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The present inventicn relates to an improved ig. 2 is a diagram illustrating the method of 
apparatus for Surveying and ascertaining sight- computing the time of fight of the projectile; 
ing errors in Shooting practice against moving Fig. 3 shows in detail the positions of different 
targets, especially airplanes, and particularly in projectiles at different moments and at different 
shooting practice eploying percussion-primed 5 firing elevations; 
ammunition. Fig. 4 illustrates in greater detail the con 
This application is a continuation in part of Struction of certain mechanisms employed in the 

iny Copending application Ser. No. 133,016 filed arrangement, shown in Fig. 1; while 
Miarch 25, i937 and aibandoned after the filing of FigS. 5 and 6 show diagrammatically the com 
the present application. 10 putations involved in the conversion, effected 
The primary objects of the invention are, first, automatically in the apparatus of Fig. 4, of the 

to aifold facilities for the continuous survey of data fixing the airplane position, into coordi 
Sighting el'ro's without the help of photographic nates of an ac, J, 2 System for determining the 
exposul'es; ald, secCnd, to provide lineans distance between the airplane and a projectile 
enabling one to quickly obtain the error of aim 15 in the computation of the sighting error. 
withillt, the necessity for Inaking lengthy and Iin accordance with the present invention, the 

y tediols calculations. Other objects and advan- Settings of two theodolites 4 and 5, which define 
tages of the invention will appear as the descrip- the airplane position, as well as the settings of a 
tion thereof proceeds and the features of noyely glln (directive or ballistic data, namely, side, or 
will be set, foith in the appended claims. 20 azimuth, and elevation) are continuously trans 
The Survey of shooting errors and pertaining ferred by electric remote control to a computing 

timing er'O'S in shooting practice against quickly mechanism 8 composed of coordinate changers, 
moving tal'gets, especially in coinection with distance comparing devices and other elements 
anti-aircraft gunnery practice, has heretofore described hereinbelow and which for convenience 
been carried cut almost exclusively by photo - 25 Will be referred to as a central apparatus, the 
graininetlic methods or by way of analytical time of luth or transmission of the translatory 
computations. Both of these methods are tedi- novelinent of the said directive data, being auto 
outs and time-consulning and, furthermore, do matically and artificially increased, by way and 
not give one the instantanects sighting error. means of Special delaying mechanism , to such 
The photogrammetric method, moreover, can be 3; an anouilt that the said time of run equals the 
employed only in the case of firing projectiles time of fight of the projectile in question. The 
equipped with tile-controlled prinners or fuses; latter tine refers to that point of the trajectory 
firing by means of percussion-primed ammuni- which possesses the shortest distance from the 
tion is, however, also of great importance, espe- true position of the airplane. The setting of the 
cially with Sillall-calibered anti-aircraft guns. 33 said delaying mechanism f ( with reference to the 

In accordance With the present invention, Said time of run, which corresponds to the time 
sighting errol's inay be quickly and continuously of light of the projectile, is transferred onto a 
determined also with percussion-primed ammu- Computing apparatus, shown in diagrammatic 

c inition. The sighting or gunnery error is taken detail in lig. 4, pertaining to the said central 
as the shortest distance at any time between the it apparatus. The said computing apparatus con 
projectile and the target, such as an airplane. tinuously deterines the distances between the 
A satisfactory embodiment of the invention is true position of the airplane on the one hand 
illustrated by way of example on the accompany- S. E. points, set certain and 
ing drawings, wherein is shown an arrangement E. E. t .. E. E"E. rts it in s . U 'V- s 

pesting automatically to vary the time of fight position, as eXplained more fully below, being 
to criters into the Computations by estab initially determined from an arbitri Sel. 

lishing equality between the distances fl'On the time of flight of the projectile. The latter two 
target of two points upon opposite sides on the points can eithcl lie upon the projectile trajec 
projectile trajectory of the base of a line drawn it) tory which is defined by the values of side move 
from the target perpendicular to the trajectory 
and representing the sighting errol'. 
In Said drawings, 
Fig. 1 show's Schematically &n arrangeinent 

according to the invention; 

lents and elevation of the gun which are trans 
hitted to the central apparatus (points P1 and 
F2 in Fig. 2), or they may lie upon a tangent to 
to this trajectory (points F1 and P2). In the 

is first case they are at the same distances 
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(d1 d2-See Fig.2) from that point g of the trajec 
tory a which is determined by the (assumed) 
time of fight T of the projectile on the trajec 
tory a corresponding to the transmission time in 
crease; they can be moved along the trajectory 
in correspondence with the transmission time 
adjustment (change in T). In the second case, 
the points, designated as P'i and P'2 lie upon a 
tangent tig to the trajectory a, being removed by 
equal distances from the pcint of tangency g, 
the latter corresponding to that projectile posi 
tion deter:nined by the (assumed) time of flight 
T of the projectile, the said point of tangency 
being moved along the trajectory in accordance 
with the said setting of the time of run or trans 
mission in the delaying device. 
As soon as the two distances d1 and d2 or d'l 

