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This invention relates to a fire director appa-
ratus for anti-aircraft guns.

The fire director apparatus which I have in-
vented combines the use of polar and rectangular
coordinates in such a way that, while the calcu-
lations and the indications to the operators of
the apparatus are in rectangular coordinates, the
connections between various parts of the appa-
ratus move in accordance with corresponding
polar coordinates. The apparatus thus combines
the facility which is obtained by using rectangu-
lIar coordinates for calculations and observations
with the mechanical advantages and accuracy
obtained by the use of rotary shafts.

The new fire director apparatus incorporates
& number of new mechanisms which are neces-
sary to its successful operation and which are
also useful in other connections. These new
mechanisms include:

(1) An apparatus for obtaining rotary move-
ments which are functions of polar coordinates
of a moving peint whose rectangular coordinates
are known, and also for obtaining rotary move-
ments proportional to the differences between
functions of the polar coordinates of two moving
points when the differences between the rec-
tangular coordinates of the moving points are
given. .

(2) Training and elevating mechanism for
automatically varying the training and elevation
angles of an instrument to keep the axis of the
instrument directed at & point moving on a fixed
course at a constant height at a constant speed.

(3) A computing device or predictor for indi-
cating the value which a function of time will
have after g variable time interval, and

(4) A computing device or predictor for indi-
cating a close approximation to the value which
a function of time will have after a fixed prede-
termined time interval.

As each of the four mechanisms 1is, so far as
I am aware, entirely new in principle and in
operation, it will be necessary to describe each
of these mechanisms in order that the operation
of the fire director apparatus in which they are
included may be understood.

The drawings accompanying this specification
are as follows:

(1) Apparatus for obtaining roltary movements
which are functions of polar coordinates of @
moving point whose rectangular coordinates
are known

Fig. 1 is a simplified perspective view showing
the essential moving parts of the apparatus;

Figs. 2 and 3 are diagrams showing the deriva-
tion of the equations on which the apparatus is
based;
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Pig. 4 is a diagrammatic view of one form of
the apparatus showing the distributor part
schematically;

Fig. 5 is a schematic view of a simplified form
of the apparatus;

Fig. 6 is a diagrammatic perspective view of the
apparatus shown schematically in Fig. 5

Fig. 7 is the details showing the mounting of
the disc 19 in Fig. 6; :

Fig. 8 is a diagrammatic view of a change-
speed transmission which may be substituted for
the variable-speed transmissions shown in Fig. 6;

Fig. 9 is a diagrammatic view of a modified

‘form of the apparatus for obtaining rotary move-

ments proportional to the difference between
functions of two sets of polar coordinates;

Fig. 10 is a diagrammatic perspective view of
a transformer which may be substituted for the
transformer part of the apparatus shown in Fig. 9.

(2) Training and elevating apparatus

Figs. 11 and 14 are diagrams for use in ex-
plaining the principle of the apparatus;

Fig. 12 is a diagrammatic perspective view of
automatic training and elevating apparatus in
which the constants of the target’s movement
are introduced manually;

Fig. 13 shows an indicating apparatus which
may be used with the apparatus of Fig. 12 to in-
sure accuracy in the manual introduction of the
constants of the target’s movement;

Fig. 15 is a modified training and elevating ap-
paratus ‘in which the constants of the target’s
movement are introduced automatically by mere-
ly pointing the telescope at the target for a few

_moments.

(3), (&) Predictors

Fig. 16 is a diagrammatic plan view of a com-
putmg device for indicating the value which a
0 function of time will have after a variable pre-
determined time interval; )

Fig. 17 is s diagrammatic plan view of g pre-
dictor for indicating a close approximation to the
value which a function of time will have after a
fixed predetermined time interval.

(5) Fire director apparatus
Fig. 18 is g schematic diagram of a complete

go fire director apparatus; and
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Fig. 19 is a diagrammatic perspective view of
the complete fire director apparatus.

I will now describe and explain the operation
of the four new mechanisms used in my fire
director apparatus in order to make possible a
simple explanation of the operation of a complete
fire director apparatus incorporating these mech-
anisms:



" (1) "Apparatus for obtaining rotary movements
which are functions of the polar coordinates of
a moving point whose rectangular coordinates
are known

It is mechanically feasible to transform mové-
ments corresponding to changes in the polar co-
ordinates of a moving point into movements cor-

2,385,053

responding to changes in the rectangular coordi-

nates of the point, but the reverse of this is not
true. The bearing angle of a point located near
the origin of a system of polar coordinates

" changes so rapidly with slight’changes in the rec- -

tangular coordinates of the point that it is im-
practicable to provide an accurate mechanism in
which elements moved in correspondence to
changes in the rectangular coordinates effect
movements corresponding to changes in corre-
sponding polar coordinates,

To overcome this difficulty, I supplement a
“transformer” mechanism for transforming polar
coordinate movement of a pair of shafts into rec-
tangular coordinate movements of an observable
-element with a device, which I term a “distrib-
utor,” in which two manually operated actuators
are so interconnected with polar coordinate shafts
that the turning of one of them moves the ob-
servable element go as to change only one rec-
tangular coordinate, while the turning of the
other actuator changes only the other rectan-
gular coordinate. With this device, it is 8 simple
matter to obtain rotary movements which are
functions of the polar coordinates of & moving
point when the value of rectangular coordinates
of the point are given. All that is necessary is
to turn one actuator so as to make the required
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changes .in the value of one rectangulay co- .

ordinate of the observable element, and to turn
the other actuator independently to make the re-
quired changes in the value of the other rectan-
gular coordinate of that element. The intercon-
nections between the two actuators and the two
shafts of the distributor are based on s math-
ematical relation between changes in the polar
coordinates of a moving point and the corre-
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sponding changes in the rectangular coordinates -

of the point.

To adapt the apparatus for producing rotary -

movements proportional to the differences be-
tween the polar coordinates of two moving points,
it is necessary only to make a slight modification
in the distributor and to combine it with two
transformers.

I will first explain the principle of my appa-
ratus. As shown in PFig, 1, the apparatus consists
essentially of the following moving parts: an ele-
ment A movable in any direction in a plane XY,
turnable shafts B and C, and turnable actuators
E and F. 'The plane in which the element A is
movable contains two fixed perpendicular axes of
reference OX and OY, and mechanical or visual
means for measuring its distance from each of
these axes and thus indicating the values of the
rectangular coordinates of the position of the
element A in its plane at any time. The actu-
ators E and F may consist of cranks which may
be turned manually. They are connected to the
shafts B and C to turn the shafts, and the shafts
are connected to the element A to displace the
element A in its plane.,

The element A and the connections between
the shafts B and C and the element A constitute
the part of the apparatus whch I term the trans-
former. These connections are such that turn-
ing movements of the shaft B change the dis-
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tance between the element A and the polnt o
without changing its bearing from the point 0,
while turning movements of the shaft C change
the bearing of the element A from the point 0
without changing its distance from the point 0.

The actuators E and F, and the connections be.
tween them and the shafts B and C constitute
the part of the apparatus which I term the dis-
tributor.- These connections are such that turn-
ing movements of the actuator E turn the shafts
B and C in such manner as to move the element
A parallel to the axis OX, while turning move-
ments of the actuator P turn the shafts B and C
in such manner as to move the element A per-
allel to the axis OY. ;

To explain' the nature of the connecting
mechanism, it may be assumed that at some in-
stant of time, the positions of the movable parts
A, B, C,Eand F are as follows:

The element A is at a distance y from the
axis OX and at a distance z from the axis OY
and at a distance r from the point 0, and the
bearing angle of A from O measured from the
axis OXis g. .

The shaft B has turned through an angle b
and the shaft C has turned through an angle c.

The actuator handle E has turned through an
angle ¢ and the handle of the actuator F has
turned through an angle f.

In a time interval dtf, the actuator B is turned
through an arc de, and the actuator P is inde-
pendently turned through an arc df, and this re-
sults in turning the shaft B through an arc db,
and the shaft C through an arc dc, moving the
element A so as to change its polar coordinates
by increments dr and dg and its rectangular co-
ordinates by increments dz and dy.

The connections between the parts are such
that r is a function of b and is independent of ¢,
while ¢ is a function of ¢ and is independent of
b, while at the same time x changes with e and
is independent of f, and v changes with f and is
independent of e.

The relations between dr, dg, dxr and dy may
be determined geometrically from the diagrams

" Figs. 2 and 3 as follows:

Fig. 2 shows the rectangular coordinates z, y
and the polar coordinates r, g of a point A and
indicates the change in each one of the four co-
ordinates caused by movement of the point A to
A1, which may be regarded as an infinitesimal
movement. Fig. 3 is an enlargement of part of
Fig. 2. Fig. 3 shows two infinitesimal right tri-
angles AMA’ and ANA’, The lengthsg of the sides -
of these triangles are indicated in Fig. 3. The
side A’N represents an arc of radius r swung
through the infinitesimal angle dg and is, there-
fore, rdg. The lengths of the other sides are
the infinitesimal increments of the coordinates r,
x and ¥. . .

Since the broken line AMA’NA forms a closed
figure, the length of an orthogonal projection of
this line on any straight line must be zero. By
projecting the parts of this broken line on the
straight line ON, we obtain

"AM cos g+MA’ sin g+ A'N cos 90°—NA cos 0°=0

Inserting the values of the lengths of the parts
of the broken line,

dr cos g4-dy sin g4-0—dr=0
Transposing, we obtain—

dr=dz cos g+dy sin g )
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Projecting the parts of the broken Iline
AMA'’ANA on the straight line NA’, we obtain

MA’ cog g—AM sin g—A’N cos 0°+NA cos 80°=0

Substituting the values of the lengths of the
parts of the broken line,

- dy cos g—dz sin g—rdg+0=0
Transposing and dividing by r, we obtein

dg=—dz L ay 4 @

Solving Equations 1 and 2 for dr and dy, we
obtain

dz=dr cos g—rdg sin g 3

and
dy=dr sin g+rdg cos g 4)

Now, if the connections between the shafts B
and C and the element A are made such that
radial movements of the element A are propor-
tional or (to simplify) equal to turning move-
ments of the shaft B while angular movements
of the element A are equal to furning movements
of the shaft C or, in other words so that

b=r
and

c=g
b and ¢, may be substituted for r and ¢ in Equa-
tions 1 and 2:

db=dzx cos ¢ J-dy sin ¢
drsinc, dycosc
=% T 5 ®
Equations 5 and 6 will then give the relation be-
tween turning movements of the shafts B and C
and the changes thereby caused in the rectangu-
lar coordinates z, y of the element A, Now if the
mechanical connections between the actuators
E, F, and the shafts B, C, are such that turning
movements of the shafts B and C are related to
the turning movements of the actuators E and F
by the following equations:

%)
de= —

db=de cos c{df sinc D
de— ___d_e_sbln € +df cbos ¢ ®

it is evident from comparison of Equations 5 and
6 with Equations 7 and 8 that:

dr=de

dy =df

so that with such mechanical connections turn-
ing movements of the actuator E will move the
element A through the shafts B and C so as to
change the x— coordinate of the element A by
an amount equal to turning movement of the
actuator E, while at the same time the turning
movements of the actuator F will be reproduced
as changes in the y— coordinate of the ele-
ment A,

The apparatus which has been described is il-
lustrated diagrammatically in Fig. 4. The dis-
tributor part of the apparatus is shown sche-
matically by arrows which represent mechanical
connections, such as shafts, for transferring me-
chanical movements, and boxes which represent
devices for combining the mechanical movements
whi¢h are brought to them by multiplication,
division, addition or subtraction as indicated by
the symbol on each box. Thus, the boxes marked
“z” and “=” may contain variable-speed trans-
missions, while the boxes marked “4” and “—”"

and
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3

may confain differentials. The boxes marked
“sin,” “cos” represent mechanical devices for
translating & movement proportional to the angle
into & movement proportional to the indicated
trigonometric functions of the angle. In the dis-
tributor, the connections between the cranks E
and P and the shafts B and C operate in ac-
cordance - with Equations 7 and 8, and in the
transformer the changes in the polar coordinates
of the element A are equal or proportional to
the turning movements of the shafts B and C
respectively, so that turning the actuators E
moves the slide Ax measuring the x coordinate
of the element A without moving the slide Ay and
measuring the y ordinate of the element A, while
turning the crank F moves the slide Ay without
moving the slide Ax.

