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Our invention relates to improvements in ap 
paratus for, and methods of, controlling guns 
and more particularly to improvements in mech 
anisms of the type known as predictors for de 
termining the angular displacements to be 
applied to a gun to enable it to be accurately 
laid on a target. The invention is therefore 
particularly applicable to anti-aircraft gunnery, 
but is also applicable to other types of gunnery. 
The invention forms one part of a conplete 

System Of gun control comprising a sighting unit, 
a predictor and a conversion unit which we have 
generally described in Our co-pending U. S. Pat 
ent application Serial No. 428,177, issued as 
Patent No. 1,979,155, wherein we particularly de 
Scribed and claimed the patentable features of 
the Sighting and conversion units. The present 
invention relates to the Sane System but more 
particularly to the predictor portion of it. 
Although Our invertion is applicallie to any 

type of Ordnance, we shal describe it in relation 
to anti-aircraft gunnery as it is particularly 
adapted and designed to solve the complex prob 
lens allising in that blanch of gunnery both on 
ships and On land. It Will be necessary, however, 
before explaining the invention in detail, to re 
Capitulate briefly the complete System of which it 
forms a part and which we have already de 
Scribed in general, and in detail as regards its 
Other portions, in co-pending application Serial 
No. 428,177, in oider better to explain the part 
played in the System by the predictor. 

tated briefly, our new method of solving the 
problems of determining the required direction of 
anti-aircraft glins is as follows. We first of all Ob 
tain a record of the present position of the target 
in relation to the observer, and with this record 
We combine data of the target traverse during 
the time of flight of the shelli and so obtain a 
record of the future or predicted target position 
Which the shell is required to hit. We determine 
the droop of the trajectory and the deflection of 
the trajectory due to Wind, and We set off these 
defections to determine the position which the 
gun axis is required to occupy. We then mate 

- ri'ialize this direction in the settings of a member 

O 
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which We call the "ideal gun', and therefrom we 
derive the actual settings which must be applied 
to a real gun in order to point it in the same 
direction as the idea gun. 

In order to record directions in space relatively 
to the observer, such as the present line of Sight 
to the target, we employ a system of three co 
Ordinate axes, OX, OY and OZ, of which OX and 
OY are horizontal and mutually perpendicular 

(C. 235-61.5) 
and OZ is vertical, the Origin O being at the 
observer. We record the direction of any vector 
relatively to this coordinate System by means of 
WO planeS pivoted on the axes OX and OY, 
which we shall call the X and Y planes respec- 5 
tively, which we tilt round their respective axes 
until they intersect along the required vector. 
The angular rotations of the X and Y planes 
from the vertical, or, as we shall call then, the 
X and Y angles, give a record of the direction of 
the vector. The azimuth of the axes OX and OY 
is arbitrarily placed at the convenience of the 
sight operators who can train them round OZ, 
but, more especially on board ships, they may be 
controlled by compass with reference to the 
cardinal or other points convenient to the 
observer. 
We provide mechanism for levelling two trun 

inions representing the axes OX and OY to elin 
iate the effects of tilt of the psedlesta or which 
they are carried or of the Ship or platform. On 
which the pedeStai is nollnted, and We also ar 
range that this levelling mechanism does not alter 
the azimuth of the axes, i. e. if the pedestal tiltS, 
the azimuth of the axes OX &nd OY Will be the 25 
same after the tilt correction is applied as it 
Was before the tilt occurred. We also a range 
that So long as the tilt of the training axis of 
the pedestal remains constant, as on a land 
mounting, the tilt correction holds good for any 30 
angie of training of the pedestal, while on Ships 
where the tilt is constantly varying We Way the 
tilt correction continuously by a gyroscopic con 
tro. 
The levelled trunnions representing the OX and 

OY axes are mounted in the sighting unit and 
associated with them we exploy a gimballed 
member, or “sight arm', to represent the direc 
tion of the line of sight, this sight arm being 
controlled by two members tilting round the 10 
OX and OY trunnions to represent the tilting X 
and Y planes. The sighting mechanism is SO ar 
ranged that in sighting on the target the Op 
erators point the sight arm straight at the target 
and in so doing transmit to the predictor the 

