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The utility of the aeroplane asa means of
rt is materially lessened and its com-

mercial introduction greatly hampered ow-.

ing_to the inherent inability of mecha-
nism to readily rise and alight, which is an
unavoidable consequence of the fact that the
required li force can only be produced
by a more or less rapid translatory move-
ment of the planes or foils. ; In actual ex-
perience the minimum 1 for ascension

and ianding is & consid
in full ?ét{ and the principles of design
do not it of s -very great advance in
this without sacrifice ‘of some de-
sirable feature. lfg‘oi lt:?ts reason planadof,
very large ares, high lift wing-sections, de-
-ﬁe:{ors of"theralipgstream of %he .propeller,
or analogous means, which might be helpful
in thle::e rations, do not afford the remedy
sought.
imperilling life and property, makes it neces-
sary to eqmgthe machine with special
ngplianoe;s and provide suitable facilities at
the terminals of the route, all of which en-

tail numerous drawbacks and difficulties of -

a -serious nature. ‘So imperative has it be-
come to devise some. plan .of doing away
with these limitations of the aeroplane that
the ‘consensus of _opinion. charac-
terizes the problem as one of the most press-
ing and important and its practical solution
is rly ‘awaited by those engaged in the
development of the art, as well as the ‘gen-
eral- public. ) : L
-Many attempts have beén made to this
-end, mostly based on the use of inde})‘and—
ent dévices: for the sx&m purpose of facili-
tating and insuring the start-and finish of
&;e -aerial joumeg, but the opentivene;il of

e arrangements proposed is not conclu-
givaly demonstm_teg and, besides, they are
objectionable, constructively or otherwise, to
such an extent that builders of commercial
ngp;utus‘lnve so far not considered them
of sufficient value to denwrt.from present

practice. - B -
P More reeenﬂv,_%rgessioml attention has
been turned to the helicopter which is devoid

of planes as distinct organs of support and,
presumably, enables both vertical and hori-
zontal propulsion to be satisfactorily accom-
plished throughy the instrumentality of the
propelle. ‘alone. However, - although" this
1dea is quite old and not a few experts have
endeavored to carry it out in various ways,

le fraction of that

indispensable high *velocity,

no. success has as yet been achieved. Evi-
dently, this is due to the inadequacy of the’
engines employed and, perhaps, also to cer-

tain heretofore- unﬁ?ected characteristics
of the' device and fallacies in the accepted
theory of its operstion, an elucidition of.
- which is deemed necessary -for the clear.
understanding of the subject. - A
The prospects of & flying machine of this
kind appear at first attractive, primarily Be-
cause it make:xaible the carrying of great,
loads with a relatively small expenditure of
‘enerﬁ; This follows directly from the
fundamental. laws of fluid propulsion, laid

down by W.'T. M. Rankine more than fi
years ago, in conformity with which the
thrust is equal to the in 1 -sum of the
products of the masses and velocities :of the
projected air- particles; symbolically ex-
pressed, _ :

T =2 (mvo).

" On the other ‘hand, the kinetic energy of the

air get in motion is -

1- B

E-x(3me* )~
From these equations it is evident that a
great thrust can be obtained with a compara-
tively small amount of power simply by in-
creasing the aggregate mass of the particles
and reducing their velocities. Taking s
special ca‘::‘;or illustration, if the thrust
.under given conditions be ten pounds per
horse-power, then & hundredfold increase of
the mass of air, accompanied by a reduction
of its effective velocity to one-tenth, would
‘produce.a force of one hundred pounds per
horsepower. But the seemingly great gain
thus secured is of little significance in avia-
tien, for the reason that a high speed of
- travel is generally an essential requirement
which can not be fulfilled . except by
propelling the air at high velocity, and
- that obviously implies a relatively small
. Another qusality commonly attributed tc
the helicopter is great stability, this being,
spparently, s logical inference judging from
location of the centers of gravity and
- pressure. It will be found, though, that con-
trary to this prevailing opinion the device,
‘whgiye,mot_ingm any direction other than up
or down; is in an equilibrium easily dis-
turbed and has, moreover, .a pronounced



n’

tandency to osoxllote. It is true, of course,
that when the axis of the propeller is verti-
cal md the ambient air quiescent the ma-

«chin 310 to a degree, but if it is tilted
even ahgh or if the medium becomes
agitated, such is no longer the case. -

In ‘explanation of this-and other. peculi-
‘mhes,mnmothohohoo tér poised 1n
-air at g certain height, the a:nal thrust T
just'equalling the wmght, and let the axis of
the propeller be inclined to form an angle «
" with the horizontal. The change to the new
'position will have a twofold effect: The ver-
gom thrust will be diminished to - -

Tv=T sin @, - .
mdottheumehmeﬂxerewﬂlbeproduwdl
homontal thrust ™ '

g 'T":'T eos .

