 34S

Engines, gtoam, Crank Bhaft,
B. of T. ............,,...... 216

Engiues, Ste rm, Crank Sbaft,
Irloyds'.. ........247

Engines, Steam.Cyliuder Cover 244
Engines, Sberm, Cylioder

Ratios.... ..............225. 2A5
Eugin€, gterm,Cylindet Studs 2r5
Engiues, Steam, Cylindor

Thickuess.,.. ..........,,.. 241
Engines, gteam, Dataof Exist-

ing . . . . . . . . . . .. . . . - . . . . . . . . 2Ai
Enqiner, Sterm, Diagram

Factcrs . . . , . . . . . . . . . . . . . . . . 223
Enginee, gt€em, Ej€ctor Oou-

deusers........,....,.... -- 259
Eugines, Steam, Entropy..... 331
Engines, Steam, Evapor. Con-

deusors..............,..... 259
Engiues, St€am, Flgwheels .. 250
Engines, Steam, GoY€rDors .. 251
llnginos, Ste&m, Eig*I gpeed.. 234
Eqginos, Stoam, lnortie Foroes 249
Eutines, gt@m JBckoting.... 26,

PAqE
Eogines, gtoam,Jet Condensors ?56
Engiuos, Steam Mean Pressure

22J, 221, 231
Eogines, Steam, Mechauical

E6cierrcy . . . . . . . . .. . . . . . . . . 227
Engiues, $team, Pieton8...... 215
Engi[es, Steam Port Area .. 241
!)ogines, Steam, Preaauro oo

Journ*le ........236
I|ngiues, Stoam, Proportions.. 24{
EogiDes, gteam, Ii,atio of Ex-

pansion.. ....227,230
Eugines, Stelm, ReceiveN.,.. 244
Engines, Steam, Relief Vatves. 244
Engines, Steam, UDiflow ,... 240
Euginus, SteaE, Valvss and

Vatvo Getrs.......,........ 333
Engiues, Steam, Sioglo arrd

Double-AcEing - -.......... 235
Eugines, gbean, Superheatiug 200
EDgiues, gb6am, Surface Con-

donsers.......... .... -..... 257
Engines, gteam,WallseDd glip-

way ....-. ..-...281
Errgines, Steam, Y&tes and

'I'horn,,.. ........2S1
Eutropy. . . . . . . . . . . . . . . . . . . . . . 33I
Equivalouts, decimal frac-

tions.... 0
EqutvaleEts, Eoglish and

l'rench..............f, 5, 6, 7, I
EquivaloBt Evaporation...... 182
Erg, Unitof \York............ 15
Essen Water Gas AualyEis. . . . 204
Evaporation, Equivaleut ,. .. 1S2
Evaptration of Cornish Boilers 128
Evaporation of Iranc. Boilers.. 130
EYaporation, Locomotives .. .. 315
Evaporativ€ Coudenesrs ...... 259
Evaporative Porformanc€g of

Locomotive Boilors . . . . . . , , 310
Evaporative Tosts, Boiler8.... 181
Byapor8tors.....,..........,. f7l
Evaporators, B. of T. Rrrles .. 173
Evaporators, IlfortDtiDgs ior .. 174
Evapotators, Il,educiug Nozzles 174
Erhaust Injectors........ .. 454
Exh&ust Injoctore, Deliv€ries 457
DKhaust Injectors, gize .... .. 457
Exhaust Ports, Eugines. . .. .. 244
Exhaust Porte, Irocomotives.. 293
Exheust Stoam Heaters .. .... 171
Exhiust SysteD, Veatilation.. 571
Exproeion,Economieers. . .. .. 176
ExpaDsioD, Gaser ............ 1t6
Expmsion, LiDear Cocmoient. 73
Expansi,,n, Metels, &c. ...... 78
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ltt "PROCTOR"
Patent Shovel

STOKER.
Of the 4,OOO Steam UseFs in the Textile

Tnades of Lancashine and Yonkshine,

0ver 1,000 have this Stoker atlVork.