IO 

X and Y angles- measured by the tilting nove-... . . . 
ments of the X and Y plane members round their 
OX and OY trunnions. 
To determine the position of the target we re 

quire to know, in addition to the X and Y angles, 5) 
either the range or the height of the target, 
these being obtained from the range-finder Or 
height-finder respectively. When the target is 
at low elevations we prefer to use range as the 
datum, and at medium and high elevations target 
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height is more convenient. Our predictor is ar 
ranged to accept either height or range, but for 
purposes of pleliminary explanation of the sys 
tem. We shall consider the case where height is 
used with the target at a considerable angular 
elevation. 
In the predictor we receive the X and Y angles 

of the line of sight by transmission from the 
Sighting unit, and from these, together with the 
height Setting H, we derive the y and a coordi 
nates respectively of the present target position, 
i. e. the coordinates of that position projected 
On to the horizontal plane XOY, ac being Hitan 
Y and y = H.tan X. Target speed and course in 
relation to the air are set on a dial, as determined 
either by observation or by estimate, and by the 
Setting of this dial a crank pin is moved on a 
disc to a radius representing the speed, and in 
phase representing the direction relatively to 
OY, of the target's movement relatively to the 
air. This vector is then resolved into ac and y 
Components, and each of these iss-applied to a 
Separate slide through a variable-lever multiply 
ing mechanism whose fulcrum is displaced pro 
portionally to the time of flight of the shell, this 
qllantity being derived from a drum scale in the 
predictor, to produce movements of the slides 
proportional to the ac and y components of tar 
get air-traverse during the time of flight. These 
Components are then combined With the coor 
dinates of present target position to give c and y 
coordinates of the future or predicted target po 
Sition in relation to the air, and these coordinates 
are combined to set out a vector representing the 
component horizontal range of the future target 
position and itS azimuth relatively to OX and OY. 

Tithe coordinates of future target position could 
be combined with target height H to determine 
that position or to obtain the corresponding X 
and Y angles, but for purposes of gun settings 
We are not so much concerned with the future 
position of the target as with the direction of the 
gun axis required to hit the target in that po 
sition, and in determining this direction we must 
allow for droop of the trajectory and for the 
effect Of Withd. 

In the absence of wind, and neglecting drift, 
the gun axis produced intersects the vertical 
through the future position of the target. The 
point of intersection is higher than the target 
and may be termed for convenience the “gun 
axis position', and its height, which we shall 
Call 'gun height', denoting it by the hymbol Hg 
to distinguish it from target height H, is given 
by the expression Hg = R.tan (b in which R is the 
horizontal component range of the future target 
pOSition and () is the quadrant elevation of the 
gun. Knowing R and H, Hg can be plotted on 
a drum scale of curves as a function of R, the 
Cllrves being labelled in terms of different values 
Of H and the drum being mechanically rotated 
through an angle proportional to R by the vector 
Setting of R above referred to. To determine 
the direction of the ideal gun axis, therefore, 
We use Such a scale to give the value of Hg ap 
propriate to the Occasion and -SO-make full al 
lowance for the droop of the trajectory. 

In the case of Wind allowance, to avoid the 
ll Suai allowances for the effect of wind on both 
shell and target, we proceed on the principle that 
Once the shelli has left the gun it becomes part 
of a conservative System of shell, air and target, 
moving together with the velocity of the Wind. 
For that reason we set out, as already stated, 
the target course and Speed vector on the pre 
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dictor in terms of movement of the target, rela 
tively to the air and not relatively to the earth, 
and no allowance has then to be made for the 
down-wind deflection of shell and target. The 
only effect of wind with which we are then left 
to deal is an effect produced on the shell and 
not on the target, namely the gyroscopic deflec 
tion of the trajectory immediately the shell leaves 
the muzzle of the gun, this being in an up-wind 
direction relatively to the air and along the di 
rection of relative velocity between shell and air. 
To allow in the predictor for this deflection of 
the trajectory, we determine the horizontal ac and 
y components of the horizontal traverse Sub 
tended at height Hg by the angle between the 
axis of the gun and the direction of relative ve 
locity of Shell and air at the muzzle of the gun. 
For this lateral traverse we find a convenient 
expression Hg.coSec (b. W/V, the derivation of 
which we shall explain later, in which W is the : 
Velocity of the wind and W the muzzle velocity 
Of the shell. To obtain the ac and y components 
Of this quantity We set out a Wind vector repre 
Senting the direction and velocity of the wind 
relatively to OY and resolve it into ac and y con 
ponents, combining each of these with a variable 
lever mechanism whose fulcrum we adjust pro 
portionally to Hg.coSec (b/V by means of a third 
drum scale bearing curves of this quantity la 
belled in terms of H and rotated proportionally : 
to R. Since Hg = R.tan () and W is a constant 
each curve on the drum can be arranged to give 
an appropriate range of values of Hg.coSec (b/V 
for different values of R at a given value of H, 
Separate drums being provided for different : 
Values of W. Where the gun is itself in notion, 
as On a ship, We treat its linear motion as an 
additional component of relative wind. Ship's 
Speed and course relatively to OY are set out 
as a vector and resolved into C and y components, 
and these are combined with the ac and y con 
ponents of true wind to produce corresponding 
components of relative wind before being com 
bined with the Hig.coSec (b/V lever mechanism. 
By the mechanism. So far described we have 

