VEHICLES oF TEA

A POPULAR EXPOSITION O
MODERN AERONAUTIC
WITH WORKING DRAWING

VICTOR LOUGHEED



o ' ]
=7 |

GIFT or
John 8§, Prell

GIF






gt

)ﬁ;
A

i".“ A







B0URBL] SIUUB) B punols 0) 3ujmod ‘sus[doucly 9))9UI0jUY UB U} ‘SPUBS




VEHICLES OF THE AIR

A Popular Exposition of Modern Aeronautics
With Working Drawings

« By

VICTOR LOUGHEED

Member of the Aeronautic Society, Founder Member of the Society of Auto-
mobile Engineers, Secretary of the American Aeronautical Association,
Consulting Engineer of the Aero Club of Illinois, former
editor of Motor, and author of ** Some Trends
of Modern Automobile Design.”

PUBLISHERS

THE REILLY AND BRITTON CO.
CHICAGO

JOHN S. PRELL
Civil & Mechanical Engineer,

SAN FRANCISCO, CAL,



VEHICLES OF THE AIR

THIRD EDITION—REVISED AND ENLARGED

Entered at Stationers’ Hall
Copyright, 1909, by The Reilly and Britton Co.
Copyright, 1910, by The Reilly and Britton Co.
Copyright, 1911, by The Reilly and Britton Co.

All Rights Reserved

PHOTOGRAPHS BY
M. Branger, E. Filiatre, M. Rol, and J. Theodoresco, of Paris. All illustrations
herein are fully protected by international copyright. Reproductions
positively will not be permitted without due credit, and
written authorization from the publishers.



TABLE OF CONTENTS

INTRODUCTION

Scope and PropheCy. .. «..ooveeenneeeretenieniareannanns 21

Skepticism is IgROTANCE. .. .ceevee it iiiiniietensinnnns 23

Three Traversable MediG. .. ... vouvieeeeeinsaceocasasnsnns 24

Types of Air Craft......ccoivieiiiiiiiiniriiiniiiiiennne, 24

Aeroplane Most Successful......covviveeieiiiiiiiaiiiiiins 26

Speed and RaAQiUS........oivviiriianiiiitiiiiiiiiiiaeiies 27

8izes Of ACroplames. oo v venerenetionnneeonneneasnasanns 28

First and Operating CostS. .....covervurevensroncenannasans 28

The- - Moral; ABPECL i ias e inionsiorarsiotororesshansiohssons totstanssateroiore o ISFHILA L 29

Ther Bhysieal "Hasar@d. . .« S0 WRE SREINTT N, SOSS0a5 . 29

Dangers in AU Travel. .....coveiiiiiineiiiiiiianeiinnas 32

Beat y QR QDT 0o BT % s 5% 2 20 ke 25 200 e ble S0 0 eleis Srie TS 33

Commercial  APPUCATIONS . o« oo v co v vnieioioos,on e colofs e ssialihe 34

LAmAtateons” EPEOLEQ: .o vin: ot o oot s itnsue s as st o s o HLE4 Eo o M 35

Belation, 10 WarT@IE: o - ou\o i iolo o e oo e BBih s o Gigteya{ahLarartidse 36

AR TRAORALUE  SPECIGGIE S o s5 2o s oo sse oo eloie o 010 o et S8 s 37

Trauel’ QUer W asay e s e o e el o it oo oot Shbpao oo Joral i o < 38

CONGIHSIDN: - v o o r et L IRl R AR L T 39

CHAPTER 1—THE ATMOSPHERE.

LT oM A S S R A A A S A S X e VTR 43
129, G0 Tou s SR ARt (et s LR B LRI E p A i i St ! 43
PROPERTIES AND CHARACTERISTICS.........cccvvvunne. 45

TCRGRENE Y 5regth o o o B AR AR Fa of « gl s AL N el ey o SO XA 45

COMPOTMION, 2. . o Sl o iy D te b E IV st ¥ Lyt oot 46

Color and' TranSPaTERCE . e v s laiv v o s s o psolblold o TGP taslolo 49
IR AVE RIS T s e AR s W 8 et homis aralate b Tofots i e SNSMRARBPR RSN 48

T A A AR A S SR S R SPRRTET S o 4o g SO b AN 49

LORGE O o T erpermag et s e vz 4 N O N e 49

Liquefaction and Solidification. .........c..cccieviiinuneennn. 50
Y BHDS T T e e LT S R GRS LSty e e (A 50

IR Sl imor o b 4or o oL loh enede TeA SRIaC e e L) e Lot s a3 51

oL T e e AN S T FLUIE MY kLo 52

VSO S o S T R 3 4 ke WX o, How e o o fodoherie e o1 os SEoksctbe qus s a5 lolots are 53
METEOR OO GRS GANA L2 Ae, s S A sl ST e 53

T emperature M nemaR s tst g & f N A 5 oA e Sy e, S F 54

20U R L G ik o o A SN st SN s B 56

Humidity., . T IR AN SR SN WEr ASmIATD. .. 56

Condensation of MoiSture............cooeevvennaconesnanss 57

g S R R L R S SRy LA sk R 2 L YRR 57

oagkal Winds. . S age st 2t e L R TSR T 59

PRAGe . Winds . . o e et e L e s erata s IR 60

Cyclones, Whirlwinds, and Tornados.........coveuuuueenns 61

Ascending Compoments. ... . .. . .e. . eens. shuies Sk ivas 62

Witidii Velacifies, . .o i BN ntTns TR, k. S e 62

Atmospheric Electricity......cooevvinennn P s e HERTAO0L 64
7

M715816



8 VEHICLES OF THE AIR

CHAPTER 2—LIGHTER-THAN-AIR MACHINES.

IRDOAUGIONN, 1o . clabio it it (o 4o T AT AR B R 1 o .. 65
NON-DIRIGIBLE BALLOONS. c.vetteetrenentnernearnnnens 66
TAGEOTY o o1o7 il io o b ot T ot b LT N e Lo e AR N AP i o 66
SPROTIAL TYPCE 135 5 AU B N7 50w P TR F e B Nots <o b oree . 75
IR GBI B A RO N B e A e A 76
T A A L e S o I St I W10 T 80
Spherical Types . . . . . Sl SRR 5. . il s it 88
I BT ) B o 6 B S A iy A A b & oot et et s 89
Pointed: Ende; Sclactl shacy o0 b logie o ope s o gt - SR 89
(Rounded L RRInGs R I e e it s e T R e Ay 90
Sectional Construction.......oc.ueeieeeennenenrnrenenans 90
The Effect of Size..... G AT O OGS B T ) oF T T S 90

L VELONC [ THGEOTUALS oo o o 1o io 1o bt 1o 3 2o MRV RAE a0 o HoFiss o sk b fata s 91
faheot Metale i ok i TG e b ate ¢ RPN o Srotsms o Ry IS 92
A (S D 11 e e P 93
COBION. e o et sios s ormie oo o) ok TN el s Y vt Sy 93
TN 3500 ke selins F i R p e fre g s e £ LB o EOTINAAY v Sl v 94
Miscellaneous Envelope Materials. . .....c.ceuueneneaneann.. 94
Coating, Materiala.l, o5 s e b e s TSNS Aol TR ER L 95
ERRBLION « S sudsabont S deg v ol o AL NN e et o 96
Heated - Adr s v sesnns st anins s bR A o, Ml By 97
Hydrogen=s sz 5¢/s/53 SR % o5 % S5 5516 o b sl Rin kil SRR THLIC) 98
IIUminating-" GaSES: 4% o fo's o e s 0n e & 5e s b Liolareolot ote i /o FAL) 101
N L R R P A T AN 3 S B G O 101
Miscellaneous « vxv . sxht L sm o4 Al ad Wk ol VERIRE Java!t | i 102
Nettingelin . .2 Jn ARRA BB R R foxe (o Bye Eranis S A% s s a1z 51 5s e 2 THES AR 103
Car Construction ........ 23406 P o AR AR B o A 5 A8 8o de 38 3 104
Ratbangs oo oy T DN | N S e at L . - . oo el 105
BT M 1 S I L ol B T B e T 106
MiSCOIFRRBOUR" - 72 L. o R ioefors |7 ok 10t (5 et ook orote fo A ole o el smopagaiekd 106
Height Control............ 3 N S T o A B SR a e T h 2 106
NontEifting: B alloons Yt ey sk St D e L 107
Hagape  Valves: . Js cujnaioshid s vtie s o s & oras § GRS vl HORMY 107
BRIABE. o6 ioreve 000 s SIA016 2 B 551588 15000 B S Stk e e KRS 109
Compressed  Gasss vs ovs shez e onsan oot ik hd SRR Tan G 109
Drag Ropes............ sieltlee s et biahaieie e NS T AL AR 110
OPED N COKS TNl Bretel s SEhoraratelote TEI\erTe 1 ote TRV Uy - e ta 110
Internal Balloons................ sl BTN ol A A, 111
Moigtiurre ' 05l R i e o e ettt BRI R 3 T Revenore 112
TOMPOTATUTON 1o fs ts oreroTs ok ofs ol ofekererh rors oS e ot s 5006516506 o0 112
Steering ...... OB OB T 0 GO 6 0.6 510 1086 5500050 IO OB 3 113
Lateral Steering ........ 0q IHaTE 6 oo ST B0 0 aBI06 BonE 4 113
At U SN S B B o o TG0 b0 30 GO0GB BOBRERDR bl Yo7 - 114
Balloot JHOUSIRG N <oie fieters LB ot e fal o o1 lshel slole e (s o ool oraros RotSILRINE 115
S eads A L L e i Ty 115
Tanding « Pis: i s oo onahm#tacamin . dosee s o ARSI 116

CHAPTER 3—HEAVIER-THAN-AIR MACHINES.

b e R e G B eI e S <% 2| syate LI S A kg
ORNITHOPRTERS, | 5 i lel oot btorsio oo o o' oo ot IS, SRS .. 118
T £7 Ui T B o A S Ol 1 I o 0 RN ) 118
Two. Chief. .Classes. ... skl Lo, SOANNHER. Sarcin X 124
Recent Ornithopters. ..coovveeeveveneaaans DA e, .. 124
Analogies. . NGWWEE.... . .00 codceeonesoatsobidennl ¥, Luk .. 124
HELICOPTERS ....c.co0eeeee FACTRREUII - . o = LY O (o 1 oo 125

o7 I O e e S S i R 126



CONTENTS 9

Recent Experiments ........covnieeevann. A 00 ol .o 129
Lateral Progression......... 1 AR A R R N ST ... 130
Analogy With Aeroplane..........c.ciuiierneinienicennnns 131
ABROPLANES . oo ohiap i odaditie e oo cpesfess dlatobtels hiidrs shararalorstaissis 131
ABROPLANE HISTORY: .l oo ebiisssseeoessmitimb. S5 mads 132
Olement Ader: oo i N S o) st 2 3 a5l e die! oo fos SHRSIHs - ol » Parer s 134
Louis Bleriot ........ A A S SR S ey (SIS 0 135
Qclave | CRomNLE S bt ite v Sis ste o 5ial cuthete korshe hohous o' st tbidiiane i1 B sz 136
Samuel. Pierponk, LaRgley. . ;s « o splsiopsie dotsestsla e <oks o sralits 136
Otto and Gustav Liltenthal. .. ... .covveeiiiiinnairocanaanas 137
John J. MORIGOMETY «..eeueiereetoennnanenananranasasnnsn 138
A i R OIS S L Tty atrs 9iwlipedets) & eaeha BTN ah s s o e e 1St Loy o hhi s 146
s e S A R A A S 147
Al Tl O SO IO - - o o e ils o ot s ah 598 wys 148
S SR T CTN IS =) 55 7ol ) =) ofro Nl oo c] o o 6)e o' aefis) &, aKapalBAS SN £2: fonel ¥y o2 o il 149
Welbur and Orville Wright......cooieeeeiineesnsioracecsone 149
UG T S0t A % S S A OIS AT OB 0 Gt e A ot 153
R 1 T T et S it 1 el e Ay s ? S Y st e 153
CHAPTER 4—AFROPLANE DETAILS.

Introductory ........... o BB G SACOAT B S G kR LBt .. 158
ANAHCOSIPE SUTNENABURI . oS0 L 8RR S s, 159
Tl A R R S e A e S A 1 AL Lo 2 8 161
Comparison of Flying Animals and Aeroplanes............... 162

E I VANGCEIITIGICIS) Je fomeiss s < 1v7eka 50 ol e TN Rseioks toheliaroTe N ST eIME B! f/SP0 foC0) o Tatek' 163
B LGS QUNTELS . e ol e tevr o shnenate se'wiara o olos afanefo i bdh At e 163
B I B Tl TIVULS 20 e v e 1015 1 o e R e e a3 Ao MRy e LT L A AR 163
TV TRTRRIRIO o ts Lo b Vagemagota it ho 17 o o AN NN i for o Ty S RATHNEY, - S1 1 SN I, 164
Soarmg, - Birds. .1« te cpails SYIRERRE SATCIINET I AR SR 164
S GQUMRGY B AUS| yarools o004 oo (045 ohThe & oo o re o oL R RTTA ATy T o (6 R oh et Yoe 165
TR BUETOBATIYL 510 sl 0/s o oiwe loiaye o ors A Nr SH0 AL Ko U sl bhira lo o] S5k B 165
T e R o ot e I S I A LD e BB A0/ S LB 8 ot 166
IMONCPIANEIS . -0 7o fu e one o5 e abo rators Toga e 1o o1a oo fotess ol ST RN S .70 NEN, 167
CRDACH U ST D/ G SRS b A s S ARCS Fo L s S LA AR S8 B8 sl niois i diting 168
935 T A IR Ol . 0 o A SISt ) LIoI g B S Io s OB B GO 169
More: TRaR: TUWO SIS ACO8 7 s e roiors iahsrerrofossio s s o relobesato oHel Suateroiohy 169
ROBRNMSIOR [STURFPAUHES:Y Ut e lion s & SR e, S 88 vl 169
TH T e 2 et SRR C SRR IR R SR e R e P e ke B 6 s i 171
Curved Sections............. S O AR AN L M e Sl s b 172
N e B0 O G e R A SRR AR AR SRS AR A b 05 5y S U SIS 172
EREABDlIGE Surfaees’ 5 L L U s S e, TN 173
IMOTUERRAAEMIOGION”. 5% 5 lie ikl o ool UL L SRS R 193

I HOMEGEEWINIE S5, 975 7. . %o b & . tors ffo ere bl letare o18 o ‘o otolal ara: Sl alelotiadabble ot o & 194
Action and Reaction.........ccoviiiiennnnns e TCT R o 194
Impact of Elastic Bodies. ...c...cciuetniiiiiiaiiiiaass 195
The:ImpPACRSENEIMAAS. .%o a5 oo areers s b e h b ioni s tate oJlolibied 198

A PPl cat ] O R T 15 5ok o e o ot te oo el e T Tal ofae TaTe Potate o Mo S0 199
Flattened” MPapaERsciib. L5, i, s ol ldm st nlarata e faferatariere o Nefolehs 203
Angles of Chords.....cuiuviiieerireerecinininnecacneans 204