“Under the action of the nnbalanood force of :
gravity the machine -will now fall along a".

curve to.a level below and if the inclipation was:
of the propeller-as well ss its speed of rota-
tion. remamn unaltered dur the descent,
the fom -T, T, and T, will continuously
increase in proportxon to the density of the
air until the vertical eomponent T, of the
axial thrust T becomes equal ﬁ:ovxh-
tional attraction. The- extent of t drop
“will begoverned by the inclination.of the
axis and for a given angle it
g,otbeoretmdly, the same no matter st what
altitude: the events take place.’ To get an-
idea of its magnifude suppose the elevations
of Lhe upper‘and Jower strata measured from '
-be R, and.A;, respeehvely, d, snd
d, COrrespons and He=
26700 ;e:; the height of ﬂ\o “ un;fﬁ\;mla’:nl:s-
-phere,” then as oconseqnonoe (3 e's law
thorelntxonwylenst _ _. _y _

: 1@1 L-H logao
It movxdent tlut ' .
T -T. )

in order ‘that thn verhenI component of the
sxial thrust in the Jower stratum should
]ust lypport lhe venght. Heneo

Tnhng,moopoudcmthemgloa—w"

'-*1 1, 1

and
- k-l.-zmoxlog. 11547-3840Ieot.

' Inmh'!ithodmpmnbemuehgruter
for the machire, upon reaching lower
layer with » lngh velocity relative to the :

. mngmtnde. After a la

})ythemoofonadustx le ail
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.medlum, will be urged further down along

“the curved path and the kinetic energy, in
- the vertical sense,

d by the movin
mass must be mm before the fall 1%
arrested:in a still denser eir stratum. . At

‘'this point the upward thrust will be far in

excess-of the opposed pull of the weight and

still -the apparatus will rise ‘with first mcreom‘:ﬁ

and then diminishing speed to a height whi
may approximate the original.. From there

“it will again‘fall and so on, these operations

being repeated duripg the forward - flight,
the up and down excursions from the main
horizonta] line -gradually diminish u:lg A

of time, deter-
mined by numerous influencés, the -excur-
sions should cease altogether and the path

. - described become rectilinear. But -this

next to unposslble as can be readily shown
mtmg out, ancther curious feofure ‘of
B e et
e oregoxng e axis o epro
wd to _move-always
1tse1f which result might be accofn hatht:i;
‘connection it may be pointed out, however,
that such ¢ device will niot act in tho manner
of a rudder, into full play at. mter-.
vals oily and perfom%
nomically, but will stea dy absorb energy,
thus occasioning a considerable waste of
motive power and adding another to the
many dissdvantages of the helicopter. -

Let now the machine be* possessed . of 2
certain degree of freedom, as will be the case
normally, and observe.in .the first place that
the bades o the propaler hammives oo

eveloping » reiction
{the pressure on the lower Jeading blade being
gruter thon that exerted - on the-higher one
owmgto oompmdn of the urbythe
- body of the machine and increased density
in that region. This thrust, tendmg to
diminish- the angle.w, will obviously vary
durmg one revolution, being. mazimum in 2
ition- whentbohno ofsymmelzgﬁftbo
o propeller blades and  that of t are
moverhml%{ e and minimum st right
angles to it evertholea. when' the hori-
=zontgm:s great it may be considerable-
to quickly overcome the inertis
gyriscopic resistances all the more read-

fﬂyuthoupperbhd _which is situated in »

-region where the itions are more. nearly
nomotl{‘: to the same effect.  More-
. over, ing effect ‘partakes of the

-rogenmhm quahty, the force increasing as

. the angle diminishes to a Mmaximum for
450, Asthom?xitﬂtedmmmd

- mon,thomhcolsnstunmgeﬂortofﬂm
'fpellethlleormpondmglydlmmahm tbe

‘machine will -fall with a rapidly increasing
“velocity; finally exceeding’ the horizontsl
whenthemchonofthebhdeswillbo
;directed upward 20 as to increase ‘the angle
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«_and thereby .cause the machine to soar-

higher. Thus periodic oscillations, -accom-
panied by ascents and descents, will be set up

‘which may well be magnified t§ an éxtent -
such as to bring about a complete overturn .

and plunge to earth. _

It is held by some. experts that the heli-
capter, b:ﬁug: Ofpiatglemnuof erhl_l}gogy'resist-
anoce, wo cs a er speed
than' the aerophane.. But thic is an er-
roneous conclusion, contrary to the laws of
propulsi It must be borne in mind that