obtained movements of slides proportional to the 
ac and y components or coordinates of (a) pres 
ent target position, (b) target traverse relatively 
to the air, and (c) horizontal defiection of the 
guin axis position to allow for wind. By means : 
of a simple arrangement of differential slides we 
add together all the ac coordinates and coin 
ponents and, separately, all the 2/ coordinates and 
components, giving resultant ac and y coordinates 
of the deflected gun axis position. These we 
could combine with height Hg to give the direc 
tion of the gun axis as two X and Y angles, but 
Since the gun axis position may be deflected con 
siderably from the present target position, and 
since the original OX and OY axes were located 
in azimuth to suit the convenience of the Sight 
operators, these axes may not be convenient axes 
of reference for the deflected gun. We there 
fore find it more convenient to introduce a Sec 
ond set of coordinate axes O'X', O'Y' and O'Z' 
to suit the gun. O'Z'-being vertical and O'X' 
and O'Y' horizontal and mutually perpendicular, 
O'X' and O'Y' being normally coincident With 
OX and OY but displaceable in azimuth rela 
tively to them according to the circumstances of 
the moment as determined by the predictor, but 
being in all cases convenient axes of reference for 
the gun. We then employ a mechanism similar 
to that used in the Sight, to control a gun axis 
member in the conversion unit, called the "ideal 
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2,009,264 
gun', so that it will point at the gun axis position 
determined by the predictor, its movements be 
ing related to two trunnions O'X' and O'Y' 
Whose azimuth is determined solely by the pre 
dictor. To control the movements of the ideal 
gun. We have to determine in the predictor not 
Only the azimuth of the axes O'Y' and O'X' 
but the Y' and X’ angles of planes pivoted on 
these axes and rotated from the vertical So as 
to intersect along the direction of the gun axis 
position. For this purpose we apply the vector 
Setting obtained for the horizontal range and 
azimuth of the gun axis position relatively to 
OX and OY to two other vectors or crank pins 
sliding at right angles to each other on two 
discs which can rotate equally on their centres. 
The displacements of the two crank pins then 
give respectively the ac' and y' coordinates of the 
gun axis position relatively to the axes O'X' and 
O'Y' disposed in azimuth relatively to OX and 
OY at any angle through which the discs may 
have been forced to SWing on their centres. The 
rotation of the discs is transmitted to the ideal 
gun as a training displacement, and the dis 
placements of the crank pins we utilize in the 
predictor to ascertain the required X’ and Y' 
angles which must be applied to the pivoted ele 
imants controlling the ideal gun. The crank pins 
are connected to a mechanism. Which produces 
linear displacements of two slides proportional to 
the movements of the crank pins On their re 
Spective discs, i. e. proportional to the ac' and y' 
ccordinates of the gun axis position. These 
movements we combine with the notion of a 
slide at right angles to them which we move 
through a distance proportional to Hg obtained 
from the second drum Scale mentioned above, 
rotating through an angle proportional to R and 
bearing curves of Hg labelled in terms of H. 
Each pair of slides applies a radial Setting to a 
crank pin which moves a pointer through an 
angle whose tangent, in one case, is ac'/Hg, and 
in the other case f/Hg, i. e. the Y and X’ angles 
respectively. 
angles to the conversion unit. Where they are ap 
plied to the controlling elements of the ideal gun. 
A “dummy gun' in the conversion unit, which 

is a small-scale replica of an actual gun and its 
mounting, is arranged concentrically with the 
ideal gun, that is their gimbal centres are both 
at O’, and we cause the dunny gun to maintain 
its axis collinear with or parallel to the axis of 
the ideal gun by follower mechanisms of Suitable 
type. Where the actual and dummy guns are 
gimballed or have more than tWO pivot axes, We 
constrain one of these axes to the COrresponding 
gimbal axis of the ideal gun SO as to ensure that 
any given position of the ideal gun. Will produce 
only one possible position of the dummy gun 
pivotage. The displacements of the dummy gun 
and its pivotage are obviously the Settings which 
must be applied to the actual gun in order to 
point it at the gun axis position, and We there 
fore transmit these displacements to the receiver 
pointers at the guns. 
-- The foregoing-is a general description of the 
system of gun control which we have invented 
and serves to explain our general method of pre 
diction and the part which the predictor occu 
pies in the system. In co-pending patent appli 
cation Serial No. 428,17 We have described and 
illustrated in detail the Sighting and conversion 
units, and we shall now describe and illustrate 
the predictor which forms the particular subject 
matter of the present invention. 

s 

Follower pointers transnit these 

3. 
Fig. 1 shows a diagrammatic representation of 

the predictor mechanism, developed to show all 
the several parts as far as possible in one draw 
ing. All the parts are shown in Operative rela 
tionship to each other so that the action of 
the mechanism can be followed more easily than 
in a complete structural design. To explain the 
system as adapted for use On board Ships We 
have also included in the lower right hand cor 
ner a diagrammatical Small-scale representation 
in plan of the director sight described in co 
pending application Seria No. 428,177 and of a 
gyro COInpa SS. 

