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1 Ciaim.

The present invention relstes to an apparatus
which cn the one hand permits of rapmly and
mechanically determining the speed and direc-
tion of movement of airgrafts necessary for
meanosuvring as well s the speed and direction
of movement of the wiad, by which the two
guaniities are influenced; and on the other hand
permits of determining the angle ¢f allowance
 for the movement of the terget for lzunching
torpedoes or Gther‘ mmissiles ageinst a moving
terget. |

The spparatus embodying my ‘invention ‘com-
prises a sighting device which fer 2 given height
of the aircraft ahove the ground or the surface
of tne sea permihs of determining the herizontal
horizontal engle of the axis of
ve (o a stationary zuxiliary
terget on the ground or the surface of the ses
or & movable target st the beginning and at the
end of 2 definite messuring period, snd further
comprises 2 Gouble triamgle solving device, the
elemenis of which ars provided with divicions
of lengths end sngles, and are adjusted in aec-
cordence with the dsta given by the sighiing
device, and pemait in wuwrn the direct reading

{ the speed and dirsction of movement to be
Getermined, ,

Since in sircrafts, more particularly in small
sircrefts, it is lmpossible to mount e horizontal
range finder of the usual construction, & pano-
rame ielescope is used according to the present
invention for determining the horizontal dis-
tanca of the guxiliary t2rgzei, which is zdapted
to rotete arcund & vertical axis and is provided
at its bottom end with an enitering refector
adapied w twn gbout a horizontal axis. For
mensuring the vertical angle of the sight lne
to the tsrget, o water ievel located in the focus
of the ch~..,c“.y‘e or in that of the eye piece or a
I;caly spended. sighting halir cross is mounted

in the over part of the said telescope. For
IC!'E"‘LI’IL;;MC““Y muitiplying the trigonometrical
tengent of this engle with the height of the air-
craft above the auxiliary target, the arrange-
ment is such thet on ithe one hand the rotzation
of the eniering reflecior is {ransmitied o a pair
of coupisd cams by a tooihed gearing with a
leversze ratio of 2 t6 1. The rotation of one of
the szid cams, which is provided with a handle
end & reading pointer, corresponds to the log tan
of the angle of rotation of the other cam. On
- tie other hand a ecirculsr scale concentric to the

- “first cam and also rotatzbie by a handle, pref-

erab through the medium of & toothed gear-
mg cc.n-ies a lcgs.n'.hmm seele ef helght,s

(CL 88—1)

An embodiment of the invention is shown by .

way of example in the annexed drawings. Fig.
1 illustrales the geometrica! basis of determin-
ing the direction anrd speed of the aircraft and of
the wind. Fig. 2 fllusirates the geometrical basis
of determining the speed and direction of move-
menis of a target moving in a straighs hori-
sontal line with uniform spead, for fading the
guaniities reguired Ior Ilzunching a missile
a;z2inst the sa2id farget. Fig. 3 is a plan view of
a double trisngle solving device, Fig. 4 is a side
elevation, partly in section, of the ovtical sight-
Cing apparatus for deiermining che direction and
distance of a target from the aircraft fiying at
g kmown height above the same. Fig. 4¢ shows
8 somewhat exaggerated detail of Fig. 4. Fig.
5 iz o plan view parily in section of the sighting
device with an apparatus for determining the
angle required as ailowance for the movement
of the targel in launching missiles against the
same.

Refeiring now to Fig. 1, let F; be the hori-
zontal projeciion of the aircraft at the begin-
ning, and 2 the szme projection ai the end of
the rieasuring pericd and ¥ A and Fz As the
horizontal projection of the longitudinal axis of
the airerait, while ¥y Fz is the direction of flight,
and is inclined to the axis of the eircraft at
an angle B due to the laferal wind, Z is &
stationery suxiliery fargef on the ground or the
sea which is called herein an auxiliary target,
not because it is a second iarget used in the
present method, but because the aircraft does
not fly towzrds the szme, This so called aux-
iliary terget remains stationary at the side. As-

suming nuw that the (we friangles defined by
the zircrarft, its horizontal projection, and the
auxilia:y target F¥:iZ2 and F'FZ are turned
down into tkbe horizontzl plane, then the hori-
zonizl distances of the auxiliary terget at the
beginning and at the end of the measuring period
are found from -
F1Z=F'F; tan ¢1_7’ tan ¢1 and

FoZ=F"F2 {an ¢z= ten ¢2 |
wherein ¢1 and ¢z are the angles that the lines
connecting the aircraft znd the suxiliary tar-
get make with the vertical, 2, which equsals

FiF'==F:F"*, being the constant linear height.of = :
105

the au’cr““ above the ievel of the target A, the
aircraft being assumed to fiy in a horizontal-
plane; Furthermore the azimuths of the aux-
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seconds and if on ihe axis of the aircraft the

- distance FA; through which the air craft flies

in 100 secongds in the absence of wind should
be taker as 100 times the speed of the aircraft,

then the distance A:Fa=eT is the d*stance,

through which the wind moves in the measur-
ing period 'T that is, 100 times the speed of the
wind ¢, and the angle ¢=F141F2 is the Jateral
angle of the wind relative to the axis of the
aircraft, while the distance Fi1¥2=vT is 100 times

‘the ectual speed of flight of the air craft.