0 N O T e B e R R St SH L S 2 i 204
Length and Breadth .................................... 204
ARRANGEMENTS OF SURFACES....ccvvttuieerutncecnanne 205
Advancing and Following Surfaces............c.coveviunn. 205
Superposed Surfaces..... SRR, Sl S IR AR T A 205
Staggered - Burfaces:. . vERnans s ute sn th ol 5 5% 5 v o e e S 205
Lateral Placings......covoeeeeeeaacasaas RNEIRR S 206

SepaTated | WARES. .. cio.. o ssarsiosensts sere fore sorsnotsssstals B IRRe Aatoid s 55 Bl 206



10 VEHICLES OF THE AIR

Tateral® Curvature: 3. S5 THEERs e A SMMRIRGRG. 5 ... 207
Dihedral Angles.............., SN = A A PRRIEL .., WLy 207
TBRTICAE BURBACES i ot IS, v o b o s NS b G 209
N O O R A S T L o A N A 210
Effect of WSectiom: « 2 5izie i duinindiys iy SENVERRIS WA 1L
Fcctiof - Angled L1t AT LN T I T TEE 14T SUDETRI0ACT Troniey
sBect- of 8poeds sy il s s anies tynsdens e, ST SN
et af-Quthine: szsrys tin ir s vinonyay 3 i MNNDESEIN
Effect of Adjacent Surfaces
Center of Pressure........isevoevisds. b Ty
Head “Resistamoes s is i vivzes s ey pa, KIPSORENGAN, (. R0
O D S O I B A AN NG L e s e 215
TE T AN ST T e R S S el b e e A W, S
T o I e S O RS o PRSI TIPS Rt St et v
DiHetraISPARDIANT: 25 1 N DT EREY Dra At hg s s SR8 N oy
VLS WATRIRGY: AN tnae 1 RS B T Jens av S SN
AL WA SIIHE Y T AR A LA E TS DRSS R R e
Hmged S Wing WRipas CXG I NG SNSRI VRS A | S
Variable Wing Areas
LS L Uy ) A b S B 3 e s T e S e R
Rocking cWIDGS T, ¢ oiiivoevineoeashos dosses s rioniion
Swinging Wings or Wing Tips.....cocveeerennneennennns
B el o W) @ S T O ot s = o e oval L s aedey s skors ) Ao AERRAL + ‘onamREhE
Longttudinal, Balamer .y ae b bavan b swhie sptonon ok Smaiaeme
By Bront RUAAErS:. . oo vie cwesoiicsithessne Lt Lt
By Reak, Rudders; /s s oo ilos onbdsns s . KhNplge® | Syl
BoX STRIE . o ol sl s d8 S22 5 ol o ks
SHLLSI W elghtsiissis e s ilarie H s LS Se ot
Elevators as Carrying Surfaces............
Automatic Equilibrium ..coiiiieeeiinaniiienin 0%, 500
Arrangement of Surfaces. s v sniaestne st SEMIEITET 48
Bleotric devices: < rzzit st tnttionnsianinn s snahurdon o, SR
They GYTOBLOPE: . ; S itcacdsosobisesiersesie Dl TN
Compressed AIr:. .0 .. iviisseteoes vinsse s galonm: piEving
R ABERUWII . 2% ol snove e siale oo s ok e%s A T e
BEEERING, Do oo o oitie sl o eielp oo p i Selhiigiig Te S0 I SN 1L - AT
Effects. Of (Baldloing. oo, .. 0 00l ol slens o e s i Saoasn
LA s T 47 TR SR S A e s s o St ot o 3 e i

SRR [ L YT L R R S S e S KAt - gy M ey e S
EAIBTING “RUAACTS . vt L2 il o o/ a5 A ok sretore EridOnr s 7 A e 225
GO N R O LN G N B A N e hielsiria s o o o orokods Byt doT 226
0 GO M OTRTNERT S & 55 s s L o b s hisdiaito oe Sioyans smolan i tde 227
P Al S ORCTORAPS. 2 5 eprarsiheein £p A OdR o1sbdim (45 « ym, = 80 geehaa 227
BT RGO IR o e s 52 5 sime SFrh ot oos o5 4 e T sho AP T 228
L B OGN e 1o (e s o R S P A SRS T L e o d e et S 228
o L R e A a1 ", - 038 229
MEECAUIGNOOUS, i o) o ooisrerstrondia sysia it s wie o o o s sxoiose STENNMGCTUEEEES, 229
Shoulder Porkue s i o L L L R . 229
Body. sG¥adles:, 1.0 0oy s iR S8 o e e e en SRS . 1 v 229

BRAMING. & ais s cin .00 nie o o ipdo bl A TEA LN PEDOR R4 230

CHAPTER 5—PROPULSION.
T O UCTONY - s A5 s s B s 4% eays s s oo ALTCITEIRN T o,y o o A 231
MISCELLANEOUS PROPELLING DEVICES.....cco0veeves 231
T e T I a3 L LT RO A SRS ¥R S i
Wave Surfaces............. B e 5 s S i e 233



CONTENTS 11

Reciprocating Wings and OGrS.......ooeeiisesiereosienanns 234
R Y PO P R L R S e o ate e L ialat 236
S O O ON g . T R e I 237
Essenttal Characteristios. .« vt iieseeisensassssesseaans 238
Effective Surface. st il ittt o SRR PN 241
Angles-of Bladegunnsr irniial ahbnmi wanid anadihist o T 10E 242
BHP: =L L RS S 5o o b A i R o Ak A TR 244
/L O OT A 016 o T R A R B A e A T St PR OB B 244
B0 TRt ] 0374 5 G IO S s 6 S B A B i P 245
ParabolicsSechionei s snans bl a s i baiinbn s S5 TS Iy 245
Blade - Quflimesniains i U R arini s e WS | T 246
-7 R A0 0L € £, D o SRR ek Sy 2 M B L S et AL o 248
R i e O g L o N o e 249
I B e AR e P T G R S o i kv o 250
AR VYRGS (O B BUAAES s oo s o 5 e s Sa o o s (o) o g iopaiohor s tarone v Al 252
Right-Angled Propeller Blades............cci0oeeeiiia.nn 252
Dihedrally-Aranged Propeller Blades..................... 253
T A A e A A R oot L o G S e s o e 8 253
Bhas B et RO DRENTS A, & it s s a2 ot de o161 ofepmhaeetivs fo S 255
The Effects of Rotational Speed............cco0vevecenaian 255
‘ThepiiticetstofaiViehicle/Speed o & s e 256
TherEiEers "o AT ki n Bel et om A et 257
Propellors Placonigass . 18 S daSSBAIE ), BEIGER . ... 258
Single NERORENCTs . oo s ot e o L el eendes e SIS R 259
Plofal™ Propellers... .. ... . .. 0.0 0 Sardmptsevt i h, getlis's 259
Lgcation’ of" Propeller  Thrast. % .5 ..o . ouiit S b o et s 264
PRSI BLATETIAlS . v o o o ce il aidi s iule oie sienclone ole a1 Mo R o ITSLIE 264
O e o N P A S B e i v o TR 265
7 B e B O Ll 0 T S 268
Aluyminyum Alloys. . . .. .. ot sodliad eRiianes £ S as i, 268
Framing and, Fabrie. .. oo ..o ot cetohmniad 1 o d iy 269
Propellen HUDB: . vavt s inin cinn i« an s s RAnA R WAEMIA SR, 269
A TYPICAL PROPELIBR .« tx 2. ot ava sl bt e iat, S 000 270
CHAPTER 6—POWER PLANTS,

Dy G Oy e T B e T o o N o B Ay N 273
A SOTINIEENGINTS ... o ciesiore sisoiae ois oo shoreiars o skaanenof's 3o 277
BEUIRCYWNAErLDESIGNS. . . . o o oislenciite 1o jorols oin s (orsisloo Hororo  mmmrnsys) o 277
R A X L R O o A T O S o S LI AR 279
el e O G La 08 S RSB I¥rh 00 B0 DB O R0 B0 0o E A GOBOS 5 279
BN T R B AR R A R AR R SRS s o b sl il 280
OpphReds @yliltders: . it L T DAL A AT 281
Revolving CyliRders . .:..ceveveveeneesiomosveees oonads 282
Miscellaneous Arrangements...........ccieiiiiinaannaan 284
YT X AT R b o R I Sy e 284
Make-andBredlsulgnifion’. ... . . o L UL UL L S 284
Jump-S pe Y R W 2 s s g g ey Y e 285
Flot: T abe I o A o . o ot e 287
Ignition by Heat of Compression.........covvuiiieeennnnn 287
(GTNE ) s IR (100 (s ek R R e O A O D 288
CoSUMER T . L R i Ak . T e e R R xS AT 288
A {12 A e To) DY gRRPR S 1 el s A R e R S 289
YT =S T SBBSRRAG o 5 000, 7 5 0 e B A R MCoh B0 IV DO 290
(802 R BT 7 o o S e S R L s S 1 291
LD 01§ o)1) 5 N R P A R e i AN St e ol T A A 1 Rt A S 291

USRI, 7 s R N A S e e o o s 094



12 VEHICLES OF THE AIR

v VLR N R L B L A 1 35 ) IPPes 0 s li206
AuBUary. EoROUSTS. .. ool o v siole oras e sSERR RSt 1 s Tale o + 300
S T R R R a3 B ) 1 AN e
BSTEAM ENGENES, . v oiroive el awsels o o otblbh SRRt 50 Ja i)
APBHABTE " TYDER. el oo s or e b s e et s VT OB s
T L N A B e I R e N 1 T T

T ER U AT ey K e TR i Y

Storage Batteries
Primary Batteries

DT ) CE D A SEE e A b st e st s Aos bdaeiiimati k1o

00 BEST SYETRY U 0 1075 Sl e b AT A i g2 i e

COMBTESS e AN\ e ) e et e ooV o e el mge. o b (o1

(BT T e i M e e e U o okt oo Ans ol gty

i agontiliotong: s T siad A5 TR Ay at SR e, Vs

S M Opog SRt Tt s St S TSNS S PSS ISR

Rocket SSchemes s, ttt Yinys BNt MR s X SAN A S,
0 B M T e A S A s A BV e - ARIfSTe) ol aka ok vt sutEH. 310

CHAPTER 7—TRANSMISSION ELEMENTS.
dnitrodsctorystiiiis s St g i e ST AT e . 313
CHAINS AND SPROCKETS ................................ 314
Block GRains. 5.t okl inte Or RIS SRR o S b=l 316
BOLLEN CRAMS s 50155 ola 4w aia o arili e o $18e dyorars STRAToR N, VoACr i 317
MAS0cULANBONS, . 2. oy . oo Slass. caa il el e | SR 317
BloclRIRaINg . 1 51582 20 Sn 3o kool b o b8 Fhe sors & s e due) - o BENUIS 317
Standard American Roller Chains..........c.covvvvennenns. 318
Rolleea'Chaing:. . " .50 S5 les R e it T weel gy 318
GableAChaing’, 2, . « ookl togl fiols s g leias siondhols s sles o WAL eTlbortis 319
Beversible. Sprockels. . . iice o oe pers s stiitis i GIstg i g oty 319
Ny B e A e o O M A0 R St 319
SHAFTS AND GEARS......... I B AT P 04 abeter's bnatoxs 320
T s T A I .0 £, s s P e RS R d M e e o D e 320
Spwr Gears.'......}. QIR SR A1 R {3 I 2 o™ b 2 321
el IGeanss s st 5s it A S AR 2 i e Ao ST e, (G [ AN 322
Staggered and Herringbone Teeth........ccvevvveiennniinns 323
BELTS AND PULLEYS....... OB I ] e T AR A 324
Pulley’ sConsteuations i ol S ina s e DL OISRl F S Sole x5 324
Lt e o R S SR e e RO A SR 0 s e A 325
O P L 6 R A e A N S 325
CHAPTER 8—BEARINGS.

I NIroductory R A s s Saltie s s ta s iles GO AT o B 2+ < o 327
BALL B ARINGS .7 Lo retsreoifoss s o e Sl ol atorsas BIRSAOE K ersol 328
Adjustable Ball Bearings. .....ooeeeuanss . oo i P RRE L Sl SO
ATAIAT - BOU B ORIERLLE: % 5~ oo b inis shtitiseis+ 55 o v SRR e oy 330
Annular Ball-Bearing Sizes, Capacities, and Weights....... 337
ROLLEER BEARINGS R0 i i aietholls oo 0 s o ih s s A o 339
Cylindricdl BOUEr BEOTIRYE o~ + o s ioiais o v visieis S ARs s fiiose = o150 v s 340
Flexsible (Boller) Bo@rRgs. ./ /<o e e rnsn sntl o tnrs s s0s p s 340
Tapered” RBoller BEArIGS. cw. o5 vies s 'sre sttt s B s 'o'sio s o o3 s 341
A TN B A RN G A S o R N L el L s ot 342
Plain Bearing Materials........cooueieiinniiienenisonanns 342