My invention is by no means limited to the use
of connections such as are indicated in Fig. 4, for
it is not essential that the changes in the rec-
tangular coordinates of element A be equal to
the furning movements of the actuators E and F,
but merely that the change in the & coordinate be
caused only by the turning movement of the ac- -
tuator E and the change in the ¥ coordinate be
caused only by the turning movement of the ac-
ator F. Furthermore, it is not essential that the
turning movements of the shafts B and C be equal
to the changes in the polar coordinates r and ¢
but merely that the change in the coordinate r be
g function of the turning movement of the shaft
B and the change in the coordinate g be an inde-
pendent function of the turning movement of
the shaft C. The connections between the ele-
ments of my apparatus, therefore, need not be
those specifically indicated in Fig. 4. The re-
quired connections are as follows:

Connection B—A must be such that

b=1(r) 1. e. db=df(1)
Connection C—A must be such that

9)

c=F(g) i. e. de=dF(g) e 01}
Since, as appears from Fig. 2,
LT cOS ¢ an
and :
y=rsing L (12)

the connections between E and F and B and C
must produce movements corresponding to the
following equations:

' db=¢1 (b, ¢) de-+y1 (b, ¢) df
de=y2 (b, ¢) det-¢2 (b, ¢) df

in such a way that the differentials

dz, dy (which are not total) have the forms

dx=x (g, r).de (15)
dy=¢ (g, r).df (16)

While any such connections may be used with-
in the scope of my invention, an important spe-
cific feature of my invention consists in select-
ing functions which lead to simple and accurate
mechanical connections. In accordance with this
feature of my invention, I select the functions
indicated in the above equations as follows:

(13)
(14)

b=f(r) =log., (so that db=§rf) (98)
c=F(g)=g (so that dc=dg)  (10a)

o1 (b, ¢) =cos ¢=cos g; Y1 (b, ¢) =sin c=sin ¢
o2 (b, ¢) =cos c=cos ¢; y2 (b, ¢) =—sin ¢c=-—sin g
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“Equations 13 and 14 then become
* db=cos g.de+sin g. df ,
de—=—sin ¢. de+cos g.df (14a)
To check the functions selected, it is neces-
sary to ascertain whether taey result in giving
dr and dy the forms required by Equations 15
and 16. To do this, Equations 3 and 4 giving
the values of dx and dy are combined with Equa-

tions 9« and 10a to eliminate dr and dg, giving -

dx=r.db.cos g—r.dc.sin g (17)
dy==r.db sin g--r.dc.cos g (_18)

Substituting in Equation_17 the values of db and

de given by Equations 13a and 14a, we obtain

-dx=r.(cos g.de+sin g.df) .cos g—
~ 7r.(—sin g.de--cos g.df).sin g

which simplifies to
dx=r.de 20

In the same way the substitution in Equation 18

of the values of db and dc given by Equations
13a and 14a gives

) dy=r.df 21)

Since the values of dxr and dy given by Equa-
tions 20 and 21 have the form required by Equa-
tions 15 and 16, it is demonstrated that the func-
tions selected comply with the requirements speci-
fied in the general case. The connections be-
tween B and A and between C and A specified
by Egquations 9a¢ and 10¢ and the connections
between E, F, B and C specified by Equations
13a and 14a thus constitute a specific- example
of the connections specified more generaily by
Equations 10 to 16 inclusive.

" The form of my invention which X consider best
is based on the connections specified by Equa-
tions 9a, 10a, 13a and 14a and is indicated sche-
matically in Fig. 5. The symbols used on Fig. 5§
have the same significance as on Fig. 4. The
dotted arrows on Fig. 5 may be either rotary
shaft connections or sliding frame connections.

A mechanism for carrying out the operation
shown schematically in Fig. 5 is shown in the
perspective view, Fig. 6.

In the distrlbutor part of the apparatus shown
in Pig. 6, the actuators E, F are shown as cranks
arranged to rotate friction discs 10, 11, which are
rotatably mounted as shown in Fig. 7. These two
dises are in the same plane. Across the faces
of the two discs above and below the discs extend
four shafts, 12, 13, I4, 15, each of which is parallel
to a line connecting the centers of the discs. On
the shafts are splined friction rollers 186, 17,18,
i9 whose peripheries ride on the upper and lower
faces of the discs 10, il. The shafts 14 and {5
are connected to the shaft B by a differential 20
arranged to make the turning movement of the
shaft B equal to the sum of the turning move-
ments of the shafts 14 and 5. The shafts 12
and i2 are connected to the shaft C.through a
.differential 21 arranged to make turning move-
ments of the shaft C equal to the difference be-
tween the turning movement of the shafts 13
and turning movement of the shaft 12. . The
longitudinal positions of the discs 16 and 19 on
their shafts 12 and 15 is controlled by a sliding
frame 22 having a slotted bar 23 engaging a
crank 24 on a shaft 25. The longitudinal posi-
tions of the discs i1 and {8 on their shafts 13
and 4 is determined by a sliding frame 26 hav-
ing a slotted bar 27 engaging a crank 28 set at
90° from the crank 24 on the shaft 25. The

a9
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shaft 25is connected by gears and a shaft W to
the shaft C, so that its turning movements are
equal to those of the shaft C.

In the transformer part of the appara,tus shown
in Fig. 6, the element A has the form .of a rod
mounted on 4 slide 40 on an arm 41 fixed to the
shaft C. The lower end of the rod A engages a
slot 43 in a disc 42 carried by a hollow shaft 44,
The slot 43 has the form of an equiangular or
logarithmic spiral. The rectangular coordinates
of the rod A, referred to perpendicular axes par-
allel to the disc 42 and intersecting on the axis
of this disc and the shaft C, are indicated by
slides Az, Ay such as shown in Pig. 4 engaging
the rod A. )

The transformer part of the apparatus incor-
porates the connections specified in Equations 9a
and 10a. The connections between the shafts B
and C and the rod A are such that the shaft B
controls the distance between the axis of the disc

- 42 and the rod A, while the shaft C controls the
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bearing angle of the rod A from this axis. The
arm 41 is driven directly from the shaft C. The
disc 42 and hollow shaft 44 are driven by a gear
48 on a shaft 471 extending from a differential 48
which adds together the turning movements of

the shaft B and the shaft C. Thus, the turning

of the arm 4! is proportional to the turning of
the shaft C, while the turning of the disc 42 rela-

tive to the arm 4{ is proportional to the turning

of the shaft B, so that movements of the rod A
around the axis of the disc are equal to turning
of the shaft C, as required by Equation 10a, while
radial movements of the rod A caused by the
engagement of the rod with the slot 43 are caused
by turning movements of the shaft B and are
an anti-logarithmic or exponential function of
such turning movements, as required by Equa-
tion 9a. ) :

The distributor part of the apparatus incor-
porates connections operating in accordance with
BEquations 13a and i4a:

The apparatus is initially so positioned that
the distance of the slot in the bar 23 from the
center of the shaft 25 and the distance of the
rollers 16 and 19 from the centers of the friction

. discs 10 and 11 is equal to the sine of the angle ¢
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which the arm 41 makes with a line parallel to
the bar Ax; while the distance between the slot
in the bar 28 and the center of the shaft 25, as
well as the distances between the rollers 18 and
17 and the centers of the friction dises 10 and i1,
is equal to the cosine of this angle.

The operation of the device may be understood
by considering the effect of turning the actuator
E through a small angle de. The disc 10 turns
the roller 16 and the shaft 12 through an angle
proportional to de sin ¢ because, as has been said,
the distance of this roller from the center of the
friction disc 10 is equal to sin g. The roller 18
and the shaft [4 are turned through an angle
proportional to de cos g. If at the same time the
actuator F is independently moved through a
small angle df, the disc 11 turns the roller (T and
the shaft 13 through an angle proportional to

df cos g and turns the roller {9 and the shaft (§ -

through an angle proportional to df sin g, the
turning movement of the shaft {4, proportional
to de cos . g, and the turning movement of the
shaft 19, proportional to df sin ¢, are added in
the differential 20 so that the turning movement
of the shaft B is proportional to de cos g+df sin g
as required by Equation 13a above. The furn-
ing movement of the shaft 12, proportional to
de sin ¢, is subtracted from the turning move-
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ment of the shaft 13, proportional to df cos g, in
the differential 21, so that the turning movement
of the shaft C is proportional to —de sin g+-df
cos g as required by Equation 14a. ‘

Any turning movement given to either actua-
tor, of course, changes the angle g and, there-
fore, the values of the sine and cosine of this
angle; but the connection of the shaft 25, with
the shaft C through the shaft W automatically
adjusts the positions of the rollers 16, 17, 18, i@
on their shafts so that the distance of the rollers
16 and 9 from the centers of the discs {0 and i
is maintained equal to sin g, while the distance
of the other two rollers 8, 17 from the centers
of the friction discs is maintained equal to cos g.
The distributor part of the apparatus, therefore,
continuously makes the calculations called for by
Equations 13a, 14a.

Since the transformer part of the apparatus
operates in accordance with Equations 8a, 10a,
and the distributor part in accordance with. Equa-
tions 13@, 14a, any movement of the handle or
actuator E moves the rod A parallel to the X
axXis, while any movement of the actuator F
moves the rod A parallel to the Y axis.

In the use of the apparatus, the actuators E
and F are manipulated by operators observing the
element A. The operator of the actuator E ob-
serves movement of the slide Ar and makes such
turning movements as are necessary to keep the
z-ordinate of the rod indicated by the position of
this slide A always equal to given values of the
z-ordinate of some object to be followed, while
the operator of the actuator F watches the slide
Ay and makes such turning movements as are
necessary to keep the y-ordinate of the rod A
always equal to given values of the y-ordinate of
the object. This can be done without any in-
terference, as the movements made by the op-
erator of the actuator E in no way affect the
y-ordinate which the operator of the actuator
F is controlling, and in the same way movements
of the actuator F in no way afiect the x-ordinate.
So far as the operators of the actuators E and
P can see each is merely adjusting a slide indi-
cating one of the rectangular coordinates of the
element A; but in doing this by means of this
apparatus the two operators cause rotations of
the shafts B and C which are functions of the
polar coordinates corresponding to the rectangu-
lar coordinates which they are adjusting. The
shafts B and C may, therefore, be connected so
as to operate any apparatus, such as a telescope,
or a gun whose position is normally determined
by & pair of polar coordinates.

In Fig. 8 is shown a modification of a part of
the epparatus shown in Fig. 6. The purpose of
the modification is to avoid the use of the fric-
tion discs shown in Fig. 6. It will be noted that
in Fig. 6 the actuator E is connected to the shafts
12 and {4 through variable-speed transmissions
constituted by the disc 10 and rollers 16 and 18,
while the actuator F is connected to the shafts
13 and i5 through variable-speed transmissions
constituted by the dise |§ and the rollers 1T and
19. T have found that it is possible to substitute
positive change-speed transmissions consisting of
gear wheels for these frictional transmissions and
that it is desirable to do so where the device is
used with heavy loads which might cause slip-
page.

The apparatus shown in Fig. 8 may be sub-
stituted for the frictional variable-speed trans-
mission between the actuator F* and the shaft 13
which in Fig. 6 is formed of disc {{ and the roller

10

16

20

25

30

36

40

45

60

65

60

65

70

75

8

{7, and for the means for controlling this vari-
able-speed transmission; which in Fig. 6 is con-
stituted by the crank 28, the bar 27 and the slide
26. In one complete revolution of the crank 28,
which corresponds to a change of 360° in the
angle g (owing to the connection between the

‘shaft 256 and the shaft C through the shaft W

as heretofore explained), the roller {7 is moved
back and forth across the face of the disc {4 so -
that the gear ratio of the transmission {1-—i7
varies continuously from -1 to —1 and back to
+1 in accordance with changes in the cosine of
the angle g. While a transmission providing for
continuous change of speed in both directions is
necessary to make the operation of the apparatus
theoretically correct, I have found that an ap-
proximation which is satisfactory in practice can
be obtained by using a transmission providing
for three speed ratios in one direction which
correspond to the speed ratios of the frictional
transmission when the disc 7 is at three different
points at one side of the axis of the disc {1, and
three speed ratios in the opposite direction which
correspond to three positions of the disc 7 at
the left side of the axis of the disc {{ and pro-
viding also a neutral position which corresponds
to placing the disc {7 on the axis of the disc {1{.
Such a transmission is shown in Pig. 8.

In Fig. 8 the crank ¥’ is connected by means
of bevel gears 47 to two concentric shafts 48, 49,
which it thus causes to rotate in opposite direc-
tions. A set of change-speed gears connect the
shafts 48 and 49 with the shaft {3’. The shaft
48 carries a group of three gears 50, 51, 52, of
decreasing diameter. The shaft 89 carries the
same number of gears 53, 58, §5, of increasing
diameter. A shaft 56 is slidably connected to
the shaff {3’ and is urged toward the left by -
means of a spring §1. Upon this shaft there are
keyed two groups of three gears 58, 59, 60 and
61, 62, 63. The diameter increases from the gear
38 to the gear 60, which is equal to the gear 61,
and then the diameter decreases down to the
gear 63. The distances between the various
gears that are carried by the parallel shafts 48,
49 and 56, are such that only one of the gears
of the shaft 56 can come into engagement with
a gear of the shaft 48 or of the-shaft 48, In
the central position, there is a free point in which
none of the gears engage. By shifting the shaft
86 lengthwise, the pair of gears adapted for ob-
taining a desired gear ratio may be engaged.