The elements v, ¥, ¢, o, K being as above the
angle tetween the direction of fight and the
exis of the aircraft indispensable for the ma-
noeuvre of the aircraft, may be determined by
the doubie triangle solving device shown in Fig.
3 without the necessity of any calcnlation, pro-
vided that the Liorizontal distances FiZ and Fod
are known, a5 well as: azimuths e« a2nd «2 of
the auxiliary target at the beginning and at the
end of the mesasuring period. This double tri-
angle solving Jevice consists in part of & rule
24 representing the lengitudinal axis of the air-
eraft and provided with a longitudinal scale
representing the speed of the aireraft. To this
rule is secured a journzl pin ¥, representing the
horizcntal projection of the aircraft, and an
angle scale 25 for the horizontal angles. A rule
26 wrovided wilih a longitudinal scale for the
horizontal distances is pivoted on the journal
pin F1 and may be locked in any position to
whicn it iz adiusted by s thumb nut 25z. The
riles 25 and 24 carry slides 27 and 30 vespec-
tively provided with an adjusting mark. These
slides may be locked in any posivion i3 which
they are adjusied by set screws 27¢ and 30q,
respestively. To each of the twe slides angle
scales 28 and 31 and journal pins Z and A are
resz:ectively secured, On these journci pins rules
29 and 22 are respectively pivoted, these rules
heing wrovided with longitudinel scales and
sdaepted to be clamped against the angle scales
sbove them by a thumb nut 28a and 3le re-
spectively,  The rule 29, provided with 2 longi-
tudinel seale for horizontal distances, carries a
slide 33 provided with an adjusting mark Fa
snd means for ciamping the san_:e in position.
On the pin ¥ a further rule 24 is pivoied which
is provided with a speed vc«de sirpilar to that
of the rule %2, znd is adaptcd to be adjusted
relative to the angie scale 25 independemly of
the rule 26 and to be clamped in position by
g thumh screw 250 below the same.

This device is used as follows: The slide 30
is adinsted on the rule 24 to indicate the speed
of the aircrafit and is there locked in position.
Then the rule 26, the division edge of which
passes through the centres of the journeal pins
¥, and 2, is adjusted to the angle =: on the
angle scale 25 and is locked in position. Next
the slide 27 is adiusted to the horizontal dis-
tance FiZ and is locked in position, and the
rule 29, thz divisiin edge of which passes through
the centre of e journel pin Z, is adjusted on
the scale 28 to the gifference of the two heri-
zontal angles c2—=: &nd is locked in this position.

Thepeafter the siide 33 is adjusted to ths
nieesured horizontal distance Z Fy, and then the
division cdge of the rule 34, as well as of the

rule 32, may be placed on the marked point.

F2, whereby on the one hand the actual speed
p of the zir craft may be read on the rule 34
and the speed of ‘the wind on the rule 32, at
the same time the angles K and ¢ ars obtained.

In order.to defermive-the horizontal distances

iz and FoZ as well as. the horizonta.l angles of "

_the auxiliary target relative to the axis of the
air craft, the height A of the latter above thas

level of the auxiliary target heing. knc-wn a sighf- -

ing device would be desirable, which mdwates, in
general, the horizontal distance F Z a5 the product
of the szid height and the trigonometric tangéent
of the angle ¢ of the line of sight
craft to the auxiliary target relative to the ver-
tical by sighting this target, the multiphcatmn
being effected logaritnmically a< in the case of
an ordinary calculating rule. This apparatus
consisis, as shews: in Figs. 4 and 5, of a telescope
casing 2 rotatable around a vertical axis X on
a base plate 1 maintained horizonial. The tele~
scope casing is provided with & horizontal angle
scale 2a serving for reading the horizontzl angles
o1, a2 Of the auxiliary target sighted by means
of & pointer la provided on the wase plate. In
this telescope casing the entering refiector 4 is
rotatubly mounted by means of horizontal trun-
nions 3-3’, which reflector reflects the pencils of
light coming obliquely from below into the penfa-