and d'2 are found to be of different length, the 
said computing apparatus, as will be described 
below, releases the automatic control for the set 
ting of the time of run in an additional or Sub 
tractional sense So that the distances again be 
come of equal length. The said releasing is 
accomplished by regulating a servomotor. 
The arrangement illustrated in the drawings 

includes at least one delaying device which 
may consist, in known nanner, of at least one 
revolving or continuously moving endless Steel 
tape for the purpose of increasing the time of 
run of the transfer of the ballistic or gun co 
ordinates to the central apparatus 8. The Said 
tape, as will be described more fully below, re 
ceives magnetic registrations of the movements 
of a Sender for the purpose of a delayed transfer 
of the said movements onto at least one receiver, 
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the length of the said tape between the speaker 
heads and the hearer heads with which it is 
associated, being automatically controlled and reg 
ulated by electrical and mechanical means. 
This type of delaying device, which is indi 

cated in Fig. 1 at 10, is shown in greater detail 
in Fig. 4. Referring to the latter figure, S and 
Ei represent simple electrical senders of known 
type which, for example, convert the lateral 
movement and the elevation of the gun , respec 
tively, into electrical inpulse Which are con 
ducted in each of three identical transmission 
channels to each of the three speaker or regis 
tering heads 8. The latter are in the form of 
coils which-When they are traversed by cur 
rent-magnetize the parts of the steel tapes 20 
which pass them, the tapes moving uniformly 
over the rollers 9, which are driven at constant 
speed in any suitable Way. The magnetic reg 
istrations are taken up in the hearer or receiving 
heads 2 from the steel tapes 20. The hearer 
heads are coils in Which all electric current is 
induced When a magnetized point of the steel 

is 

tape passes them. The magnetic registrations 
which are taken up by the hearer heads 2i and 
re-converted into electrical impulses always char 
acterize the movements of the Senders 6 and 
f7; they are transmitted to the receiver motors 
22 and 23 by which they are again converted into 
mechanical movementS. The movements of the 
receivel's 22 and 23 thus correspond exactly to 
the movements of the sendel's 6 and T, only with 
the difference that they lag behind them some 
what in time and indeed-disregarding the prac 
tically infinitesimal natural time of travel of 
the electric current-by the time which the mag 
netic registrations on the steel tapes 28 requile 
to travel from the speaker heads 8 to the hearer 
heads 2i. The artificial ruinning time increase of 
the movement transmission in the delay mech 

3. 
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anism to can be made variable; for example, the 
hearer head can be constructed in the form of, 
or inay be mounted upon, screw nuts and be ad 
justable along Screw spindles 2 a. It is obvious 
that to maintain the movements, all hearer heads 
must be moved equally; in the construction shown 
by Way of example in Fig. 4, this is accomplished 
by driving all of the Screw spindles from the same 
shaft 24 by Way of pairs of bevel wheels or gears 
24a. The shaft 24 is driven by the motor f4 
Which rotates in accordance with the voltage 
supplied thereto by the conductors 25. 
The mode of operation of the apparatus ac 

cording to the present invention for Surveying 
the sighting errors in sharp-shooting practice 
by means of percussion-primed ammunition 
against aircraft is as follows: 
As pointed out above, the sighting or gunnery 

error is the shortest distance betWen the pro 
jectile and the target, i. e. their distance at their 
closest approach. For determining the sighting 
error, an assumption is made for purposes of 
Simplification. This aSSumption is that the line 
(distance) representing the sighting error and 
connecting the target with the projectile is per 
pendicular to the tangent to the projectile tra 
jectory at the projectile position. The difference 
between the sighting error so lineasured and the 
true shortest distance is relatively small and 
can be neglected. The measurement of the sight 
ing error can be carried out as soon as the target 
position and the projectile position at the short 
est distance from the target are known. The 
first problem. Which the mechanism in the cen 
tral apparatus 8 must solve is, therefore, the ex 
act determination of these two points in space. 
The target position can be continuously deter 

mined by measurements With two theodolites 4 
and 5. The measurements with the two theo 
dolites (azimuth and elevation, the latter being 
the angle made wtih the horizontal plane) is ef 
fected in accordance with the three coordinate 
equations Set out below. By these three values, 
the position of the target is definitely established 
in a rectangular coordinate system with the zero 
point at the theododite é, and the base direction 
as the Zel'O line for the azimuth. 
The gun f is aimed by means of v any direct 