The speed ratio of the gear transmission is
controlled electromagnetically by a switch arm
16 fixed on a shaft 28’ which corresponds to the
shaft 25 of Fig. 6 and which, like the shaft 25
is driven by the shaft W so that its turning
movements are equal to changes in the angle g.
The electromagnetic means by which this switch
arm controls the gear ratio of the transmission,
in the specific form shown in Fig. 8, are as fol-
lows: . :

" A tubular casing 64, located on the extension
of the shaft 56, encloses two eléctromagnets 65,
66 which are fixed to this casing.- A-third elec-
tromagnet 67 is aligned with the preceding ones.
It is held stationary in a casing 68. 'The electro-
magnet 65 has only one winding. The two elec-
tromagnets 66 ‘and 67 are each provided with
two concentric windings. ‘The effects of these
windings annul each other. ‘The movable core

‘of the electromagnet 65 is integral with the shaft

56. The movable core of the electromagnet 66
is ‘integral with that of the electromagnet 67.
The stroke of the plunger core of the electromag-
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net 86 is three units, that of the core of the elec-
tromagnet 66 is two units, and that of the core
of the electrorhagnet 87 is one unit. The winding

of the electromagnet 85 is connected in series

with the inner winding of the electromagnet 686.
The outer winding of the latter is connected in
series with the inner winding of the electromag-
net 67. One end of the two inner windings 66
and 67 and one end of the outer winding 67
are connected to one of the poles of a source of
current 69. The winding of 65, and outer wind-
ing of 66 and the outer winding of 87, are con-
nected to a series of contact plates, 70 to 15,
which are in the form of segments of concentric
circles and which partially overlap, These con-
tact plates are traversed by the switch arm 186,
the axis of which is connected to the second
pole of the source of current. The respective
length of each of these segments and their dis-
tribution about the axis of rotation of the arm
16 are such that the passage of the arm 16 over
them corresponds to various combinations in the
excitation of the electromagnets 65, 86, 61, For
each of these combinations, the shaft 56 is dis-
placed lengthwise against the force of the spring
8§7. Tn a half rotation of the arm 78, the shaft
is placed successively in seven different positions
which correspond to the engagement of different
pairs of gears and to the central free point.
‘When the arm 76 turns through an angle g and
the crank F’ is turned through a small angle
df, the shaft 56 and the shaft 13’ are turned
proportionally to df cos g with an approximation
- which is satisfactory in the practical use .of the
device.

It will be understood that, when the device of

_ Fig, 8 is used to replace the transmission 1{—I1
of Fig. 6, a precisely similar device is used to
replace the transmission 10—I18 of Fig. 6, while
the transmissions 10—I(6 and {1—19 of Fig. 6
are replaced by transmissions precisely like that
shown in Fig. 8 except that the controlling arm
corresponding to the arm 76 of Fig. 8 is mounted
on the shaft 25’ at 90° from the position of the
arm 16.

By a simple modification, the apparatus which
has thus far been described may be adapted for
obtaining rotary movements which are propor-
tional to the differences between functions of the
polar coordinates of two moving points when the
differences between the rectangular coordinates
of the two moving points are given, In Fig. 9,
I have shown the adaptation of my apparatus to
this use.

The apparatus shown in Fig. 9 contains two
transformers which are substantially similar to
the transformer part of the apparatus shown in
Fig. 6. The two movable elements Ai, Az shown
in Fig. 9 may consist of rods like the rod A of Fig.
6, projecting towards each other so that their op-
posed ends are in substantially the same trans-
verse plane. The element A1 engages slots in two
perpendicular slides 82, 83 and the rod Az engages
slots in similar slides 86, 81. The distance be-
tween the slides 82 and 86, Az, is the difference
between the x ordinates of the elements A1 and
Az, while the distance between the slides 83 and
81, Ay, is the difference between their ¥ ordinates.
Two shafts Bi1, C1 are connected to the element
A1 in such manner that turning of the shaft B
determines the distance of the element A: from a
fixed point 0, while turning of the shaft Ci de-
termines the bearing angle g1 of the element A: to
the point 0. Two shafts B2, Cz are connected to
the element Azin precisely the same manner, The
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two sets of connections are shown as similar to
the connections between the shafts B and C and
the element A in Fig. 6 except that & disc 41, 412
with a radial slot is substituted for the arm 41
of Fig, 6; but, in the broadest aspect of the inven-
tlon, it is necessary merely that the turning move-
mentg of the shafts be functions of the polar
coordinates of the movable elements as follows:

bi=1(r1)
c1=F(g1)
ba=f(rz2)
ca=F(g2)

A pair of driving shafts B3, C3 are connected
directly to the shafts Bz, Cz, and are connected to
the shafts Bi, Ci1 through differentials 88, 89.
Another pair of shafts Bs, Cs enter the differen-
tials 88, 89, and the differentials are so arranged
as to make the turning of the shaft B1 equal to the
sum of the turning of the shafts Bz, Bs, and the
turning movement of the shaft Ci equals the sum
of the turning of the shafts Cs, Cs.

Shafts B4, Cs are the output shafts of a dis-
tributor which may be precisely like the distribu-
tor part of the apparatus shown in Fig. 6, except
for a difference in the conneection of the return
shaft W hereafter explained. The shafts Bs, Cs
are turned by cranks or actuators E, P which are
interconnected with the shafts Bs, Ca through
variable-speed transmissions in the manner in-
dicated in Pig. 5 and illustrated in Fig. 6. The
control for the variable-speed transmissions of
the connecting mechanism is, however, not con-
nected to the shafts Bs, Ci+ which correspond to
the shafts B and C of Fig. 6, but is connected in-
stead to the shaft Ci, through shaft Wi, This is
necessary because it is the shafts Bi, C1, not the
shafts B4, Cs, which are connected to the element
A3, and whose turning movements are, therefore,
functions of the polar coordinates of the element
A1 required for controlling the variable-speed
transmissions of the connecting mechanism be-
tween the actuators E, F and the shafts B4, Cu.
The shaft W1 controls the variable-speed trans-
missions in the same way as the shaft W of Pig. 6.

It is not essential to use the distributor connec-
tions indicated in Figs. 5 and 6 as any type of
connections within the scope of the general Equa-
tions 13-16 may be used provided that both the
transformers produce movements corresponding
to Equations 9 and 10.

In the initial setting of the apparatus shown
in Fig. 9, the elements A1 and Az may be set in
coincidence so that the slides 82 andq 86 are co-
incident and the slides 83 and 87 are coincident.
So long as the actuators E and F are stationary,
the shafts B:1 and Bz turn together, as do also
the shafts Ci and Cz, and the elements A1 and As,
therefore, remain coincident.

In the use of the apparatus, an operator sta-
tioned at the actuator E observes the slides 82
and 86 and turns the crank E until the slide 82 is
separated from the slide 86 by the predetermined
distance Ar. He then continues to make such
turning movements of the actuator E as he ob-
serves to be necessary in order to maintain the
slide 82 constantly at this distance Az from the
slide 86. At the same time, a second operator ob-
serves the slides 83, 87 and makes such turning
movements of the crank F as he observes to be
necessary to maintain the slide 83 at the distance
Ay from the slide 87. These operations may
easily be carried out since, as before explained,
turning the crank E does not affect the position
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of the slide 83, while turning of the crank F does
not affect the position of the slide 82.

As & result of the turning movements of the
cranks E and F, necessary to maintain the slides
82 and 83 at the distances Ar and Ay from the
slides 86 and 817, the turning movements given to
the shaits B« and C: are as follows:

ba=bi1—ba=f(r1) —f(ra) =Af(r)
cs=C1—Ca=F(g1) —F(g2) =AF(g)

that is to say, they are the differences between
functions of the polar coordinates of two moving
points whose rectangular coordinates differ by the
given values Ax, Ay.

While the modification which has been de-
scribed is capable of many uses, one valuable use
of it is to change the tralning and elevation of
8 gun directed at s target in order to direct it at
the point where the target will be after the time
of travel of the shell, when the difference between
the rectangular coordinates of the place where
the target is and the place where the target will
be after the time of the travel of the shell are
known. When used for this purpose, it is some-
times desirable to have the operators of the
cranks BE and F observe some mechanically deter-
mined function of Az and Ay rather than ob-
serve the values of Az and Ay directly. When
this is the case, it is desirable to use a modifica-
tion of the transformer part of the apparatus
shown in Fig. 9. This modification is shown in
Fig. 10.

The double transformer shown in Fig. 10 is
similar to that shown in Fig. 9 except that a single
rod As is substituted for the two rods Ai, Az, and
the discs 401 and 42: which position the rod A: in
Fig. 9 are mounted on & movable shaft 80 instead
of being mounted on 2 fixed pivot as they were in
PFig. 9. The shaft 90 is mounted in a block 81
which engages and is carried by two slides 82, 93.
The slides are mounied on a fixed square frame
94 so that the movement of one slide is at right
angles to that of the other. The center 0 of the
square frame 94 is on the fixed axis of the discs
413, 422, Because of the movable mounting of the
discs £f1 and 421, the shafts C: and B: are con-
nected to the discs through flexible shafts held
at one end on the block 8f. One of these flexible
shafts 98¢ is shown in Fig, 10 with its end held in
an arm 96 of the block 91.

It will be understood that-in the diagrams Fig,
9 and Fig. 10, the four discs are widely separated
for the sake of clearness, while, in the actual ap-
paratus, they are, of course, placed close together,
and, in the apparatus shown in Fig. 10, close to
the frame 94, ’

The operation of the modified transformer ar-
rangement shown in Fig. 10 is precisely like that
of the double transformer shown in Fig. 9, except
for such difference as arises from the fact that
8 single rod As replaces the two rods Ai, A2 of Fig.
9 and the shaft 90 of the dises 811 and 421 is mov-
able. The rod As of Fig. 10 is positioned by the
discs 412, 822 in the same way that the rod As
was positioned by these discs in Fig. 9. If the
dises 411 and 821 were stationary, the movement
of the rod A3 by the discs 42, 422 would result in
8 corresponding movement of the movable shaft
80 and the block $i; but when the disecs 8f1 and
821 are turned, the reaction between them and
the rod As causes a movement of the shaft 90 and
block 8¢ which is the reverse of the movement
which is given to the rod A1 by the discs 4{1 and
42; of Fig. 9. Consequently, the horizontal dis-
tance from the slide 92 to the vertical center line
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of the fixed frame 84 is maintained equal to Ax,
while the vertical distance from the slide 93 to
the horizontal center line of the frame 94 is main-
tained equal to Ay. Az and Ay are thus measured
from fixed points, instead of from movable points
as in Fig. 9. This is a decided advantage when
it Is desired to have the operators of the cranks
E, F of the distributor observe functions of Az
and Ay, since apparatus for computing these
functions may be directly connected to the slides
92 and 93.

The apparatus illustrated in Fig. 9 may be used
for obtaining rotary movements which are func-
tions of the polar coordinates of a moving point
when the approximate values of these functions
are given and exact values of the rectangular
coordinates of the point are given. When the
apparatus is used for this purpose, the element
Az and the shafts B2 and C2 may be omitted. The
driving shafts B; and C3 are rotated proportion-
ately to the given approximate values of func-
tions of the polar coordinates of the moving
point, The actuator E is manipulated to make
the observed z-ordinate of the element Ai equal
to the exact given value of the x-ordinate of the
moving point, and at the same time the actuator
F'is manipulated to make the observed y-ordinate
of the element A: equal to the given exact value
of the y-ordinate of the moving point. The re-
sult of this manipulation is that the shafts Bi, C1
are turned in proportion to functions of the exact
values of the polar coordinates of the moving
point.

The turning of the shafts B:1 and C: thus ob-
tained are the same as the turning of the shafts
B and C obtained by the apparatus of Figs. 5, 6
and this result is secured with very much less
turning of the actuators E and F than is required
in the apparatus of Figs. 5 and 8, since the major
part of the turning movements of the shafts B:
and Ci come from the driving shafts Bs, Ca.

(2) Training and elevating apparatus

This apparatus provides automatic means for
varying the trailing and elevation angles of an
instrument to keep the axis of the instrument
directed at a point moving on a fixed course at a
constant height at a constant speed.

The apparatus includes training and elevating
shafts connected to a telescope or other instru-
ment, constant speed motors connected to these
shafts through variable-speed transmissions, and
controls for the transmissions which, when set in
accordance with the constants of the target’s
movement (course angle, height and; speed),
control the transmissions so as to keep the tele-
scope directed at the target. The use of com-
plicated calculating mechanism in the controls
of the variable-speed transmissions is avoided by
connecting the elevating shaft to the telescope in
such manner that any turning movement of this
shaft is proportional to the logarithm of the co-
tangent of the angle by which this turning move-
ment changes the elevation of the telescope.

I will first explain the principle of the inven-
tion. Fig, 11 shows the course HG of an air-
plane which is assumed to be flying along this
course at a constant speed ¢ and a constant
height h. KJ is a projection of the course HG
on a horizontal plane containing the point 0 at
which a telescope is located. 00’ is a fixed ver-
tical plane of reference from which bearing
angles are measured. The course HG makes an
angle ¢ wtih the plane 88’. The constants of



the airplane movement are, therefore, the course
- angle a, the height 2 and the speed c.

The changes which must be made in the train-
ing or bearing angle ¢ and the elevation angle s
of the telescope located at 0 in order that the
telescope may follow the airplane depend upon

- the constants a, k and ¢, but the rate of change
or time derivative of the elevation angle s does
not bear -a simple relation to these constants.