prism 5 which deflecis the rays of light ver-’

tically upward thrcugh the okjective 6. The
imazge of the tsrget thus appears in the foeal
plane B of the objective 6. For enabling the
axis of the objective to be maintained in the ver-
tical a focus water level is mounted in the focal
plane B and serves at
lective lens. 2 is the eve piece., Sccured to the
frame of the eniering reflector is & spur wheel
cegment § meshing with another mur wheel seg-
ment 11 on a shaft 10 paraliel to the trunnions
3—3’. The leverage Tatio betw c—an the segments
9 and 11 i 2:1, Fast with the segment 11 i5 a
cam 12 coupled in well known :nanner with an-
other cam 15 by twe very thin sieel strips 13, 14
located side by side and each wound round part
of the periphery of each cam, tne w0 sirips being
wound in opposite direciions. This weil known
arrangement is shown in detail znd somewhat
exaggerated in Pig. 4a; {he sieel sirip 14 runs
from the point @ of cam 15 along jts periphery
to the poinl of contact b of the cams 15 and 12
and thence along the periphiery of
the point € thereof, the sftee! strip 13 runs from
the peint d of cam 18 alony its periphery to the
point of contact b of the cams 15 and 12 and
thence along the periphery of the cam 12 to the
point ¢ thereo?.. Thus the siezl strips 13, 14
being kept tight, whernever the cam 12 is turned
in one directign, sey clockwise, the cam 15 is
turned in the opposiie direction, namely anti-
clockwise, and vice versa. The circaumferentiai
speeds of the two cams at thsir point of con-
tac* b are of cour:e equal. The cam 15, the

ngis of rotation of which _corresponds f{o the
}oga rithm of the tangent of the zugle of rotation
of the other cam 12, is
allel to the shaft 10 ard journzled in the tele-
scope casing. The shaft 16 may be rotated by
& handle 17 to which is secured the pointer 18.
L.oosely mounted on the shaft 16 is a circular
scale 19 toothed at its periphery into which en-
gages a pinion 20 mounied on a shaft 22 jour-
nalled in the telescope casing and parallel to
the shaft 16. This shafl 22 carries 8 handle 21.

By turning the handle 21 the logarithmic divi-
sion of
heizht of the air craft above the auxiliery target,
this height being indicated by the pointer 23.
Then by turning the handle 17 the image of
the auxiliary target zppearing in-the eye piece

is- adjusted, so as to exactly coincide with' the

from the air-

the same itime as the col-

fast on 2 shaft 16 par- -

the scale 18 is adjusted to the known ™
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alr bubhle m the iocus water level 7, whereupon
the h_or.zonta.l distances ¥iZ and ¥2Z of the
auxiliaty target £t the beginnihg and st the end
respectively of ihe measuring period of 100
seconds may be directly reed on the logarithmic
division on scale 19 by mesns of the pointer 18
fast on the handle 17, The division on. scale 18
is as stated, a logarithmic one on which linear
heights are indicated by the pointer 23 and hori-
zontsl distances by the pointer 18. At the same
time the bhorizontal engles a1 and «2 of the
auxiliary target at the heginning and at the end
of the meesuring period relatively {o the longi-
tudinal axis of the air craft are found by read-
ing on the scale 2a by means of the pointer ia,
whereby all of the four quantities are determined
to which the double triangle solving device, shown
in Fig. 3, must be adjusted.

The spparatus shown in Figs. 3 to 5 may also
be used for determining the angle of allowance
for the movement of the target prover, when
missiles of any kind have to be launched from
the aircraft against the said target, for instance
2 ship moving in a straight line with constant
speed, the speed of the aircraft and of the missile
being known.

For this purpose in the ﬁrst place the speed u
of the ship and the direction s of the move-
ment of the aircraft relative to the direction of
movement of the ship must be delerinined, the
ship moving in the messuring period through the
distanee Z:Z2-:=uT. Hence in accordance with
the geometrical method iliustrated in Fig, 2 and
by means of the sighiing apparafus shovm in
Figs. 4 and 5, the horizontal distances FiZ: and
o7, angd the anzles «) and «2 of the target proper,
zre measnured at the beginning and at the end of
ihe messuring pericd, which s preferably 100
seconds. These measurements are effecied in the
mannar hereinbefore dascribed:

First these four data are used for adjusting
the double triangle solving device in such man-
ner that the ruie 28 is adjusted relative to the
rule 24, located in the direction of fight of the
sircraft, at the angle «1 by mezns of the angle
scale 25. The rule 26 is then clamped in posi-
tion, the adjusting mark of the slide 27 being
aajusted to the b rizontal dist.e.nce 171 of the
terget proper. The rule 28 is then sdjusted o the
angle az—a=1 ON the angle sca’e 28 and locked
in the adjusted positiom; the mark of the slide
33 is adjusted to the horizontal distance FaZ2 of
the target proper. If now the rule 24 is applied
ggainst this slide mark, the distance FiF2 read
therecn is equal to the change of distance having
taken place in the measuring pericd T. If now
the mark of the slide 30 is adjusied to 160 times
the speed of the ajrcraft and the rule 32 is alsc
piaced on the point #: indicated by the mark of
the slide 33, the angle o of the direction of
movement of the ship relative to the axis of
the sircrzft can be read on the angle scale 31
whiie on the rule 32 the speed ¢ of the ship mul-
tlpLed by 100 can be read. )

But thereby also the most advantageous angle
of aliowance r (Fig. 2) for the movement of the
ship is determined, which angle is reguired for the
missile to hit the ship, since for a given speed w
of the missile it is fomd .

'u
tanf
"

. ‘Lf tmere;ore a rule 35 Fig. 5 is -:ecured to the
~base plate 1 of the optical sighting” epparatus,
and provided with a speed scale, and is placed

in the direction of the axis of the aircratt and Lt

.”3‘

on this rule 35 a slide 36 is mounted which car-"" "
ries 2 mark B and-s borizontal arm 37, perpen-

dizular to the rule 35 and provided with 2 speed
scale, and if furthermore on the said arm 37
2 slide 38 is moun.ed which is provided with &
mark Ei1 ant which can be clamped in position
by a set screw 40, then the optical sighting ap-
paratus may be adjusted at once to the angle =
by bringing the edge of the arm 38 on the bori-
zonially roiatable casiug 2 onto the point of
the arm 37 indicated by the mark E;, the said

~edge being in the vertical sighting plane and

passing through the axis y of rotation of the cas-
ing 2, this adjustment occurring after the slide
36 on the rule 35 nas been adjusted to the speed w
of the missile or tcrpedo and the slide 38 on
the arm 37 has been adjusted to the speed u
and both slides have been locked in position.
40 1s a set screw for locking in pcsition the
slide 38 on the rule 37. "The arm 29 is fast

83

90

on the easing 2 and is held in position by a set - -

screw 1b screwed into the casing 1. Priorto a fresh
sighting of the target proper by the sighting
appzratus adjusted to the angle = of allowance

100

relatively to the axis of the aireraft, the direc- -

tion of fiight of the aircraft must be changed by
the angle 90°—s (shown in Fig. 2) in order to
launch the missile or torpedo at the moment
wnen the target proper appears at Zs, in order to
hit {ke same at Z:. As will be understood, the rule
34 might be dispensed with, when the appara-
tus i3 used only for determining the angle » of
aliowance for launching missiies;

In order that the cgeration of the device shown
in Figs. 4 and 5, in conformance with the geomet-
rical showing. in Fig, 2, may be more readily
understood, the following explanation is submit~-
ted at this time. It hasto be borne in mind that
the. operation of the device takes place in the

e ]

110

oresence of a full calm, that is, that there is no -

wind. In Fig. 1 it is assumed thst the target is
stationary, but that there is wind, but, of course
the same figure applies when the target has a
movement of its own, but there is no wind; the
Telative movements of the target end the zircraft
being the same in both cases. If, however, the
target moves and there is wind, the problem can-
i te solved by the method ilustrated in Fig. 2.

At the beginning of the measuring ime
hzas bsen referred to previously as being rsually
one hundred seconds, the aircraft will be at &
certain deiinile height, determined by the altim-
eter or other suiiable instruments, above the
point —Fi1—, shown in Fig. 2, The angle «, be-
tween the axis of the sireraft, represented in Pig.

2 by the line FiF%, and the line 211, representing.

the horizontal distance betwesan the aircraft snd
the terget at the time of béginning of measure-
ments, can likewise be determined in the manner
previcusly discussed with reference to Fig. 1.