or indirect sighting contrivances which, being 
known, al'e not shown, at the future station 2 of 
the airplane, the said station having been com 
puted beforehand (extrapolated) for the corre 
Sponding time of flight of the projectile. The 
directive data are the side (azinutia) S and the 
elevation E. The true station of the airplane 
at the moment of firing is located at 3; and is 
continuously intersected from two observation 
Stations, e. g. by means of the two theodolites 
4 and 5 lying a certain distance apart; for less 
exacting measurements the two theodolites may 
be replaced by a single telemeter or range-finder. 
The measured topographical co-ordinates deter 
mine the true position 3 of the airplane. The 
Systein of coordinates employed for the survey 
may be chosen at Will; in the drawing, e.g., the 
lettel's 21, us, and 21, 22 respectively denote the 
azimuth and the vertical angles measured fronn 
the tWO points. The angle leadings of the true 
position 3 of the airplane are relayed to the cen 
tral appalatus 8 over the lines G and 7. 
Whereas in the case of firing practice with pro 

jectiles controlled by time fuses, the position of 
the explosion point can, at any time, be deter 
mined by the three ballistic or gun coordinates 
of a Zilinuth, elevation (this term throughout the 
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specification means the total elevation of the 
gun barrel) and timing (the azimuth and eleva 
tion being the adjustments of the gun, while the 
tinning is the adjustment of the igniter), in firing 
practice with percussion-primed ammunition only 
the projectile trajectory can be initially estab 
lished upon which the projectile is located be 
cause the timing coordinate (the time-adjustable 
igniter) is lacking. To determine the projectile 
position, the gun adjustments, both lateral and 
elevational, must be supplemented by a time value 
for the period of projectile flight (equivalent to 
the timing of the fuse on a fuse-controlled pro 
jectile). At this point, the improvements effect 
ed by the present invention come into play. 

If, in accordance with the invention, there is 
at first Selected any arbitrary but appropriate 
time value T and if the gun adjustments S (azi 
muth) and E (elevation) are combined with this 
time value T, then the three ballistic values S, E, 
and T constitute together the coordinates of the 
projectile position. This condition is, in gen 
eral, Walid and Sufficient for determining a pro 
jectile position; for the assignment of a time 
value T establishes in space an approximately 
Spherical Surface, with the gun position as ceh 
tel", Which represents the geometric position of 
all projectiles which could be fired prior to the 
time T. At this time (moment of discharge of 
the projectile) the gun was adjusted at the co 
ordinates S and E and could naturally fire only 
one projectile at a given instant. S, E, and T, 
therefore, together always characterize the po 
sition of one fiying projectile. 
The directive elements or data side S and ele 

Wation E of the gun are l'elayed to the said cen 
tral apparatus 8 over the lines 9, the time of run 
of this transfer being artificially and in a vari 
able measure increased, as above explained, by 
means of the delaying device connected to 
the lines 9. The setting of the time of run in 
the delaying device f is relayed to the said cen 
tral apparatus 8, e. g. mechanically by means of 
the shafts i and 2; and corresponds, in accord 
ance with the present invention, to the initially 
arbitra'ily selected time of flight of the projec 
tile, and characterizes accordingly any at first 
selected projectile point g (Fig. 2) lying on the 
trajectory fixed by the elements S and E. 
The plocedure for continuously measuring the 

impact Sighting error, according to the present 
invention, resides in first finding continuously 
upon each projectile trajectory defined by the 
continuous adjustments at the gun, that projec 
tile position Which has the shortest distance from 
an airplane at the correct time, and secondly, to 
determine the distance of the projectile position 
from the airplane at this moment. 
As mentioned above, in the determination of 

the projectile position with the shortest distance 
from the airplane, a slight simplification is un 
deltaken. According to the invention, it is not 
the absolutely shortest distance that is deter 
mined, but the shortest distance perpendicular 
to the projectile trajectory. The difference be 
tween this latter distance and the distance de 
fined as the impact sighting error is Small; it 
depends upon the relationship of the airplane 
speed to the projectile speed, and at the most 
almollnts to a few percent of the value to be 
neasured. Since We are dealing here with an 
elrol in the nea Suleinent of an error (impact 
sighting error) this difference plays only a very 
subordinate role and can be neglected. 
Tle spatial-geometrical side of the inpact 
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sighting error measurement-considered as a 
continuous process-is shown most clearly in 
Figs, 2 and 3. In these figures the impact sight 
ing error determination is shown for the case of 
a plane (i. e. two-dimensional) problem; it can, 
however, easily be seen that all conclusions 
reached upon the basis of these two figures are 
valid also when the actual impact sighting error 
measurement is undertaken in three-dimensional 
Space. 