Fig. 2 is a diagram showing the derivation of 
the quantities Hg and Hg.coSec (b.W/V. 

Fig. 3 is a section. On the axis of the “target' 
pointers 5 or 6 of Fig. 1. 

Fig. 4 is a section on the axis of the "gun’ 
pointers f37 or 38 of Fig. 1. 

Fig. 5 is a section on the axis of the “target 
height' dial 9 of Fig. 1. 

Fig. 6 is a section on the axis of the “range' 
dial 5 of Fig. 1. 

ig. 7 is a Section on the axis of the crank discs 
2 or 22 of Fig. 1. 
Fig. 8 is a section on the axis of the training 

dial 35 of Fig. 1. 
Fig. 9 is a section on the axis of the “target 

speed and course' dial 3 of Fig. 1, the “wind 
velocity and direction' dial 65 being similar. 

Fig. 10 is a diagram illustrating alterna 
five methods of obtaining the quantities Hg, 
Hg.coSec ci/V and time of fight from automatic 
cams instead of hand-operated drums. The 
drawing also shows an alternative method of ob 
taining the ac' and y' coordinates of gun axis posi 
tion. 

Fig. 11 shows a mechanism to eliminate the 
flexible cord 5 of Fig. for rotating the drum 
Scales. 

Fig. 2 is a Section on the axis Cf the crank disc 
258 or 259 of Fig. 10. 

Fig. 13 shows a pantagraph, and 
Fig. 4 shows a mechanical arrangement of 

Slides which we may use in the Fig. 10 arrangement 
instead of the pantagraph shown in Fig. 3. 

Fig. 15 shows a part of the conversion unit to 
illustrate a method of controlling the training of 
the ideal gun from the predictor. 

Before referring to Fig. 1 in detail it should : 
be explained that to simplify the drawings the 
framework and the guides in which the various 
slides , 8, 32, 33 &c. travel have all been omitted. 
It has to be understood, however, that all slides 
shown are carried in fixed guides which permit 
Cnly of lengthwise motion of the slides, except 
in the case of slide which slides lengthWise in 
a movable guide So that the slide can move 
both lengthwise and parallel to itself. 

Referring now to Fig. 1, the Y and X angles are 
transmitted respectively from the sight pedestal 
53, as explained in co-pending patent applica 

tion Serial No. 428.177, to two lepeat motors 
and 2 Which drive the toothed Wheels 3 and 4 
carrying the black pointers 5 and 6. The white 
follower pointers. 5 and 6' are power-driven in 
a nanner Which Will be described later so as to 
follow the pointers 5 and 6 respectively by means 
Of Vertical slots in the slides 7 and 8 which en 
gage with crank pins 9 and O, sliding respectively 
in slotted cranks and 2 ( is shown in Fig. 
3), fixed to the Spindles of the white pointers 5’ 
and 6' and collinear with these pointers the power 
being applied indirectly, as will hereinafter ap 
pear to the slides 7 and 8. These sliding crank 
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4. 
pins also engage in horizontal slots 3 and 4 in 
the tal'get height side 5 which is set in accord 
ance with the indications of target height trans 
mitted to the repeater motor 6, this motor driv 
ing a gear wheel which carries the black 
pointer 8 and moves the pointer Over a heigh, 
Scale 9. A secticn of this dial is shown in Fig. 
5. The white pointer 8 is made to follow the 
black pointer 2 by the hand wheel 20 through 
the worn gear 2, differential gear 22 and worm 
3, while the height slide 5 is moved with the 

pointer 8 through the pinion 24 engaging with 
the rack 25 on the slide 5. 