Bteed .7 TR ANS i S B A SR R o 0 5 § SR gl B otk 342



CONTENTS 13

ONETRIIL o ers <o o e i 55 £ 4 S RESAINS S 58 34T 0 S 5 ayis S aans ey 343
IR QTMEOB AL 4oy e o< e b 0001 N p AR il BTN S2208 s foou e e i 5o Ay 343
IBDRSHOB < . o o o oioreioblN ST SRR AP S S Sidres oref o, SN TYOLE 343
BaRBIbE . . . oo oo o/ neraists O o EAA e AT N o TR R A TS 343
Gy e A S = o 15 e iR SIS HES 00 b B o KT B 344
VOOA . oo oo oson b I - a4 b pe Aok e Yo oo 1 B o AP OVIEL I 1 344
NVl aniZed T GBI fou sy ot arsvisarafe oo iosmhanagate 1orqereroheysicyshons avto | FES 344
Finish of Plain BeEArings.......eeeeeueeencntcetoacanseans 344
ATeAS) o alaldly AR e n o s M AT g s R B et 5 R W 344
S T DT R Aol e fo18 boyeiieleyt et To .o == oo e ko321 o o 45 ke e s VSN 345
MISCELLANEOUS BEARINGS. ....cccctiieecicnaacaanss ... 346
CHAPTER 9—LUBRICATION.
Introductory .........eoecn... W Soeh SoeEe ol o S e o ARSI 347
SPEASHPLUBRICATION . wuic v o fahaalateaiate Wlstatelslatatate ots N SRRY,
Rng and; Chain Oilers:....ciciviiiiivsiicivisains de8 N
GRAVITY LUBRICATION
ORI Gopsn s s e 1
9 LI R AR T A e A A SR RSB RIS IR J Ab TP R AR s veadd
MORCED, LUBRICATION .. .. i o hiee s o laarereln o s speis bpradirtfs
AP O SO IO - S AN N v s S o A e N S R LG
o i U i ke el R O e BT (1 SR B o W 2 S0 &
G A I e B T O S et
B g R R L T R R AR R A i SR R Ot 2
B A R S o e B A T P v R i ¢ 0 £
0. B N 1 e S U (O 7 3L S0 I S FEREPY ST T
WL A VA et L E LRy bt L AR LG B e gl W ¢4
Tl B N T O Do L LI AT NPORE Yani | P 4 2 i MO 3l 0 1
(G0, el e PV S PPN o 108 et O (02
OO O dE0 o ol Lol i eiesmae s (e e o e DS ko, SEAIEAL
ARV DBS. 3 o o e 1 oKeis 5o soommronens wahons AR b B B P8
(S1eL e oVSA 0, ) bR Rt R s et Al 11| L NSRS
AT A ez 208 el afals o arelas o% arors & os o o el S ORATRLE: - LA 354
Miscellaneous Lubricants........ccueeeeeeeeacnaanns Anm s, 354
Water ..... oFs S Tebets T AN 4 8 a3 &4 aied as e A g o RINCOAG. 354
FRIBTOBEME + 1. o) st thorale o mM Arahehasthil 1) 63313, 5 oy Biaridn’s o RUKLRS Sy, 355
CHAPTER 10—STARTING AND ALIGHTING.
Introductory ......... BT T OO OHG s Bt i o I B 356
BRARTTING DEVECES., & i s i b s mesiss s s clgTmhmmils 35, 357
LA e T R N Y Tt o (L1 cr ey o) 358
PRERESR a0, LT ST 0000 L et e S o AL 358
TR oy T TRy DR R s e R s 3 IR et 359
S RTO GBI EE N T 1 L e L e e s e o b L 360
The STMVMGETIPWIBE. . & o 5ao oi o dalt iR E 30e 3l (3 A L datgandds 360
Propell e TERIIRY e 5 -1 5o e of 5'a's 5 e siniche o 0] crde ol ore mamonaesss FHINAL R, 361
D OO A IR 0= 5 For e Y101 b 17800 o e e b 3 1 oo e RSN 362
Winding, s DBEIREINIRELN . ki, o 1ok e bl s 80 At iond e b 4 <SS 363
Inclined SUTERCERI AN A S e oiamiarere enaraemit sl Al L2 8 TR 364
Launching - VeRioloss innsns it o n s snnt sniyianniit chn it s o § 365
Automobiles : . inpdsinsss vest s st i ctsiea e nprtt . ALl 365
Radlway  Cars. - Lo tmhsabmr s, o e s oo £ 1 TNEET N 365
PBOAETs 375 i 5 s so s TIREEERRI e e e S et 366
Oloay o AT eas . . o R N A BN d M LS T e o bt e e s 366
Fatm g tie Iind. i R A s o s s Sihe 0 d b S AT e s 367
Launching from Height.....c.oovveiiiiiieineanennns Koo 368
ALUIGHTENG GEARS: . i t0 S aisto o2 ot Wik s oins Arebie b 4% laF2 s 369

ERECUEL o5 e e o e e ale s & ina /e NETEINE Qoseatiting s ceaned syoegeld + 369



14 VEHICLES OF THE AIR

i L RO AR PP PR JER S e o L L ORI T P 1. 14 370
Floats ......coveveennnn oy O B S LG 5 W SRR ST 1 8 370
II0OULAROOUS. + o= oror rstr o+ vayor vt v et vt et wist s oie S RIS R e o 0 T, 371
CHAPTER 11—MATERIALS ANDCONSTRUCTION.
URITOTUCTORY s oo oiniop o b e snivrs a3 w E 550 & SEBED b rat il ok RIS o 372
WODODIB S <o v 4550 M ESH#BA b wiS s on i s s oo s UG  DORITRNE Y 373
L ArGWOOAS, - o orooponisrore oo score oo o sm o) oo i Eyst s SO EE, L ERONN, 500 RN 374
APPLEFOOS cab S KA ermrensioetoroior o\o! oroistoishorsherersy ] sh'obor o NI Mo og 375
AR AT LA no R L e 1o s o 250 SRR s 5111 %ol At Lo DRI T 375
BaHIDOO, 1 vasssnioes duiers oo s il AARENIE, SIRAATLS . 375
=3 L e Tt s A A e R L 1 S e N St i 4 e 376
Boxmwood < . R A Y e e eveneare e 376
1000 PR S T S e IR R 171 B T 376
T R T e ¥ L e TR e (T A 377
T B G I A AR 2 75 B a i e 377
151003 U0 e e T G M L I e i A it 378
iy an Vi iyl T S0 SO B i I S L S o A 378
E oI S e e, SR ) Sl o e £ Al AR e i 378
(O SLAR s S b S S a i N Vo b p SN R i AT Aoy 378
PWWRINUTTE & Beloiate FEe X acOuiapisling FAFVERESATIIAR AL |, 1S 378
Bolwoods: Tor et Bnjsanmetae st et g 154w LR SLYPAV 379
s R R R R A R B & R T e s sy e 379
Poplar (A ys - 2isrsssas 3 o o gt IO 1, 4 5 O P, M 379
SIDE MR A, SEARES BE LA W KRR ] S St S B o ot iy s 379
WAHOW, 8 v B el S et b rofor ot ot ooy ot L or Aok e s bor A T A TATIS 380
Wieneers anad BeWAIMMGS 0. oretoreecrarorsronenmatovan sth o0 s ok 615 15 OITRE < STRINE 380
DT AILS Wty e o 30 se ookl o obob bavon b b S S on ik o e e TSRV, 381
TEOW o oxifariPtorora ofovensraribe mslenedsvonapon ovenatdr et orar w.s fo oy o PTERY |5 LRI 382
SUEOY L R e w575 s o 8 1 5 forn G e 1 1o 10 SR K10 4 /8 MK 4ok o & A0 SIRD; . EARWIR D, 382
ANOYSBIOEINt - o1 o= o n dals AREAGMIR ¢ SRR R ni ek L SRR 383
CastITRORLR h hist v one o f 2 Br R ARAR Koy b it R ARIERT. . LWefERAS 384
AU AUOYS . « .« o v iioscvmsneiniswsssrnne seesiiin . ANGTE 384
ACHRESMEEaL. i, ve o Sl malis abroed Wi ivis Al iaat i, RSN 384
AMEAT, L5y oot S0l o ot e br e mene o itz X . Iamsac s iy 384
EAmpentalinm C e o R L e LANE R evs o rn AR 385
Chramaluminuin 1,550, . ou g ooie s imioe e 658 beesodass A4Y s, 385
3 e T TR M N IR et T S SO e co s 385
INICREIPATHIITTATY . S R T V0. . NS ARE)  | 385
RATHTLUML 42975 5 oo o855 oxof on ¥ 3 oF ¥ b at ono o Marab ot K% rirnt 6 Lo RUSESE MRS ENAT 385
WOIEEADMMIUTIR a0 » e AL kR R st (o i o s ST T N R A SLobl k' 385
Brassce-and: Bronsescs. . onivs tovitsdsirtshiisse ieties. 386
Alpminam BrOBEE, s+« 5 rasd fismys dn e sdisd Gfovn e der o doe o0 ala l 386
PhoSPROE -BYODZE . «ivurviaivvowaderstvsravaede voss o s o ss oo osaol 386
RECLALARONTE s 55 818/ s % w570 55 Kt tite 7o e fo tole S%a?sReite s oo a5 ie s o 4. 550 e 8 386
CORDAGE AND TEXTILES......coiiiiiiiiniienneennennns 387
Cotton % . oo BRI BEHS R o Mt b ime et T seifoidt® 388
TARONT 20 S ke Blote s s w b T iitiere o o o 6 ahol o 10 st ko oW Teloae A O s [N 388
T e o e 5 ne 30 o ol b o0 oo o 0.8 o sisl oo e an-o BT BN LA 388
PAINTS AND . VARNISHES. . e o cviennens .. ool Snthiad 388
OAL Y e ey R SRS NS 138 o3 5o 5 o e s ot Badaa B T 388
SRVl SRV a 3 ST T Il L LA e e PRV [R 389
ISDAY  VATMUSIES s S e o tietur 518 5 oioit e nase o n na's s s o s o SR [ of: 389
ST L S A T N P SRS 1 < e SR Y 389
BIAOCEllaMOONER:. .. . o e s L 389
LS O AN R O S i 20 S A R N e e . . o 389
OREAAE P20 St R e s 0 sl S SRSPERY 30 e 389
WG RETE e SRS SR S R AT v s it o 390
MY 0005 da i EidmmniRinnaansans sk nanatiddes b G T, 390

RBawhide .....cvveviniiiniiiiiiiiiii i 390



CONTENTS 15

Silk Cord......... s e e e Fo y T Ly 390
SIMCWOETL GUL. < o o5 s 3 s vaio sy it B i T sy s dery vae 390
ASSEMBLING MATERIALS AND METHODS............... 390
IFAUBL. D0, oo« oo oo rsipld werdiocatbll & o)s 9 on GioNd do oo & oo RIS PRI 390
Bluesyand: Cements. o idsdotltod'slo s Soveloibioie 8 olois & BRI ECAT L L 390
BMBTCWS. .. .ovsis o iohe it BRI Rt SR T Noy s e o e g o i o TS & oot 3 o 391
BBOUES . « a0 o s o irm ol SRR T B 1 519 A1k T 1 5 e AN, R we s 391
QDS v.o « oo o S s el e e Lonemilors o S ASS DY TS  SEHER AR L) 391
BAVETS . & e/ s R N A RIS R s S iR e BT 3 391
Blectric: WECIRMRTIES (ofsriote v se mrdisinde s oo st o s oMM SRS 3l 391
Autogenouse iolamyg . .- < . (O8N STa0 1 et L NI, S 391
B QTR AR TN s o o 4o g o o1 0n 20 305 o skt o) o1 0 oot AN S o FU o oy o o 391
SOIACTUNGY <o rotone o ate s rerais s iorarminfe & Fo'thasi e s ouna e oisialeld biule ¥ o uiotole 392
Tabular Comparisons of Materials. .......oovvveeeneennnnnns 392
S o M R A T B S B I S o o A 393
Miscellaneous Materials. ........cooviiiiiiiinnneenanan, 393
Transverse Strength of Wood Bars................. Ly AN 393
WOOUSEy T s dibdS rS A s AR v ad Laal ds sda ra sgesllis sa'e 5 BTNY S 393
CHAPTER 12—TYPICAL AEROPLANES.

b R L, i SO D E R Sl o BERE S AT WAL, L 394

Antoineite, Monoplames:. . -2 s IS TGS SIIDU ORI R A0 X 396

Bt oR ML ONODIINEB!.7ors oot b o e i T hm Tt m i tar b WIS AREL 396

ORonule? GUAerE S 2 AN S S 530 A58 45 SO SRT T 3. 00, YL 398

GO, BIplaer Vb % S N SR R A A s e o s s QG R 399

CUrIBIPlan e v oo n )% s v e, o 08 S KA L e TR 400

Hanmany BUpIane.r.o 8% 56 38 5 42 KR N SRV TOMERRN ihle, FLat oz ) 404

Tangleyp MACRINE), 2ottt bor ot A rh i e % 53 0 50 8 SRR S s sy e 404

Dilventhal 28 U achimes s Jw i e 8 8000 L5 5ot 1t lg bt oo MIESHY 404

Maaim® Mulssplanes s 4y s 3 Eal I o lis sl shys s g vy W R 405

Montgomery.  Machine. . . . v o o oo RS RHIREE BTSN, 406

Pilcher Gliders......... SER S lan s s A e BT b et TSN 407

B B PreMonoplanes . ..« 4.5 au e vt o i RGBT £ 2 408

Santos-Dumont Monoplane. ......o.veueeeinienerarnneneennn 408

ORS8N BADIANG 5 573 2 5 400n oot Bt o hovare anvimdan i tamipins AP 409

PP RAgRGABIDIGE i s 2 A0 55y o 4 32 LRSI S VLA Hleaisin 409

CHAPTER 13—ACCESSORIES.
Introductory ....... A AR A % e RS S ABCIEEY 410
1 R TN Gl W £ it s R St ok i i Xt 410

e A i R P A e ol et pH A et 411
Advantages of Uniform Motor Speed
B I T 3 S Ty o R
B T g (07 e S el ol o e
(L’ 70 G 1 oS WA D S s S ol b B s

A celylenelSeRSNimsRE e Coss, =5 L, R T DY R s ke
ST e 1 OO S T I MOy Ly e
Acelylen e EiaHETRABOTRE 2ot i o e ois ot o e enadoc s 3 onte’ logsy Yot
Acetylene "BUurlesEs iy DUl L R S L s

Owygen Systenies s ansmiriens BB IrE L L e e ve s
With Hydrogen............... AT b e £ W SUT DY BT PRL S
WWithuGasoline ., . 2o R R o S s snors i s parsn s iioibineyossnsns yarendios BB R MY
With Aecetylene...............coiavui.

Incandescent MantleSy s BEEE 00 5t ST G s e s o e s
Do 0 (57T IR, (L S L e e Sy U T
With: Liquid Fuels. ..o i phpahialia« a6, &3 i waid 53 05% .4 78 417

Ol Lampes .70 0 L e o e P e A A SR X PREes -« 417
DT L o o e R T R o h et o ol seaa A S B s . 417

Koerosene ... cccemerecencisocenesann e ST e e RS



16 VEHICLES OF THE AIR

Reflentors ' oo X dadd s s 8y AN NN Dtk ol e e 418
Arrangement of TAGRTS. s v b N s e SR EGIES, o 419
SPEED AND DISTANCE MEASUREMENTS.....c.coovvu... 420
AMEHYOTNEVONS, 2ot st oion st e TN S A AN AN+ Y F o AP SRR LA o s o 420
MELSOCTIANBOUS. © o oo bio s s aists o oiasohe ooy oot ihen L IENARUNS e liiy 421
L0 e s ey R A ) Tt 44 T T 422
PRned\ DA COMPASTOE . i sl chonobsisnshinn ofs ko or ol wie at o a5 e T RS 423
Floating-Dial Compasses. .......cuvieeeeneeennnsasnsesnnnse 423
BISBEOMBTBRSE JE ARt R0 5 o6 b bt Ris ¢ bt Syl A e 424

Mercurial Barometers..........ceeuueue.. SRS Ma AW XS0 424
HReroid | Banomelerss s « (ia/s dome oot didndoroodeTels o5 B o AL 424
WANID SVAINIDS), « ool 08 L bitopobe o Bione) srer eroxet B oo o5 orte 0 1 1o LT TN IEEY 425

CHAPTER 14—MISCELLANY.