F

fator of Safety, Cesi; lroD .. 105
FihreDLeil D€gt€es, Conv€r-

sion to Ceutigmde ........ -. 102
Fairnairrr'e R,'rl€ for Tubes. .. 1 I t
Ff,lliug Bodies, Lawe oI .. . . . . 79
Fans, Ventilating ..,......... 5:16
Fals l. Btowe|s ............., 213
F:rrad, Defiuition ....,....,.. 13
Fced, Exhaust Stesm lleated.. 171
Feud lleaters, B. of T, Rules.. 17J
Feed lleatera, Exhaust ...... 171
Fced, Live Steam lleated .. . . 171
FeedValves,..... 156
Feed Water, Corrosion,. ...... 179
Feed Water, IDcrustatiotr .... 176
Feed W ater, Grease . . - . . . . . , . 179
FeedWater, I{ardness, Oauses 176
Feed Water, Mesurement of . . 1!i2
Feed Water, SoftertiDg , .. . . 17S

Feed Water, Tubular tsoilers .. 134
Felt Covoring, Steam Pipes .. 1ti6
Ferro Aluminium Compobition 499
Ferro I\langanee CompositiuD 4{'0
!'ielding Gas PlaDt, Test.. .. 399
FieldiDg, Oil Engioe, Trial.- {tl
File gteel. Carbou.......... 503
File Screw Tlrreads, llriti.sh

l'iriDs. SDreadiDc,.......,,,. 205
FIaurE l Juperatire of Fuels.. 195
Flanges of CyliDders ..,. -... 244
Flash PoiDt of 0i18 .. .. .. 403' 410
Flat Surfaces, B. r,f T. R.ule .. 115
Fletcher, Erperiments on lleat

TransmisBioD,,,...,.... . 124
Flow of Gases througll Orifice. l2,J
Flow of Ste&ut)r'oustrOri6ce. 417

rxnnx-continued. E F xxxiv.
PAOE

Flow of Water, Loss from Con-
tractionand Eplargement .. 4lS

Flow of lYater over Weirs . - .. 417
Flow of Water tbrough Orifice. 417
Flow of Wator through Pipes. 41S
FIow through Plug Tap . . . . . . 419
Flow tlrrough Sluice Valve .. 419
FlueTubes,Strength.,.... .. l1f
Flues, Boilor -. .. .. IS4
I'lywheels for Gas Errginee.... 375
Flywbeels for $team EDgines., 250
Forced ljraught, Blowers 0,

Faoe.... .. ..- 213
Forced Draught, Closed Ashpit 21?
It'orced Draught, Clo.ed Stoko-

HoId,..... ................ 2r7
Forced Draught, Combustion. . 21{i
Forced Draught, Influence on

Ileating Surface . . . . . . . . . . . . 216
Forced Draught, Locomotrve8. 216
Forc"d Draught, trlarine Prac-

tice'...... ...... ........ 217
Forced Draught, Pressure .. 216
Forced l,[bricati,,rr .. -.,. 477
Forced Lubrication, IIigL-

speed Engines -- -......- - 236
F, rgiDgu, Steel .........110, 508
Foseil Merrl CoveriDg .. .. .,.. 166
Foundry Pig-irou, Renoltirg. 501
Fonndry, Use cf Pig-irol -. .. 500
For's lubes, B. of T. Rttle-... 113
French aud Euglieh Equiva-