If the distance of the crank pin 9 below the 
centre of pointer 5' represents to Scale the target 
height H and the pointer 5 is tilted through the 
angle Y, the motion of the slide 7 necessary to 
align the pointers is ac=H.tan Y, and sinnilarly 
the motion of slide 8 in aligning pointers 6 and 6' 
is y=H.tan X. These movements of the slides 
are therefore proportional respectively to the ac 
and y coordinates of the presertedlarget position 
relatively to the signt datum axes OX and OY. 
The pointer 3’ may be driven alternatively by 

the motor 26 and worn gear 2 through the dif 
ferential gear 22, The object of this method 
is associated with the direct control of the gy 
slide 8 when using range instead of height at 
low elevations of the target, which will be de 
Scribed fully later. 
Target air-speed and heading are set on a 

crank pin 39 on a crank disc 3: , ShOWn in detail 
in Fig. 9. The pin is mounted on the centre of 
a slide 2 which moves in dia.netral guides on 
the disc 3, and the phase of the pin, to represent 
the direction of the target air-course relatively to 
OY, is set by rotating the disc by means of the 
milled head 202 relatively to the fixed index 23. 
A second pin mounted eccentrically On the un 
cler-side of the side 29 engages in a Spiral can 
slot in the circular plate 204 fixed to Oile end of 
a spindle 205, and the radial Setting of the pin 
to represent the air-speed of the targct is pro 
dulccd by lotating the milled head 23 and can 
plate 204 relatively to the knob 282 and disc 3, 
a scale of speeds being engraved On the knob 
206 to read against an index on Knob 202. The 
disc 3 can be rotated (without altering the rel 
ative position of crank pin 33) by a repeat Xo 
tor 257 controlled by a transmitter 53 at the 
director, the notch driving a worn wheel 23 
and chain wheel 289 which are fictionally con 
nected to the knob 202 as shown in Fig. 9. The 
transmitter 54 transnits the azimuth of the axis 
OY, so that when target coilise has once been set 
on dial 3, the setting does not have to be al 
eled for any change in the azimuth of CY be 
cause as the axis OY is trainad Olind by the 
director training hand-wheel i36, the crank disc 
3 is similarly rotated by the nic to 20. 
To facilitate the phase setting of dial 3 the 

director canopy may be fitted with a dial 2: 9 
marked in degrees, zero being on the bearing of 
the axis OY. Pivoted on the centre of this dial 
there is an index 2: , shown as a model of an 
aeroplane, and on picking up a target the oper 
ator Swings the index model round until it is 
parallel to the apparent heading of the target, 
not the apparent course. The bearing of the in 
dex 2 on scale 2.0 is then the correct phase 
Setting for the dial 3 1. For purposes of lining up 
the disc, the knob 282 can be rotated relatively 
to disc 2.2, but otherwise there is no relative 
motion between these two parts which engage 
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frictionally and are turned together by the mo 
to 20. 
The crank pin 30 engages with two 45° slots 

in the horizontal slides 32, 33, these slots rep 
resenting in this part of the mechanism the 
directions of axes OY and OX. These slides are 
also provided with vertical slots 34 and 35 which 
engage with pins 33 and 37 at the ends of levers 
38 and 39 pivoted on fulcrulin pins 3 and 4 on 
the horizontal bar 32 which is fixed to a vertical 
slide 43. The slide A3 can be moved up and 
down by the handwheel 64 through the screw 
and nut 45-46. The handwheel 54 also moves a 
pointer 47 along the “time of flight' drum scale 
48 through the bevel gears 49. The lower ends 
of levers 38 and 39 are slotted and engage with 
pins 50 and 5 fixed to horizontal slides 52 and 
53, 53 being longer than 52 and its centre por 
tion being show in cut away to disclose the latter. 
When the pointer 7 is set to Zero on the drun 
48, the pins 40 and 4 are coaxial respectively 
With pins 5) and S. So that novement of the 
slides 32 and 33 produces no movement of slides 
52 and 53, but if the pointer is set by the hand 
Wheel 44 away from zero to the curve correspond 
ing to the observed target height, the slide 43 and 
level's 38 and 39 are raised by an annount propor 
tional to the horizontal movement of the pointer 
47, and movement of slides 32 and 33 will then 
prodice movement of slides 52 and 53. 

It has been explained that the crank pin 30 is 
Set in a dius and phase to represent the air-Speed 
and leading of the target relatively to OX and 
OY, that the 45 slots in slides 32 and 33 repre 
Sant respectively the directions of the axis OY 
and CX, and that the phase setting of the crank 
pin is atcnatically naiintained collect, ill rela 
tion to OX and OY by the motor St. It will 
therefore be seen that the setting of the crank 
pin 23 will produce in the slides 32 and 33 hori 
Zontal displacements which are proportional to 
the ac and y coordinates of the setting of the 
crank pin, i. e. the ac and y coordinates of the pin 
relatively to the disc, multiplied by 2. The 
Curves On the drun are culves of time of flight 
for given target heights and given horizontal 
ranges, and, aS Will be Seein iaiter, the drum is 
rotated through an angle proportional to the 
horizCntal range R of the future tal'get position 
The movement of the pointel is aid cf the full 
cra, 40 and 4t is therefore proportional to the 
time of flight of the shell at the observed tal'get 
height and the predicted horizontal range, SO 
that the movements of slides 52 and 53, which are 
respectively the novernents of slides 32 and 33 
nultiplied by movement of the fulcra. 43 and , 
are respectively proportional to the ac and 2) Con 
ponents of the target air-traverse during the 
tine of fight of the shei. 
Coordinates of future target position relatively 