FRVTOBUCTOTY . . is s sres s'nik 3 61083 o slosesotie o o el immtoi atFe oo ore 4 oo 48T
APPEVCATEONS ¢ o5 tore s 1% 1o SRR Aol oty leilefo Vot 3555t aise

Mailand Eopresesd I B0 S SETWA SMEA SAE . ..
R T T A O IS S S S IS, I IO oA B o (b T S A
Effects of Low Cost and Maintenance. .. .......oeuueeeeennnn.
GEneTal Bl eols: o d i i ool o 0f - el st s o et A RSN LS oA
BADLIHOE ACBION @ A2 e b b o foteralre o rh K (o v oS o bl
Influence of Wind.......coovveenevneneceennnannns 5
DEMOUNTABIEETIV. &0k o leeler e Sl o ot sls o5 et inee o ath

e N e A R i A L e 1 i )
FEOUSIRGI P Sl s1o1e10re 30 618 TN FokeloisTols HToh s BA SRR vil = T ol
LIDROTSTETG S5 = o oo cfifo ave"s1s o ucs (oo ol iblorobelloto s far e b T SRR B804 X Mot 38
Prnepmatic iCushions. .., . .11kl i oo ol oo s ke fAalor SR odot s revens
T e R R B e B B 8 o T O e ST 8 s
By thesExhanst. . ..ok L il oh G50 st oAl foap g e me gl
BRARACERTTERY, | ... oo S loumislsbine orons gerstaitaiic bl iRt £ e
TRRSTGNIING . 015 o fione 510 i Bl o e S e e oo (o Pt s1Z T o fe) SO RELTAE o B

earming \fromieqehen: Hai S ol s a I i et LR o setee
Practice Close to the Surface......c.. e doeeciinnen,

RFacticeover” Water.-oilarn Seinlete o5 o s oy filfom £ 5 2 rhn g ey
Mamitaming, HEadWaY: o -3 sl D =lois Siele oo 35 opr RRAC il e 1o olore e
O R T o A o S O e e g S e N

VT R S I AR O W it 3 G e o e b A Sl A
T b o b R e S m e s A N W S AR AT A Sl Speas
Chait eHOT L AT AT A SR dohal o leNeTeiio oy siel sleleleners oxelayote o) & ol s e bts

N o0 IR SRR SRR S A S N I ERTU S o e i
Balling 55! s o sl S22 e a0 nd 885§ 53057 1 s i vaoms o NERR
Striking: Obabaclesinrinh ciniinn it unnni Jolihle oI
Vortices: and Currends. . s vt c o ciosone o o' do bh e S IERIIN

TERRESTRIAL ADJUNCTS.. .

BEgRaler, . ..ol s larsrea e s Srils o oo oe s oo o BB W

Fog Horns and WhistleS. ..cceevuneeerennneriiinneiasn,
i S I e L S S 0 b
GLOSSARY OF AERONAUTICAL TERMS........... v

CHAPTER 15—FLIGHT RECORDS.

Introductory «.....eeveveienneincannnes Sés g s B, i % 473
TABULAR HISTORY OF FLIGHTS.....:eovovueuiennnn. .. 478
INDEX
COmniénods on "Pagesiin e v BT eoe 492




LIST OF ILLUSTRATIONS

Ficoze. PAGE.
Sands, in an Antoinette Monoplane, Coming to Ground at
Cannesy: RESROWELIL 5. ¢ . oo voms it iiiohl Jiwmtante a1 Frontispiece
Count de Lambert in Wright blplane at Juvisy, France. T NN L 8D
1.—Bleriot Flying from Etampes to Orleans............. b e YD
2.—View in Paris Aeronautical Exhibitlon—October, 1909 65
3.—~Layout of Gores for Spherical Balloon.......cce000.. o944 76
4.—Giffard’s Dirigible BalloOR.....ccceeeeecosasasssosssosvesosecs 80
5.—Tissandier’s Dirigible Balloon.....coeiiveteeiieereaceananannn 81
6.~—~Renard’s and Krebs’' Dirigible Balloon...... o shaysronits o fahars) Rt sty I SR
7.—Texture of Modern Balloon Fabrics........ S isha ke /4oy Mok Sl dheg ol .. 65
8.—Modern Spherical BallooD........co0eeeieeecesccossccnsanasas 90
8.—Shuttles for Knotting Balloon Nettings, and Some Typical Knots.. 104
10.—Balloon Valve .....cevovienitcnsnnccnanns ey U B N S 1
11.—Car of Modern Spherical Balloon.......c.cce0vees.
12.—Curlous Drag Rope of Wellman Dirigible. .............cccvunn..
AFEE 7 Doy S MR o0 s N st st e o O B A OB Bt A A0 B Sers i
14.—Balloon House for Dirigible “Russle”.............
15.—Portable Balloon House Used by the French Army.
16.—Balloon Houses Nearing Completion................
17.—Rigid Construction of Zeppelin Dirigible.........
18.—Dirigible Balloon, “Ville de Nancy”......ccoveesescsnsss
19.—S8ide View of Nacelle of Wellman Dirigible. . oo 240
20.—Front view of Nacelle of Wellman Du-igible ...................
21.—Malicot Semi-Rigid Dirigible Balloon.......ccvueveuennn
22.—Nacelle of the French Dirigible, ‘“Zodiac III”.........
23.—Count de Lambert Piloting Wright Biplane...........cccvevennn
24.—Degen’s Orthogonal Flier ....ccoeecneccncnssaas oL
25.—Trouve’s Flapping Fller. ... ... ieveveiricreetsnencasanccncaans
26.—Engine and Wing Mechanism of Hargrave Model No. 18 ..... 122
27.—Collomb Ornithopter ....... 5 ke toRa KedsTel
28.—Toy Helicopter ......
29.—Toy Hellcopter ......cciveeiveeennn
30.—Toy Helicopter .......ceieveenns b
L= Bertin THEHEODLET . o sttt o tuil e e o sisare o s aithalseiotes s s ore
82.—Cornu Hellcopter ....coeceeteeiccccacenas o

33.—Bertin Helicopter-Aeroplane .....
34—Box Kite ....vovvvevinenenens 1
35..~Montgomery Aeroplanes of 1884- 5 with Hinged Ailerons in Wings 140

36.—Le Bris’ Glider ............. DA o lafate siateratorarsiore et B AbeteIehe 015
BT~y Aerial SLEAMEr v i'cic's o s-sis sias sasless salesio s salesnassabisnes 156
38.—Flylng Fish ........cc00uenen PRI RN be fo o ks rohousuonshor syshstats (o RIEIAT Fors 4 161
39—FIyingFrog..... .............. 000 OO B e 0 e 164
40.—Comparison of Pterodactyl and Condor. ... ofs 4 08 500 . 166
41.—Wing-case. IDSECE. csvco oot overacesersanes 166
42.—Pressure on Vertlcal and Inclined Surfaces...... o q .. 171
43.—Plane and Arched Surfaces without Angle of Incidence ........... 172
44 to 67.—Geometrical and other Drawings Explaining the Formation
and Actlon of Wing Surfaces.....coeeevreeeeeierenns 17
68.—Staggered Biplan® o Dia. it e e e oo sista oo oo WA (v
69.—Goupy BIplane ........cveeeeeieinans GRS O N O B O S
T0.—Langley’s 25-Pound Double Monoplane DR T RoLaley f oy gy (iU
71.—Internal Framing of Antoinette Monoplane WV s s et e e i S e
72.—Framing of Antolnette Wing Inverted.......c.coeeeeeeoeanenen
73.—~Framing of Bleriot Monoplane Wing.......ceceeeeeneercccoees
T4.—Inverted Upper Wing Frame of Wright Biplane........ o S 08
75.—Assembling Wright Wing Frames........coeceeseecnsacans d

T6.—Alleron Control of Lateral Balance in Antolnette Monoplane
77.—Alleron Control of Bleriot Monoplane VIII.
78.—Lejeune Biplane with Double Aileron Control 3 k4
79.—Front View of Pischoff and Koechlin Biplane....... Al ma veee 174
 80.—Side View of Pischoff and Koechlin Biplane............. W rd.. 14

17



18 VEHICLES OF THE AIR

F1GURE. PAGE.
81.—Aileron Control of Farman Biplane.,.......... AT ST s » s 174
82.—8liding Wing Ends..... s le s AN o B DGR e T A SRR e e 218
83.—Swinging Wing Ends.......... 0 e SUSRGISAERR I . . AR LA 219
84.—Wright Flexible Elevator or Rudder ............................ 225
85.—Rear Controls of Antoinette Monoplame........veveereennenenn. 226
86.—Double Control from Single Wheel......ovtvieennenineennennn.
87.—Shoulder-ForksControlf + ¥4 SA-JAll (030 TS L. ...,
88.—Frame of New Volsin Biplane.................
89.—Fuselage of Bolotoff Monoplane...............

90.~—~Feathering-Paddle Flying Machine,..
91.—Partially-Housed Paddle Wheel,.......
92.—Wave Surface

93.—Helices of Propeller Travel...... SUENCINE S, RN NS RORIeTS -

94.—Circles of Propeller Travel....c..cvveeieeneseianoesarreenodonns

95.—Diagram- of ‘Propeller Pitcht UVa s, SOMBICIC, J0f SR W SH0Tn -

96.—Angle of Propeller Blade to Angle of Travel

97.—Advancing and Following Surfaces..........

98.—Three-Bladed Propeller ............

99.—Four-Bladed Propeller ..... oo bt H to o B ]
100.—Chauviere Walnut Propeller................

101.—Propeller, Engine, and Wing Frame of Antoinette Monoplane..... 234
102.—Engine and Propeller of Santos-Dumont Monoplane.............. 234
103.—Wooden Propeller of Clement Dirigible Balloon.................. 240
104.—All-Metal Propeller Applied to Dirigible Balloon................. 240
105.—Straight, Dihedral, and Curved Propellers........c.coveeeeneens. 252
106.—Effect of Gyroscoplc Action of Single Propeller on Steering ...... 5o S
107.—Twin Wood Propellers on Single Shaft.....cccvvenennvninnnnn .. 264
108.—Working Drawings of a Wooden Propeller. .......ceoeeeunennens 266
109.—Templets for Securing a Desired Form in a Wooden Propeller. .... 271
110.—Four Cylinder Motor of Wright Biplane......ccvveveinonnennnnnn
111.—Pump-Fed Antolnette Englne. .....covveeiiinenneroononsreennss
112.—Three-Cylinder, 22-Horsepower Anzani Engine...................
113.—Four-Cylinder—*“Double-Twin”—Anzani Motor...........
114.—Renault Eight-Cylinder V-Shaped Motor...... 1585
115.—Fiat and Panhard Aeronautical Motors.......cvveveveveriennens
116.—Darracq and Dutheil-Chalmers Aeronautlcal Motors
117.—Dlagram of Revolving-Cylinder Motor.......cccieiinnesnnncenns
118.—Gnome Revolving-Cylinder Motor........ivvivieivinseseannns
119.—Ten-Cylinder Motor with Concentric Exhaust and Inlet Valves. 276
N — N gr el c Pl i o T A R L L T A o P S TR
121.—Make-and-Break Ignitlon ..........0ociiieinnnnne e
122.—Mechanical-Break Jump-Spark Ignition System
123==Jnmp-Spark: TERITION . oo o oo o o oopioie's saummmaiaiaiaiils s toPcSsbSpisl S, ook
124,.—Hot-Tube Ignition ...............v0eveeen o ST e
125.—Fuel-Injection Aeronautical Engine.......ccvivieineiiineiann.
AT EOT. -0 5ye 510 1040 40 00003028 fo o 4615 025 1ot 0 ria oREFs Josbid ‘o e teVe g SAN S ona En ol A B b
127.—Mietz and Welss Fuel PUmp. .. .cceeres s oo rotseceansenonns
128.—Silencer ...... et A N e AN L S i b e e ek
120, ——MUMET v v ece o ciormio oo oo 0ioimusioimio sunvise s oo one e
130.—Steam Engine for Aeronautical Use 5 oft b4
IBTAFLES BOFIBE: « . v vn e sy st maseswmaininamees oW o bl o 2o R T

132..—~Water-Tube Boiler for Aeronautical Use..........ccciviivnnns
1338.—Aeroplane Power-Transmission System :

134.-—Aeroplane Power-Transmission System
135.—Aeroplane Power-Transmission System
136.—Aeroplane Power-Transmission System
137.—Block Chain ........ O R o W DB I I
138.—Roller Chaln .......ccicvieevserconreocannns
139.—Chaln Transmission of Wright Biplane
140.—Chaln Transmission in Hydroplane, Driven by Aerial Propellers... 313

141.—Belt Transmission in Recent Santos-Dumont Monoplane........... 316
142.—Volsin Biplane Modified into a Triplane......
143.—Henry Farman’s Biplane in Flight..........
144.—Adjustable Ball Bearing ....eoceveevssnsee

145.-~Annular Ball Bearing........ o I
146.—Full Type Annular Ball Bearing B e ¥ B N
147.—Annular Ball Bearing.....ccv0eeee B TR sl b et ol

148.—Annular Bali Bearing..cocevceosccccsscaccas.



LIST OF ILLUSTRATIONS 19

FIGURE PAGE.
149. —Annular Ball Bearing Subjected to Thrust........... sisfofs Sisiogetd e BB
450.—Ball ,Bhrust Bearing. . .idoisfsisastols ois)'sisysromihoid cioiabdiohits oreje siofoFo orais oo
151.—Resultants of Load on Ball Bearing......cco0evceeveass
152.—Cylindrical Roller Bearing.....c.ceeeevcencoccccasas
153.—Flexible Roller Bearing........ceovceeueeecaaases
154.—Projected Area of Plain Bearlng.........cciiiiienieennnrnnnnnn
155.—Adjustment of Plaln Bearing.........cciiiiiiiieeennnnnns
W56 Cone DeATINE, .. i Tthors e iy se mAah I LlEYs Tidkiel aroloked shoyids +Ysis ‘abanstd araliefs B sheb e dhs
15/4.—Blerlot XI. In BIIETE rect s ia-ars. s Bsratorolid o sngatssons diof o ore oFe i =D
158.—Bleriot XIL In FHght. .. ovivtiiieiitiennirnnerocnnenansansns
159.—Ring Oller on: CramkKShaft, . . Sioin & At Soluimivis Yo o sheleioyehs/ ofs. o5 skagel o
160.—Force-Feed Lubricator .......ccoeeeeeeacnns
161.—Wright Biplane Starting and in leght
162.—Koechlin Monoplane in Flight..... ey 3
163.—Wright Machine on Starting Rail...............ciiiiiiiiennne.
164.—Bleriot Alighting Gear.........ccveveueeen
168 —Wright STBTCINE SYSEEHN. . « o ctiiotoie wie/ers +o/s o 68 oo o s 5 spaslors o srerasbrafsit
166.—Wright Machine and Starting Derrick. .....coovvivveeneiannn.. 5
167.—Starting by Rope Attached to Stake and Wound in on Drum..... 364
168.—Rougier’s Voisin Rising from Starting Ground..............c.0u0. 360
169.—Bleriot Starting Device
170.—Typical Alighting Gear..........
171.—Details of Bleriot Monoplame......coveteereeneoneeaccoonnnnnn 370
172.—Alighting Gear of Paulhan’s Voisin...........coiiiiiiiiiiaenn. 370
173.——Eleva;.ting Montgomery Aeroplane with a Balloon, in California,
DRI o 58 7 5 7 ATt Il" B4 A TT Foate SATLD <t A Rt A s
174.—Alighting Gear of Farman Machine..............c0vue..
175.—Boat-Like Body of Antoinette Monoplane. .
176.—Allghting Gear of Antoinette Monoplane.. 5
1—Bullt-UD BamMbOO SPAT . . o s o/cc'c o' o o olas o o at¥ie o asiadd i syatelt,sronorsbofs is.
178.—Sections of Wooden Spars......cccieeevececissacstsosncnnssnss
179.—Built-Up Hollow Wooden Spar......ceeeeiesenceereaeeneeannans
180.—Built-Up Bamboo, Hickory, and Rawhide Wing Bar.............. 381
181.—Methods of Fastening Wire Ends. .. v.vveereiiniiennnnnnnnnnnas
182.—Strut Sockets and Turnbuckles....... BRI B o 8 i S e e o8
AR — W e A g e o T e sk i a7 o s e
184.—Texture of Modern Aeroplane Fabrics...............
185.—Scale Drawings of Wright Biplane...
186.—Slide View of Wright Machine........... x
187.—Three-Quarters View of Wright Machine..............c0vuen...
188.—Rear View of Wright Machine...........ccieiiiiiieieeennens o
189.—Paul Tissandier Seated in Wright Biplane.......ccvveeevaneeans
190.—Count de Lambert in Wright Biplane.............. .0 iuuannn
191.—Wilbur Wright Instructing a Pupil.........c. .ottt inas
192.—Details of Wright Strut Connections............ ittt eeans
193.—Side View of Wright Runner Construction...............cc0uou
194.—Wright Runner and Rib Detafls.......ciiiriiiieiineinnnnennns
195.—Rudder Frame of Wright Machine..........iivivevnneeenccnnns
196.—Elevator Frame of Wright Machine................ooiiiuvnnnn
197.—Scale Drawings of Bleriot Monoplane Number XI.
198.—Bleriot Monoplane Number X
199.—Bleriot Monoplane Number XI o
200.—Front View of Blerlot XI.......ceevevecenceseecearsccnsnenss
201.—Three-Quarters View of Bleriot XI............ ol Pieratiye
202.—Scale Drawings of Cody Biplane...........ciciiievineronnannns
203.—Latest Model of Voisin Biplane............ciiiiiiiiennnnnnn.