lents ....,....... 1,5, 6,7, 0
Freuch Hurse-power.. ........ 4
Frictiorr, Bal[ Beatiugs --.... 4i3
Friction, Beuds aud Valves .. 419
Frictiou, Loconotives .....-,. 30ti
Frictiorr Losses, Purr|s ....,. 43i
Friction, Piston Vnlves ,. . . .. 302
Frictiou, Ropes, Wire , . .. ,. ,. 484
Friction, Roller lleruringe .... 474
Frictiorr, Turbine Disos .. . . .. 27I
Friction, Weter iD Pipes...... 419
Fuel, Brtuminou8 ...-........ 194
Fuel, Charcoal, Calorific Value 197
Fuol, Coke, ADalysis.......... 1l-)i
Frrel, Liquid, Adv&utages.... 212
!'nel, Oil ..........-....... . 2I2
Fuel, Peal, Cumpositiou...... l93
Frrel, Peat Ors Au:rlysis ..1113, 204
Fuel, Petroleum and Corl llela-

tive geatingValue ........ 10S
Fuel Producor, Gas, I{e4t Loss l9!)
Fuel, WashrdCoal .......... 19S

Fuel, \Yood ....193, 105
Fuele- lloilcr .......,...,.... 205
t'rrels. Calculaliou of FIertof.. i'S

PROCTOR'S
COAL ELEVATOR

Fitted with PATENT

RAM FEED BOOT.

Coal Fed into Buckets by Ram.
TFaveFse of Ram can be regulated to

supply the quantity of Goal nequined.
NO dAMMING of Buckets on Ghatn thFoutlh

oveFfeedang.
REPAIRS ON ELEVATORS -' 'IC 

I

REDiicED fulty gF I ?-,o

.IAMES PROCTOR Lg
"1Tn"J*1,:* BU RN LEY. for Buyers' Directory see pa,ges xii., xiii., xiv'
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IIORIZONTAL AND VERTIGAL

llil & Gas Engines.

2i B,E.P. Vertlcal Engine and Dynamo Oombination.

0ardner Oil & Gas Engines,

0ardnu Spirit anU ltc0trot Engines,

Gardner Jularine Engines,
From 5 8.H.P. to 220 B H.P.

For Gommercial Boats, Fishing
Boats, Torpedo Vedettes, Polico

" 
o tt:i,,,* 

:.t *,,.i"rr,*,':n *,T i :l}fi "*,,r.. GAIRDNER & SONsi, Ltd.,
Bartorr lrall Engtrre lyofka,

Patrlcroft, M,I'NCIIE9TEB,
Telegraus-" THlIOltEM," Petricrof t. I CO,,E$- A B C. 4[h aud bth
Telephone Nos., Eccles 401 (4 liles). I L;ditirun, aud trrgiucerirrg,

London $howrooms & 0llices: 87, QUEFII YlCT0Bll ST,, E,e.
Tologrami: " NorDodeete," Londou. -Telephoao : No. 9702, City.

G

Gallou, United Statea . , .. .. . . I
Galloway Boilers, Circulatiou.. 127
GalvaDic Actipu, CouoBiou .. 17!
Galvanising Chein8 . . . . . . . . . . 493
Gas, Analyaie of .... .. .. ..203, 3SS
Gm, Blast Furnace ..202,:0.1, 39s
Gas, Calorific Value .. .. .. . . . . 339
Gas Coals, Composition .. 11u, 199
Gas Coko, CompoeitioD .. . ' .. 197
Oas. Conetituente !01, :0!, 389,' 3!1. 396
Clas Cousuptiotr, Gas EDgines 374
Gas. Dowsou . . .. .. 3f'3
Gm. Dun. Producer . . . . . . . . . . 200
Gas EBgine, Jacket Water .. .. 37ti
Gas Eniines, Admission V&tve 375
Gas Engines, Brake Power .. 3ti3
€las Engines, ClearaDo€ Vohme :j67
Gas Engines, Compreeeioo

Presrure ......,.......,... 367
Gas Engiues, Oompression

Temperature . , , , . - , . . . . , , , 367
Gas Edgiuos, CouuectiDgrods. 375

For Buyers' Directory see pages xii., xiii., xiv'
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P AUE
297

305
30{
298
315
308
31n
:l!)s

122

]:c'motrves, Compourrd.... .,
::Nootires, 0roseheadg ....Practical Alternating Currents

AND

Alternating Current Testing
Deals in an elenentaryt and praciical nmnner with
lhe principles of alternaling currents and alternating
current machinery.