Now at the end of the measuring time of one
“hundred seconds, the aircrafi is at
the ship having.

the same
height above the point —Fa—,
moved in the meantime to tlie position —Zz— so
that the horizontel distance between the target
and the aircraft is represented by —FoZa—, and
the engle «2 between the axis of the asircraft and
the line FpZ: can likewise ke deiermined in the
manner indicated above w:ith referen\,e {o the

. showing in Fig. 4. o
I ncw, with the data outa.ned in the fore-‘.,
going manner, the two parallelograms FiF1Z0Z21

end FuF"1A¥F:2 are drawn a3 shown in Fig, 2, it
seen

, which 1

will- be readily s that- Z:%z (ihe ‘distance .
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" through whlch the target ha,s traveﬂed during
the period of observation) is equal to Fi¥'y, and
therefore, is in .turn equal to F:A. As stated
Jjust above, the distances thus measured are egual
to-the dxstance thvough which the farget, in the
present instance a ship, has moved during the
measured time. T, so that the actual distance
traversed equals one handred times the speed of

. the vessel.

m

15

This distance ZiZs=F24 can be mechymcallv
determined by the use of the double triangle soiv-
ing device shown in Fig. 3, on which is set up the
data corresponding 1o the irregular line
¥ Z:FoF1AF2. To carry out the desired calcula-
tions, the slide 30 on the rule 24 is first so ad-
justed that on ithe rule there may be read the
distance ¢vT, equal to one hundred times the speci-~
fied speed of the zircraft, Thereafter the rule 26
is turned about an angle « relztive to the rule
24, at which time ihe slide 27 of the rule 26 is
adjusted tc fudicate thereon the distance of the
target from the ship F1Z1=F"1Zs.
the rule 29 is turned zbout the rule 26 =g that be-
itween the two rules 26 and 29 an angle «2 Minus
is enclosed. Thereafter the clide 33 on the
sted to indicate the distance of the

@},
ruie 28 is a

target from the aircraii FuZ: at the termination
of the time inte rval of measurements. The rule
o3 is then
measuring
of the sl

rocked about its pivot point until its
edge comes adjiacent the pointer mark
33, cO that there now may be directly
32 the gistance through which
uring ithe messuring time,
the speed —u— of the
:n the scale 32 may be
The angle ¢ which may
hetween the rules
I has a compiemen-
, througn which
of the aircraft
ourse will
taroe* at rlgn’c

g the speed of the target, the
T as sho\xn in ¥ig. 5, is cor-
This adjustrnent takes
er the rule 37 has besn
respect $o rule 35 as
edetermined speed of
bt" from ihe aircraft.
t to reach a point Fi as
rse having been alt,ereu
he and‘& 90 —e—, then when the Ves-
in the meant
the terget is visible in the

t‘vough
sel or iarget has
positicn Z; such that

At this time.

ime reached a.

‘angle r of allowance ol mcvement in the elonga-v B
tion of the sighting edge of the rule 39, then the -~

projectile is releesed, and strikes the target at :

the position Zs«. - The rule 3¢ whicir is adjusted
s¢ thiat its edge coincides at a certain pomnt with
that peint at which the rules 29 and 32 cross, in-
dicates on its scale the relative speed of the

80

target as compared to that of the aircraft, i. e.’

the vectorial difference of the speeds while the
angle K between the rules 24 and 34, as measured
oni the angle scale 25, indicates the gngle of actual

direction of travel or the longitudinal axis of -

the aireraft as éompared to tha apparent direc-
tion of the movement of the target F:F’; there
being no wind as assumed. It is gbvious that once
niy invention has been disclosed, numerous modi-
ficetions and adaptations will readily occur to
those skilled in the art. Accordingly, it is in-
tended that the invension be lixnited only by the

scope of the appended ciaim.

What I.claim is:

In ar apparatius for determining the speed and
direction of movement of aircrafis and targets, an
ceptical sighting device mounted in the aircraft
and comprising means for deiermining the hori-
zontal distances and the horizentsl angles of a
target below the level ¢of the szid aircraft at the
beginning and at the end of z predetermined
measuring period, the said optical sighting ap-
paratus being adapted t¢ rotate arcund a vertical
axis and comprising a ¢asinyg, an eniering reflez-

tor, means for furning said entering reflector
arvund a horizontal axis, 2 cam journalled in the
s2id casing, means for turning the said cam at

doubis the speed of the en te‘ ing refiector, a sec-
or.c cam journalied in the seid z2asing, means
for zctuating the second me ned cam by the
first mentioned cam, whereby wzcn the first
mentioned com is turned thr zn angle ¢, the
eq cam is turped through an angle
iog tan ¢, 2 poinler, mesa for
rotary movement of the second
the said pointer, & scale for the

Wiy
~eans for adiusiing <he said scale to

mw

ne Iogarithl m cf eny given vaiue of k, the height
of the zircraft above the target, wher by the said

pointer snoms directly on the scele the sum log
h<log tan e¢==log (i t2n <), & circular angle
scale concentric with and fast oo the said ces-
ing, and & stationary pointer, the guantities thus
determined serving for the adiustment of a so-
called double triangle solving device for me-
chanicelly determining ihke said directivns and
speeds. ;

. ANTONIO CLEMENTI
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