204.—Three-Quarters Rear View of Voisin Biplane........cc000eeeeen.
205.—Three-Quarters Front View of Voisin Biplane...................
2068.—Scale Drawings of Farman Biplane..........cociiiieeeneennn..
207.—S1de View of FarmangRIPIaAne. . . ..ccc.cvcntoneccsoionosanssans
208.—View of London-Manchester Farman Blplane ....................
209.—Maurice Farman’s Biplane........cccvveveeneenss

210.—Front View of Maurice Farman's Biplane

211.—Farman’s Modified Voisim..............

212.—Scale Drawings of Antoinette Monoplane. .
218.—Three-Quarters View of Antoilnette III..
214.—Rear View. of Antolmette V.laluiiauil. oo dive. il s, Soaddals
215.—Front View of Antoimette VII........covvinvniieneniennnnanen
216.—Rear View of Antolnette VII........c.ciieiiininnnnenenrennnn
217.—8ide View of Santos-Dumont’s Belt-Driven Monoplane... 7 ..... 426



20 VEHICLES OF THE AIR

FIGURE. 3
218.—Iront View of Santos-Dumont’s Belt-Driven Monoplane........... 426
219.—Side View of Santos-Dumont’s Demoiselle......................
220.—Front View of Santos-Dumont’s Demoiselle...........cvcvveunn.
221.—Scale Drawings of Santos-Dumont’s Monoplane
222.—Side View of R. E. P. Monoplane...... A o a
228.—Three-Quarters View of R. E. P. Monoplane.........co0cuu.. ]
224.—Captain Ferber’'s Dihedral Biplane...........civiiviennnennnes
225.—Scale Drawings of Montgomery Glider...........vovuun
226.—8ide View of Montgomery Monoplane Gllder .............
227.—Side View of Small Power Propelled Montgomery Double Monoplane 434
228.—Scale Drawings of Curtiss Biplane.. 4
229,—Side View of Latest Curtis Bipiane
230.—Early Lilienthal Monoplane Glider..
231.—Lilienthal Monoplane Glider....... oy
232 —~Lillenthal’s ¥ Biplane ., s2 a5 a8 se & VNI SO0 000 o008 SO, Tl e el
288 ——PRcRer @M Aer S N L R L o e S
234.—Pilcher Glider......... A ES R MNEE ol
238.—Maxim Multiplane.........c.c.ciieeiiiiiieciieienatntenncases
286 NaximC AFultiplane tril i a ol ST R T . e e e e e ok e s MRS
237 —Chanute "Biplane "Glider. & . o i 0 oL St s s L e a s
238.—8antos-Dumont’s Demolselle in Flight.......
239.—Paulban’s Voisin in the Douail-to-Arras Flight.. od
240.—Suggested Nernst LAMP.cccecsctcoecccstcsecsstssscsacsscnses
241.—1ens MIirror...coeceeceteccncrcnacascceresnsasosns
242.—Locomotive Headlight.........cociiviieeeiieinienns oot
243.—Anemometer Speed and Distance Recorder...............
244.—Universal Level...ccvieeeeeeeiertooceccsosnvnsonns
245.—S1de View of Bleriot XI. with Wings Tied on Frame....
246.—Front View of Bleriot XI., Showing Demountable Wlngs
247.—Assembling Bleriot XI....iotiiiievreerrenereneeionnns

248, —Wicker Chair and Foot Control of Allerons in Farman Blplane . 440
249.—Cockpit of Bleriot Monoplane Number XI.......coveoaceenccens 440
250.—Seating Arrangement and Control System of Antolnette Monoplane 448
251.—Sling Seat of Captain Ferber’s Biplane............ e 6 4
252.—~Cockplit and General Detalls of R. X. P. Monoplane.....cceeeeees
253.—Latham’s Antoinette Monoplane in the English Channel. it
254.—General View of Paris Aeronautical Salon.............
255.—Suggested Use of Exhaust Gases to lleat Foot Warmer. B
256 —PataChute) . i, ot 0, Saldiio s 0 S o S h it iohe St oo s ssiote o' e sfakole ‘ataloRalana
257.—Effect of Height Upon Choice of Landing........... o000 5
258.—United States Weather Signals........ccoceeeeeiinervecencnans
259.—Wright Patent Drawings....ceeveeestoevrecenssvosnnanssas
260.—Montgomery Patent Drawings. .....ceveveeveeeccnccsnn
261.—Chanute Patent Drawing.....ccceveveeervnecnecncnssse s
262.—Mouillard Patent Drawing....... 3 Gl
263.—Lilienthal Patent Drawing........cco0cveen.
264.~—Diagrammatic Comparisons of Modern Aeroplanes :
265.—Flights over English Channel........c.icurieeeineiinnnnnnns

266.—Farman Flights, Chalons to Rheims, and Chalons to Suippes..... 474
267.—Count de Lambert’s Flight over Paris.......c.ccvvvuinnes vonnn 474
268.—Map Showing Principal Zeppelin Flights................. . .00, 475
269.—Flight of Paulhan and Grahame-White, London to Manchester. 478

270.—Flight of Curtiss from Albany to New York City......cccovuvnes . 478



“For centuries we stood upon the edge

Of space and yearned, while sparrows from the hedge
Took flight and taunted us. ‘That I had wings!
’Mid stormy music, thus the Psalmist sings,

‘Then would I fly away and be al rest.”

And lo, the wings are ours, a gift, the best

The genius of our race has forged. * * *

* * ® * * * .
« = & * That narrow space
Holds man to-day apart from brother man,

A range of rock, a river or a span

OII channel; and our wings shall‘ ov'e{’leap

T

ese dwarfish landmarks. *
CHARLTON LAWRENCE EDHOLM.

INTRODUCTION

To the preparation of this work, the author has been
influenced largely by the lack of any concrete and
popular treatise on aerial navigation.
i‘:’éﬁiﬂ ‘With the object of remedying thi-s
condition in at least some degree it
has been sought to produce an adequate, up-to-date,
and at the same time a comprehensive presentation of
what is fast becoming one of the most important and
alluring fields of modern engineering. In the accom-
plishment of this purpose it has seemed desirable to
plan a volume that should appeal to general curiosity
as well as to particular interest. This is because the
subject is so new that few can lay any claim to its mas-
tery, though thousands are commencing its study.
These conceptions of the need, and of the sort of
interest to be met by a book of this character, have
dictated the inclusion not only of timely and authori-
tative data concerning contemporary successes, but
also of some material that is chiefly historical—often
the history of now discredited mechanisms—as a help
in easily and clearly conveying to the casual reader a
logical idea of just what progress has been made and
is making in the modern science of aeronautics. It
21
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even has appeared reasonable to venture occasional
suggestions of the future—forecasts intended simply
to stimulate still doubtful imaginations rather than to
invalidate themselves by too-complicated or far-fetched
premises. Yet in such prophecies it will be readily
appreciated by the technically versed that the prophet
is sufficiently safe if he don his robe without too reck-
less a disregard of his limitations, and confine himself
to impressing upon the general attention only such
facts as are already evident and obvious to the few
specialists who are closely in touch with their subject.

Necessarily some portion of the matter herein pre-
sented is in a way the product of compilation. It being
the province of the writer at a task of this sort to
record rather than to create, it is not to be expected
that much more can be accomplished than a diserimi-
nating and consistent addition of new material to old,
with the two arranged and related in an orderly and
informing manner. No more than this has been
attempted ; if no less has been accomplished the author
will feel well satisfied.

The publishers join with the author in the hope
that this book may help to stimulate the English-
speaking races into some parallel with foreign enthu-
siasm in aeronautics. For it seems as true as it is
regrettable that the nations that developed the Wright
brothers, Montgomery, Chanute, Langley, Herring,
Pilcher, Stringfellow, Wenham, Hargrave, Henson,
Maxim, McCurdy, Curtiss, and others, and which once
were found always in the van of the world’s progress
in science and invention, are replacing their one-time
zeal for promising innovations and scorn of hampering
precedents with an imitative and trailing commer-
cialism, of which there already has been at least one
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other sufficient example. Certainly it is an inescapable
fact that the less tradition-trammeled engineers of
continental Europe are the first to perceive the begin-
nings of the practical and commercial era in aero-
nautics, just as they were the first to perceive it in
the case of the automobile. And equally is it a fact
that the United States and the British governments,
and American and English capitalists, continue con-
spicuously tardy in their recognition of the newest and
least-limited advance in the history of transportation.

Nothing but the utmost blindness to existing
achievements can continue to belittle what it cannot
comprehend. Aerial navigation today
is no more a joke than was the railway
eighty years ago, or the steamship
seventy years ago, or the automobile ten years ago.
On the contrary, it is already the basis of a vast and
progressing industry, founding itself surely on the
most advanced discoveries of exact science and the
finest deductions of trained minds, and possessed of
a future that in its sociological as well as in its engi-
neering aspects sooner or later must stir the imagina-
tions of the dullest skeptics. Inevitably it is a matter
of perhaps no more than a few months—certainly of
no more than a few years—after this is written when
in every country of the world aerial vehicles will enter
upon an epoch of wide development and application,
the far-reaching reactions of which are certain to carry
significances of the profoundest import to every phase
of civilization and every activity of the race.

Man’s movements about the planet he inhabits are

SKEPTICISM
IS IGNORANCE
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restricted to a maximum of the three traversable media
with which he can come in physical contact. He can

THREE travel by land, by water—and by
TRAVERSABLE air. Of the difficulties of these, he first
MEDIA overcame the simplest, as was to have

been expected; he next fell to devising one kind and
another of water craft, and progressed to navigation
of the seas; and now, after centuries of ineffective
struggle, he is beginning to apply the hard-won les-
sons of his slowly-accumulated knowledge to the con-
quest of the air. Of the three media, the air alone
exists over the earth’s entire surface, thus demanding
for its utilization neither specially-constructed high-
ways nor restriction of journeys such as limit or make
costly all efficient transportation on land and water.
And, more than this, as there are unknowable forces
greater than the mere opinions and activities of men
8o is it only consistent with experience of human
progress and observation of the eternal logic of things
to recognize that sooner or later mankind wmust con-
quer this last highway of the world, thus finally assert-
ing the dominion over all things terrestrial that is
declared his right by the seriptures.

Concerning the types of machines that will survive,
as most successfully applicable to practical and com-
mercial navigation of the air, present
knowledge is distinctly informing. It
seems rather clearly indicated, for
example, that the ‘‘lighter-than-air’’ type, the balloon,
can have little future beyond such as is too often
founded upon the activities of ignorant inventors or
unscrupulous promoters, or upon the thrills it
undoubtedly affords as a Gargantuan spectacle. As is
hereinafter suggested the balloon is an evasion rather

TYPES OF
AIR CRAFT
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than a solution of the real problems of aerial naviga-
tion. It floats in the air rather than navigates it,
wherefore it is no more a flying machine than a cork in
the sea is an ocean liner.*

The helicopter is the type of ‘‘heavier-than-air’’
machine designed to ascend by the action of one or
more lifting propellers, rotating on vertical axes. The
type must for the time be dismissed as without present
status to econdemn or approve it. It is enough to say
that more than one engineer of unquestioned eminence
has faith in it, while there are others of equal standing
who as positively disapprove.

The term ornithopter is given fo any type of
heavier-than-air machine in which there is attempted
imitation of nature’s wing motions. The matter of
its merits comes down chiefly to the simple question of
whether or not a reciprocating-wing system can be
made superior in reliability and efficiency to the
rotating-wing system that constitutes a propeller.
Probably no engineer of practical abilities will con-
tend that it can. It is a common argument that birds,
which may be considered the flying machines par
excellence, fly on this plan. Admittedly true, but it is
equally true that most animals walk on legs and
most fishes swim with tails and fins, despite which
man finds that with wheels and screw propellers he
can secure results vastly superior to any that are to
be found in attempts to copy nature’s mechanisms
more closely. It is a point deserving of regard in

*It being a fact, however, that the dirigible balloon exists, and that
its problems are enlisting the activities of able engineers and powerful
governments, for these reasons it will herein in all fairness be accorded
such attention as seems demanded by its present prominence rather than
by its future prospects.
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this connection that the real reason the continuous
rotating mechanism is unknown in the animal economy
may be the most excellent one that it is not available.
A wheel or any similar continuous-rotating element in
a machine involves a complete separation of parts,
mere contact or juxtaposition being substituted for the
complete structural continuity that is rendered impera-
tive in the natural machine by nature’s self-contained
processes of manufacture, growth, and repair—proc-
esses with which man’s mechanisms are not handi-
capped, however imperfect they may be in other
respects.

The aeroplane is far and away the most promising
of the several types of machines in so far as any

AEROPLANE Dresent vision can discern. This type

MOST of air craft is sustained by the reac-

SUCCESSFUL  tiong of the air rotations and streams
under and adjacent to its inclined curved surfaces,
and in nature finds its analogy in the soaring bird,
and particularly in certain insects. Ordinarily, to fly,
an aeroplane must keep moving, wherefore it must
attain lateral speed before it can rise, and must retard
to a stop in alighting. Without exception all the suc-
cesses recently achieved in the United States and
abroad have been with curved-wing* aeroplanes.

The questions of speed and flying radius are still
some way from any sort of settlement. Certainly the
speeds ultimately attained will be very high, but, what
is more to the point, they will be easily maintained.
In this regard aerial navigation is comparable with

*The modern substitution of curved surfaces for the flat ones of
earlier experiments has made the term ‘‘aeroplane’’ a misnomer, but it
seems mnevertheless to have fixed itself ineradicably upon the language,
and so may as well be accepted.