:i.:rmotises, Cyhnders .,....
-..r,rDotives, Effrcieucy ......
- ...' s , Euglislr l)xg,resses .. ..
- --':ootive, Ev ,Porati,'lr. . . .
:.:.:rDotives, ExhNst Ports. .

1,.-.rnotives, Firebox, Effi-
::-ncy of lleatilg Surfrcc ..

By CHARLES F. SMITH,
Wh.Sc., A.M.lnst.C.E., A.M.Inst E.E.

Oontents.
Alternating Electronrotrve Force and Current-lmpedance-
Power and Power Factor-Virtual Value of an Alternating
Current-Effect of Capacity-'f he Translormer-Alternators

-Synchronous 
Motors -The P, 'lyphase Circuit-The Rotary

Converter-The Pulyphase Induction Motor-Single-phase
Motors-The Composition of Waves.

Press Opinions.
" We think rhe treatment of the strl>ject very clear, rnd believe that

a book of this type rvill be of farrnore practical use to rhe srudeur than
oue shich is so full of difficult tnathentrrics thrt the yourrg electrician
Lccomes di{hearterred et the lreginning."- - 77a L)nginitr.

"'Lhe book rvill be useful to students as a quide in performing
experinreots aud in makiug dcductions from the dira thusg'airred, end-
it will alsu be helpful !o persuls slro have a pr:rcrical knowlcdge of the
machirres trerted, -and rvho wish to urrderstand tlrc rheory urrlerlying
their performence."- Lttginecrirg A'czus.

"'Ihc book is frirlt conplete, aud may lre colsidered to be a
treatise on the subject."- Electical Rcuiczu.

Price 6/5, post free.

tion ...... ..2{2' 316
Locomotiees. Ste:!B Purts . ' .. ,l'3
;,qq96eliven, Superhe:ttillg .. 30;
L,'comotives, Troctive Furcc . :10
I.ocomotivts, Tr&iD RosistaDcc,9:
l-osaritlrnls .......,...5, 40' 50
L-i, N. W. Steam Rsil Crre.. 312

L. & S. W. Steim RailCnrs.... 312

Lonsridge on Superhoatilrg .. 2rj2

Louiridse ou Wheel l'eetll.. .. 40S

t,onlrid"ge, Test of Nicolsou 
-gJrler .-.................. I i

Ijonsridse's Rule for Furlraces lI I

Lr'st"He;tin ProducerGas .. lcg
L. B. & S. C. Express Loco. .. S0S

1,. B. &. S C- Rail MoturCar... 312

L. & N. W. ErPre6E Loco. . . .. 308

L. & S. W. llxpreB8l,oco8. .... 308

Lowe Water-Gas, ADalYBis'-. 204

Low-wlter Slfety Yalves .... 156

Lubricatil)g Oils, Acidity .. . . 4i6
LubricrLting Oils, Effect' uD

Metals .. .'..'...4;6
l,ubric{tiD{ 0ils, Flahh Poiut 475

Lubricrtin! Oil8, GummiDtss 476

::{oDotrves, l'irebux, di&) ing
1t7, 297

icomotives, Friction,.... -,. 300
Jrca.s., IleatiDg Jurfac€ .. l3i' 296
Lrcomotives, Hor8e-power .. .. 296
;.{os-. Jolrrnals, (-)rsnk Pln8.. :t03
.,r'niotioes, Leilgthof Stroke :gS
L,rcomotives, Liuk lllotiou.. .. 34t)
LNoDotives, IuIrtc.ial........ 316
LocoDotives, NickeI gtoel for 514
L.'comotives, Perform&uceg '. 310
ldomotiv€8 Piston Slreed.?24, 298
L,'comotives, Pi8ton Valve8.. 302
Loco. Plate SpriDge .. .. .. . . . . 547
l.ocos., Power alld Grste Area.. 136
L,,coruotives, SiDgle Erlgitres.. :105