In the former type, the motive power being’

the same, a greater mass of air.must be set
in motion with & velocity smaller than in
.the latter, consequently it must be ififerior
in speed. But even if the air were pro-
pelled in the direction of the axis ¢f the
‘screw with - the same- speed. V in both -of
them, while the seropl
the same, the - helicopter could never- ex-
&‘eedbetho honzontal— com 'nenltl V cos a
“To licit, ine that the air cur-
_rent ﬁoe:&g with :ﬁe velocity V along the
pro r axis inclined to form an angle «
with the horizon_t‘;;.li be

ical an

stresms one vert e other hori-

zontal of velocities. respactively equal ‘to V- . _
vide - Full knowledge- of ‘these improvements

sin « and V cos a, it will be evident that a
‘helicopter in its forward flight could only.
approximate and never equﬁ the speed V
co8 « of the horizontal air current no matter
how much ‘the resistance be reduced for,
according to s fundamental law of propul-
sion, the thrust would be nil at.that velo-

city. The hx"'ghest efficiency should be ob-
tained with the machine proceeding at the

‘rate 14 V cos « but the most economical
utilization of power would be cffectéd when
«=45° in which case the speeds of both the
borizontal and. vertical streamis will be
0.7 V. From this it may be inferred that,
theoretically, the best performance might
be secured 1n ‘propelling the ‘helicopter for-
ward with a i

~without special _provisions ;such
a8 are herein set forth the device, as pointed
out' above, would plunge down and shoot
up In succession, st the same time execiti
-smaller oscillitions, . whichk motions A
retard its flight and ‘consume a considerable
portion of the motive all the more
80 as the losses incident to the controlling
means will be co 1
- Another very serious defect of this kind
of flyi _ from the practical point
of view, is found in its inability of su)
ing iteelf in the air in.case of Failure of the
motor, the projected area of the propeller
blades being uudﬂmte for reducing the
speed of the fall suficiently to avoid disas-
ter, and this is an almost ghl i
‘to its coramercial use.

lane can approximate:

more or less spproxi-.
mating 0.35 V but thé results attained in-
E.mn”mctwemn be necessarily much -inferior .

ingly increased. .-

impediment angl

From the rewdg’ facts, which -are
ignored in t_hel:ecl'mi publications on the
subject, it will be clear that the successful
solution of the problem is in 3. different
direction: - - . . - R
. My invention meets.the present necessity
in 4 simple manner without radicil ‘depar-
ture in construction and sacrifice of. vald.
R ey s s

' whi ould prové very cial
in the further <dov(£:pment -of - the art.
Broadly. expressed, it consists in a .novel
method of t rting -bodies through the
air eccording to which the machine is raised
-and lowered solely by the promlet and
sustained in lateral t by planes. To

.accomplish this & light and powerful prime-

gnbve:il 1S necessary ind a8 lggrticul;rlybsluitcd
or the purpose 1 emp. prefera 2
turbine of the king deseribed in my - . 8.
Patent No. 1,061,208, of May 6, 1913, which
cepectally adspted to operition st bigh tem

ially adapted to o ion at high tem-
pemtmwe.y ‘ -I’p also . make ents

- whereby the flying machine. msy be, auto-.
red))lmcd by two mati i

n y ‘or at will of -the :ﬁetaﬂor, cansed
to--function either as a_ helicopter or an
aeroplane. . : B
will be readily gained by reference to the
accompanying drawings in which Fig. 1 il-

" lustrates the machine in the. starting or land-

ing position'and Fig. 2, in horizontal flight.

-Fig. 3 is a plan view of the-same with the

upper. plane partly Lroken away.
' pﬁ: gtmc(:\?re isyc'ompomd of {wo planes or
foils' 1, 1 rigidly joixed. ‘Their length and
distance apart may be such as to form a near-
square for the sake of smallness and com-
pactpess. With the same object the tail is.
omitted or,if used, it isretractable. The mo-
tors 2, 2-in this case turbines of the kind de-
scribed in' my patent before referred to, and
other ‘parts of the motive apparatus are
sced with due regard to the centers of grav-
ity and pressure and the usual controlling

means are provided. In addition to these
: oft,he&ownstqb izing devices may be
: died in the machine.. At rest the planes

are vertical, or nearly so, and - likewise the

shaft- driving the pro 1l 8, which is con-
ill: structed Yf a _size wnd pitch that

will enable it to raise
the motors

e'entire weight with
ing at an even greater rate
than ‘when propelling the -machine hori-
zontally. - Powler is transmitted-to the shaft
from turbines thmntgh suitable ‘gears.
The seats 4, 4, 4  for tife operator
and pas rs are-susperided on trunnions
5, 5 on. which they can taurn through
f of about 90°, springs and cush-
ions (not shown) -being employed to im-
sure and limit their motion through thi
e. The usual devices for lateral and di-
rectional control, 6, 6 7, 7 and 8; 8 are pro-
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vided with mechanical connections ensbling

the ‘operator to actuate the devices by hand -

or foot from his seat in any.position. -At the
] turned on by .