I have discovered that the time derivative of
the logarithm of the cotangent of the angle of

[
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elevation bears a relation to the three constants

of the target movement which is simple and anal-
ogous to the relation of the time derivative of
the bearing angle to these constants. I will first
point out what these relations are and then show
how I have utilized them to provide a simple
mechanical apparatus for maintaining the-tele-
scope pointed at the airplane. )

" It appears from Fig. 11, which indicates move-
ment of the airplane from G to G’ and of its
projection from J to J’ in a small time element dt,
that

cdt sin (a—g) =h cot sdg. (22)

and
cdt cos (a—g) =d(h cot 8) =hd cot s (23)

From Equation 22, the time derivative of the
bearing angle ¢ may be derived as follows:
dg__csin (a—g)

At h cots

and from Equation 23, the time derivative of the
logarithm of the cotangent of the - elevation

angle s o
d log cot g
d
_which by differentiation is equal to
‘ 1 deots
cots dt

may be derived as follows:

dlog cot s__ ¢ cos (a—g)
di —h cots (25)

It will be noted that Equations 24 and 25 show
that the two time derivatives selected bear sim-
ple and analogous relations to the three constants
a, ¢ and k, The values of the two time deriva-
" tives differ only in that one of them involves the
sine of the angle (a—g), while the other involves
the cosine of the same angle. The values given
by the two equations are, therefore, the rectangu-
lar coordinates of a point whose polar coordinates
are:

(26)

27

My apparatus is based on Equations 24 and 25.
‘Fig. 12 shows an embodiment of my training
and elevating apparatus in which the constants
a, b and c of the target’s movements are intro-
duced manually, Training and elevating shafts
are connected to a telescope 100 in such manner
that the training or bearing angle g of the tele-
scope is proportional to turning movements of

the shaft 110, while the elevating angle s of the

telescope is proportional to the anti-cotangent
of the anti-logarithm of turning movements of
the shaft {11. The shafts 110 and {1{ are turned
by the constant speed motor (not shown) which
drives two friction disecs 112, i13 at constant
speeds. In the drives are incorporated variable-
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speed. transmissions 114, 1{8, A control (1§ for
the variable-speed transmissions is set in accord-
ance with the constants of the target’s move-~
rhent, and, when so set, regulates the transmis-
sions to drive the training shaft (10 at the speed
given in Equation 24 and the elevating shaft
11 at the speed given in Equation 25. ;

The connection between the training shaft 119
and the telescope is as follows: A gear 120 on the
shatt 110 engages a gear 121 fixed on a hollow
shaft 122, At the upper end of the hollow shaft
122 is a gear 128 meshing with a gear 124 of a
shaft 128 journalled on a pivoted frame 126 of
the telescope 100. Shaft (25 carries g pinion 27
meshing with a fixed circular gear rack [28. The
training of the telescope is, therefore, propor-
tional to the turning of the training shaft s,
and, for simplicity, it will be assumed that the
gear ratlos are such that any angular turning
of the shaft 110 turns the telescope frame through
the same angle as that through which the shaf
110 is turned,

The connection between the elevating shaft
L1l and the telescope 100 is as follows: A crank
£30 on the rocking arm. 131 of the telescope 100
engages & spiral groove 132 in a disc 133 mounted
on the pivoted frame of the telescope. The disc
133 is driven through a gear 134 which is fixed
on a shaft 186 which passes through the hollow
shaft 122, The shaft {36 is driven from a dif-
ferential 137 which adds the turning movements
of the shafts 110 and {1 so that the turning
of ‘the shaft 136 relative to the hollow shaft 122
and the pivoted frame of the telescope is equal
to the turning of the elevating shaft 1il. The
connection described is such that, when the ele-
vating ‘shaft 11l is turned to elevate the tele-
scope through an angle s, the turning movement
of the shaft 11! which causes this elevation is
proportional or equal to log cot s.

The connections between the variable-speed
transmissions {44 and 15 and the training and
elevating shafts 110 and (1! include means for
supplementing the mechanical turning of these
shafts by manual turning. The output shaft 140
of the transmission {i4 is geared to shaft (41,
and a shaft 142 which may be turned by a hand
wheel 143 enters a differential 144 which adds the
movements of the shafts 141 and 142 and trans-
mits- the sum to the training shaft 110 through
& shaft {45 and gears 146. The output shaft 141
of the transmission 115 and a hand wheel 148

.are similarly connected to the elevating shaft 11

through a differential i48. The shafts 141 and
{41 may contain clutches (4la and (47a to per-
mit disconnecting of the mechanical drive so that
the training and elevating shafts may be turned
directly by the hand wheels {43 and 148 in the
initial setting of the telescope.

‘The variable-speed transmissions (14, |15 are
shown diagrammatically as consisting of friction
wheels 180, 151 movable diametrically across the
constant-speed, motor-driven friction discs (2,
1#3. The wheels 150, 151 arée mounted on slid-
ing hollow shafts 152, i53 keyed to the output
shafts 140, 147 of the transmissions.

The controlling mechanism 116 for the varia-
ble-speed transmission is connected to the train-
ing and elevating shafts (10 and (il and also
with three hand wheels {54, 155, 156 which are
turned to set the controlling mechanism in ac-
cordance with the constants of the target’s move-
ment.

The hand wheel 155 is turned until the con-
stant course angle a of the target appears under
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& fixed pointer 157 on the dial 188 geared to the
shaft 189 on which the hand wheel is mounted.
‘The shaft 159 which is thus turned proportion-
ately to the course angle a and a shaft 160 con-
nected to the training shaft {18 by gears 16f en-
ter a differéntial 162 which subtracts the turning
of the shaft 1680 from the turning of the shaft
189. Consequently, the output shaft §63 of this
differential is turned proportionately to the dif-
ference between the bearing angle of the tele-
scope and the course angle of the target, that is
to say, in proportion to a—g.

The hand wheel {56 is turned until the con-
stanf height i of the target appears over the
fixed pointer 164 on a dial 185 geared to the shaft
166 on which the hand wheel 156 is mounted.
‘The dial 165 contains a logarithmic scale so that
in setting the dial at 2 the hand wheel 156 and
shaft 166 are given a turning movement propor-
tional to log 2. Another dial 167 is also geared
to the shaft 166 so that the turning movements
of this dial are equal to log %.

The hand wheel 154 is turned until a pointer
168 geared to a shaft 169 which is turned by the
shaft 170 on which the hand wheel 154 is mount-
ed indicates on the dial 167 the constant speed
¢ of the target. The dial 167 is logarithmically
graduated so that the setting of the pointer 168
by the hand wheel 158 after the hand wheel {56
has been set results in turning the shafts 170
and 169 through an angle proportional to log
c—log h which is, of course, equal to

logﬁ,

The shaft 169 which is thus turned propor-
tionately to

log %

and the shaft 171 connected to the elevating
shaft 1{{ by gears 172 so that, like the elevating
shaft, it turns proportionately to log cot s, enter
a differential 173, The turning movements of
these two shafis are subtracted in this differen-
tial so that the output shaft 174 of the differen-
tial is turned proportionately to

log %—log cotb s

1 c 1 )
Og(ﬁths

The shaft (63 and the shaft 178 are connected
to a transformer 180 which transforms polar co-
ordinate movements into rectangular coordi-
nate movements like the transformers shown in
Fig. 9. The transformer 180 consists of two co-
axial rotatable slotted discs 181, {82 and a pin
A engaging the slot in each disc. .

The disc 181 is turned by the shaft {63 through
gearing 184, a shaft 185 and a worm 186, and the
gear ratios are so chosen that turning movements
of this disc are equal to (a—g). The disc 18§
contains a radial slot {87 which positions the pin
A so that its bearing angle from a fixed refer-

. ence line through the axis of the discs is equal
to (a—9).

‘The disc 182 is driven by a worm on the output
shaft 189 of a differential (860 which adds the
movements of the shafts 163 and 174, so that the
turning of the disc 182 with respect to the disc 81
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&

10

16

20

25

30

35

40

45

60

55

1]

65

70

9

is proportional to the turning of the shaft 174
proportional to
g(h cot s

The disc 182 contains a slot 191 in the form of an
equiangular spiral so that the turning of this disc
in relation to the disc {81 positions the rod A
at a distance from the axis of the discs propor-
tional to

e 1
h cot s
The pin A engages two slotted slides 192, 183
which slide at right angles to each other. The

. distance of the slot in the slide 192 from the cen-

ter of the discs 181, 182 is, therefore, equal to one
rectangular coordinate, while the distance from
the slot in the slide 193 to the center of the discs

 is equal to the other rectangular coordinate of

the rod A whose position is determined by the two
polar coordinates (a—g) and

e 1

h cot s
and, therefore, represent the values specified by
the Equations 24 and 25. The slide 192 is con-
nected to the transmission 114 in such g way as
to position the friction wheel {50 at a distance
from the axis of the friction disc {12 equal to the
distance from the slot in this slide to the axis of
the discs 81, (82, and the slide {83 is similarly
connected to the fransmission #15. It follows
that the speeds at which the two transmissions
drive ‘the training shaft (10 and elevating shaft
tii are the speeds given by the Equations 24 and
25,

In using the appargtus of Fig. 12, the telescope
00 is first directed at an airplane by turning the
hand wheels {423 and {48 with the clutches idla
and [47q¢ disconnected. The clutches are then
closed and the controlling apparatus ({6 are set
in accordance with the constants of the airplane’s
movement by (1) turning the hand wheel (5%
until the dial 158 is set to the value s (course an-
gle), (2) turning the hand wheel 156 until the
dial 165 is set to the value & (height of airplane),
and (3) then turning the hand wheel 154 until
the pointer 168 is set on the disc 167 to the value
of ¢ (speed of airplane). During the setting op-
eration, the hand wheels 143 and 148 are turned
sufficiently to keep the telescope pointed at the
airplane, but, as soon as the setting has been
made, the telescope will automatically follow the
airplane without any further twrning of any of
the hand wheels so long as the course angle,
height and speed of the airplane remain con-
stant.

In order to use the apparatus in the manner
described, it is, of course, necessary that the
three constants of the airplane’s movement be
known shortly after the airplane is first seen.
As a rule, they are known only approximately at
this time so that the first setting of the hand
wheels 155, 156 and (54 is only approximate. In
this case, some slight turning of the hand wheels
{43 and 148 is necessary to follow the airplane
in the telescope. This continues to be the case
until the constants of the airplane’s movement
have been determined accurately. The hand
wheels 155, 156 and {54 are then reset more ac-
curately so that further turning of the hand
wheels 143 and 148 becomes unnecessary.

In Fig. 13, I have shown an auxiliary appara-
tus which may be used with the training and ele-
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accurate resetting of the hand wheels 155 and
154. This apparatus makes use of the motion of
the telescope in following the target to indicate
the proper setting of the hand wheels 155 and
154, The auxiliary apparatus shown in Fig. 13
consists of two juxtaposed but independent trans-
formers. .

The transformer 200 shown in the lower part

of Fig. 13 transforms polar coordinate movements-

into movements proportional to the first time

- derivative of, or the rate of change of, the cor-.

responding rectangular coordinates. It includes
two slotted discs 1841 and §82: containing re-
spectively a radial slot 1871 and a spiral slot 1911,

A pin A has one of its ends mounted in a slide

201 engaging the slot {871, and extends through
the spiral slot 1811 and has its other end fixed in
a block 202. It is apparent, therefore, that the
pin A and the block 202 will be positioned in ac-
cordance with two polar coordinates, the w-co-
ordinate being equal to the angular turning of
the disc {81, and the p-coordinate being an anti-
logarithmic function of the turning movement of
the disc 182; relative to the disc 181..

Two perpendicular shafts 203, 204 are rotatably
and slidably mounted in the block 202. The shaft
203 bears two pinions 205 of equal radius running
on parallel racks 206 so that its rotation caused
by horizontal displacement of the pin A and block
202 is proportional to the x ordinate of the pin
A. The shaft 203 carries pinions 207 running on
racks 208 perpendicular to the racks 206 so that
it turns proportionately to the y ordinate of the
rod A.

The shaft 203 carries a worm gear 209 larger
than the pinions 205 engaging a worm 20 fixed
on a shaft 211 which is slidably and rotatably
mounted. On the shaft 2#1 is g friction wheel
212 engaging a friction disc 213 which is rotated
at constant speed by a motor not shown in the
drawings. The axis of the friction disc 213 in-
tersects the axis of the shaft 211 at right angles.
The rotation of the disc 213 is in a clockwise di-
rection as indicated by the arrow, while the worm
210 has a right-hand thread so that the rofa-
tion of the wheel 212 and worm 210 caused by
the disc 213 tends to move the wheel 212 to the
cenfer of the disc 213. At the same time, the
worm wheel 209 tends to displace the shaft 211
and wheel 212 from the center of the disc 213
whenever the shaft 203 is displaced from the
center of the racks 206. .As a result of an equi-
librium between these tendencies, the distance be-
tween the wheel 212 and the center of the disc
213 is a measure of the first time derivative of
lateral movements of the shaft 203 which is the
first time derivative of the z-ordinate of the pin
A. Mechahism precisely similar to that de-
scribed connected with the shaft 204 makes the
distance from the center of a constant speed disc
214 to a friction wheel 215. A measure of the
first time derivative of changes in the y-ordinate
of the pin A. Axial movements of the friction
wheels 212 and 215 and their shafts 21 and
216 are transferred to two perpendicular trans-
parent bars 2{7, 218 bearing straightline marks
whose distances from a fixed point 0 are a meas-
ure of the first time derivatives of the x and y-
ordinates of the pin A.