L,'cr'm('tives, Slidcbars . . .. J04
I-ocomotives, Slnokebox'fem-

nvrature ..
Locomotivoe, SpriDgE .. " . '..
Locomotivcs Stcarn Cousump-

301

The Scienlific Publishing Co.
53, New Bailey Street,

MAIICHESTER, England.

tNDEx-continued,. L m xlii.

M

Magrresiuu, Atomic lYeight.. 559
Magnesirrm, Specific Heat .... 559
Ilagnalium, Weight per sq. ft. 60
Mrrhler, Calorific Value, Fuels. 195
Il*bogany, Elasticity . . .. .. .. 80
Mahogauy, Special Properties. S0
llahogany, Streugth ........ 80
trIahogany, Weight ........., 80
Malleable Cast-iron ..f05, 502, 529
II.S.U.A. Ilydraulic Te8ts .. .. lsg
Manganeso, AtomicWeight .. 559
Mauganeso, Effect on Pig Iron 498
MsDg{D€so, Effect on Steel. . . - 5I0
Mrnganeee, Specific Heat .... 559
If:ruganese Steel, Ead66ld'B .. 512
Manganeso Stoel, Teuacity .. 512
ItlaDholes. Mouthpieces sld

StrcngtheDiDg Rings . - .. .. ll7
llarrholes, ThickDess and

Number of Bolts . . - - .. .. .. ll8
Illonilla Rope, WorLing Loads 4S7
ilaple, \Veight ..........-.. 4E9
Ilrrine B"ilers, Admir&ltyTeBtB 139
)lrriue Iloilers, Ilritish StaD-

dard Screwing for ritays .. .. 117
llarine Boilers, Circulatiou iu 138
Ilarino Boilere, Combustion .. 138
llsriDe Boilere, Drarrght .. .. 217
Ilariue Boilere, Reterders . . .. 139
MatiDe Bollere, Serve Tubes .. 121
Marino Eug"iue Shafts ........ 2,16
M&rine Engines, Piston Speede 2r4
llariue Multitubulrr Boiler.. 138
MariDe TrubiDes .,...,...... 290
M&r8h Gds, Ueusity . . .. .. . . ,. 186
trlarsh Gae, Ileating V&lue,.., lsij
Iler8h Gas, Specifrc Gr*vity .. 166
IIarshGas,SpecificIleat .... 186
Itl ars Suyrerheater . . . , . . . . . . , . 262
MasoDry, Expansi,rn ........ 78
I\laeoury, CrushiDg Str€r)gth.. 82
Illasoury, Specific Grovity.... 78
Maeoury, Epeci6c lleat ....., ?8

236
477
76



Practic,al Testing of

By CHARLES F. SMtTHt

Y", a Tt.c.D., 
A.M.r.E D.

COIITAINS CHAPTERS ON
General purpose of tests. Measurement of armature and
field resistances. Production of electromotive force in a
dynamo. f he magnetic circuit, Armature reactions,
Shnnt-rvound d,vnamo. Series dynamo. Compound dynamo.
Effect of current in the motor armature. Efficiency [ests of
a motor. Efficiencv tests of a dynamo. Miscellaneous tests.
Motor generators and boosters.

t'For completeness, conciseness, directness, accuracy! clearness of ex-
posiLion. and irrtelligent selection cf methods, rhere is nothins in print irr
rhe Englislr language rhat compares wirh this little boo. in ihe siishtest
degree. lt is rvorth terr Limes its prrce."-,,I ne ritar Elutrici,tx.-

" It is seldom the reviewer has had through his hands a book lre can
more cordially recommend for alFround excelleuce. !.'he treatment of
thc subject is thorough and luciLl, and rhe diagrams, and especially the
ntlmerous culves got from actual tests, are all excellently reproduced in
a lery clear ttuuter'."- Eltctrical liez'iew.

