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PREFACE

I was the good fortune of the author to attend the University
of Paris during the spring semester of 1919. One of the special
courses which the French authorities, with their characteristic
hospitality, arranged for the large number of students from the
American army, was a course in aérodynamics, given by Professor
Marchis., The comprehensive knowledge that Professor Marchis
possessed of all branches of the new science of agronautics, the
inestimable value of his advice to the French Republic during
the war, the interest he took in his rather unusual class, could not
fail to be an inspiration.

‘This book. is an outgrowth of those parts of Professor Marchis'
lectures that were of particular interest to the author. Tt is in
no sense a complete treatise on aviation. Questions of design
and construction are passed over with bare mention. The book
is intended for students of mathematics and physics who are
attracted by the dynamical aspect of aviation. The problems
presented by the motion of am airplane are novel and fasci-
nating. They vary froth the most pleasing simplicity to the
most stimulating difficulty. The question of stability, partic-
ularly, exhibits at the same time the clegance and the power
of analysis, and shows the adaptability of some of the general
developments in dynamics. The field is assuredly a fruitful
one of study, and increasing demands will be put upon the
mathematician as the science of aviation continues its rapid
development. The mathematician can well own 2 sense of pride
that he had already at hand, in the developments inaugurated
by Euler and Routh, a means of dealing accurately with the
question of stability, that plays so fundamental a réle in the
science of flying.
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iv PREFACE

The treatment in the text is for the most part elementary.
The last chapter alone demands of the student familiarity with
more advanced dynamical methods. In the treatment of descent
a slight digression is made to consider in part the nature of the
solution of a system of two difierential equations. This was done
in order not to completely evade what seems a problem of con-
siderable difficulty. It might seem that a treatment of the
propeller should not find a place in a book with the purpose of
this one. No student of mathematics, however, could fail to
own a curiosity as to a propeller's action, and it is hoped the dis-
cussion, while not complete, will at least serve as a sufficient
introduction.

The various curves in the text were plotted by Mr. R. W.
Smith, a former student in this university. The author is
further indebted to the Smithsonian Institution for permission
to use Figs. 12 and 49.

In addition to the various books that are referred to in the
text the anthor has made use of his notes of the lectures of Pro-
" fessor Marchis, translated into English by Madame Ciolkowska,
who rendered most valuable aid as an interpreter for those who
understood and spoke the language of Professor Marchis only
with difficulty.

E. P. WiLriams,
Indiana University,
July, rgao.



ARTICLE

I,

Ffeoepuwpunse

17.
18

3T,
I3,
23.
g
25,
26, 27,
28, 20.
3o

.
32

CONTENTS

CHAPTER I. THE PLANE AND CAMBERED SURFACE
PRELIMTINARY COMNBIDERATIONE. ... ovivvnicioinniornininiinies I=%

Cnumnmﬁmrmma(}m\?m_ 89
POLAE DIAGRAM ... i e b nbis bam s s v S ameas S 10
Errect or Variation oF Wine ELeMENTS. . ..., .oo00iaen. sy (AL

Pressure over THE Wivg, . ........ S e 11

CHAPTER II. STRAIGHT HORIZONTAL FLIGHT

PRELIMINARY CONSIDEBATIONS. .......cvevcinrrarnaeaianannnes 1B
Homrizostar FucBr. ... .\ T ——— T

CHAPTER IIT., DESCENT AND ASCENT
1. DESCENT

PreLoamvary CoxsmerATIONS CoNCERNING DESCENT. ............. 3t



'

vi CONTENTS

ARTICLE PAGE

33:34 RECTILINEAR DESCENT. . ..vuuirnvanarinsaimanirssnsanioinsnees 33-35
35. Genemar Resyrrs Cowcrmsme Descesnt. .o oo 36

3638, DescENT ComsiDERING Ale DENSITY CONSTANT................ 38~42

2. ASCENT
19. PeErmwmeary ComsipERATIONS CONCERNING ASCENT. . ............ 43
go. EquaTtons of Morton ¥0R ABCENT. .......voviiie i iiaininnanns 43
4T 44
42 4
43- 46
44 47
45. 48
46. 49
47. 50
48. 50
CHAPTER IV. CIRCULAR FLIGHT
1. Horrzosrrar Tomws
40, GENFRAL CONGIDERATIONS . ... ......_... . ............. SRR 51

EQUATIONS OF MOTIOM. . o ....oveocin s sramnnes e 53
5T, VELOCTTY AND IMCLINATION. ... ..........oooeoeoooioooo...... &4

2. Cmcorar DESCENT

55. Equarions oF MOTION. ..........0

56. RELATIONS BETWEEN ANcLEs Usep

57. OrEER Fosm or Eqguamons oF MoTros. .. .....ooovveeiinono
58. ImEntiTy or Two Forus or Equattons or Moriox, . ...

50. DeTERMmaTion or Ancres Sescrrvivg MoTrow. ... -

CHAPTER V. THE PROPELLER

6104, GENFERAL CONSIDERATIONS . . ... ... ... ....cooeieeaaioanr,an
65, GEOMETRICAL PITCH.............

74—78. ApirrTaTion oF Moror-ProreriER Gaour 1o Mackve. . ...... .. 8285



