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5 Claims.

Thls invention relates to apparatus for deter-
mlr}mg the velocity of a target, especially aircraft
which is moving in a straight line in a horizontal

" plane.

The known devices employed for this purpose
are either inaccurate or, if they are accurate,
they are expensive and complicated. Ordinarily,
they have to be attended to by a number of per-
sons, so that their employment, for example,
under war conditions, is rendered difficult.

. The chief object of the present invention is to -
obviate the disadvantages of the known' devices

and to provide a simple and easily transportable
apparatus, which is readily operated, for the pur-
pose of determining more particularly the veloc-
ity of aircraft.

According to the present invention, there is
provided' apparatus comprising sighting means
which, on sighting the target, mark out, by means
of the projection into space from g central point
of observation, the path on which the velocity is

' measured, the length of the measuring path be-

ing at a given ratio to the instantaneous distance :

of the target from the observer.

The apparatus according to the present inven-
tion can also be used on board aircraft either
for determining the velocity of the aircraft or,
if the velocity of flight is known, for determin-
ing the height of the aircraft above the ground.

In order that the present invention may be
clearly understood and readily carried into effect
the same will now be described more fully, by
way of example, with reference to. the accom-
panying drawings in which:

Figure 1 illustrates diagrammatically the meth-
od of determining the velocity of alreraft! by

~ means of apparatus embodying the invention, \
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Pigure 2 is a sectional side elevation of appa-
ratus embodying the invention,
- Pigure 3 is a. vertical cross-sectional view there-
of taken on the section line 3—3 of Fig. 2,

Figures 4 and 5 show in cross-section and in
plan, respectively, detalls of a circular sight of
the sighting device of the apparatus,

Figure 6 is a detail view showing in elevation

- the scales of the calculating device of the ap~

paratus.

Referring to the drawlngs, in Figure 1, L de-
notes the aircraft which is moving in a straight
line with the velocity v in an horizontal plane

“which is at a height 2 above®the standing posi-

tion O of the observer. The height k& is known
and one of the known independent devices is em-
ployed for its determination.

~The velocity v of a uniformly moving point

(CL. 33—64)

is ascertained by setting up the deﬁnite path s,
the so-called measuring path, and by measuring
the time ¢ in which the point travels through the
path s. The mean velocity v is given by the
ratio

8

t
By means of the apparatus according to the

present. invention, the measuring path s in the .

path of flight is set up by the projection of the
horizontal abscissa from the centre O which rep-
resents the eye of the observer of the diopter.

There is advantageously chosen as the projec-

tion abscissa the radius r of the horizontal circle
which is at a definite known ratio, r:d=k, to
the distance of the centre M of the circle from
the projection centre O. In the case illustrated,
k=0.1.

It is seen from the similarity of the triangles
OMB and OLL; that the measuring path s, which

is set up in the path of flight of the aircraft, is

in the same ratio to the distance D of the air-
craft as is the radius r of the circle to the dis-
tance d of the centre m of the circle from the
point O, .
s:D=r:d=k
or
s—=kD

" In order to be able to ascertain the measuring
path s, it is therefore sufficient to determine the
distance D of the aircraft, at the beginning of
the measurement, from the standing place of
the observer. It can be seen that
_h
" gina .

where « is the position angle, which the line-of
sight OL makes with the horizontal plane, and &
is the height of the aircraft. This equation is
solved mechanically on the apparatus according
to the present invention for different position
angles « by the geometric adding up of the loga-
rithms on the hasis of the relationship which re-
sults from- the logarithmising of the aforesaid
equation:

‘ log D=log h— 108 sin «

The velocity
p=t
Tt

is ascertained from the known path s from the
measured time ¢ which the aircraft took for fly-
ing through the path, the calculation of the ve-

10

13

20

26

30

40



" Jocity being likewise effected on the apparatus
logarithmically in accordance with the equation.

log v=Ilog s—log ¢

8  An example of a constructional embodiment of
the apparatus according to the invention is llus-
trated in Figures 2 to 6. )

' | denotes & cylindrical casing to which a base
plate 2 is connected by means of a cotter pin {1’
The base plate 2 is adapted to permit the ap-
paratus to be located on & stand (not shown.)
For the purpose of adjusting the casing in a ver-
tical position there is employed & spirit level 4
which is arranged in the base plate 2.