m:]:uﬁmentpowet being. |
machine rises .vertically in the air to the
desired hei it is gradually tilted
by manipulating the elevator devices.and
roceeds like ax aeroplane, the load bei
erred from. the propeller to the foi
as_the angle of inclination 'diminishes and
"the speed in horizontal direction increases.
et imllanosuy with t iing of the
gimultaneously wi o o

Theaat of e propelor n ondet to campese
rust of the propeller in o to compense’
for the reduction of sustajning forcs which
- follows inevitably from the diminution of'
angle « .and before. the reaction of the
planes. can come into full effect. He will
thus prevent a downward plunge .and the
roduction of dangerous. oscillations which
-have been dwelt u abova,md.:l{ suitable
manipulation of ‘the apparatus and gtadual
cutting - down’ of the power developed by
the prime moyer, as forward velocity is gained
and the” planes take up -the load, he may
ng & B ¥ s .
essential to the attainment of

best

tical results. T descending, ﬂ_u?l‘fogwudlj 3

‘speed is reduced and the machine. righted
o s m e e
er supporting e load. . Obviously,
as_the device'is slowed down and righted
cauging the planes to lose part or all of their
- sustaining efforts, the- operator will :apply
e *propeller  increasing

than’under their normal working conditions.
Special. meanis’of control may"be provided,
if necessary, for incressing the power supply
+in. thess 10 ions. "Owing o its extrems
- aimplicity the rootive spparatus is very reli-

-supplyi
.about the same speed and

chine to advance horizontally .
t line, = condition e

" angle of the propeller axis to

1,655,118

able in jon, biit should the power give
effected by volplani For this purm
in‘ addition to wheels 9, 9 and 10, 10 w.

11, 11 are employed, the latter being mount-
ed on the forward end under the lower:plane
and,_so that when the machine rests on level
ground the .propeller shaft will have the

" desired inclination which is deemed best

for rising in the mannei.of an’ seroplane.

Such an seroplane constructed and.operated

as described, unites the advartages of both -
types and seems {0 meet best the require-.
.exwedmgly v
mercial use. Especially “good. practical
sults are obtainabla gy'thg"ns-efnf my turbine
which can be d ed upon to develop the
necessary. energy for lifting, even if it should
be considerably greater than that consumed

:in fiight under normal conditions., This end.

can be conveniently attained by temporarily
more of the working fluid to the
driving it faster, or runni '_ite'}t
mcreasing -
fort by adjustment of the pitch of the pro-
' . or other means known -in the art.

‘rotor .

ingz.can be dispensed with. The biplane
e oA e e the et Datpoes
contemplated but the invention is:applicable

- to monoplanes and other types.

h —n of i
g L 4
horizontal,

To sum up,-the

study she
d&l&mu&mmm
want of jroper methods
“'.

-1 domt‘fhmhm e apparstia by
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means -of which this method is or may be
carried out either in the special form illust
trated or in modifications of the same, as
this is the subject of s separate application.
. What I desire to secure by Letters Patent
is: .

1. The hereinbefore described method of
aaroeflu_ze by rtation whigh consistg .in

eveloping propelling device,a yerti-
cal thrust in excess of the -normal, .cousing
thereby the machine to rise in an approxi-
mately vertical direction, tilting it and si-
multaneously increasing the power of the
motor and thereby the propeller thrust, then
fu‘dually reducing the power and thrust as

orward speed is gained and the planes toke
up the load, thus maintaining the Jifting
force senn'bl{‘oonstmt during flight, tilti
the machine back to its original position an:
at the same time. increasing the power of the
motor and thrust of the propeller and effect-
u;g 8 Janding under the restraining action
of the same, ) ‘.

2. The method of operating a helicopter
which consists in varying the.power of the
motor and thereby the thrust of the propel-

Jer according to the changes of inclination
of its axis, so as to maintain the lifting force
sensibly constant during the forward flight.
3. above described method of trans-
porting from place to place a heayier than
air fiying macgine, which consists in apply-
ing power to the propeller while its axis is
in a vertical position sufficient to cause the
machine to rise, filting it and at the same
time qmlying more power to increase the
thrust, then g('lndunlly diminishing the pow-
er as the load is transferred from the pro-
peller to the planes, tilting back the'mncgme'
and so controlling the applied power as to
effect a slow descent upon the landing place
un;l.er I;hteh restraining s;txl'gxa of ;he prop?ller.
e transport o ieg by aeroplane,

the method of controlling the er

. thrust and reaction of tlg,n;ﬁanes bypvarying

the power of the motor correspondingly
with the inclination of the machine so as to:
maintain the lifting force sensibly constant
during the forward flight. g :

In testimony whereof I hereto affix my

signature, .
NIKOLA TESLA.
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