FReferring to Fig. 3, F1, F2 and F3 signify the 
positions of an airplane at the times t1, t2, ts. 
The airplane is fired at with a gun which at the 
time t1-T' was directed at the elevation b, T. 
indicating the time of flight of a projectile G to 
the point G1. At the time to or t3, the projectile 
fired at the moment ti-T' is located at G2 or 
G3, respectively. At the time t1, t2, and ta, not 
only the projectile G but also other projectiles 
are in flight. These other projectiles are located 
at the time t1 at G'i or G'. . . . etc. if the gun 
Was directed at the time 

rr, Sl t (t + 7. 
Or 

8) t- (t -- 7. g 
With the elevation d' or g'. (Wg in these ex 
pressions indicates the projectile velocity.) The 
latter projectiles are located at the time to at 
the pointS G'2, G'.2 . . . and at the time i3 at 
the pointS G-3, G '3 . . . As the gin is contin 
uously moved, its elevation changing continu 
oUsly frong through db' to p', there results one 
and only one line G1 G'i G''1 ..., which in the 
Case of ail infinitely rapid succession of firing 
representS the geometrical locus of all projec 
tiles at the time t1. 
Upon this line ill, there is a point Q1 which 

has the distance A1, measured perpendicularly 
to the tangent to the projectile trajectory, from 
the airplane position F1 at the same moment, 
(time t1). This distance is smaller than the dis 
tances of the airplane position F1 from all other 
points lying upon the trajectory passing through 
the point Q1. 

If the airplane were immovable at the point F1, 
the distance Al. Would correspond exactly to the 
iinpact sighting error. A1 in this case repre 
Sents actually the shortest distance between the 
airplane and a traveling projectile. If, however, 
the airplane moves at its own velocity, the dis 
tance A1 is no longer exactly equal to the abso 
lutely shortest distance, that is, equal to the im 
pact sighting error; nevertheless, the difference 
is negligibly Small from the practical standpoint. 
For this reason and in accordance with the pro 
Cedill'e of the present invention, only the dis 
tances A1, A2 . . . measured perpendicularly to 
the projectile trajectories at any moment are 
Continuously ascertained and are measured in 
place of the true impact sighting error. 
The mainlner of continuously ascertaining the 

points Q1, Q2, Q3 . . . will be best understood from 
iFig. 2, wherein a projectile g is shown traveling 
llpon the trajectory d. At the moment it, at which 
it is located at the position g, the airplane should 
be exactly at the point F. If in this case the 
connecting line from F and gruns perpendicularly 
to the tangent ig to the trajectory a at the point 
g (hence perpendicular also to the trajectory) 
then it clearly represents the approximate in 
pact sighting error Z. Under normal conditions, 
that is, when the projectile velocity is greater 

A 
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4. 2,283,922 
than that of the airplane there results one and 
only one connecting line Z, between the airplane 
F and the projectile g which is perpendicular to 
the trajectory ci. 

If Z is perpendicular to a, then the two con 
necting lines FP1 and FP'2, that is, d'i and d'2, 
from the airplane F to the points P1 and P2 
Which are equally distant from the projectile po 
Sition g, are equal to each other. For the tri 
angle F-P1-P2 must be an isosceles triangle 
if the median line Fg is perpendicular to the 
Side E'P'2. 
The momentary projectile position g is clearly 

defined coordinately by the time of flight T which 
a projectile requires to reach the point, g, and 
by the adjustments of side and elevation of the 
gun which existed before the time T elapsed, 
that is, at the moment of firing. 

If One in agines, for example, that at a given 
moment tu, the momentary positions of all of the 
projectiles already in the air are connected with 
each other upon their individual trajectories, then 
the line indicated by L1 in Fig. 3 represents this 
connecting line. At a later moment t2 all pro 
jectiles have fioWn further along their paths so 
that at Such moment the geometrical locus of 
the momentary positions of the projectiles is rep 
resented by the line L2 in Fig. 3. All these geo 
metrical loci pass through the mouth of the gun 
because, assuming a continuous procedure, a : 
Shell is always just leaving the mouth of the guin 
at any moment under consideration. 

Each of these geometrical loci L1, L12, L3 . . . 
Which are definitely associated with the moments 
t1, t2, i3 . . . possesses, under the assumption 
that the airplane velocity is smaller than the 
projectile velocity, one and only one point Q, 
Q2, Q3 . . . as already explained, which has the 
property that the straight connecting line from 
it to the airplane position at the moment under 
consideration is perpendicular to the projectile 
trajectory. hese projectile positions Q1, Q2, 
Q3 . . . must be ascertained for the impact sight 
ing erro' measurement and only after that can 
the determination of the distance to the airplane 
itself be undertaken. 