The casing | is provided at the top part on
the periphery with two lugs § (Figures 2 and 3)
in which a lever 1 of the first order is rotat-
ably mounted on & horizontal pin §. Onone arm
of the lever 1, a diopter 8 is arranged, and to
the other arm of the said lever there is rotatably
connected a fixed circle 10, the so-called circular
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sight (Figure 5), which is provided with crossed.

threads and is always kept in a horizontal posi-
tion by means of a known device. In the exam-
ple shown, the sald device consists of & paral-
_lelogram which is
12 which are hingedly connected with each other
and of. which the lever {1 is connected to the
pin of the circle 18 and the lever 12 is connected
to the lug § by means of a pin 13. The radius r
of thé circular sight 10 is equal to 0.1 of the dis-
tance d of the diopter from the centre of the cir-
cle I8 (Fgures 2 and ).
A cam 8 with a controlling surface i3 connected
to the lever 1, so that it rotates about the pin
¢ conjointly with the lever. The curvature of

the surface is made to depend upon the angle-

position « in accordance with the equation.
p=ki+ka log sin-a

where p is the
are constants. The controlling surface of the
_cam contacts at its summit with a rod 1§ which
is mounted vertically in bearings 18 and I8’ of
the casing | (Pigures 2 and 3). The rod 8 is
loaded by means of a spring 14 which keeps the
upper pointed end of the rod in contact with the
controlling surface 8 of the cam. The other
end of the rod {8 is flattened and provided with
a toothed rack 11 which engages a pinion 28.
The engagement of the pinion with the rack is
‘ensured by a leaf spring 8. The pinion 28 is
keyed on a horizontal shaft 22 which is mounted
in bearings 21 and 21’ in the axis of the cylin-
drical casing 1. The shaft 22 has a square por-
tion on which there iz fitted a disc wheel 23
with & scale which gives the velocity—for exam-
ple in metres per second—and the size of the
measuring path s in space. Disposed
circumferenceofthediscwheelnisarlngﬂ
which is rotatably mounted in such a manner in
the casing § that the front surface of the ring
28 and the front surface of the disc wheel 23
He in the same plane. On the ring 2§ there is
engraved a scale which gives the height of the
aircraft and also the time in seconds and against
which there i3 arranged a pointer 28 which is
fixed to the casing I. The opposite side of -the
ring 28 is provided with a ring of teeth 29° (FMg-
ures 2 and 3) with which a pinion 2§ engages.
'Ihepinlon!liskeyedonashaftwhichm
through the cylindrical wall of the casing and
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18 provided with a milled knob 27 (Figure 2) for . path

75 the purpose of being rotated by hand.

formed by two levers {1 and

‘crossed threads.

polar coordinate a.nd k: and ka2

around the -

-controiling cam surface §’ is transmitted to
small. rod 15 and from this, by means of

. shaft 22, to the disc 23.
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25 is held fast in its bearing by means of a lid
30 which is secured to the casing f. If desired,
the lid may be provided. with a glass 3( to pro-
tect the scale from dust and effects of the weather.

In order that, by the projection of the circu-
lar sight, its image should remain undistorted
owing to the thickness of the material, the sight
is arranged in the particular manner shown in
Figures 4 and 5. The circle 10 consists of a nar-
row ring which is constructed in such a man-
ner that the halves of the ring are displaced in
relation to each other through & distance equal
to the thickness of the material, so that the edges
of the circle, which are projected from the di-
opter, lle in the same plane X—X. 'The centre
of the -circle is indicated by the centre of the
crossed threads. .

In ascertaining the velocity v of aircraft by

means of the apparatus according to’ the pres-
ent invention, the operation is as follows:
" After adjusting the apparatus into the verti-
cal position by means of the level 4, sighting the
aircraft by means of the diopter 9 and the cir-
cular sight 10 is effected in such a manner, by
the rotation of the whole apparatus about the
vertical pin {’ as well as by the rotation of the
lever 1 in the plane of elevation, that an aircraft,
which is flying in any direction in relation to the
observer, is projected into the centre of the
While the aircraft is being fol-
Jowed, the cam 8 and the lever 7 are in the plane
of elevation, so that their movement is directly
dependent upon the position angle «.