INTRODUCTION 27

travel on water rather than with travel on land,
maximum speeds being also average speeds in the case
of the steamship, though this is not
the case with land locomotion. In
addition to its other advantages,
high speed of aerial travel may prove the soundest
engineering because it admits of sustaining the
heaviest loads upon the smallest surfaces. Another
and imperative reason for speed will be to overcome
adverse winds. To progress against wind, speed
higher than the highest wind in which flying is to
be attempted may be required. The limit of wind
velocity with which it may prove possible to battle
will be determined mainly by conditions of starting
and landing.

As for the possible radii or action—the maximum
distances of travel without return to a base or
descent to the earth for additional supplies of fuels,
lubricants, etc.—it is evident at the outset that the
greater the radius the greater the utility. Indeed, the
ability to combat long-continued adverse winds, appli-
cation to polar and other exploration, transoceanic
travel, and sustained rapid transit overland may hinge
directly upon capacity to accomplish great distances on
minimums of supplies and fuel.

The sizes of the machines that will be built is
another matter for the future to determine. It being
a law of geometry that the areas of structures increase
with the squares of their linear dimensions, while
bulks and weights increase with the cubes, it is evident
that at some point the gain of the weights over the
areas will impose a limit that cannot be passed.
Against this, however, is the likelihood that there may
not be much use for large craft. Traffic experts agree

SPEED AND
RADIUS
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that the secret of all rapid transit is the maintenance
of speed, it being the slowings down and the stops that
chiefly account for the slow average
speeds on land despite the wonder-
ful spurts that have been made by
land vehicles for short distances. Most evidently, the
existence of the expensive large-unit vehicle on land
is mainly due to the necessity for highly-specialized,
prepared highways, while on water it has been found
an essential means to high speeds and maximum
safety. In the air conditions will be different. Here
the inexpensive and ideal small-unit vehicle, suggested
in some degree by the automobile, and likewise eman-
cipating its user from other persons’ routes, stops,
and time schedules, will find an unlimited field for
development. Moreover, such development will pro-
gress under the stimulus of lower first and maintenance
costs than apply to any other system of travel.
Flying machines will be inexpensive to build
because their construction calls for little use of
FIRsT ANp complex forms in resistant metals.
OPERATING Wood, wire, and fabric of common
S5y qualities and at low cost are almost
the extent of what is necessary, barring the question
of motors, which will be cheaply manufactured in
quantities, to standardized designs. And even more
vital than mere low cost of manufacture will be the
fact that manufacture will not require the facilities of
costly factories, but can be undertaken by any one
possessed of the requisite data and an ordinary sort of
carpentering ability.
That flying machines will be inexpensive to operate
must reasonably follow from the small power needed
for their propulsion and from the fact that they have

SIZES OF
AEROPLANES



INTRODUCTION 29

no working parts in constant destructive contact with
a roadway. Indeed, the transition from the expedient
of confining air in automobile tires to the utilization
of the unconfined air of the atmosphere as a vehicle
support is rather definitely an advance from a lower
to a higher order of engineering.

Nor are these questions of cost in any sense the
least important factors in the future of aerial naviga-
tion. Modern engineering abounds in
examples of things that are possible
but not profitable. Indeed, it is just
this point, that limited utilities do not warrant unlim-
ited expenditures, that so utterly condemns the dirig-
ible balloon. With flying machines, sufficing for the
safe, inexpensive, and rapid conveyance of one or two
persons, cheaper to build than a modern motoreycle,
there enter prospects that must ultimately loom larger
on the horizon of transportation and the whole strue-
ture of modern society than even so great a prospect
as the actual accomplishment of aerial navigation
itself. Laws, customs, and conventions must fall in
the tremendous readjustments that will ensue. Many
forms of social trespass will have to be fought by
removal of incentives rather than by attempts at pun-
ishment, and there will be discovered innumerable
outlets for various movements for race improvement,
which the iron inflexibility of present-day environment
keeps suppressed and silent.

Questions of safety are ever uppermost in most
persons’ contemplations of aerial travel. To the
average individual let there be said
flying machine and at once his brain
must visualize some horrifying con-
ception of an unstable craft of vague outlines and

THE MORAL
ASPECT

THE PHYSICAL
HAZARD
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terrible hazards, precariously poised in the cloudland
at an illimitable height above terra firma. How dis-
tinctly such ideas are at variance with the facts has
been shown by the Wright brothers, Farman, Bleriot,
and others, in flying for mile after mile only four or
five feet from the ground.*

People are prone to appraise casualty by its horror
rather than by its statistics, and the thought of one
individual tumbling from the skies grips harder on
the popular imagination than the slaughter of a few
scores in a railway accident or the drowning of a few
hundreds in a shipwreck. As a matter of fact, there
are many more factors of safety in present and pros-
pective aerial travel than at first appear, even to the
well-informed. Besides the proved practicability of
close-to-the-ground flight, there is in the case of the
aeroplane the complete stability of the type as a
glider.f This means that the immediate safety at
any moment is not contingent upon the operation of a
more-or-less complicated motor, the continued fune-
tioning of which is dependent upon the unfailing
operation of an interconnected aggregation of parts
rapidly revolving or reciprocating wunder heavy
stresses. On the contrary, a motor is necessary, if

*In teaching Captain Lucas Gerardville of the French army to
operate the Wright flyer, Wilbur Wright required the control of the
levers to be returned to him whenever the machine was steered lower
than two meters (614 feet) or higher than four meters (13 feet) from
the ground, thus indicating that he considered inability to keep within
this zone, even for a beginner, as definitely incompetent driving as
would be steering out of the road with an automobile. Such close-to-
the-ground flight is partieularly well shown in the photographs repro-
duced in Figure 161.

t The Wright machine was first developed as a glider without a
motor, and in its later motor-propelled models has been on more than



INTRODUCTION 31

at all, only to maintain continued upward or hori-
zontal travel, the ability to soar reliably at a flat angle
down a slant of air being contingent only upon the
continued structural integrity of non-moving elements,
or at worst, of elements readily made very strong or
even provided in duplicate, and demanding only mod-
erate and occasional control adjustment against very
light stresses. As a consequence, the only risk likely
to continue ever-present is that of such derangement
or the encountering of such adverse weather condi-
tions as may compel landing upon unfavorable areas
without immediate but with the prospect of ultimate
disaster. Thus, to be compelled by engine failure or
adverse weather to descend in a desert or forest, or on
rough mountains, would result in a situation fairly
comparable to that of a wrecked vessel, or of a de-
railed train, or of a ditched automobile, rather than
in one ascribable to any undue and inherent hazard
pertaining to the new conveyance regardless of
the conditions of its wuse. These different con-
siderations will, however, doubtless produce defi-
nite effects on the progress that will be made,
and, as progress continues and engineering resource

one occasion driven to considerable altitudes, the engine stopped pur-
posely or inadvertently, and a safe soaring descent to the ground ac-
complished. The Montgomery machine, built primarily as a glider, can
be dropped upside down in the air, even with loads, and such is its
automatic stability that it invariably rights itself and comes to the
ground as gently as a parachute. The Antoinette, Bleriot, Voisin,
Curtiss, R. E. P. and many other successful flyers likewise have proved
safe gliders with engines stopped. Particularly significant in this con-
nection were Latham’s two descents, enforced by engine failure, into
the waters of the English Channel—once without even wetting his feet!
Other experiences showing that engine failure does not necessarily mean
serious disaster have become very numerous within the past few months,
(May, 1910) in the use of practically every operative aeroplane that has
been built.
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makes of the trackless air an unrestricted highway
of ever-increasing stability, those of the sky pilots
whose temerity is greatest may be expected to become
more and more venturesome and capable, so that the
development of the flying machine, from commencing
with eautious flights in favorable weather, at moderate
speeds and low altitudes, and over surfaces upon
which landing is comparatively safe, must in time pro-
gress to exceedingly rapid travel at somewhat greater
heights, and with less regard to the state of the
weather or to the character of the surface beneath.
Aerial navigation offers little prospect of ever
becoming safe to the extent of relieving those who
take it from the common chances of

%NG%‘?V% life and death, but it does most
emphatically promise that its hazards

per passenger carried a given distance will not exceed
the corresponding hazards of terrestrial and aquatic
transportation. The railroads of the United States
alone exact an annual toll of 12,000 persons killed and
72,000 injured, yet many very timid individuals think
nothing of riding for hours at a time, at speeds of
forty, sixty, and eighty miles an hour, along the tops
of precipitous embankments and over unguarded
bridges and trestles, with their safety never for a
moment independent of the somewhat precarious hold
of thin wheel flanges on the smooth edges of narrow
rails. Thus does familiarity breed contempt. Never-
theless, compelled to a choice between being plunged
to the ground through a distance of, say, fifteen feet
in a light, elastic, and protecting structure of wood,
wire, and fabrie, against the proposition of rolling a
similar distance down an embankment, surrounded by
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the crushing mass of a railway coach, what sane indi-
vidual would prefer the hazards of the latter?

As progress continues and safety becomes more
and more assured under conservative and reasonable
conditions, the timid will in increasing
numbers venture first trips as pas-
sengers and be reassured by their
experiences, until the time will arrive when to fear to
travel by air will be to class one with the people who
today are afraid to dare the risks of rail and water
travel. A gradual overcoming of the inertia of the
mind appears to be an essential process in reconciling
the generality of people to innovations. Even in the
cases of many institutions of the longest standing
there are persistent inconsistencies in many people’s
attitudes. For example, the automobile, which com-
pared ‘‘passenger-mile’’ against ‘‘passenger-mile’’ is
found responsible for far fewer fatalities than regu-
larly attend the use of horses, still is regarded as a
sort of death-dealing juggernaut by many normally
sensible persons. Likewise, it is commonplace to find
people thoroughly hardened to travel by the most dan-
gerous type of rail vehicle, the street car, who cannot
restrain a feeling of terror at the thought of travel
by steamship, which is statistically provable to be any
number of times safer. At the time this is written the
power-driven heavier-than-air flyer has been respon-
sible for the death of only eight individuals in the
whole world, despite an aggregate of experimental
flights totalling fully 150,000 miles.

Undoubtedly the first commercial applications of
aerial vehicles will be to classes of service involving
minima of human risk with maxima of utility—serv-
ices such as the conveyance at high speed of special

FEAR A HABIT
OF MIND
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classes of mail and express matter by aeroplanes, each
requiring for its management only a single operator,
or the rapid distribution of news-
paper matrices and illustrations under
similar conditions. Next may come
the daring spirits who will take desperate chances in
the exploration and prospecting of remote and unset-
tled regions—not to consider the red-blooded few who
from the beginning find in navigation of the air a
new means of reckless sport and dangerous recreation,
chiefly interesting in the improvements that result
from their successes and the lessons that are gleaned
from their mishaps.

To any one who has kept abreast of recent progress
it is genuinely amazing that there are still so many
who question this matter of commercial applica-
tions. Many who even concede that the flying machine
may find important application in warfare and meet
with considerable success in sport, still are disposed
to deny that it ever can find extensive use as a common-
place, every-day means of transportation. Such per-
sons mistake the bounds of their own knowledge for
defects in the thing examined, and see in every failure
of an experimental mechanism, no matter to what
cause due, a conclusive condemnation of a whole propo-
sition, and when they find themselves astute enough
to glimpse a limitation, no matter how trifling, its sub-
traction from the original quantity clearly leaves a
remainder of zero. Yet an inability to fly at all
through not knowing how is a distinctly different
thing from a mere cessation of flight from break-
down. The first leaves mankind as positively unable
to travel in the air as to travel to Mars. The second
is with perfect reasonableness comparable with such

COMMERCIAL
APPLICATIONS
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negative disabilities as broken flanges, punctured tires,
leaking hulls, and the like, which similarly may termi-
nate particular trips by particular means in delay and
even in death.

As for limitations, it certainly is to be admitted,
for example, that the aeroplane appears totally
unsuited for urban travel. In its
present most successful forms it re-
quires special devices or, at least, con-
siderable clear and unobstructed areas for starting
and alighting. But for interurban travel, on the other
hand, these limitations fail to constitute objections of
material magnitude. There is no more reason for
expecting the aeroplane to find its utility by developing
a facility in maneuvering through mazes of wires and
alighting amid street traffic than there would be for
condemning Atlantic liners because they have to dock
at Hoboken instead of sailing up Broadway. Undoubt-
edly the time will come when it will be considered
quite as reasonable that the beginnings and endings of
aerial voyages should involve the presence of special
launching and landing facilities, as it is that railway
trains should travel from station to station. No type
of transportation is unlimitedly flexible. Rail vehicles
are confined to rails, automobiles must keep to roads
or good surfaces, water craft cannot leave the water,
bicycles require at least a fair path, and not even
beasts of burden and men walking can disregard all
topographical difficulties. Against these, surely the
ability of the air vehicle to progress in an air line at
its high and maintained speed from selected start to
selected destination, always regardless of what may
be beneath, and ever ready should necessity compel to
settle under control and without immediate danger

LIMITATIONS
EXPECTED
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upon any fair area of unencumbered land or water
space, may be regarded as a form of flexibility suffi-
ciently valuable to offset the lack of other sorts.
‘Moreover, there is some reason for expecting that
small aeroplanes and helicopters may arrive ultimately
at such reliability and perfection of control that it
will be feasible to direct them from or upon almost any
place that affords space to accommodate them.

Particularly interesting is the relation of aerial
navigation to war—it appearing more than probable
that this latest of man’s inventions
will serve first in adding to the ter-
rors of and then in the laying of this
grim specter of the centuries. For aside from all
mere tactical questions of airships versus battleships
it is most of all to be considered, as a very few mili-
tary authorities have pointed out, that in the develop-
ment of the flying machine there is placed for the first
time in history, in the hands of weak and strong com-
batants alike, a weapon capable of as effective and
unpreventable direction against the kings, congresses,
presidents, and diplomats who declare war as it is of
direction against the fighting men on the faraway
battlefronts. Already more than one great military
and naval captain has suffered disquieting visions of
what will happen when, maneuvering unopposed and -
unseen in the obscurity of the night, not merely one
or a few, but veritable swarms of light aeroplanes, in
twenty-thousand lots costing no more than single
dreadnoughts, commence trailing assortments of high
explosives at the ends of thousand-foot lengths of
piano wire, over cities and palaces and through fleets
and armies.

Many authorities are inclined to disparage the

BELATION
T0 WARFARE.
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fighting utility of the aeroplane, basing their views on
the fact that it has been demonstrated exceedingly
difficult to drop bombs with any considerable accuracy
from great heights. But from a slow-moving aero-’
plane flying very low it should be an easy matter to
cast generous parcels of picric acid or fulminate of
mercury into the twenty-foot diameters of a battle-
ship’s funnels. The answer that such an attempt
might be foiled by the use of searchlights and quick-
firing guns is one that contemplates attack by only
one or two of the air craft, rather than to the con-
certed descent of a whole host of such emissaries of
destruction, each manned by a competent and deter-
mined crew, realizing that if only one of the wasp-like
swarm achieves its purpose the picking off of a few
by lucky shots or extraordinary gunnery will be fear-
fully avenged.