In the central apparatus 8, the ballistic coordi 
nates of the projectile point g, namely the side 
or azimuth S. and elevation E of the gun (these 
cool"dinates being available at the shafts of the 
moto's 22 and 23), as well as tihe time of pro 
jectile flight, it or the delay period setting or ad 
justment of the delaying device D (shafts 
and 2), which take into account the curved 
(ballistic) trajectory, are converted into topo 
graphical co-ordinates to enable comparison to 
be made betWeen then and the topographic co 
ordillates of the target position for determining 
the sighting error, and they are accordingly con 
verted into the S&ne topographic coordinates of 
the rectangular 2, 4, 2 coordinate System having 
the gun position as Zero point. This conversion 
is effected With the aid of a co-ordinate changer 
of known construction, for example, of the type 
described in detail in Gerrihan Patents NOS, 
620,385 and 6,497. One foln of construction 
the 'eof is ShoWn, for example, in Fig. 4 at 26. 
It is composed essentially of the three cams 2, 
28 and 29. 
The can 2 is cut, for example, according to 

the delivation, so that the vallie taken off the 
cam 27 as the function of elevation and tining 
can be added in the differential 3 to the azimuth 
reading of the gun (shaft 3i) and thus yields the 
resultant azimuth of the projectile. (The der 
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ivation means the lateral deflection of a pro 
jectile Out Cf the vertical plane which passes 
through the axis of the barrel of the gun.) The 
3,Zimuth is Suitably Oriented upon the base di 
'ection. The two cams 28 and 29 are likewise cut 
in dependence upon elevation and timing corre 
Sponding to the horizontal projection of the tar 
get distance ID' and to the target height 20, re 
ferred to the gun. The obtained values of 
azimuth and horizontal projection of the target, 
distance are transmitted to the sine-cosine drive 
32, in Which the horizontal projection of the tar 
get distance is decomposed into its components 
aco and Jo in reference to a horizontal rectangular 
ac, gy-COOrdinate System. 
To be able to compare the coordinates of the 

airplane postion 3 (t1 and 1, or u2 and 2), meas 
ured by the two theodolities and 5, with the 
artilleristic coordinates of the projectile position 
which have been converted into aco, Jo and 20, 
they must likeWise be converted into coordinates 
Of the ac, y, 2 coordinate System. 
This conversion can be accomplished, for ex 

angle, mechanically according to the known 
5 mathematical relationships (see Fig. 5): 

cos at sin it2. 
sin (u-l-up) ar 

=le b sin 41 sin at 
f sin (1--t) 

sin all 
sin (u, --w) 2 see "tig v1 

In these equations, b indicates the horizontal 
projection of the base length, that is, the hori 
2CIltai distance between the two theodolities is 
and 8, fine coordinates aci, 11 and 21 are referred 
to the position of the theodolite 4 as the coordi 
nate zero point and the base direction as the di 
lection of the ac-coordinate. The values act, y1 
On the horizontal plane are represented diagram 
natically in Fig. 5, While the vertical height 21 
is Similarly represented in Fig. 6. It Will be seen 
that the above equations are desirable from the 
equations given in FigS. 5 and 6 by Simple sub 
Stitution of the Value given for R', 
nitude 

The mag 

sin at 
sin (t1. --us) 

is taken off the can 33 in the construction illus 
trated by Way of example, and is multiplied in 
the multiplication drive 34 by the magnitude b 
which is adjustable by the hand-Wheel 35. The 
product, 

sin us 
sin (att --al) 

is taken off with the aid of a ninenbe' at the 
lack 3 and conducted to the Sine-coSine drive 3. 
Into the latter there is also introduced the angie 
t1, so that at the two shafts S8 and 39 the values 

b sin 242 COS i a = U - - - - - 
i sin (ti-i- it) 

and 

sin w: y = b 2- . sin it sit (u -- u2) 
are obtained. 
The value of e1 is obtained at the shaft 40 by 

multiplication of the expression 
sin it 

sin (11- ) 
  



2,283,922 5 
by tg 1 with the aid of the correspondingly cut 
can 4. 
The determination of the value 21 is accom 

plished in the illustrated construction quite 
analagously according to the formula, 

sin its 
sin (nt -- u2) 