to the air are obtained by adding together the 
inotions of silidos i and 52 to give an ac coordinate, 
and 8 and 53 to give a y coordinate. This is done 
by differential slide mechanisms, the sums being 
in parted to slides 54 and 55 respectively. One 
differential side iihecht this in censistS-of-a-pinion 
52 carried by the slide 52 and gearing With a 
rack 7 on slide 7 and a rack 55' on Slide 54; the 
other comprises a pinion 53 on Slide 53 meshing 
with racks 8 and 55 on slides 8 and 55 respec 
tively. 
The movements of slides 5 and 55 therefore 

give respectively the ac and y coordinates of future 
target position relatively to the air on Which, in 
the absence of wind, the gun is to be laid. We 
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2,009,264 
combine these coordinates at right angles by 
neans of the two 45 slots 54d and 55d in the 
Slides 54 and 55. These slots engage with a dou 
ble Slide block carrying a central pin 56, and the 
In OVenents in parted to the Slides 54 and 55 cause 
this pin to move radially from a central position 
to a distance which represents on a reduced 
Scale of 

1:2 
the resultant of the movements of the slides, 
but Since the latter novements are themselves 
produced by displacement of the slides 32 and 
33 which are 

-V2 
times the coordinate displacements of pin 30 on 
disc 3, the displacement of the pin 56 gives the 
horizontal range of the future target position on 
the Same Scale as is used for the setting of the 
Crank pin 3. 
We use this radial displacement of the pin 56 

to rotate the three drum scales 6t, 8 and 62 
Which carry different families of curves used in 
the proceSS of prediction, all of the curves being 
plotted On a base of horizontal range of future 
target position. For this purpose the pin 56 in 
its central position is exactly opposite a small 
hole in a fixed plate 58 and a cord 57 which is 
attached to the pin is passed through the hole 
and WOund Once or twice round a pulley 60 on 
the shaft 59 to which the three drums are at 
tached. The cord is kept under slight tension 
by a Spring (not shown) on the shaft 59 and as 
the pin 5S is displaced radially in any direction 
in proportion to the horizontal range of the fu 
ture target position, the three drums are rotated 
proportionally. 

Having now determined data for the future tar 
get position relatively to the air, we have next 
to ascertain the position of the gun axis to hit 
the target in that position. In this we must take 
into consideration two factors, namely the droop 
Of the trajectory and the effect of Wind. 
The allowances which we make for these factors 

are derived by means illustrated diagrammati 
cally in Fig. 2. In the absence of wind, and neg 
lecting drift, if the gun is situated at O and laid 
With Quadrant elevation (b. So as to hit the target 
in its future position T at horizontal range R., 
then the gun axis produced cuts a vertical line 
through T at a point G, which is the 'gun axis 
position' for the conditions stated and whose 
height Hg is given by the expression Hg =R.tan (b. 
In Our Conversion unit we do not wish to material 
ize the future position of the target T which the 
gun is required to hit, but the point G at which 
the gun axis has to be pointed in order to hit T. 
By taking Hg as the height of this position we 
therefore nake full allowance for the droop of 
the trajectory. 
When there is a Wind, it has one effect that is 

COrian On to both shell and talget, both of then 
being deflected down-wind. By setting the “tar 
get course and speed' dial to target heading and 
air-speed We make it possible to neglect this effect 
entirely because if the gun is laid so as to hit the 
target in the future position which it will occupy 
in Still air, it will Still hit the target when there 
is a Wind (except for a deflection which we shall 
CCInSide innediately) because the Wind Will af 
fect both target and shell equally. The defec 
tion which we have just 1mentioned as an excep 
tion is Cne Which We ntlst take into account as 
it is due to an effect Which Wind produces on the 
shell alone. After the shell leaves the gun it be 

5 
comes part of a conservative system of shell, air 
and target moving together with the velocity of 
the Wind, but at its moment of entry into this 
System the shell, having an initial velocity along 
the axis of the gun, has its axis inclined to the 
direction of the air resistance, in consequence of 
Which it preceSSes quickly in Spiral fashion round 
the line of relative velocity between shell and 
air and quickly settles on that line. This initial 
deflection may be due to true wind or to nove 
ment of the gun, as on a ship, or to both, that is 
to say, it is due to relative wind between the air 
and gun. This angular deflection of the trajec 
tory is in an up-wind direction relatively to the 
air and We must take it into account in fixing the 
final gun axis position. 
As we have been dealing throughout with po 