Fancy for a moment the disillusionment to come
when in some great conflict of the future a splendid
up-to-date battleship fleet of the traditional order, with
traditional sailors, traditional admiral, and traditional
tactics, finds itself beset in midseas by a couple of
great, unarmored, liner-like hulls, engined to admit of
speeds and steaming radii such as will permit them

AN to pursue or run away from any
. IMAGINATIVE armored craft yet built, and designed

SPECTACLE  &ith clear and level decks for
aeroplane launching. Conceive them provided with
storage room for hundreds of demountable aeroplanes,
with fuel, repair facilities, and explosives, and with
housing for a regiment or two of expert air navi-
gators. Then picture the terribly one-sided engage-
ment that will ensue —the thousands of tons and
millions of dollars’ worth of cunningly-fashioned
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mechanism all but impotent against the unremitted,
harrying, and reinforced attacks from aloft, and
unable either to escape from or give chase to the
enemy’s floating bases of supplies, which, ever warned
and convoyed by their aerial supports, will unreach-
ably maneuver out of gun range, picking up from the
water, reprovisioning, remanning, launching and
relaunching their winged messengers of death until
the cold waters close over the costly armada of some
nation that has refused to profit by the lessons of
progress.

The question of aerial travel over water is one of
particular significances. Water areas, in common with
the atmosphere, possess a quality
that does not pertain to land — the
quality of uniformity. The conse-
quence is that just so soon as means are devised for
launching aeroplanes over water, by the use of hydro-
plane under surfaces, boat convoys (as suggested in
the preceding paragraph), or any other serviceable
expedient, the way is at once opened to the establish-
ment of transaquatic mail lines utilizing craft pro-
vided with hull-like floats and made capable of flying
with almost perfect safety just above the wave crests.
Indeed, it is quite to be anticipated that the institu-
tion of some such service may constitute the first
serious commercial exploitation of the aeroplane. A
special incentive to experiment in this direction is
the low speed of even the fastest present water travel,
by contrast affording to the flying machine an advan-
tage that it does not yet possess in comparison with the
higher speeds of land travel. The still unsettled ques-
tions of flying radius and motor reliability can be at
the outset tentatively evaded by establishing the first

TRAVEL
OVER WATER
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services over the shorter distances, or by stationing
patrol boats with fuel supplies at necessary intervals.

It is an irresistible conclusion that the practical
utility of the flying machine is mno longer to be
doubted. The only questions are
those of the exact methods of realiz-
ing these utilities, and the extent of their applica-
tion when realized. People begin to see that
it is absurd to characterize as impossible what
has been long accomplished. The bird flies, and there
is nothing occult about either the mechanism of the
bird or the laws of its operation. Not even the soaring
feats of the bird violate any of the laws of aerody-
namics or the law of the conservation of energy, how-
ever they may scandalize some pedantic conceptions
of these laws. Difficulties are no greater than the
knowledge required to surmount them, and knowledge
is accumulating hour by hour. The time is arriving
when it will be no more difficult to maneuver a flying
machine than it is to ride a bicycle. Both are dis-
tinctly mechanical inventions, both tend unfailingly to
develop from inferior to superior forms, and both
have had to encounter various skepticisms.

Here to digress for a moment—let the doubter just
consider this case of the bicycle, less as an analogy in
mechanism than an analogy in mental attitudes. Think
of a ‘‘trained engineer’’ or ‘‘conservative business
man’’ of a few years ago confronted with a modern
“‘safety?’’, exhibited with the assertion that here was a
vehicle of perfectly practical utilities, inexpensive to
build and operate, capable of considerable speeds under
an ordinarily vigorous rider, and perfectly suit-
able for the use of old people and children under ordi-
nary traffic conditions. Fancy the derision — the eriti-

CONCLUSION
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cism that would be leveled at the pneumatic tires, the
strictures that would be visited upon the light construec-
tion, and, above all, the ridicule that would be heaped
upon the proposition of requiring from ordinary people
the balancing instinct of the acrobat — then, perhaps,
some appreciation will be had of the way most present-
day opinions on aeronautics will fit conditions five
years from now.

And if all this insistence brings the reader to some
belief that possibly, after all, this epic development in
transportation is upon us, what of the changes it must
involve—the far-reaching influences it must inevitably
exert in all possible fields of human thought and
activity? Ponder the romance of it — the certainty
that it must completely reorganize more than one fun-
damental factor of the present social order. And
believe—as one must unless lost to all optimism and
faith—that even present ills work for ultimate good,
and inquire what it will mean to live under skies
thronged with aerial fleets, to live in a world from
which the artificial barriers of national boundaries and
the natural barriers of physical characteristics are by
advancing intelligence erased past re-establishment.

‘What must be the result when, with a means of
travel limited neither by difficulties of topography nor
by the shores of the seas, lending itself perfectly to
individual use but not at all to the uses of monopoly,
and not confined to the narrownesses of specially built
highways, the greatest freedom the individual can
possess—the freedom of travel far and wide at will—
is vastly enhanced by the vehicles of the skies, vehicles
that will prove cheaper to own, maintain, and operate
than any other vehicles that have ever existed!

Travel on land will be reduced to the extent that it
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is slow, inefficient, expensive, and inflexible. Travel
on water will become a mere adjunct to that of the air.
The world will be narrowed by the speeds attained.
Tariff and exclusion laws will be annulled through the
sheer impossibility of their enforcement. And the
skies will be as thronged with the craft of man’s devis-
ing as they are today with the fowl of the air.

Throughout the territories of every nation of the
earth there will appear the leveled, circular, landing
areas, perhaps provided with strange-appearing start-
ing devices and probably bordered with low, capacious,
shed-like housings. Automobiles will be at hand to
afford rapid transportation to the business centers of
adjoining communities.

There will develop a technique and a language of
aerial navigation, and experts will become skilled in
contending with the perversity of special mechanisms,
in starting and landing under difficult circumstances,
in battling with fog and rain and storm, in taking
advantage of air currents at different levels, and in
seeking out the lanes of the atmosphere in which to
add to their speed the sweep of the trade winds.

And over all will soar with the ease of the gull or
drive with the speed of the whirlwind, the myriad
ships of the air, transforming the face of the heavens.
Of many sizes and at many altitudes, midgets and levi-
athans, close to the earth and up in the clouds—in the
days the shadows of their wings will speed over every
corner of all the lands and seas, and in the nights of
that future time the eye-like gleams of their search-
lights will mingle to the uttermost ends of the earth,
beacons of science and romance and progress and
brotherhood.

Vicror LoUGHEED.
Curcaco, November, 1909.
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CHAPTER ONE

THE ATMOSPHERE

At least a brief consideration of the properties
and phenomena of the atmosphere, as the medium
through which all aerial vehicles must travel and
from which they must derive their support, has a
logical place in a work of this character.

EXTENT

The extent of the gaseous envelope that sur-
rounds the earth is a subjeet that has been much
investigated by physicists. Knowing the weight
of the air, the area of the earth’s surface, and the
approximate mass of the earth, it is not especially
difficult to compute the total weight of the atmos-
phere, which is found to be aboutt 543 5oy of that
of the rest of the earth.

Determination of the height of the atmosphere
is a more difficult problem, whether it be attempted
by purely mathematical methods or reasoned more
or less empirically from such observations as are
available. Were the air of uniform density from
the earth’s surface to its limit of height it can be
easily demonstrated that this upper limit (termed
by scientists the ‘‘height of the homogeneous at-
mosphere’”) would be at an altitude of about 26,166

feet—lower than the highest mountain tops—but
43



41 VEHICLES OF THE AIR

since the air decreases in density at an increasing
ratio as the pressure due to air above grows less
with each increase in height, until the atmosphere
attenuates by imperceptible graduations into a
perfect vacuum, no known calculated solution of
its ultimate height ean be closely depended upon.

The greatest heights above sea level to which
man has actually ascended in the atmosphere have
been reached with balloons, Glaisher and Coxwell
(see Page T74) having attained a probable height
of 29,520 feet, while Berson and Siiring (see Page
75) undoubtedly reached an altitude of 35,400 feet.

The atmosphere has been explored to much
greater heights by ‘‘sounding balloons”’ (see Page
75), the greatest height on record having been
reached by a balloon of this type released from
Uccle, Belgium, on November 5, 1908. As shown
by self-registering instruments attached to this
balloon, it rose to a height of 29,040 meters (95,275
feet), over eighteen miles.

Estimates based on the calculated heights of
meteors at the times when they commence to be-
come luminous from friction with the earth’s at-
mosphere have been held to indicate that this must
extend, in an exceedingly tenuous state, to a height
of 200 miles. Other authorities contend that the
extreme upper limit cannot be over 100 miles high.
In any ecase, it is an obvious deduction from the
barometriec pressures recorded at great heights
(see Page 56) that ¢ of the whole atmosphere is
below 30,000 feet, % below 43,000 feet, and
145 below 95,275 feet.
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PROPERTIES AND CHARACTERISTICS

The atmosphere being chiefly composed of sev-
eral common forms of matter, its principal phys-
ical properties and characteristics have been well
investigated.

WEIGHT

According to Regnault, air at sea level, freed
absolutely from water vapor, carbon dioxid, and
ammonia, weighs .0012932 grams to the cubic cen-
timeter at zero Centigrade, under a pressure of
760 millimeters of mercury in the latitude of Paris
(48° 50’ N.), and at a height of 60 meters above
sea level. In English equivalents this is approxi-
mately equal to .080681 pound to the cubic foot—
or 12.384 cubic feet to the pound—at sea level in
the latitude of Washington, D. C. Ordinarily, not
freed from water vapor and other impurities, air
at sea level, at 32° K., can be taken to weigh very
close to .080728 pound to the cubic foot.

At any height above sea level a given volume
of the atmosphere weighs an amount less than a
similar volume at sea level in exact proportion to
the difference in barometric pressure, other con-
ditions being equal. Thus, at the 29,000 feet
reached in the Coxwell and Glaisher balloon ascent
the weight of the air was only .052171 pound to the
cubie foot.

The weight of the air is an important consid-
eration in the design of aerial vehicles, particu-
larly in the case of lighter-than-air constructions;
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since these are enabled to float only by being
lighter than the volume of air they displace. With
heavier-than-air machines the weight of the appa-
ratus is sustained by the quantity of air acted
upon, varying with area of surfaces, rapidity of
the action, and mass of the air affected.

COMPOSITION

Air consists chiefly of oxygen and nitrogen
mechanically admixed (not chemically combined)
in the proportion of about 21 volumes of oxygen
to 79 volumes of nitrogen (by weight the propor-
tions are 23.16 units of oxygen to 76.77 of nitro-
gen). In addition to these principal ingredients
air carries minute quantities of many other con-
stituents, some of which appear in the constant
proportions indicative of normal components,
while others are variable with locality and
circumstance.

Among the more evident of these minor con-
stituents of the atmosphere are water vapor, car-
bon dioxid, ammonia, nitric acid, argon, helium,
neon, krypton, and ozone, besides quantities of
dust, germs, and other minute solid particles held
in suspension. The water vapor may represent as
much as 24 parts by weight of saturated warm
air, but ordinarily the quantity is much less. The
carbon-dioxid content varies from .0043 in the
country to as much as .07 or even .1 of the whole
weight of the air in cities. This gas, which is pro-
duced in the lungs of all animals, from which it is
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constantly given off as a waste product of the con-
tinuous oxidation of the blood that is essential to
life, to the vegetable kingdom bears the relation
of a food, thus beautifully disclosing the wonderful
adaptation of all natural phenomena to interlink
with one another. For in the leaves of all plants
there constantly goes on a mysterious absorption
and fixation of the carbon from the carbon dioxid
of the atmosphere, apparently by some not under-
stood action of the green chlorophyl they contain,
while the oxygen thus freed from its combination
is in this case the waste product.

Argon constitutes about .01 of air. The total
amount of ammonia and other less important
gases is probably less than .01 in the lower atmos-
phere, though there are reasons for supposing
some of these gases to be more abundant above.
The ammonia in air is generally stated as amount-
ing to about .000006 of the total weight, while neon
is present to the extent of about .00001. Both
argon and helium have been determined to exist
at all heights up to 46,000 feet, but above this
height no helium has been detected. Ozone, which
is an allotropie form of oxygen, varies from none
in eities to .0000015 in the country, and is more
abundant in summer, especially during thunder-
storms and high winds. The amount of dust in
the air is much the greatest in the lower strata of
the atmosphere, to which it is so closely confined
that balloonists are frequently able to discern
definite dust levels at certain heights.
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COLOR AND TRANSPARENCE

Though in small quantities air is without any
color that can be perceived, the fact that distant
objects seen through it acquire a blue tinge, which
also appears as the color of the sky, makes it evi-
dent that even the smallest quantity of air must
faintly possess this hue.

While commonly regarded as perfectly trans-
parent, air nevertheless offers considerable ob-
struction to the passage of light rays and to vision.
Indeed, were the atmosphere in undiminishing
density to extend to any great height it is a safe
conclusion that its presence would prevent our
seeing even the brightest of the heavenly bodies.
As it is, the whole amount of air above the earth
being only equivalent to 26,166 feet of air at sea-
level density, it offers more obstruction to vision
in a lateral direction than in the vertical—a fact
that becomes very apparent when it is attempted
to make out distant details from a mountain top
or balloon, affording an outlook of many miles
in a horizontal direction. Weight for weight, air
is little more transparent than glass or water, 30
feet of the former and 18 feet of the latter being
equivalent to the entire height of the atmosphere
and offering little more obstruction to vision, espe-
cially when compared with air containing much
dust or water vapor.

AIR AT REST

Air in a state of rest, subjected to any given
but unvarying conditions of pressure, temperature,
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and composition, presents comparatively few and
simple problems. Of its static properties, the
most important are its compressibility, those re-
lating to the effects of temperature, and those
relating to its phenomena of liquefaction and

solidification.
COMPRESSIBILITY

Air in common with all other gases has the
quality of compressibility—a quality not measur-
ably possessed by most liquids. For this reason its
volume is always proportionate to the pressure
upon it, it expanding with every reduction in pres-
sure and occupying less space with every increase.
Through a considerable range of pressures the
space occupied is almost directly proportionate to
the pressure—a doubling of the pressure reducing
the volume by one-half, etc. Air cannot be com-
pressed without the work expended appearing in
the form of a rise in temperature, and, conversely,
allowing compressed air to expand always results
in a lowering of temperature.

EFFECT OF TEMPERATURE

Heating or cooling of air causes it to expand or
contract. Through a considerable range of the com-
moner temperatures such expansion or contraction
is closely proportionate to the amount of change
in temperature. This property is taken advantage
of in hot-air balloons, as explained on Page 97.
Heating air that is confined results in an increase
of pressure, and cooling compressed air results in
a decrease of pressure.
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LIQUEFACTION AND SOLIDIFICATION

Almost every known form of matter, whether
normally appearing as a solid, liquid, or gas, can
by sufficient change in the conditions of tempera-
ture and pressure be made to assume any of these
three conditions. Thus the hardest rocks and the
strongest metals can be melted into liquids and
volatilized into gases, while practically all known
liquids can be solidified—as in the familiar case
of the freezing of water. Likewise, the lightest
gases, when subjected to sufficient cold and pres-
sure, assume first a liquid and then a solid form.
Air is no exception to this rule, becoming a liquid
at—220° Fahrenheit under a pressure of 574
pounds to the square inch—or less, if the tempera-
ture be lower. Further cooling causes it to become
solid, though the temperature required to pro-
duce this condition is so low that it can be at-
tained only with the greatest difficulty.