" fhis is an exceilenr and practical little book. ilIathematics are
verl- lirtle employed., tlre aurlror irrsrea,l rrsiug graphic metltods of
explailattol. -tt uoul,rtns i constderable rnrount ofvalrrrble informatiou. '

-'!'ht Ergireer.

The Scientific Publishing Co.,
53, NEW BAILEY STREET

MANCHESTER, ENGLAND.
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Napier, Flow of Ste&m througb
Nozzles .........,,,.. -...,. 271

Nati,[al Boilor Co. Rulo for
Llydraulic Teets............ 183

Natiolal Gas Eugine ..,..... 396
Nabional Gas Producer ..396, 399
Natural Gas, Analyeis . . ., .. . . 333
Naval Brme, Composition..,. 83
Nowtou Gas Plant, Test .. .. . . 399
Nick€I, Atomic Weight ...... 559
Nickcl, Expansion of .. .. , . .. 78
Nick€l, MeltiDg PoiDt. . .. .. .. 78
Nickel, Speci6c Gravity . . .. .. 78
Nickel, Specific Eeat ....;S, 559
Nickel Steel, CompositioD.... 514
Nickel Steel, and Oorrosion .. 106
Nickol gt€el, Elastic Limit -. 513
Nickel Steel, Tenacity. . .. . . .. 107
Nickel Steel Tubee ......107, 5I5
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Nicolson, IIigh Speed Boiler.. 125
liitrogen, Atomic Weigh. ,. . . 559
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NitrogoD. Spec. Eoat.. .. ..186, 559
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P R0 D U G ER GAS. ffi,r"113tfi.":;'.""1"8:#t
Bt A, EUMBOTOT S"XTON, nC., f,C.S.

Oontents.
Constituents of Fuel Gas-The Air-Variation of the
Volurle of Gaees with Changes of Plessure and Tempera-
ture-Oalculation of tbe Percentage Conposition of Gasee
by lYeight from the Composition by Volune-Amount of
Air required for Combustiou-\rolume of Productg of
Combustion-Thermal Units - Heat of Combustion -Calorific Power Calculation of the Calorific Power of
Fuels-Calorific Iutensitv-Temperature of Combugtion-
Heat carried away by the"Producis of Combustion-Heating
by Contact anil by Radiation-Natulal Gns-CoaI Gas-
Oil Gas - Acetylene Simple Producer Gag-Steam-en-
ricbed Producer Gas-Ooal-enlicbed Ploducer Gas-Carbou-
dioxide in Producel Gas-Efficiency of a Gas Producer-
Loss of lleat in Gas Producer s - Types of Producels-The
Blast }-urnace as a Gas Producer-Mond Gas-Water Gas-
Conditions which must be fulfilled by a Good Gas Producer-
The Air Supply-Speed of Gasification-Shape of Pro-
ducele-Sources of Loss of Heat il Gas Producers-Heating
Steam and Air- Quality of the Gas-Charging Producers-
Aeh Removal-Use of Coking Coal in Gag Producers-Tar
Removsl-Washing the Gas-Anmonia llecovery-Cost of
Gas - Use of Gaseous Fuel - Firing Stearn Boilers -Furnaces-Regenerative tr'ulnaces-Gas Engines-Oontrol
of Production-Estimation of Carbon-dioxide in Proclucer
Gas and iu Flue Gases. With Three Appendices.