Sitions and linear movements in the horizontal 
plane, What we have now to determine is the 
horizontal intercept subtended at height Hg 
by this angular deflection of the trajectory, and 
We then nove the gun axis position in the oppo 
site direction by an equal amount. In Fig. 2, if 
there is a wind, let OW be measured along OG to 
represent on any scale the muzzle velocity W of 
the shell, and let VW be drawn horizontally to 
represent on the same Scale the velocity of the 
relative wind W, then draw GG' parallel to WW 
to meet OW in G'. Then if the gun is laid along 
OG' the shell will be deflected very quickly along 
OW, the direction of relative velocity of shell and 
air and will hit the target at T, as required. The 
required displacement of the gun axis position 
from G is therefore GG', which is 

Or Hg.coSec (b.W/W. This expression is not strict 
ly correct because we measured the length. W 
along OG while the initial velocity of the She 
in Wind is actually along OW, but since the ve 
locity of the shell is very large compared with 
that of the strongest wind, the formula is both 
convenient and sufficiently accurate for the 
purpose. As the deflection of the trajectory 
is upwind, We have to deflect the gun axis po 
Sition downwind by an equal amount, i. e. by 
an amount equal to Hg.coSec (b. W/V. for pur 
poses of land gunnery W is true wind, but on 
board ship W is relative Wind. So that ship's 
COllrSe and Speed must be included as a COInpO 
nent. We could set relative wind on a dial Sin 
ilar to dial 3, but the setting Would have to be 
continually altered with every change of the 
Ship's course, because on a ship the angular change 
of relative wind is not equal to the change of 
course. In order to obviate this necessity for 
resetting we employ two dials, one for true Wind 
and one for ship's speed and course, the first 
being automatically compensated for changeS in 
the azimuth of OY and the latter for changes in 
the ship's course relatively to OY, so that neither 
dial requires to be reset for a change of course 
or a change in the azimuth of OY. 

Fig. 1 shows the method which we employ to 
combine true wind and ship's course and speed 
to give relative wind. The true Wind crank disc 
65 carries a crank pin 66 which is set in radius 
to wind velocity and in phase to wind direction 
relatively to OY, the mechanism being similar 
to that of the target speed and course dial 3 
shown in Fig. 9, except that the motor 29, and 
Wormwheel 208 are omitted, and instead the 
chain wheel 209 is coupled by a chain 23 to 
the corresponding chain wheel of dial 3?. Ship's 
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speed and course are similarly set on a dial 67 
carrying a crank pin 68, the mechanism of which 
is also similar to that of Fig. 9 except that it 
has no chain wheel and the motor 94 by which 
it is automatically rotated at every yaW or change 
of course is controlled by the transmitter 55 
at the director which transnits the bearing Of 
the ship relatively to OY. The wind setting of 
crank pin 66 is resolved along OX and OY by 
the 45° slots 69 and 7 in the slides and 72, 
which are thus displaced in proportion to the ac 
and of components of true wind. Similarly the 
crank pin 68 engages in 45° slots in slides 3 and 

4 and displaces these slides in proportion re 
spectively to the ac and y components of ship's 
speed. In this connection it must be noticed 
that although we call this setting a setting of 
ship's speed and course, since it is actually a 
component of relative wind the crank pin must 
be actually set to the speed and course of the 
air relatively to the ship, i. e. if the ship's course 
is actually in the direction relatively to OY 
which we have shown by the plan of a ship on 
dial 6, the crank pin must be moved towards 
the Stern of this model ship. In the case of the 
true wind crank pin 66, on the other hand, the 
setting must be made in the direction in which 
the wind is blowing, that is towards the tip of 
the alrow on the dial, the arrow being set rela 
tively to the fixed index in the direction in which 
the wind is blowing relatively to OY. 
The two ac components of relative wind given 

by slides and 23 are combined by a lever 75 
and applied to a slide 76 on which the lever is 
pivoted at its centre, and they components given 
by slides 2 and 4 are similarly combined by a 
level and applied to a slide 8. The nove 
ments of sides 76 and 8 are therefore the ac and 
ly components of relative wind on half the scale 
by which the sides 7 f, 72, 73 and 74 are displaced, 
Or 