The transformer 220 shown in the upper part
of Fig. 13 is a visual device for indicating the
rectangular coordinates corresponding to polar
coordinate movements. It consists of two coax-
ial discs of which one, (823, bears an equiangular
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vating apparatus shown in Fig. 12 to facilitate

spiral mark 1912, and the other, 1812, is frans-
parent and bears a radial mark {872, The dis-
tances from. the intersection of the two marks,
which may be observed visually, to two perpen-
dicular axes passing through the axis of the
discs indicate the rectangular coordinates of &
point whose polar coordinates are equal to the
turning movement of the disc 1812 and the anti-
logarithm of the relative turning movement of
the disc 1822, ’ .

When the two transformers 200, 220 shown in
Fig. 13 are used as auxiliary apparatus with the
training and elevating apparatus shown in Fig.
12, they are juxtaposed as shown with the discs
of the transformer 220 under the bars 217, 2i8
of the transformer 200 and with the axis of these
discs passing through the fixed point 0 to which
the movements of these bars are referred. The
transformer 200 is connected to the training and
elevating shafts {10, 111 and the hand wheel (586,
while the transformer 220 is connected with the
hand wheels 155, 154.

The connections of the transformer 220 are as
follows: The shaft {66 of Fig. 12 on which the
hand wheel (56 is mounted is directly connected
to the shaft 221 of Fig. 13." The shaft 170 of
Fig. 12 on which the hand wheel 154 is mounted
is. connected to a shaft 222 of Fig. 13 which is
geared to a shaft 223 carrying a hand wheel {54’
which replaces the hand wheel 154 of Fig. 12.
The shaft 159 of Fig. 12 on which the hand wheel
155 is mounted is connected to a shaft 224 of
Fig. 13 which is geared to a shaft 225 carrying
a hand wheel 155" which replaces the hand wheel
155.

The shaft 221 connected to the shaft 166 sothat
it is turned proportionately to the log h by the
hand wheel 156 and the shaft 223 which is turned
proportionately to

log %

by the hand wheel {54’ which is set in the same
way as the hand wheel {54 enter a differential
226 where their turning movements are added so
that the output shaft 227 has a turning move-
ment of

log h-log —Z—

or log ¢. The shaft 225, which is turned through
the angle a by the hand wheel 155’ which is set
in the same way as the hand wheel (5§85, is geared
to the disc 181z bearing the radial mark (872,
The turning movements of the shafts 227 and 22%
are added in a differential 228, and the output
shaft 228 of this differential is geared to the disc
1822 which carries the spiral mark (9iz so that
the turning of this disc relative to the disc 181
is proportional to the turning of the shaft 227
and is made as so proportional to log ¢. The in-
tersection of the lines 187z and (912 therefore,
represent the position of a point whose polar co-
ordinates are the course angle ¢ and the constant
speed ¢, or rather the approximate values of
these two constants by which the hand wheels
{54’ and 155’ have been set.

The connections between the transformer 200
and the training and elevating apparatus of Fig.
12 are as follows: The shaft 230 of Fig. 13 is a
continuation of the shaft 160 of Fig. 12 which is
geared to the training shaft 10 so that it turns
in proportion to the training angle g of the tele-
scope. The shaft 231 of Fig. 13 is shown in dot-
ted lines in Fig. 12 and is geared directly to the
elevating shaft 111 so that its turning is propor-
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tional to log cot s. The shaf 232 of Fig. 13 is
connected to the shaft 166 of Fig. 12 on which
the hand wheel 156 is mounteqd so that in setting
the hand wheel {56 it is twrned through an angle
proportional to log 2. The turning movements
of the shafts 231, 232 are added in a differential
228 so that the output shaft 234 of this differen-
tial turns in proportion to

(log cot s+log k) or log ( cot §)

The shaft 230 turns the disc {811 through a shaft
2385 so that the turning of
the training angle g. The shaft 238 and a shaft
236 geared to the shaft 230 enter a differential
2381 where their turning movements are added,
and the output shaft 238 of this differential is
geared to the disc 182; so that the turning move-
ment of this disc relative to the disc 1811 is pro-
portional to the turning movement of the shaft
234 and to log (R cot 8).

As a result of the turning movements of the
discs 1811 and (82, the rod A is given a position
determined by the polar coordinates g and & cot s.
It is evident from Fig. 11 that these are the polar
coordinates of the point J which is & horizontal
projection of the position of the airplane. The
lateral displacements of the shafts 203, 204 are,
therefore, proportional to the rectangular coor-
dinates of & horizontal projection of the airplane
(see Fig. 14):

x=h cot s.cos ¢
y=h cot ssin g

The distances x’, ¥’ from the marks on the bars
217, 218 to the axis of the discs 1812, 1822, which
as has been said are the first time derivatives of
the displacements of the shafts 203, 204, are,
therefore, proportional to the first time deriva-
tives of the rectangular coordinates of the hori-
zontal projection of the airplane, that is:
o
TET
and
dy

T dt

It appears from the upper tria.ngle in Fig. 14
that

Y=

a
di =¢ sin

and
dy
d i =¢ccos a
so the 2’ is proportional to ¢ sin @, and ¥’ is pro-
portional to ¢ cos a.

It follows that if the values of the constants
¢ and a to which the cranks {54’ and 85’ were
correct, the intersection of the lines on the bars
217 and 218 would coincide with the intersection
of the radius and spiral on the discs {812 and
1822,

In using the auxiliary apparatus of Fig. 13 with
the training and elevating apparatus of Fig. 12,
the hand wheel 156 (Fig. 12) and {he hand
wheels 155° and 154’ (Fig. 13) are first set in ac-
cordance with the approximate values of the con-
stants 2, ¢ and ¢ just as the hand wheels 156,
155 and 58 were set in using the apparatus of
Fig. 12 alone, and the hand wheels 143 and {48
are then manipulated to such extent as is nec-
essary to make the itelescope 108 follow the air-
plane. While the telescope continues to follow
the airplane by adjustments of the hand wheels
143 and 148, the hand wheel 158 is reset to bring

shaft is equal to
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the spiral mark 91z exactly through the inter-
sections of the marks on the bars 217 and 218,
and the hand wheel {65’ is reset to bring the
radius mark {873 directly through the intersec-

_tion of these lines. As soon as this has been done,

it becomes unnecessary to make further adjust-
ments of the hand wheels 143 and 148 and the
telescope continues to follow the airplane auto-
matically so long as the course, speed and height
of the airplane remain constant. This is true
even if the value of 2 by which the hand wheel
156 was set is incorrect.

In Fig. 15, I have shown g combination of the
training and elevating apparatus of Fig. 12 and
the apparatus of Fig. 9 used without the shafts
B2 and C:z and the transformer connected with
those shafts, as described on page 7.
~ The apparatus shown in Fig. 19 contains g dis-
tributor having two manually-operated handles
or actuators E, F so connected to two shafis Bs,
Cs: as to control independently of each other the
rectangular coordinates of a pin A: whose polar
coordinates are functions of the turning move-
ments of two shafts Bi, C1 which are derived
partly from the shafts Bs, C: and partly from
two driving shafts B3, Ca. In Fig, 15 T have shown
precisely such an apparatus including a distribu-
tor D having actuators E, F and shafts identified
by the same symbols as the corresponding shafts
in Fig, 19, The shafts Ci1 and Bi correspond to
the shafts 185 and 174 shown in Fig. 12 and, like
them, are connected to fhe two discs of the trans-

"~ former 180 so that the pin A of this transformer

35
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. correct value a*.

corresponds to the pin A: of Fig. 19. This pin A
is connected so that its rectangular coordinates
control the variable-speed transmissions {14 and
i115 through which the training ang elevating
shafts 110, 111 of the telescope 100 are driven
precisely as shown in Fig. 12. The actuators E
and F of the distributor D are connected to the
shafts of the hand wheels 143 and {148 by means

of shafts 240, 241,

In order to explain the principle of the com-
bined apparatus shown in Fig. 15, it is neces-
sary to refer again to Equations 24, 25, 26 and 27
which show that, when the telescope is following
a target moving at a constant speed and height
on a fixed course, the rate of turning of the
training and elevating shafts 110 and § 11 must be
proportional to the rectangular coordinates of
8 point whose polar coordinates are

w=a—g
and

_ 1
P~ cot s

Now consider what happens in the apparatus
shown in Fig. 15 when the operators stop manipu-
lating the hand wheels 143 and (88 at the mo-
ment the telescope has been pointed at the mov-
ing target. In.this case, the movemen} of the
shafts 110 and 1!! will be actuated only by the
variable-speed transmissions {4 and {15. The
angular position of the shaft 159 is obviously not
proportional to the true value of ¢, but to the in-
The angular position of the
shaft 170 will likewise be not proportional to the
true value of

I5Y

log -;;—
but the incorrect value

&
(log %)
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'I'he polar . coordjna.tes of the pin A will have in—
‘correct values: 7"

w=g*—g

(&Y.
"—(h) cot s

" Therefore, the rectangular coordinates of the pin
A will be incorrect as well as the angular speeds
in the training g and in the log cot of the eleva-
tion. The movement of the telescope caused now
by the variable-speed transmissions controlled by
mechanism 116 will correspond to the incorrect

values a* and
(log 7?)

and cause the telescope to follow an-imaginary
target whose course angle is a* and

*
;g;eliconstant is (%)

It is clear that if the operators want to main-
tain the telescope pointed at the actual moving
target, they are obliged {o manipulate the hand
wheels 143 and i148. When the angular speed of
the variable transmission (14 is too low, that is
when the z coordinate of the pin A is also too
low, the hand wheel 143 must be turned in one
(called positive) direction. On the other hang,
when the angular speed of the variable transmis-
sion 114 is too high, that is, when the = coordi-
nate of the pin A is also too high, the hand wheel
{43 must be turned in the opposite (called nega-
tive) direction. It thus appears that the sign of
the  component of the correction in the position
of pin A is the same as the turning direction of
hand wheel 43 (i. e. positive or negative). The
same applies‘to the variable-speed transmission
115, the ¥y coordinate of pin A, and the hand
wheel 148,

‘When the hand wheels {43 and {48 are turned
so as to readjust the telescope to the target, the
adjustment is made by adding the turning of
the hand wheels 143 and 148 to the turning of
the shafts 141 and 147 in the differentials 144,
149. But, at the same time the hand wheel 143
turns the actuator E of the distributor D while
the hand wheel (48 turns the actuator F. The
turning of the actuator F by the training hand
wheel 143 turns the shafts Bs and Ct so as to
cause the pin A to move the slide 1382 without
moving the slide 193, and thus to change the rate
of rotation of the shaft 141 connected to the
training shaft 110 without affecting the shaft 41
or the elevating shaft (1. At the same time, the
turning of the actuator P by the elevating hand
wheel {48 acts through the shafts B4, Cq, the pin
A and the slide 193 to change the rate of turning
of the shaft 147 connected to the elevating shaft.
These changes are in a direction to make the
turning of the shafts {41 and {47 more nearly
the correct rate of turning for following the tar-
get. So long as it is necessary to turn the train-
ing hand wheel (43 in order to keep the telescope
on the target, the rate of turning of the shaft 141
continues to be adjusted through the actuator E
and the shafts B4, C: until the rotation of the
shaft 141 finally reaches the correct rate of rota-
tion as given by Equation 24. The operator of
the hand wheel 143 then finds that no further
turning of the wheel is necessary in order to hold
the telescope on the target. In the same way
the operator of the elevating hand wheel 148
soon finds that no further turning of the hand
wheel (48 is necessary because of the adjust-
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,ment of . the speed of the elevating shaft which
“has been made through the actuator F.

Thus in the use of the combined apparatus
shown in Fig. 15, operators of the training and
elevating hand wheels 143, (48 separately adjust
the training and elevating of the telescope 100
to follow the target just as if the fraining and
elevating were being done entirely by hand. As
the operators continue to adjust the training and
elevating, they find that less and less movements
of the hand wheel are required to follow the tar-
get and, in a few moments, they stop turning the
hand wheels altogether and the telescope con-
tinues automatically to follow the target so long
as the course, height and speed of the target re-

_main constant. If any one of the elements of the
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target is changed, that is to say, for example, if
the airplane should change its course, it would bhe
necessary. to start turning the hand wheels 143
and 148 again in order to keep the felescope 100
directly on it. But, if the new course is held con-
stantily, the necessity for turning the hand wheels
soon ends and the telescope continues automati-
cally to follow the target on its new course. It
is apparent that this permits following a moving
target with the telescope much more easily and
accurately than any training and elevating ap-
paratus heretofore used.