Liquid air, because of its compact form as a
source of oxygen, and its expansion into the gas-
eous form at high pressure upon exposure to or-
dinary atmosphere temperatures, often has been
proposed as a source of stored energy for motors,
but so far no such application has proved suc-
cessful.

ATR IN MOTION

Air in motion possesses properties that are
very little understood, the laws of its dynamie
actions and reactions not having been gener-
ally investigated or formulated. Particularly with
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reference to the operation of heavier-than-air ma-
chines is this the case. Indeed, more than one of
the world’s foremost physicists, even in compara-
tively recent years, has positively declared aerial
navigation to be impossible, basing his conelusions
upon difficulties encountered in reconciling the
idea of man flight with established hypotheses
of aerodynamics. Air, possessing almost perfect
elasticity in addition to its weight, fluidity, and
other qualities, cannot be set in any but the most
simple movements without oceasioning a multi-
tude of resultants that are so utterly complex and
involved as almost to defy analysis. The result is
that even such comparatively simple phenomena
as those of the movement of air in pipes and in
jets are only understood in a general way, while
the work of most investigators of flight problems
has had to be almost purely empirical, or, when
mathematical, has been unsuccessful. The one
conspicuous exception with which the writer is
familiar is found in the investigations and ex-
periments of Professor Montgomery, whose con-
clusions are outlined in the article printed in
Chapter 4.

Of the dynamic properties of air, the most im-
portant from present standpoints are its inertia,
elasticity, and viscosity.

INERTIA

Air, in common with all other matter having
weight, exhibits the various phenomena of inertia,
which may be defined as the tendency of a mass to
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remain at rest, or to continue in uniform motion in
a straight line, until acted upon by some disturb-
ing or retarding force. Naturally, air being much
lighter than solid and liquid forms of matter, its
inertia is less marked than in the case of heavier
substances. But that under favorable conditions
this is a factor to reckon with is abundantly proved
throughout a great range of natural phenomena,
from the flight of birds to the extraordinary vaga-
ries of cyclone action. In fact, as one great in-
vestigator has tersely expressed a profound truth
in form to be appreciated by the man in the street,
“‘the air is hard enough if it is hit fast enough.”

ELASTICITY

The property of elasticity is one of the funda-
mental qualities that distinguish air and other
gases from liquids. Air and other gases are in
fact the only perfectly elastic substances known—
that is, the only substances that will withstand
compression to an indefinite extent and for in-
definite periods without in the slightest degree
losing their ability fully to recover the original
volume. Gases compressed under thousands and
even hundreds of thousands of pounds to the
square inch, for no matter how long a period, in-
stantly and unfailingly expand to any extent per-
mitted by release of the pressure.

- Itis to a great extent this property that, under
favorable conditions, makes for the high efficiencies
realized with suitably-designed mechanisms for
operating on masses of air see Page 255).
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VISCOSITY

Viscosity is a property of fluids closely com-
parable to the cohesion of solids and may be de-
fined as the tendency of the molecules to oceasion
friction when driven against or past one another.
The viscosity of air is often stated to be much
higher than that of water (not per unit of volume,
but per unit of weight), but there is reason for
doubting the soundness of this conclusion. How-
ever, it is at least true that air possesses viscosity,
and that this sets up increasing resistances to
movement as the speed of the movement rises.
The question of skin friction on aeroplane and
propeller surfaces is closely related to that of the
viscosity of air.

METEOROLOGY

The matters of climatic conditions, storm
phenomena, and temperature, and barometric and
electrical conditions in the atmosphere must all,
in the nature of things, be of the utmost interest
to both present and future air navigators.

Meteorological conditions may be broadly
grouped in two classes—the first comprised of con-
ditions of a primary or static character, and there-
fore not directly inconsistent with fair weather,
while the second class includes such meteorological
phenomena as are directly related to winds and
storms. ‘

Generally speaking, there are three funda-
mental or primary changes to be noted in the at-



54 VEHICLES OF THE AIR

mosphere in a given period in any locality—
changes in temperature, changes in barometric
pressure, and changes in humidity. Secondary ef-
fects, usually rather definitely resultant from the
foregoing, are the condensation of moisture and its
precipitation—in the form of rain, snow, or hail—
and the movement of the air in the form of winds.

TEMPERATURE

Besides the seasonal variations in temperature,
which vary greatly with locality, there is the re-
markably uniform lowering of temperature with
increase of height, the atmosphere being warmest
at or near the surface at sea level and progressive-
ly colder at greater altitudes, as is evident in the
phenomenon of perpetual snow on high mountains,
even in warm climates.

Observations with sounding balloons have dis-
covered temperatures lower than —100° F. at great
heights, with —50° commonly prevailing, even in
summer. The lowest temperature ever recorded
at the earth’s surface is —90° F., observed in Si-
beria—this degree of cold exceeding any that has
been recorded elsewhere on the surface, even in
polar exploration. At the other end of the range
are temperatures of about 140° above zero Fahren-
heit, noted in India, the Sahara, the southwestern
United States, Australia, and elsewhere in the
desert and equatorial regions of the world.

The following two tables of sounding-balloon
records will be of interest:
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FROM SAINT LOUIS, MAY 6, 1906 FROM SAINT LOUIS, MAY 10, 1906
HEIGHT ABOVE HEIGHT ABOVE
SEA LEVEL TEMPERATURB SEA LEVEL TEMPERATURE
SR3piTeet’, k.. LR 57.2° F. 623 o
BEEEY Moot ... ..ot 46.4° F, 3,281
8,562 feet... . cccccadn, 31.2° F. 6,562 feet...
9,843 feet.....co00v... 21.2° F. 9,843 feet.......
811231 feet'.. . LLETSSN N 15.8° K. 18,123 feet.........
16,404 feet.......vvenen 17.6° F. 16,404 feet.....
19,685 feet............. 5.0°F. 19,685 feet.....
32,808 feet.....c.cve0nn —52.6° B. 22,966 feet.....
26,247 feet.......cv0n.s —29.2° F, 26,247 feet.....
29,527 Sfdetan. 2 AU —40.0° F. 29,627 feet...
32,808 feeteceovnoenenns —52.6° F. 32,808 feet...
36,080 feet.........vvnn —b50.8° F. 36,089 feet...
39,370 feet............. —49.0° F. 39,370 feet.........
42,651 feet........ou0nn —b4.4° F. 42,651 feet.........
45,982 feet........cu... —56.2° F. 45,932 feet...
49,212 feet............. —b59.0° F. 49,212 feet...
52,808 feet...
54,298 feet..,..co0envess

A remarkable feature well shown in the above
is the “‘permanent inversion layer’’, or isothermal
stratum, of the upper atmosphere, it being noted
that at from 33,000 to 49,000 feet—beginning just
higher than the tops of the highest mountains—a
minimum temperature is reached, after which there
tends to be a slight but fairly regular rise. This
change has been discovered to exist all over the
world—in both the tropical and temperate zones,
near the arctic circle, and over the Atlantic ocean.
In the record ascent of the sounding balloon from
Uccle (see Page 44) the lowest temperature
registered was —108.6° F., at 42,323 feet. At
95,275 feet, the greatest altitude reached, the tem-
perature had risen to —82.12° F.

In the Berson and Siiring ascent, on December
4, 1894, the lowest temperature—at 28,750 feet—
was —54° F. At the start in Berlin the tempera-
ture was 37° F.
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BAROMETRIC PRESSURE

The weight of the atmosphere, as shown by the
barometric pressure, varies with height, tempera-
ture, and latitude. As is elsewhere explained
herein, by far the most considerable variations are
those due to height, for which reason a high-grade
aneroid barometer constitutes a very accurate
means of estimating altitude.

At sea level, under normal conditions, the baro-
metric pressure is almost exactly 14.7 pounds to
the square inch. At great heights it is much less,
as, for example in the Glaisher and Coxwell ascent
(see Page T4).

The Uccle sounding balloon recorded a pressure
of 1.74 pounds to the square inch at 42,240 feet,
and of only .2 pounds to the square inch at its
greatest height of 95,275 feet.

HUMIDITY

Humidity is a general term for the presence of
water vapor in air, but in the more restricted and
more specific scientific sense it is commonly under-
stood to refer to the percentage of saturation—that
is to say, to the proportion that the amount of
moisture actually present in the air bears to the
maximum it might contain. The saturation point
varies with temperature—cold air being capable of
holding less and warm air more water vapor. At
a temperature of about 90° F. a cubic foot of
saturated air will contain about 4; ounce, or
about % cubic inch, of water. Saturated air
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cooled to a lower temperature always precipitates
its excess of water. This is the explanation of the
condensed moisture that is often precipitated from
the air on the outside of a glass of cold water, or
upon any other cold surface in warm weather, and
it has most important bearings upon the phe-
nomena of rain and snow fall.

The moisture in the air is chiefly derived by
evaporation from water areas and land wetted by
rains or floods.

CONDENSATION OF MOISTURE

This always occurs when the atmosphere is
cooled until the amount of water present in it
amounts to more than the saturation quantity for
the given temperature, and the result is ordinarily
a precipitation of rain, snow, or hail—though it
is established that under certain conditions mois-
ture thus precipitated may pass into vapor, or be
frozen in exceedingly minute crystals, and so re-
tained in suspension in the form of clouds.

WINDS

Winds, amounting simply to more or less rapid
movement of portions of the atmosphere with re-
lation to the earth’s surface, present many aspects
of interest to the air navigator, and are worthy
of his profoundest consideration.

Atmospheric movements vary in direetion,
velocity, and duration, and in the presence of
ascending or descending components, and are
classified according to their velocity, direction,
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and duration into the different classes of storms
and winds.

Winds are supposed to be due chiefly to varia-
tions in temperature, though they are affected by
tidal movements in the atmosphere and influenced
by the earth’s rotation. The latter, however, can-
not be of very great effect because, though the
equatorial speed of rotation is over 1,000 miles in
hour, everything terrestrial is so subjected to the
earth’s attraction that it must be moved uniformly
along without materially lagging behind, as might
be the case were the rotation irregular or inter-
mittent.

Tidal currents in the air, caused by the attrac-
tion of the sun and moon, are well established to
exist, but because of the comparatively small mass
of the air they do not vary the barometric pressure
more than - ounce at sea level, and therefore
cannot be of any considerable effect in establishing
or controlling winds.

Changes in temperature produce effects of
much greater magnitude. Air heated through a
range of 50° F. is dilated about one tenth of its
volume—with corresponding lightening of its
weight per unit of volume. The result, therefore,
of a change of temperature in any portion of the
atmosphere is a compression or attenuation that
can be relieved only by a flow of air from or to the
locality affected, with a violence proportionate to
the suddenness and amount of the temperature
change and the quantity of air it affects. Also,
air being lightened by heating, heated bodies of it



THE ATMOSPHERE 59

have a tendency to rise, causing an upward com-
pression with a radial inflow from all surrounding
places to occupy the spaces thus becoming vacated.
Again, air thus caused to ascend into the upper
regions of the atmosphere, where, as has been ex-
plained, conditions of the most intense cold prevail
throughout the year, becomes cooled and thus is
turned from its vertical into a horizontal and final-
ly a descending course.

The fact that a rapid fall of the barometer—
indicating a reduction in the weight of the air—
almost always precedes violent winds, seems proof
positive of the soundness of the accepted theories
of wind causation.

There are two principal modes of heating to
which the atmosphere is subjected. One is the
regular diurnal heating due to the alternation of
day and night, a wave of heated air progressing
around the world with the sun while a converse
cool wave follows the night. The other type of
heating is that to which the atmosphere is sub-
Jjected over great areas in contact with the earth—
a type of heating that becomes particularly mani-
fest over great areas of prairie or desert country
in summer.

Coastal Winds are common along almost all
seacoasts and even along the shores of large lakes.
They seem distinetly due to the effects of tempera-
ture, and, commencing with a light breeze from the
sea in the morning rise to a stiff wind by midday,
subsiding again to a ealm by evening. Then, as
darkness comes on, a breeze sets in from the land,
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reaching its maximum velocity sometime in the
night, and thereafter dying down towards morn-
ing. These winds are rarely felt more than twenty
miles out to sea or inland, and investigation with
kites and balloons has shown them to be invariably
accompanied by an opposite movement of the air
at some distance above—usually at a very
moderate height (500 to 1,000 feet). This, besides
proving that the air travels in a complete circuit,
goes a long way towards explaining the phe-
nomenon, it being reasoned that as the air is
warmed over the land by the heat of the day it
rises, is replaced by air flowing in from the sea,
and then flows seaward at an upper level because
of the reduced pressure in that direction. At night
the land is more quickly affected by the withdrawal
of the sun’s rays, so now the ascending current
commences over the sea, with a sequence of results
exactly the converse of the foregoing.

Trade Winds, so called because of the de-
pendence placed in them by navigators of sailing
vessels, are always in the same direction but with
seasonal variations in the areas they extend over.
They are due to cold eurrents flowing in from the
polar regions to replace the warm air that rises
from the equatorial regions of the earth. Normally,
they would flow directly north and south to the
equator, but the influence of the earth’s rotation
and the configuration of the land and water areas
in the northern hemisphere causes them gradually
to veer about, as they progressively reach latitudes
where the peripheral speed of the earth’s surface
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is higher, until they flow almost directly west, but
slightly north or south (constituting the ‘‘north-
east trade’’ and the ‘‘southeast trade’’). The
trade winds follow the sun very closely in their -
areal variations. Over the Atlantic, for example,
they come farthest south in February and go
farthest north in August, the northeast trades
blowing between 7° and 30° north latitude and the
southeast trades blowing between 3° north latitude
and 25° south latitude. Between the two is a
region of calms, from 3° to 8° wide, which goes as
far north as 11° north latitude in August and as far
south as 1° north latitude in February.

Above the trade winds there are well estab-
lished to exist return currents, blowing in the op-
posite directions. In high latitudes these return
currents often come down to the surface and pro-
duce easterly trade winds.

Cyclones, Whirlwinds, and Tornadoes are
local winds of terrific violence and rotary
character, which are started by rapid and intense
local heating, with consequent rapid rising of
locally-heated atmosphere—at such a rate that the
radial inflow of adjoining air assumes a rotary
movement similar to that of water in draining out
through a hole in a vessel. The vortex of the storm
is at the center of this rotation, where most ter-
rible wind velocities are attained if their frightful-
ly-destructive effects are any ecriterion. For-
tunately cyclones are usually very small in their
areas of maximum violence and are of compara-
tively brief duration.
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Ascending Components in apparently horizon-
tal winds, and especially in those blowing over
horizontal surfaces, have occasioned much discus-
sion and speculation by students of aerial naviga-
tion because of the supposed bearing upon the sus-
tained soaring flight of certain birds. Now, though
it is fairly established that such ascending com-
ponents exist, it seems doubtful whether they con-
stitute the essential means to soaring flight. Never-
theless, it is evident that indefinite progress in a
horizontal direction might be made with a gliding
machine, were the air continuously rising. Indeed,
the resulting condition might be likened to that of
a vehicle coasting down a hill that rose as fast or
faster than the vehicle descended. Rising currents<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>