PRESA OPINIONS.
" Th6 book $ill l)e founal ol great rslue to metallurgists, aEd tJ all wbo bave ta doll

practics!ly s ith the problorrs of the productiou axd us€ ol luel gas."-lronl'raLlc Rcoieu.
" This vork is Nritteu lr i clear aild Dlactlcal style, it is well lllustret€d, eDd dosls

itr a very able Dr.rner wiib th€ iuudanetrtrl priDciples of gas l)roductioD."-

" Tlre boo\ has much to be coDN eDde.l, eild wlll bs ,oo"u o, r,u"f 1Xi3'!:T,!"f::
cre&sirls DuDr[*r ol met{]lursists sud Drenufacturers irt€rested ir", 

fffi..n:}",,};;rr..
" We have Do l€sit{tioD in roconvrondiDg the work as & thoroughly coDpreheDsiv€

snd up to drte IraDdbook (n tlre subject,"-trlcchailiHL tlbrld,.

Price lO/rt, post free.

The Scientific Publishing Co.,
53, llEW BAIIEY STREET, MAtlGHESIER, England. For Buyers' Directory se€ pages xii., xiii.' xiv'
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Scrcw Pumps .... , 450
gcrew Threed,Acme.......... 88
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SertiDgs and ('overirgs, Eoiler s 184
Seconds Pendulum, l,ength ,. 4
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$hifts, TurbiDe ..,,.......-'.47
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Siemena Steel ........511, 525, 537
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Silicou, Atomic Weight ...,.. 559
Silicon, Effect on Steel . . .. ., 509
SilicoD, Pig Iron ............ 499
Silicorr, Specific Ileat . . . . . . . . 559
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Washington Street
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Snrinss. Goverttor..'......... 552
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sirrinis. Indicator....'....'.. 362

Siriuis'for Locos............. 301

s;rinis. Plate.... .. .. .. .. .. .. 553
Siriuus for Safety Valves .'.' 153

Siriu[lins Stokere .......... 209

S;rockots: Ch{iD8........'... 481

Siruce.strength and Elasticity 80

Sirur Wheele ................ 467

Sbuare lron, Weight. . .. .. .. .. 65

Sduare Steel, Weight .. '... .. 66

Souareeatt'l Crlb€8 ...'...... 35

Staffordslrite Pig Iron.-...... 409

Stues. Number in Tutbirtes. . 273

Sb;toD, Repetitions of Stress 53{
Stantol-surfrce CoudeDser8 .. 25S

Starters. Cas Enqitres.. .. 3;;' 3E3
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sr.-" golrs. Copper .. ''...... 531
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SteeD Accumulators ........ 286

Steam BoiIers...............- f05
asee Boilers for Detail tndex-)

Sieam ConrumPtion, Engines
226,23!,242, 243

Steam ConeumPtion, Loco-
motives '.

Steam ConFumption, PuEP8.. 437
gteim ConsumPtioD, Turbineg- 

280 - 287

Steau, DeDsity ......'......' 320

Sterm Drvers.... .'........' 15f
Steam Engine, Mechrtnical

Efficiencv]. -............. - - 227

Steam Eliine. Rctio of Ex-
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$t^eamEngines, Air PunrPs .. 25S

Stesm Ensinee Clearancc .. . . 232

Sterm E-ngirres, Condenser,
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Steam Engines, Crauk Arrgles. !46
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Sterm Engines, CYIinder Cover 244
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Steam EDgiues, CYl. Relief

vtrlve....""" """ ""' 241
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2d3, 209, 276

Surface, Rotating
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499
469
121
547
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Diagrarns.
A TreatiBo on the use of the Indlcator
ald its applicatlon to tho Steam Englne.

By W. W. F. PULLEN,
Wh.Sc., II.I..\Iech. 8., A. M.Inst.C. E.