If Figs. 12 and 15 be compared, it is evident
from the similarity of the controls of the trans-
missions that, as soon as the telescope begins to
follow the target automatically in the apparatus
of Fig. 15, the distributor has turned the shafts
B4 and C: of Fig. 15 to the same extent as the
shafts 170 and 159 of the apparatus of Fig. 12
were turned by the hand wheels 156, 154 and 153
in setting up the constants of the airplane’s
course on the dials 165, 167 and {58. These dials
may, therefore, be retained as indicators in the -

40 apparatus of Fig. 15. As soon asthe telescope has

begun to follow the airplane automatically in the
apparatus of Fig. 15, the course angle of the air-
plane may be read from the dial 158, and, after

. the dial 63 has been set to the height of the air-
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plane by the crank 156, the speed of the airplane
may be read from the dial 167,

To relieve the variable transmission 114 of the
load which it would bear in swinging a heavy tele-
scope frame, it is desirable to provide an air mo-
tor, spring motor, or similar gevice 250, geared
to the training shaft 110, or to the hollow shaft
122, ang tending to turn these shafts in the di-
rection required to follow the airplane. The
worm and connections at 251 and 252 prevent
the motor 250 from turning the shaft {52 or the
hand wheel (43. The motor 250, therefore, acts
only when the shaft 152 or the hand wheel 143 is
turned, and when one or both of them are turned
the motor 250 assists them in training the tele-
scope.

(3) Predictor

This is a computing device or predictor for in-
dicating the value which a function of time will
have after a variable predetermined time inter- -
val. The device is of value in fire director appa-
ratus and for other purposes, and forms the sub-
ject matter of my application Serial No. 462,626
filed October 19, 1942, as a division of this ap-
plication.

Predicting the value of a function of time on
the basis of the first time derivative of the func-
tion gives inaccurate results where the function
is complicated. An example of a time function
which cannot safely be predicted in this manner
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and the tangent of the angle § which the rod
372 makes with s line pbarallel to the center line
is equal to the sécond time derivative of the
function

i)

Codf?

In the triangle OPQ
PQ=0Q tan 8 °
T ay ()

an
In the triangle OMIN

on=42 1 Ltan
50 T 250
D

-and i
NM=ON.tan «

where « is the angle between the bars 374 and
813, so that
ten «=KT

where K is a constant.
Consequently

NM= .(df D42 ED)kr

df (1) T3 3% (3)

K( 4520
NM, which is equal to the distance through which
it was necessary to displace the bar 373 from
its zero position where it intersected the bar 374
at N to the position where it intersects the bar
371 at 6, is thus proportional to the required
correction Af(f), so that this correction may be
read directly from the dial 366 which indicates
the sliding movement of the rod 350 If the value
of

Q)
dt

is measured with a time lag of i seconds, the ap-
paratus cannot indicate the exact value of Af(£)
to obtain a very close approximation to the cor-
rect value of Af(#). It is sufficient to modify the
apparatus with only the following change: Both
the slide -bearings of the rod 320 are shifted by
the amount i measured on a scale representing
the rate of turning of the drum, so that the slide
rod 320 will have the position indicated by a dot-
ted line.
(4) Second predictor

This is & computing device or predictor for

indicating the value which a function of time:

will have after a fixed, predetermined time in-
_ terval, k. The device is of value in fire director
apparatus and for other purposes, and forms the
subject matter of my application Serial No.
462,627 filed October 19, 1942, as s division of
this application.

The device indicates a close approximation to
the value of the correction given by the first three
terms of Taylor’s equation. In so doing, it also
indicates a close approximsation to the value of the
second time derivative of the function and may,
in some cases, be useful simply as a means for
indicating acceleration.

The device shown in Fig. 17 has a frame 410
on which are mounted two rotatable shafts 4il,
412 which are geared to the shaft 413 of a con-
stant speed motor so that they are driven at a
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constant speed in the same direction. On the
shafts 4f! and 418 are splined two drums 414,
4186, A rod 416 is slidable in the frame &{8 and
is given a sliding movement equal or proportional
to f(¥), the function whose value is to be pre-
dicted. The means for giving the rod 4i1€ this
movement, of course, depends upon the nature of
the function and is-not shown in the drawing as
it forms no part of the predicting device. Also,

-s0 far as the predicting device is concerned, the

movement of the rod 416 in accordance with the
function may be caused either mechanieally or
manually. The rod 816 carries & free roller 417
having a groove engaging flanges 418, 418 on
the cylinders 444, 418, so that the cylinders are
given longitudinal movements corresponding to
.

Two rods 428, 42! are pivoted on the frame
§10 at the fixed point 422 and extend across the

rollers 414, 4i6. The rods carry rollers 823, 424

riding on the drums 414 and 416 and have at their
ends marks 425, 426 or other means to facili-
tate observing the positions of points 427, 428
near the ends of the rods. Each rod thus con-
sists in effect of a wheel-carrying arm extending
from the pivot 822 to the axis of its wheel and
an indicating arm extending from the pivot §22
to the center of its mark. It should be noted that
the length a1 of the wheel-carrying arm of the
rod 428 is less than the length of the wheel-car-
rying arm a2 of the rod 421, while the length of
the indicating arm bz of the rod 421 is less than
the length b1 of the indicating arm of the rod
420. The lengths of the two arms of the two rods
are related by the following formula:

b|a1 - bp!_z
v(b1—bs)

where k is the length of time between the mo-
ment of observation and the moment for which
the value of the function is to be predicted, and
v is the peripheral speed of the drums 414, §15.

In the lower part of the drawing is shown a
device for reading the tangent of the angle «
which a line connecting the points 427 and 428
of the rods 420 and 42{ makes with a line per-
pendicular to the axis of the cylinders 414 and
446. In the form shown, the reading device con-
sists of & semi-circular transparent disc 430 piv-
oted on the frame 410 at 431 and bearing a series
of parallel rulings 432 which are perpendicular to
its diameter. A nut 433 on & worm 434 carries &
pin 436 engaging a diametrical slot 436 in the disc
430 or in an arm 437 extending radially from the
disc. A crank 438 is provided for turning the
worm 484, and a dail 439 is geared to the shaft
of the worm 434. By turning the crank 438 so
as to make a line between the points 427 and
428 of the rods 420, 42{ coincident with or par-
allel to one of the rulings on the disc 4308, the
dial 439 is made to indicate the tangent of the
angle « between the line connecting the points
427 and 428 and 2 line perpendicular to the axes
of the cylinders 414, 415, The gearing and grad-
uation of the dial are such that readings of the
dial give a value K tan «, where K is a constant.

In considering the operation of this device, it
may be assumed first that f(¢) is a simple func-
tion such that

k=

dfy):
di
is a constant. In ‘this case, the rod {8 will be
moved at a constant speed and the rods 420, 421
and their rollers will become mere speed indica-
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is a coordinate of the impact point on the path
of an afrplane which is moving on a curved
course or at a variable speed. In order to pre-
dict g complicated time function such as this ac-
curately, it is necessary to take account of the
second time derivative of the function and to
base the prediction on at least the first three
terms of Taylor’s equation, that is to say, it is
necessary to add to the present value of the

function a correction
Af(E)
whose value is
df(y) , T2 & (1
sp(y =1L 20 @9

in order to predict the value which f(f) will have
after an interval of T seconds. .

The device which I have invented indicates in-
stantly the value of this correction Af(£) when
T is a variable and provides for taking account of
the instantaneous value of T at the moment of
prediction.

The apparatus shown in Fig. 16 has a frame
310 on which is journalled & drum 3{1 which is
rotated at constant speed by a constant speed
motor connected to the shaft 3i2 which is geared
to the shaft 313 of the drum.

A rod 320 is slidably mounted in the frame 3i0
and is given a sliding movement equal to the
function

()
dt

(The means for giving the rod 320 this movement
is, of course, essentially a speed indicator con-
nected with the part moved in proportion to
values of the function. It is not shown in the
drawings, as it forms no part of the predicting
device.) On the slide rod 320 is pivoted an arm
322 which carries a roller 323 riding on the drum
31,

A shaft 330 rotatably mounted on the frame
310 is turned manually or by mechanism outside
the device in proportion to the variable time-in-
terval T, so that the amount by which the shaft
338 has turned from an initial zero position al-
ways represents the instantaneous value of the
time-interval T.

A shaft 340 is rofatably mounted in the frame
and geared to the shaft 330 so that it turns in
proportion to T. On the shaft 340 is fixed a worm
341, On this worm is a nut 342 which is held
against rotation. Another shaft 350 is geared to
the shaft 330 so that it also turns in proportion
to T. Splined on the shaft 350 is a sleeve 351
having on its outer surface a screw thread or
worm 352.- On the worm 352 is a nut 353 which
is held against rotation.

A rod 360 is slidably mounted on the frame.
It carries a rigid arm 361 having a groove which
engages a circumferential flange 354 on the sleeve
351 and a pivoted arm 362 containing a slot 363
which is engaged by a pin 355 on the nut 353.

The sliding rod 360 is moved by the operator
of the device, for example, through a crank 364
geared to a rack 365 on the rod. Means are pro-
vided for indicating the position of the rod 360.
Such means is illustrated as a dial 366 geared to
the rack 365.

The device contains three bars of transparent
material each of which has a mark along its cen-
ter line. The three bars lie substantially in a
common plane tangent to the drum 3f{. The bar
371 is laterally movable and is attached at one
end to the nut 342. 'This bar is parallel to the
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axis of the drum 3il. The bar 372 is a continua-~
tion of the roller-bearing arm 322 so that it is
turnable about the pivot 324 and laterally dis-
placeable with the rod 320. The bar 313 is a con-
tinuation of the arm 362 so that it is turnable
about the pivot 869 and laterally displaceable
with the rod 360.

In the use of the device, the positions of the
bars 87¢ and 372 and the angular position of the
bar 373 are determined automatically by the turn-
ing of the shaft T and the sliding of the rod 320.
The operator of the device adjusts the sliding rod -
360, which varies the lateral position of the rod
813 without changing its angular position, until
the center line of the rod 313 intersects the inter-
section of the center lines of the rods 37f and
372. The correction Af(f) necessary to predict
the values that f(£) will have after the lapse of
a period equal to the value T at the time of the
prediction may be read directly on the dial 366.

The principle of operation of the device which
makes this result possible will now be explained.

In the initial or zero position of the parts of
the device, the rod 320 is so positioned that the
pivot 324 is on the center line NM of the drum
3if. The roller 323 is also on this center line
and the bar 372 extends along the center and,
therefore, intersects the rod 37{ on the center
line. The slide 360 is positioned to place the pivot
369 which it carries directly over the rod 320
and to make the bar 313 intersect the bar 371 on
the center line. The dial 366 is at zero.

When the shaft 330 is turned to the zero posi-
tion for T, the bar 37i is directly over the slide
rod 320 and the nut 353 is so positioned on the
worm, 352 that the pin 355 is on a line with the
pivot 369 so that the bar 313 lies directly over the
bar 371,

‘When the shaft 330 is turned to represent a
value of T other than zero, the nut 353 is screwed
along the worm 352 through a distance which is
proportional to T. At the same time, the bar 371
is displaced to a distance from the rod 328 which
is proportional to T. The pitch of the worm 34t
is such that the distance of the bar 371 from the
rod 320 is equal to T/2 on the scale which rep-
resent the rate of turning of the drum 31i. That
is to say, if for example the constant speed of
the periphery of the drum 311 is one centimeter
per second and the value of T/2 is 5 seconds, the
distance from the rod 320 to the bar 37! is five
centimeters.

The ratio of the pitches of the worms 341 and
352 is so related to the fixed distance ¢ between
the shaft 350 and the bar 360 that turning move-
ments of the rod 330 move the intersection of
the bars 371 and 313 along the certfer line MN
without displacing it from the center line, so long
as the zero setting of the slide rod 360 is main-
tained.

Now consider the effect of giving the first time
derivative of the function in question

daf(8)
dt

a value other than zero. The sliding rod 320 is
then displaced by an amount equal to

af ()
dt

so that the distance between the pivot 324 and
the center line is

af(t)
dt
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tors. The angle which each rod will make to
s line perpendicular to the axes of the drums 44,
4(5 will remain constant and will be a measure
of the constant speed of the rod £18, and the
angles of the two rods will be the same in spite
of difference in the lengths of their two carrying
arms ai, Gz.

Now consider the effect of making 7() a more
complicated function so that the rod 4{€ will be
moved at a non-uniform speed. In this case, on
every change in the speed of the,rod 418, the rods
420 and 421 will start to take new positions cor-
responding to the new speed, but their time lags
in assuming the new positions will be different
owing to the difference in the lengths of their
wheel-carrying arms ai, 2. As g result, the an-
gle between the two rods at any moment will be
substantially proportional to the second time de-
rivative of /(). The angle between the rods is
thus & measure of the acceleration of the rod 416
and the device is, therefore, useful as an acceler-
ation meter.

It may be demonstrated that:

K tan « is almost exactly equal to

df (® _l_dgt(zt) ig

where « is the angle between the line 427—428
and a perpendicular to the axes of the eylinders,
k is the fixed time interval for which the predic-
tion is to be made and K is & constant of the
apparatus. Consequently, the dial 489 indicates
directly the value of the correction required for
the prediction.

In the use of the apparatus, the rod 418 is
moved mechanically or manually in accordance
with the function of time whose value is to be
predicted, and an operator stationed at the crank
438 turns the disc 830 so as to keep the gradua-

tions of the disc parallel to a line through the 4

center of the marks 428, 42C. While this is being
done, the correction which must be added to the
present value F(¢), the function of time in ques-
tion, in order to predict the value which the fune-
tion will have after the lapse of & seconds, may
be read directly from the dial 439.

It is evident that many changes may be made
in the specific form of the apparatus illustrated
without changing the principle of the apparatus
which is to determine acceleration by the differ-
ence between two speed indicators having differ-
ent time lags.