Ah representing the difference in height of the 
locations of the theodolites 4 and 5, which can 
be taken into account by means of the hand 
wheel 42 by way of the differential 43. 
This double determination of 21, for which the 

cams 4 and 45, as well as the multiplication drive 
46 and differential 43 are required, and which 
yields the Second value of 21 at the shaft 4, is 
necessary in order to avoid the singularity posi 
tion or point of instability or variability of a 
function of the selected u, y-coordinate System 
which occurs when the airplane 3 flies vertically 
over the base point, which was selected as time co 
ordinate zero point; this singularity position oc 
curs when the airplane or target 3 flies vertically 
above the point which was selected as the cool 
dinate zero point (for example P1), the value of 
the y-coordinate being then 90° and tg U1 of the 
formula, becoming infinite. By means of the cou 
plings 33 and 69, one of which is always thrown 
in when the other is thrown out, one or the other 
value of 21 can be selectively trainSnhitted to the 
shaft 5 through the bevel wheels 58. The re 
versal of the couplings 38 and 49 is effected by 
closing an electrical circuit. Such a circuit is, 
for example, closed by the pairs of contacts 52 or 
53 When the value 

21 = 

sin at 
sin (us--us) 

O 

sin t 
sin (ul-Hat) 

falls below a definite value. 
The double determination of 21, as already in 

dicated, is necessary in Order to einable the height, 
Of the target to be ascertained even when it flies 
Over a theodolite when the elevational angle is 
90° and its tangent accordingly infinite. 
two theodolites are, in most cases, several kilo 
meter's apart, then both elevational angles u1 
and t2 are never simultaneously very large and 
thus also their tangents. It is for this reason 
that the two couplings 88 and 39 are provided, 
With whose aid the value of 21 directly ascer 
tained from the can 5, or the value of a deter 
mined from the cam it, by way of the value of 
22, is transmitted to the shaft 5. 
These reversals Ol' the cutting in and out of the 

couplings 48 and 49 occur automatically. Thus 
if the target F approaches the Zenith of the 
theodolite A, the angle at becomes larger and 
larger and approaches the value Of 90; thereby 
the cam 45 is shifted upwardly as viewed in the 
drawing. At a definite displacennent, that is, at 
a definite value for the algle at 1 (for example, 
when all is 72° and its tangent is equal to about 
3) a contact mounted upon the nut which shifts 
the cann, and forming part of the contacts 53, en 
gages the other contact, whereilpon an electrical 
circuit though a battely is closed. In this Way, 
the coupling it is cut out and the coupling 8 
cut in, so that the value of 21, determined by Way 
of 82, with the aid of the cann i , is trainSmitted to 
the shaft, i. 

Similar electric contact devices are actllated ol' 

As the 

O 

20 

25 

30 

35 

40 

45 

1'endered inoperative in the longitudinal displace 
ment of the cam 4, so that at a predetermined 
value of angle u2 the coupling 48 is thrown out 
and the coupling 47 cut in. With a sufficiently 
long base line, a simultaneous increase of the 
angles u1 and t2 to the point where they can be 
no longer evaluated, is avoided. 
The illustrated mechanism for the evaluation 

of the above formulas is of the type described in 
German Fatents Nos. 370,956, 433,936, 567,054 
and 632,489, the Sine-cosine drives and the con 
Struction of the cams 33 and 44 and associated 
parts are shown in greater detail, for example, 
in German Patents Nos. 370,956, 578,764, 607,318 
and 647,296. 
The values ac1, 11 and 21 obtained in this way 

at the shafts 38, 39 and 5 suffice to fix definitely 
the position of the airship in Space. They are, 
however, referred to the position of the theodolite 
A as the coordinate Zero point; in order that they 
may be compared directly with the converted co 
ordinates aco, Jo and 20 referred to the gun position, 
parallax corrections must be applied to them. 
This is accomplished in simple and known nan 
ner by the addition of the parallax corrections to 
the COOrdinates aci, g1 and 21 of the airship's po 
Sition by means of the differentials 54, 55 and 56, 
whereupon the new coordinates ac’1, y'1 and 2' 1 
are obtained. 
These corrections are, of course, constant values 

for any given position for the gun and theodolites, 
and are introduced into the mechanism by suit 
able hand. Wheels or the like, by Way of the differ 
entials 54, 55 and 56. - 

For the purpose of determining the distance 
of a projectile position from the target position, 
the coordinates of these two positions, defined in 
the Sanhe rectangular coordinate System. With the 
gun position as the Zero point, are compared With 
each other, the projectile position still represent 
ing only an arbitrary point in Space based upon 
the arbitrarily chosen time value T. 
Computing apparatuses for ascertaining the 

distances between tWO points defined by coor 
dinates are likewise known. They can resolve the 
distance, for example, into its components by 
simple subtraction of the coordinates of both 
points (airship position and "be' point or point 
of aim, that is, projectile explosion point, deter 
mined by side (azimuth) elevation and timing of 
ignition) defined in the same coordinate sys 
tem, yielding the coordinates (aco-ac'1) (2/0-yl) 
and (20-2'1). The distance itself (target to pro 
jectile) is then clearly determined by its compo 
nents and can be obtained in known manner 
from the 'elation. 