At the instant in which the desired sighting is
obtained, the movement of the apparatus Is
stopped and is kept in its position by means of,
for ‘example, the coupling which connects the
fixed part of the apparatus with the lever T or
by means of another similar device. At that
instant, the measurement, by means of a stop
watch, of the time, which the aircraft takes to
fly through the path Lli, which is proportional
to the radius of the sight 18, is begun. When,
during the uninterrupted observation by means
of the diopter; the circumference of the circle
is reached, the measurement of the time of flight
is ended. . ‘ :

The ascertainment of the measuring path s in
accordance with the equation -

h
*=*iin

is carried out on the calculating device, which is
arranged in the manner of & circular slide rule
one scale of which is engraved on the disc 23
and the other is engraved on the ring 26. The
height h of the aircraft, which is _ ed by
an independent apparatus of known construc-
tion, is set on the scale of the ring 26 which is
rotated by hand by means of the knob 2T in
such a manner that the number that denotes the
l;:lght of the aircraft comes beneath the pointer
On rocking the lever 1, the movement of l:ﬂl:e
e
: . s the-
rack 7, to the pinion 20 and, by means of the

quently rotated in dependence upon the logarithm
of the sine of the position angle « in such a man-
ner that the opposite position of the logarithmic
scale gives the desired length of the measuring
path s. ' The numbers which give the measuring
s appear on the scale of the disc 23 oppo-
site the ring 28, :

The disc 23 is conse-
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The velocity v of the aircraft is ascertained
from the equation

y=—
t

when the value is read off on the second scale
giving the velocity opposite the number denoting
the measured time. Since, in logarithmic divi-
sion, the logarithms are subtracted from each
other, the time scale is put on in the reverse di-
rection of the scale of the path s.

In the example of the counting calculating de-
vice which is illustrated in Figure 6, the loga-
rithmic scale of heights expressed in hectometres
(hm.) and the time expressed. in seconds on the

- outer ring 25 and the scale of the path s ex-
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pressed in metres and the velocity of aircraft
expressed in metres per second on the disc 23
are advantageously combined. This combina-
tion is possible since all the scales are logarithmic.
The following case illustrates an example of
measurement with reference to Figure 6: :
Let the height of flight #=1000 metres. Con-
sequently, the ring 25 is set in such a manner
by the rotation of the knob 21 that the number
«10” on its scale comes beneath the pointer 28.
After the aircraft is sighted with the apparatus,

the time is measured which the aircraft has taken

to fly over the projection of the radius of the cir-
cular sight. Let this time ¢ be 4 seconds. The
velocity of the aircraft v=50 metres per second
is read off on the velocity scale on the disc 23 op-
posite the number “4” on the scale of the ring 25.

The manipulation of the apparatus is very sim-
ple and the total time that is necessary for the

determination of the velocity of aircraft is only -

the time that is necessary for the measurement
of the time of flight of the aircraft over the ra-
dius of the sight. A further great advantage of
the apparatus according. to the invention is. that

_it is unnecessary to measure the height of flicht

at the outset but it is possible to carry out the

‘measurement of the height of flight on a sepa-

rate height meter and then to set the measured
height on the apparatus, so that the resulf of the
measurement of the velocity of the aircraft is ob-
tained at once. This saving of time is of special
importance when the apparatus is used for the
determination of firing elements in the case of
anti-aircraft guns.

The apparatus does not take up much space,
is readily transportable and contains no sensi-
tive components by the injury of which the meas-
urement could be rendered imposible or inaccu-

rate.

The sighting means of the apparatus may be -

of a kind other than the circular sight and the
diopter; thus, in particular, it is possible to use
a telescope for setting up the line of sight, it

\ being possible to carry out the limitation of the

measuring path in such a manner by means of
a circle that is kept horizontal or by the aid of
means arranged in the telescope that the meas-
uring path is at a definite ratio to the distance
of the aircraft from the position at which.the
observer is standing. , '

Tt is possible to use the principle of the appa-
ratus according to the invention for apparatus
for other purposes of which there is given as an
example an apparatus for the measurement of
the height of aircraft above the ground from on
poard the aircraft. The method of measure-
ment by means of this apparatus is represented
in Figure 9.