(5) Fire director apparatus

Fig. 18 shows schematically a complete ap-
paratus for observing a moving target, such as
an airplane, and determining the ballistic ele-
ments required in order to hit it. This apparatus
combines the devices whose separate operation
has already been described.

To facilitate a description of the fire director
apparatus, I shall refer to the rectangular coordi-
nates of a projection of the target at the time of
observation as Ii, ¥1 and to its polar coordinates
as g1 (preseni training angle or azimuth), d:
(present ground range). di is, of course, equal to
7 cot s1 (Fig. 11). Y shall refer to the coordinates
of the target at the point of impact as z2, y2 and
g2, d2. g3 may be termed the predicted azimuth
and dz the predicted ground range. I shall refer
to the time of travel of the shell as T.

The telescope {00 has the training and ele-
vating mechanism shown in Fig, 15 so that, after
being set on the target, it follows the target au-
tomatically except for such adjustments of the
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hand wheels {43, 148 as may be required by
changes in the constants of the target’s move-
ment.

The training and elevating shafts m tit of
the telescope, whose rotations are proportiona.l
respectively to g1 and log cot $:, are connected
by shaits 500, 501, 502 to the transformer 208
shown in Fig. 13, in the manner described in con-
nection with Fig, 13. A furning movement pro-
portional to log 2 obtained by turning the crank
{66 in accordance with indications of the loga-
rithmic dial 164, as in Figs. 12 and 15, is added
to the rotation of the elevating shaft in a differ-
ential 233 shown in Fig. 13, so that shaffs 508,
502 entering the transformer 208 turn propor-
tionally to g1 and log d:, functions of the polar
coordinates of the position of a projection of
the target at the time of observation. Shaft 500
meay be termed the present-azimuth shaft and
shaft 502 the present-ground-range shaft. The
output slides 217’, 2i8’ of the transformer 200
(connected to the same elements of the trans-
former as the bars 217, 218 shown in Fig. 13) are

moved proportionately to
doy 3
az 2nd

the first time derivatives of the rectangular co-
ordinates of the position of the target at the time
of observation.

The output slides 287’, 2i8’ of the transformer
280 are directly connected to the input slides 320x,
320y of two predictors 808x, 308y, each of which
is Iike the predictor shown in Fig. 16. The input
shafts 330x and 330y of the predictors are driven
from a shaft 503 which is turned proportionately
to T, the time of travel of the shell, by means
hereafter described. The values of Az, Ay indi-
cated by the slides 360x, 860y of the predictors
are, therefore, the difference between the rec-
tangular coordinates of the airplane at the ob-
servation point and at the point of impact.

The present-azimuth shaft 580 and - the pres-
ent-ground-range shaft 582, which as has been
said are connected to the training and elevating
shafts of the telescope so that their rotations are
proportional respectively to 9: and log di, are
connected to & predicted-azimuth shaft 504 and
a predicted-ground-range shaft 585 through dif-
ferentials 189, 188 which form part of a dis-
tributor-double-transformer apparatus precisely
like that shown in Fig. 9 except that the double~
transformer is preferably constructed in accord-
ance with Fig. 10. The present-azimuth shaft
500 and the present-ground-range shaft 502 are
directly connected to the shafts Cs, B3 of this ap-
paratus, while the predicted-azimuth shaft 504
and the predicted-ground-range shaft 505 are
directly connected to the shafts Ci, B1 of this
apparatus. The connecting shafts are marked
as in Fig. 9. The shaft Cs which enters the dif-
ferential 189 may be designated “the azimuth-
difference shaft” and the shaft Bs which enters
the differential 188 may be designated “the range-
difference shaft.” The operation of this appara-
tus, as described in connection with Figs. 9 and
10, is such that the slides 192, 183 of the double-
transformer indicate the differences Az, Ay be-
tween rectangular coordinates corresponding to
the polar coordinates represented by the turning
of the shafts 500, 502 and the shafts 504, 505, and
the value of Az may be changed by turning the
crank E of the distributor while the value of Ay
may be changed by turning the crank ¥ of the
distributor, The operator of the crank E watches
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the slide 360x of the predictor 336x and the slide
192 of the double-transformer and manipulates
the crank E so as to maintain the vaiue of Az
indicated by the slide 192 equal to the value indi-
cated by the slide 360x. In the same way, the
operator of the crank F makes the value of Ay
indicated by the slide 193 always equal to that
indicated by the slide 368y of the predictor 380y.
As a result of this, the turning movements given
to the azimuth-difference amd range-difference
shafts Cs, Bs represent differences in polar co-
ordinates corresponding to the differences in rec~
tangular coordinates indicated by the predictors,
so that the predicted-azimuth shaft 504 and pre-
dicted-ground-range shaft §05 are turned pro-
portionately to gz and log d2, functions of the
. polar coordinates of a projection of the impact
point,

The turning of the shaft 504, being propor-
tipnal to the training or bearing angle of the
impact point, gives the training angle for the
gun.

The gun elevation, being a function of d2 and %,
is determined by a computing device 506 (which
may be of conventional construction) which is
connected to the shaft 505 and to the shaft 5§60
turned by the crank [56.

A computing device 515 connected to the same
shafts indicates by a pointer 587 the instantaneous
value of T, the time of travel of the shell. The
shaft 503 is manually turned by a crank 508
to keep & pointer 589 on this shaft in line with
the pointer 581. This explains how the value T
is obtained for introduction into the predictors
300x, 300;.
~ Another computing device 518 (which may be
of conventional construction) 1is connected to
' the shafts 508 and 560 to compute the difference
between the time of travel T and the fuse set-
ting. The shaft 511, which is turned in propor-
tion to the value which the shell setting would
have if the shell could be set at the instant of
firing, has added to it in a differential §{2 a cor-
rection based on the fixed time interval between
setting the fuse and firing. This correction is de-
termined in a predictor 406 like that shown in
Pig. 17. The input slide 416 of the predictor is
connected to the shaft §11, while the output shaft
434 is connected to the differential 5{2. The pre-
dictor is proportioned so that its. constant k is
equal fo the fixed time interval between setting
the fuse and firing. The output shaft 5i3 of
the differential 512, therefore, turns in propor-
tion to-the corrected value of the fuse setting.

The fire control apparatus thus determines all
the ballistic elements from observations of the
target made with the telescope 100 and with an
altimeter which is used to guide the operator
of the crank 156 in setting the dial {64.

Pig. 19 shows diagrammatically a fire conirol
apparatus like that shown schematically in Fig.
18. The apparatus of Fig. 19 differs from that
of PFig. 18 in incorporating the training and
elevating mechanism of Fig. 12 with the indi-
cator of PFig. 13, instead of the automatic train-
ing and elevating mechanism of Fig. 15. Fig,
19 omits the predictor 300y and the parts con-
nected with it, as they are similar to the con-
nections of the predictor 300x which is shown.

The actual construction of the apparatus in-
dicated in Fig. 19 involves certain mechanical
simplifications over the form indicated sche-
. matically in Fig. 18: i

The two discs of the double-transformer which
are mounted on a fixed axis (412 and 422 in
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Fig. 10) are used as the discs of the transformer
200 by simply extending the rod As of Fig. 10
through the sliding block §02 of Fig, 13. The
output slides of the transformer 200, which are
moved in proportion to -

, dt’ dt )

one of which 217’ is shown in Fig. 19, are used
to move cross bars 211, 218 cooperating with the
transformer 220 in the indicator of the train-

_Ing and elevating mechanism, in addition to be-
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ing connected to the input slides of the predictors
(one of which 320« is shown in Fig. 19).

Instead of juxtaposing the slide 82 of the dou-
ble-transformer and the slide 360x of the pre-
dictor 300x so that their relative positions can
be observed (as indicated in Fig. 18), these slides
are connected together; and the operator of the
crank E of the distributor, instead of observing
the slides 182 and 360x, observes the three bars
370, 372, 373 of the predictor 300x and manipu-
lates the crank so0 as to keep the bar 313 which
is displaced by the slide 360x through the slide
92 intersecting the intersection of the other two
bars. This avoids the necessity for providing the
predictor with the crank 364 shown in Fig. 16,
and with an operator for this crank.

The arrangement of the fire director appa-
ratus facilitates the introduction of corrections
for the parallax between the point of observa-
tion and the position of the gun, and for wind.
The = component of the wind correction is in-
troduced by adjustment of the connection between
the slides 217’ and 320:, ‘which are moved pro-
portionately to .

diy
dit

The r component of the parallax connection is
introduced in the connection between the slide
92 and the slide 360x, which are moved propor-
tionately to the difference between the z com-
ponients of the positions of the target at the time
of observation and at the time of impact. Scales
516, 517 may be provided in the connections re-
ferred to facilitate introducing the £ components
of the corrections.. The ¥y components are simi-
larly introduced in the connections to the pre-
dictor 360y which is not shown in Fig. 19.

It will be observed that in the fire director
apparatus which has been described, the calcu-
lations are made in terms of the rectangular co-
ordinates of the observation and impact posi-
tions of the target, while all the connections are
made by shafts rotating as functions of corre-
sponding polar coordinates. It will be noted fur-
ther by comparing Figs. 4 and 5 and adverting
to Equations 24 and 25 that selection of a log-
arithmic function of the p coordinate for the ro-
tation of the shafts connected with the elevat-
ing shaft of the telescope adds greatly to the sim-
plicity and accuracy and practical character of
the apparatus.

What I claim is:

1. In a fire director system of the type hav-
ing a predicted-azimuth shaft driven by a dif-
ferential in which are added the turning of an
azimuth-difference shaft and a. present-gzimuth
shaft connected to a sight, a predicted-ground-
range shaft driven from a differential in which
are added the turning of & range-difference shaft
and a present-ground-range shaft controlled by
an elevation shaft connected to a sight and an
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altitude shaft, a device for transforming polar
coordinates into rectangular coordinates connect-
ed fo the present-azimuth shaft and the present-
ground-range sheaft, & similar transformer con-
nected to the predicted-azimuth shaft and the
predicted-ground-range shaft, and means oper-
ated by the Brst transformer device, the altitude
shaft and the predicted-ground-range shaft for
calculating predicted rectangular-coordinate dif-
ferences: the improvement which consists in the
combination of & connection between the sight
and the elevation shaft to make the turning of
the elevation shaft proportional to the logarithm
of the cotangent of the elevation angle which it
glves to the sight, means for turning the altitude
shaft in proportion to the logarithm of the alti-
tude shown by the sltimeter, a differential con-
necting the elevation shaft and the altitude shaft
to the present-ground-range shaft so that it is
turned in proportion to the logarithm of the
present ground range, discs in each of the trans-
formers having equiangular spiral tracks and con-
nected respectively to the present-ground-range
shaft and the predicted-ground-range shaft, a
computing device for computing the « coordi-
nate of the logarithm of the p coordinate of a
point from mutually independent functions of
its two rectangular coordinates, said computing
device having its outputs connected to the azi-
muth-difference shaft and to the range-difference
shaft, and manually-operable actuators connect-
ed to the inputs of the computing device.

2, In fire director apparatus, means for deter-
mining the rectangular coordinates of a horizon-
tal projection of the target, comprising the com-
bination with a sight for following the target,
of training and elevating shafts for the sight so
connected with the sight that one of them turns
in proportion to the training angle which it gives
the sight and the other turns in proportion to
the logarithm of the cotangent of the elevag-
ing angle which it gives the sight, an altitude
shaft, means for turning the altitude shaft pro-
portionately to the logarithm of the altitude in-
dicated by an altimeter, a differential connected
to the elevating shaft and to the altitude shaft
so 'as to add their turning movements, a ground-
range shaft driven by said differential, and a
transformer device for transforming polar co-
ordinates into rectangular coordinates connected
to the training shaft and the ground-range shaft
and including a rotary element having an equi-
angular spiral track connected to the ground-
range shaft.

3. In fire director apparatus of the type hav-
ing an azimuth-difference shaft connected be-
tween a present-azimuth shaft and a predicted-
azimuth shaft and a range-difference shaft con-
nected between a present-ground-range shaft
and a predicted-ground-range shaft: improved
means for turning the azimuth-difference shaft
and the range-difierence shaft in accordance with
computed rectangular-coordinate differences,
comprising a computing device for computing
the & coordinate and the logarithm of the p
coordinate of a point from mutually independent
functions of its two rectangular coordinates, the
outputs of the computing device being connected
to the azimuth-difference shaft and the range-
difference shaft, manually-operable actuators
connected to the inputs of the computing device,
and 8 transformer device for transforming polar
coordinates into rectangular coordinates connect-
ed to the predicted-azimuth shaft and the pre-
dicted-ground-range shaft and having a turn-
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able element with an equiangular spiral track
connected to the predicted-ground-range shaft.

4, In fire director apparatus, the combination
with a sight, of training and elevating shafts for
the sight so connected with the sight that one
of them turns in proportion to the training angle
which it gives the sight and the other turns in
proportion to the logarithm of the cotangent of
the elevating angle which it gives the sight, an
altitude shait, means for turning the altitude
shaft proportionately to the logarithm of the al-
titude indicated by an altimeter, a differential.
connected to the elevating shaft and the altitude
shaft so as to add their turning movements, a
ground-range shaft driven by said differential,
predicting apparatus connected to the training
shaft and ground-range shaft, resolving means
controlled by the training and elevating shafts,
and means controlled by said resolving means for
driving the training and elevating shafts at rates
proportional to the rectangular coordinates of a
point whose polar coordinates correspond to the
wurning ot the training shaft in direction and to
the anti-logarithm of the turning of the elevat-
ing shaft in distance.