Contents.
Measurerlent of Porver wibh the Indicator-Indicator
Rigs-Reducing Gears-Types of Indicators-Calibrating
Indicator Springs-Errors in the Indicator Diagram-
Prelirninary Analysis of the Dilgram-Diagrams Shorving
Variation of Load-'l'he Arl mission anrl Steam Lines of the
Indicator Diagram-The Exhaust aud Compression Lines-
Volve Chesl and Steam Pipe Diagrams-Adjustment
of the Slide Valve - Punrp Diagrams - Miscellaneous
Diagrarns-Averaging Diagrams-Mechanical Efficiency-
Tables, &c., &c.

Press Opinions.
"This exhtuetivs wotk upon indicator praciico contains, in additiou

to much original mttter, & comt)ilatiorr uf about ell the valuablo date
couce[ring irrdicator practice whicL has &ppcared in teclrnical jorrrnals
durir,g tho plst few ytore."-Zla. tricat Il'orld and Enginzer.

"Studenrs of ihe 8te&D engiue and its uecharriqm will 6ud this book
very useful to thenr. It sticks to its one subject thronghout-the
i.udietor-and doee uot braDch out into qlrestioDs uf thermo-d5 uluics.
It i8 a Epeciel n'ork oD a special iDstruuent, and keeps to its iext."-
Eitcl/ica/ R.!iezu.

Price $l{, Post Free.

The Scientific Publishing Co.,
53, NEW BAILEY

luANCTTESTER.,
STREET,
England.

/
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UnFivalled fon Pumpin1l Petnoleum.
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I Stcrm 1ttrbitres. I'rtukitrgs ' " JSc

ON ADMIRALTY LIST. For Buyers' Directory see pages xii., xiii', xiv'
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" The Mechanical Engineer "

Non-Magnetic f:Jj:."
30 Minute Chronograph.

, .This C,hronograph has been d-esigned to m:et the wants of those
having a reliable timekeeper but who do not wish to go to the exprcnse
of the Chronograph 6rted with the ordinary ri*.1..p1"grni"i"ri...

,The Chronograph-records up to 3O--minutes in 6fths of seconJs,
and being thoroughly Non-Magnetic will be found u"ry-"onu.ni"nt

T()R TDSTING AND TIME-RDC()RDII{O PUNP()SES.

PRrcE 25 I =,fgil.l6:ib,."o ."-".
FOWLER A CO.,

53, New Bailey St., MANCHESTER, Enstand,

BRITISH AND METRIC EQUIVALENTS.'

Length.-
1 inch
I foot
1 yard
I mile
I chain
1 chain
l mile
I knot

'39370113 inches
39'370113 inches )

3'280843 feet I
1'0936f1B varcls J
'62137 mile

1 radian

Area,-
1 sq. inch
1 sq. foot

1 sq. yard
1 acre
1sq-rile
'li5 sq. inch

10'7639 sq. feet
1'196 sq. yards
100 sq. metres
10,000 sq. metres
2'4711 acres

Volume-
1 cu, inch
1 cu. foot

1 cu. yard

I gallon

1 U.S.A. gallon

: 2''o4 centimetree.
: 30'4799 centimetres.
: '914399 metre.
: 1'6093 kilometres.
: 20'1168 metres.
: 66 ft. = 100 links.
: 5280 ft. = 80 chains.
: 6080 ft. per hour.
: I centimetre.

: 1 metro.

= 1 kilometre,
= 57'296 degrees.

= 6'4516 sq. centimctres
= 929'03 sq. cenlimetres.
: '092903 sq. metres.
: '836126 sq. metres, .

: 'rm468 hectare.
= 259 hectaree.
= 1 sq. centimetre.

l:1tq't"t"t'
- I are.

I = t hectare.

'

: 16'387 cu. centimetres.: '028317 cu. metres.
: 28'317 litres.
- '764553 cu. metres.
: 764'553 litres.
: 4'545963 litres.
: '1605 cu. fb.
= 277'37 cu. inches.
= 231 cu. inches.
: '83254 imperial gallon.

* The valueg of these cquivalents aro t&ken from the official report
by the Board of Trade on weights and uemur$.

hr
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