Let the aircraft be moving with a known ve-

3

locity v in a straight line in an horizontal plane -

at an unknown height 2 above the ground. By
means of the apparatus, which can be suspended
in the aircraft in such a manner that its basal
surface is kept in the horizonfal position, any
point C on the ground is aimed at in such a
manner that the point C is projected info the

‘centre of the circular sight. The angle, which
‘the line of sight makes with the horizontal plane,

is the position angle «. At that instant, the
position of the arm of the sighting device is fixed

and there is begun the measurement of the fime-

in which the aircraft. flies through a path such
that the point C is projected on the edge of the
circular sight. - At the beginning of the measure-
ment, the aircraft was located at the point A and,
during the measurement, it came to the point
B and followed the path which is equal to the
result of the time and of the velocity, s=v.t.
From the similarity of the triangles MLA and
ARBC, it can be seen that the path s=v.l. is equal
to & times the distance D of the point C from the
initial position A of the aircraft, where k is the
ratio of the radius of the sight to the distance
of the centre of the sight from the diopter. This,
therefore, gives T

1
D=

and, because A=D sin «, it is pdssible to deter-
mine the height

h=ot sin a

from the measured time ¢, the known velocity v
and the position angle «. .

The multiplication is effected logarithmically
on the calculating mechanism of the apparatus
as in the preceding case, log sin « again being
given on the apparatus by the controlling cam.

A special case arises if there is always chosen
the point C on the ground in such a manner that
it lies in the vertical plane through the axis of
flight. In this case, it is sufficient for the mark-

© ing out of the path s to have a small section of

a circular sight in the neighbourhood of the small
axis of the ellipse produced by the projection of
the circular sight, since the projection of the

point C theoretically moves on the small axis of .

the ellipse.

The forms of the apparatus described and
illustrated are obviously only examples of em-
bodiments of the invention and it is possible to
make various modifications in the construction
of the apparatus without departing from the
scope of the invention.

What I claim is: o

1. Apparatus for determining the velocity of a
target moving rectilinearly in a horizontal plane

comprising a base, 2 member pivoted on said base '
. on a normally horizontal axis, a circular sight

pivoted on said member on an axis coplanar of

a “diopter on said member coacting with said
circular sight to establish a sight line which may
be maintained upon the target, relatively mov-
able coacting scales carried by said base and
means interconnecting said scales and said mem-
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- said circular sight and parallel to said first axis,
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ber whereby pivoting of said member about its

axis effects relative movement of said scales to
give a reading thereon of target velocity as the
sight line is maintained thereon.

2. Apparatus as set forth in claim 1 in which
said interconnecting means includes a cam oper-
ated synchronously with the pivotal movement
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of said member whose radial dimensions are pro-
portioned to a trigonometrical function of the
angle sald sight line makes with the horizontal.
3. Apparatus as set forth in claim 1 in which
said scales are respectively located on two cir-
cular cooperating discs.
4. Apparatus for determlning the velocity of

'a target moving recilinearly in a horizontal plane

comprising a base, a member pivoted on said base
on a normally horizontal axis, a circular sight
pivoted on said member on an axis coplanar of
said circular sight and parallel to said first axis,
8 diopter on said member coacting with said cir-
cular sight to establish a sight line which may
be maintained upon the target, a cam on said
member operated synchronously with the pivotal

movement of said member whose radial dimen-

sions are proportioned to a trigonometrical func-
tion of the angle said sight line makes with the
horizontal, a circular disc having a scale thereon

rotatably mounted on said base, a slidably mount-

ed rod on sald base actuated by said cam for
rotating said disc and a second manually oper-
ated circular disc having a scale thereon coact-

,209,485

ing with sald nm mentioned scale to give a
reading of target velocity as the sight line is
maintained thereon.

5. Apperatus for determlninz the velocity of
8 target moving rectilinearly in a horizontal plane
comprising a base, a member pivoted on said
base on a normally horizontal axis, a circular

‘sight pivoted on said member on an axis co-

planar of said circular sight and parallel to said
first axis, said circular sight having the halves
thereof relatively displaced axially of the plane
of said circular sight an amount equal to the
thickness of the material on both sides of the
axis of said circular sight, a diopter on said
member coacting with said circular sight to estab-
lish a sight line which may be maintained upon
the target, relatively movable coacting scales car-
ried by sald base and means interconnecting said

scales and said member whereby pivoting of said

member about its axis effects relative movement
of sald scales to give a reading thereon of target
velodty as the sight line is maintained thereon.

' JOSEF TICHY.
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