Z= W(co-a')2 +(uo-y')?--(2-2')? 
The individual differentials (aco-c'l), (yo-y') 

and (20-2'1) are formed, for example, in the dif 
ferentials 57, 53 and 59. The evaluation of 2 is 
effected by devices which themselves are known. 
On the drawing an electrical mechanism is shown . 
by way of example. This mechanism includes 
three shall electric transformer's 6), 6 and 62 
With parallel connected pi'imary Windings whose 
primary voltage is constant and is supplied by a 
generator 68. At the secondary windings of the 
three transfolyners, cul'rent can be Withd'aWn by 
means of the cui'rent renovel's i, lc and l in the 
form of nuts mounted upon rotatable ScreWS 60b, 
6.b and G2b, and are shifted, by shafts forn 
ing an extension of the screw spindles, along the 
secondary windings. The Seconday Windings 
of the transformer are so dimensioned that the 
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voltage taken off by the voltage remover between 
one end of the coil and the movable contact, 
varies according to the square of the displace 
ment of the contacts along their Spindles. Since 
the linear displacement of the contacts corre 
Sponds to the components (aco-ac'1), (yo-y'.). 
and (20-2'1) of the value 2, then the Withdrawn 
Secondary voltages correspond respectively to the 
Square of these components. The magnitude 2 
(the distance to be measured) is therefore ob 
tained in simple fashion by connecting in series, 
as illustrated, the portions of the Seconday coils 
Subtended by the movable contacts. The Sun of 
the voltages is then transmitted by electrical con 
ductors to the instrument 5 whose scale is so 
graduated that it always gives the value of 2 it 
Self. A Construction of this type is illustrated in 
German Patent No. 370,956. 

For distance determination, devices are also 
Suitable Which depend upon a spatial reproduc 
tion of the two points and directly ascertain the 
distance. The distance 2, serving for determin 
ing the sighting error can be read off on an in 
strument 5 and/or can be registered continuous 
ly by Such instrument. 
The distance 2 so determined, is however, not 

the Shortest distance between the projectile and 
target and does not represent the sighting error 
because it is based upon the arbitrarily Selected 
value of T. Up to this point the time magnitude 
T by Which the transmission of the gun adjust 
ments were delayed and which served for deter 
mining a projectile position upon the projectile 
trajectory defined by the adjustments at the gun, 
corresponded to any arbitrarily selected time of 
projectile flight. If, however, the above die 
Scribed distance determination (aSCertaining of 
Z) is to give the impact sighting error, then the 
condition millst be fulfilled that Z lies vertically 
upon the projectile trajectory. This is purely 
geometrically the case, for example, when the 
distances of the airship's position F (Fig. 2) from 
two points on the projectile trajectory, for ex 
anple, P1 and P2 are equal, Such points being 
equally far removed from the base point g of the 
impact sighting error vector Z. - 
Accordingly, in order to ascertain automatical 

ly in which direction the initially and arbitrarily 
selected value of T (which, in by far the greater 
number of cases, is incorrect) must be altered 
in order to establish the correct projectile posi 
tion for measuring the sighting error, the two 
additional points P1 and P2 in Space are meas 
ured which are equally distant from the pro 
jectile position g and which lie either upon the 
Saline trajectory or upon the tangent to the tra 
jectory at the projectile position g. 

For establishing the true projectile time of 
flight, which determines the base point g of the 
true inpact sighting el'ror Z, the topographical 
coordinates of tWo points upon the projectile 
trajectory alre thus ascertained in the central 
apparatus 8. With the aid of the cooldinate Con 
verters 63 and 64, such points being at the sane 
distance fron the projectile position g. The two 
coordinate convertel's 63 and 63 can be construct 
ed quite similarly to the coordinate converters 26; 
there are then sinnply conducted to then the 
same gun positions side S and elevation S as to 
the converter 26; on the other hand, to one (for 
example, 63) there is conducted a projectile tine 
of flight (timing) which has been increased by a 
certain amount and to the other (for example, 
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63) a projectile time of flight which has been 
decreased by the Sane allhount. The annount by - wo 

v. 