5, In a fire director system of the type having
a predicted-azimuth shaft diiven by a differen-
tiai in which are added the turning ot an azimuth-
difference shait and a present-azimuth shaft
connected to a sight, a predicted-ground-range
shatt driven irom g differential in wuich are
aqaed tne turmung of g range-ditference shatt and
a present-ground-range shaft controlled by an
elevation shaft connected to a sight and an al-
titude shaft, a device for transtorming polar coor-
dinates into rectangular coordinates connected
to the present-azimuth shaft and the present-
ground-range shatt, a similar transtormer con-
nected to the predicted-azimuth shaft and the
predicted-ground-range shaft, and means oper-
ated by the first transformer device, the altitude
shaft and the predicted-ground-range shaft for
calculating predicted rectangular-coordinate dif-
ferences: the improvement which consists in the
combination of a connection between the sight
and the elevation shaft to make the turning of
the elevation shaft proportional to the logarithm
of the cotangent of the elevation angle which
it gives to the sight, means for turning the alti-
tude shaft in proportion to the logarithm of the
altitude shown by an altimeter, g differential con-
necting the elevation shaft and the altitude shaft
to the present-ground-range shaft so that the
present-ground-range shaft is turned in propor-
tion to the logarithm of the present ground range,
discs in each of the transformers having equi-
angular spiral tracks and connected respectively
tq the present-ground-range shaft and the pre-
dicted-ground-range shaft, a computing device
for computing the » coordinate and the logarithm
of the p coordinate of a point from mutually inde-
pendent functions of its two rectangular coordi-
nates, said computing device having its outputs .
connected to the azimuth-difference shaft and to
the range-difference shaft, manually-operable ac-
-tua,i.;ors connected to the inputs of the computing
device, and automatic meang for training and
elevating the sight comprising resolving means
controlled by the present-azimuth shaft and the
glevating shaft, means controlled by said resolv-
ing means for driving the present-azimuth shaft
and the elevating shaft at rates proportional to
the rectangular coordinates of a point whose po-
lar coordinates correspond to the turning of the
present-azimuth shaft in direction and to the
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anti-logarithm of the turning of the elevating
shaft in distance.

6. A device for obtaining rotary movements pro-
portional to functions of the polar coordinates of
a moving point whose rectangular coordinates are
given, comprising two output shafts, an element
so connected to said shafts that its position is
fixed by two polar coordinates which are func-
tions of the turning movements of the two shafts,
means for observing functions of the rectangular
coordinates of said element, two actuators for
the two shafts, and means interconnecting the
two actuators and the two shafts including var-
iable-speed transmissions and a return connec-
tion from at least one of the output shafts con-~
trolling said transmissions in such manner that
one actuator turns the two shafts so as to vary
only one of the rectangular coordinates of said
element while the other actuator turns the two
shafts so as to vary only the other rectangular
coordinate of said element, so that, when one of
said actuators is controlled to keep the observed
function of one of the rectangular coordinates of
said element constantly equal to g given variable
and the other of said actuators is controlled so
as to make the observed function of the other rec-
tangular coordinate of said element constantly
equal to another given variable, the resulting
turning movements of the two output shafts are
functions of polar coordinates corresponding to a
pair of rectangular coordinates whose functions
are equal to the given variables.

7. The combination of a transformer device
for transforming functions P, f of polar coordi-
nates into rectangular coordinates, a computing
device for computing the inverse functions F-1,
J7! of the polar coordinates of g point from mu-
tually independent functions of its two rectangu-
lar coordinates,
connected to the inputs of said computing de-
vice, and connections between the outputs of the
computing device and the transformer device.

8. The combination of a transformer device

for transforming the logarithm of the p coordi-
nate and the « coordinate of a point into its rec-
tangular coordinates, a computing device for
computing the logarithm of the p coordinate and
the » coordinate of a point from mutually inde-
pendent functions of its two rectangular coordi-
nates, manually-operable actuators connected to
the inputs of said computing device, and connec-~
tions between the outputs of the computing de-
vice and the transformer device.

9. The combination of a transformer device
for transforming polar coordinates into rectangu-
lar coordinates including a rotary element hav-
ing an equiangular spiral track, a computing de-
vice for computing the « coordinate and the log-
. arithm of the p coordinate of a point from mu-
tually independent functions of its two rectan-
gular coordinates, manually-operable actuators
connected to the inputs of the computing device,
and shafts connecting the outputs of the com-
puting device and to the transformer device, the
log p output being connected to the rotary ele-
ment of the transformer device which has the
equiangular spiral track.

10. A device for computing the « coordinate
and the logarithm of the p coordinate of a point
from independent functions of its rectangular
coordinates, comprising an azimuth output shaft,
a range output shaft, first and second input
shafts, a turnable controlling element, means for
multiplying the turning movément of the first in-
put shaft by the cosine of the angular position of

manually-operable actuators

[,
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the controlling element, means for multiplying
the turning movement of the second input shaft
by the sine of the angular position of the con-
trolling element, means for adding said products
and transmitting them to the range output shaft,
means for multiplying the turning movement of
the second input shaft by the cosine of the an-
gular position of the controlling element, means

- for multiplying the turning movement of the first
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input shaft by the sine of the angular position of

‘the controlling element, means for transmitting

the difference between said products to the azi-
muth output shaft, and a return connection be-
tween the azimuth output shaft and the con~
trolling element,

11. A device for distributing the turning move-
ments of two actuators between two shafts, com-
prising - four variable-speed transmissions and
two differentials, a connection between each actu-
ator and two of the transmissions, a connection
between two transmissions connected to different
actuators and one differential and a connection
from this differential to one of the shafts, & con-
nection between the other two transmissions and
the other differential and a connection between
this differential and the other shaft, a control
having a turnable element arranged to control
the speed ratio of two of the transmissions in ac-
cordance with the cosine of the angular position
of said turnable element and to control the speed
ratio of the other two transmissions in accord-
ance with the sine of said angular position, and
a return connection from one of the shafts to the
turnable element of the control,

12, Automatic training and elevating means for
an instrument, comprising a training shaft con-
nected to the instrument so that it turns in pro-
portion to the training angle which it gives the
instrument, an elevating shaft connected to the
instrument so that it turns in proportion to the
logarithm of the cotangent of the elevation angle
which it gives to the instrument, two polar coor-
dinate shafts, resolving means controlled by said
shafts, means controlled by said resolving means
for driving the training and elevating shafts at
rates proportional to the two rectangular coordi-
nates of a point whose polar coordinates corre-
spond to the turning of the first polar coordinate
shaft in direction and to the anti-logarithm of
the turning of the second polar coordinate shaft
in distance, a return drive connection between
the training shaft and the first polar coordinate
shaft, and a return drive connection between the
e%levating shaft and the second polar coordinate
shaft. :

13. Automatic training and elevating means for
an instrument comprising a training shaft con-
nected to the instrument so that it turns in pro-
portion to the training angle which it gives the
instrument, an elevating shaft connected to the
instrument so that it turns in proportion to the
logarithm of the cotangent of the elevation angle
which it gives to the instrument, two polar coor-
dinate shafts, resolving means controlled by said
shafts, means controlled by said resolving means
for driving the training ang elevating shafts at
rates proportional to the rectangular coordinates
of a point whose polar coordinate corresponds to
the turning of the first polar coordinate shaft in
direction and to the anti-logarithm of the turning
of the second polar coordinate shaft in distance, a
return drive connection between the training shaft
and the first polar coordinate shaft, a return
drive connection between the elevating shaft and
the second polar coordinate shaft, a setting means
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for adjusting the return connection hetween the
training shaft and the first polar coordinate shaft
to cause an angular displacement between said
shafts, and a second setting means for adjusting
the return connection between the elevating
shaft and the second polar coordinate shaft to
cause an angular displacement between said
shafts.

14, The combination with the training and ele-
vating means according to claim 13, of an indi-
cator operated by the instrument to indicate co-
ordinates of the object at which the instrument
is directed, and a superimposed indicator oper-
ated by the setting means‘to indicate the same
coordinates of the object.

15. The combination with automatic training
and elevating means according to claim 13, with
manual training and elevating means connected
to the instrument, and connections between said
two manual means and the two setting means for
automatic adjustment of the angular displace-
ment between’ the training and elevating shafts
and the two polar coordinate shafts.

16. Automatic means for causing a sight to
follow a target, comprising a training shaft con-
nected to the sight so that it turns in proportion
to the training angle which it gives the sight,
an elevating shaft connected t« the sight so that
it turns in proportion to the log rithm of the co-
tangent of the elevation angle which it gives the
sight, two setting shafts and two polar-coordi-
nate shafts, means for subtracting the turning
of the training shaft from the turning of the
first setting shaft and transmitting the difference
to the first polar-coordinate shaft, means for sub-
tracting the turning of the elevating shaft from
the turning of the second setting shaft and trans-
mitting the difference to the second polar-co-
ordinate shaft, a transformer having an element
so connected to the polar-coordinate shafts that
its angular position is proportional to the turn-
ing of the first polar-coordinate shaft and its ra-
dial position is proportional to the anti-logarithm
of the turning of the second polar-coordinate
shaft, means controlled by said element of the
transformer for rotating the training and ele-
vating shafts at rates respectively proportional
to the two rectangular coordinates of said ele-
ment, so that the sight automatically follows the
target when the first setting shaft is set to the
course angle of the target and the second setting
shaft is set at an angle proportional to the speed
of the target divided by its altitude.

17. The apparatus claimed in claim 16 in com-
bination with means operated by the training
and elevating shafts for indicating the position
of a point whose rectangular coordinates are the
first time derivatives of the rectangular coordi-
nates of a horizontal projection of the target, and
means connected with the setting shafts for in-
dicating the position of & point whose polar co-
ordinates are the course and speed to which the
shafts have been set, so that, when the setting
shafts are turned to bring the two points into
coincidence, the sight automatically follows the
target. -

18. Automatic means for causing a sight to fol-
low a target, comprising a training shaft con-
nected to the sight so that it turns in proportion
to the training angle which it gives the sight, an
elevating shaft connected to the sight so that it
turns in proportion to the logarithm of the co-
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tangent of the elevation angle which it gives fo
the sight, a power training shaft and a hand
training shaft and a differential connecting them
to the training shaft, a power elevating shaft
8§ and a hand elevating shaft and a differential con-
necting them to the elevating shaft, two setting
shafts and two polar-coordinate shafts, means
for subtracting the turning of the training shaft
from the turning of the first setting shaft and
10 transmitting the difference to the first polar-co-
ordinate shaft, means for subtracting the turning
of the elevation shaft from the turning of the sec-
ond setting shaft and transmitting the difference
to the second polar-coordinate shaft, resolving
15 means controlled by said polar coordinate shafts,
means controlled by said resolving means for
driving the power training shaft and the power
elevation shaft at rates proportional to the two
rectangular coordinates of a point whose polar
20 coordinates correspond to the turning of the first
polar-coordinate shaft in direction and the anti-
logarithm of the turning of the second polar-co-
ordinate shaft in distance, a connection between
the hand training shaft and the polar-coordinate
25 shafts arranged to turn the shafts so as to change
one of said rectangular coordinates, and g con-
nection between the hand elevating shaft and
the polar-coordinate shafts arranged to turn them
so as to change the other of said rectangular co-
80 ordinates.

19. Automatic means for causing a sight to
follow a target, comprising a training shaft con-
nected to the sight so that it turns in proportion
to the training angle which it gives the sight, an

35 elevating shaft connected to the sight so that it
turns in proportion to the logarithm of the co-
tangent of the elevation angle which it gives to
the sight, a power training shaft and a hand
training shaft and g differential connecting them

40 to the training shaft, a power elevating shaft and
a hand elevating shaft and a differential con-
necting them to the elevating shaft, two setting
shafts and two polar-coordinate shafts, means
for subtracting the turning of the training shaft
from the turning of the first setting shaft and
transmitting the difference to the first polar-co-
ordinate shaft, means for subtracting the turn-
ing of the elevation shaft from the turning of
the second setting shaft and transmitting the
difference to the second polar-coordinate shaft,
resolving means controlled by said polar coordi-
nate shafts, means controlled by said resolving
means for driving the power training shaft and
the power elevation shaft at rates proportional
to the two rectangular coordinates of a point
whose polar coordinates correspond to the turn-
ing of the first polar-coordinate shaft in direc-
tion and the anti-logarithin of the turning of
the second polar-coordinate shaft in distance, a
distributor having two actuators and two outpui
shafts so'interconnected that one actuator turns
the output shafts so as to change only one of the
rectangular coordinates corresponding to polar
coordinates which are functions of the turning
movements of the output shafts and the other
actuator turns the output shafts so as to change
only the other of said rectangular coordinates,
the two output shafts being connected to the set-
ting shafts and the two actuators to the hand
training and hand elevating shafts.
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