Which the values are increased or decreased can 
be introduced, for example, by means of the hand 
wheel 65 acting through the differentials 66 and 
67. The distances of the So-determined points 
P1 and P2 from the airplane position, namely di. 
and d2, are ascertained in the Sanhe Way as the 
impact sightillg error Z. It is not necessary to 
read off the distances d1 and d2 at the instru 
ner:ts; the difference du-d2 can be obtained in 
mediately in simple mainner by electrical inter 
connections and must be kept at zero. This 
occurs automatically in that the differential 
voltage which is proportional to the difference 
d1-dig is applied to the motor f4 through the 
conductors 25, the motor rotating correspond 
ingly and thus varying the projectile time of 
fight to be introduced he control of the no 
tor it by the described differential voltage can 
be accomplished directly through the conductors 
25 or through an amplifier and Special control 
device. In this way the correct value of the 
projectile flying time is always conducted both 
to the delaying mechanism ( by Way of the 
shaft, 24 as well as to the coordinate convertel'S 
28, 63 and 64 by way of the shafts -2. 
Obviously it is possible to utilize the procedure 

and apparatus according to the present inven 
tion for the purpose of deterraining Sighting er 
rors in connection. With the use of time-pined 
ar:munition by relatively Simple rearrange 
ments. 

Variations from the details of construction 
and procedural steps above described may be re 
sorted to within the Scope of the appended claims 
Without departing from the Spirit of the inven 
tion. 

I claim: 
1. Apparatus for surveying sighting errors in 

target plactice against moving objects, especial 
ly airplanes and in particular by means of per 
cussion-primed ammunition, comprising a pair 
of theodolites, a central computing apparatus, 
means for transmitting the settings of the two 
theodolites as well as those of the gun continu 
ously to the said central appalatus, and means 
for automatically delaying the time of run of the 
translatory novement of the gun-settings for an 
amount of time corresponding to that required 
by the projectile to cover its trajectory up to a 
point lying at the shortest distance from the 
true station of the airplane. 

2. Apparatus according to claim 1, including 
means for transmitting the Setting of the Said 
time of run in the said delaying device to the 
said computing apparatus which latter is con 
structed to determine the distance betWeen the 
true position of the airplane on the one hand 
and two relatively fixed points lying a suitably 
chosen distance apart on the trajectory of the 
projectile on the other hand, the said two latter 
points being moved along the said trajectory 
in accordance with the Said Setting of the time 
of run, and means controlled by the computing 
device for regulating the setting of the time of 
run in the one or the other direction at the no 
ment when the distances of Said points from the 
airplane become of unequal length. 

3. Apparatus according to claim l, wherein 
the computing apparatus determines the dis 
tances between the true position of the airplane 
on the one hand and two points lying on a tan 
gent to the trajectory at equal and suitably 
chCSen fixed distances from the point of tan 
gency on the other hand, and means controlled 
by the Complitting apparatus for adjusting the 
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time of run to cause the said point of tangency 
to move along the said trajectory in accordance 
With Said adjustment. 

4. Apparatus according to claim 1, wherein 
the delay device comprises at least one revolv 
ing endless steel tape, at least one sending and 
One receiving device, at least one hearer-head 
and One Speaker-head, and a servomotor; and 
means controlled by the computing apparatus 
for actuating the servonotor to effect automatic 
adjustment of the time of run by changing the 
length of the Said tape between the Said speake'- 
head and the Said hearer-head, 

5. Apparatus according to claim 1, wherein 
the delay means comprises an electromagnetic 
mechanism including at least one revolving end 
less steel tape and at least one sending and re 
ceiving device, the said tape being arranged to 
receive the magnetic registrations from the Said 
sending device and convey then to the said re 
ceiver, and means for regulating the length of 
the said tape between the Said Sending and re 
ceiving devices. 

6. Apparatus according to claim 1, Whercin 
the delay means includes an endless steel tape 
running between a speaker head and a hearer 
head, servomotor for altering the effective length 
of the tape between the Speaker-head and the 
hearer-head, and means for regulating the Speed 
of the ServOnnotol'. 

7. Apparatus for Surveying Sighting errors in 

target practice against flying objects, compris 
ing means for continuously sighting the fly 
ing target, a gun provided With instruments 
for determining its azimuth and elevation, a 
computing mechanism for determining the dis 
tance of the projectile fired by the gun from the 
target, meanS for transmitting to said mech 
anisin the Sighting and gun data, and mecha 
nisin arranged in the path of transmission be 
tween the gun and computing mechanism for 
delaying the transmission of the gun data, for 
the period of fight of the projectile. 

8. Apparatus as set forth in claim 7, wherein 
the computing mechanism includes means for 
measuring the distance from the target to each 
cf two points equally spaced from the projectile 
at the end of a given time of fight and approxi 
nately along the projectile trajectory, a motor 
for regulating the transimission time delay ef 
fected by the delay mechanism, and means Con 
trolled by tile mea. Sulling mechanism for causing 
operation of the motor in one of the other direc 
tion until the distances between the said two points become equal. 

9. Apparatus as set forth in claim 7, wherein 
the said computing mechanism includes COOI'- 
dinate converters for converting the data of the 
sighting mechanism and the gun into the same 
coordinate reference System. 

FRIEDRIC, ERNSI FISCHER. 

  