272 
times the Scale of movement of the crank pins 
66 and 68. To obtain the ac and 2) compo 
nents of the deflection of the gun axis position 
we have now to multiply these components by 
Hg.coSec (b/V. This quantity we obtain from the 
drun scale 52 which bears a family of curves of 
Hg.coSec ch/V for different values of H, separate 
interchangeable druns being provided for dif 
ferent values of W. By means of a handwheel 9 
an operator keeps a pointer 80 aligned with the 
appropriate curve of H on the drum as it rotates 
through R, and by So doing he causes a screw and 
nut gear 3 to move a vertical slide 82 which car 
ries a cross-bar 33, whose arms carry two swing 
ing levers 34 and 85 pivoted respectively on pins 
83 and 8 on the cross-bar 83. A slot in lever 84 
engages pins 88 on the slide 89, and 90 on slide 
6, while a similar slot in lever 85 engages pins 

9 on side 92 and 93 on slide 78. When pointer 
8) is set at Zero on the drum 62 the fulcrum pins 
28 and 3 are in line with pins 88 and 9, but as 
the pointer is moved along the drum to its appro 
priate curve the fulcra. 86 and 87 are-raised pro 
portionately, i. e. in proportion to Hg.coSec ch/V. 
The resultant novements of slides 89 and 92 are 
therefore proportional respectively to the ac and y 
cornponents of Hg.coSec g). W/V, or of the required 
horizontal displacement of the gun axis position 
to allow for relative Wind. 

In the case of position artillery on land where 
relative wind is true wind, the dial 67 and levers 
75 and 77 will be unnecessary and the slides 89 
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and 92 can then be controlled by the direct co 
operation of slides and 72 with the vertical 
movement of the cross-bar 33 and levers 84, 85. 
In the absence of wind the gun axis position 

is vertically over the future target position and 
has the Sane horizontal coordinateS. To obtain 
coordinates of the deflected gun axis position we 
have therefore merely to add the components of 
wind defiection to the coordinates already Ob 
tained for the future target position. That is to 
say, We have to add together the displacements 
of slides 54 and S9 to give the ac coordinate of the 
final gun axis position, and of slides 55 and 92 to 
give the y coordinate. For this purpose racks 
54'' and 95'' on Slides 53 and 96 ninesh with a pin 
ion 89 on slide 89, and similar racks 55' and 97'' 
on Sides 55 and 9i mesh with a pinion 92" on 
slide S2. The slides 35 and 97 then give re 
spectively the ac and y coordinates of the final 
gun axis position at which the gun has to be 
pointed. 
The continuous operation of the mechanism SO 

far described is effected by noving the sides 96 
and 97 So as to keep the pointers 5' and S' con 
tinuously in line with the X and Y angle receiver 
pointers 5 and 6 despite the movements intro 
duced by the slides 52, 53, 89 and S2 and despite 
the movements of the pointers 5 and 6 them 
selves. This may be done by hand, but we pre 
fer to use power automatically controlled by rel 
ative displacements between the pointers. The 
slide S3 is displaced by a motor 98, worm gear 99 
and screw gear 09, this motor being controlled 
by contacts between the pointers 5 and 5'. The 
slide 9 is Sinilarly noved by a motor Of through 
worn gear 2 and screw gear f03, the motors 
being controlled alternatively by contactS between 
the pointers 6 and 6' or by other contacts be 
tween the pointers 24 and 34’ on the range dial 

5, the pointer 34' being driven by a rack and 
pinion gear f06 cpcrated by the slide 8 through 
the connecting rod i? 7. The current to motor 

f is Switched over from One set of pointers to 
the other by the switch 33. We shall explain 
later the reason for this alternative control of 
Side 9. 

Having thus obtained on slides 95 and 97 the 
ac and 2) coordinates of gun axis position, We COin 
binethern at right, angles to obtain a vector rep 
resenting the horizontal component range of that 
position. We turn the notion of slide 97 through 
90° Cn to the vertical slide 3 by a 45° slot on the 
slide 39 engaging with a pin 9 on slide 9. The 
horizontal motion of slide 95 and the vertical no 
tion of slide 39 are then imparted jointly to a 
slide which slides in a guide f 2 fixed to the 
slide 39 and having a pin i ! 3 engaging with a slot 

4 on slide S3. The slide also carries tWO 
other pins 5 and S which engage respectively 
in the slots and $ in two Oldham couplings 
sliding at right angles to each other in diametral 
slots ; ; 9 and 25 cut in the faces of two Similar 
discs 2 and 22. The movement of the pin 

3, being compounded of the ac and 2) component 
motions of slides 33 and 59, is proportional to 
the horizontai range of tie gun axis position, and 
as the pins 35 and 5 move parallel to it from 
zero positions on the centres of the discs 2 and 
22, the atter pins will be displaced on their re 

spective discs in proportion to the horizontal 
range of the gun axis position. The Slots 
and 8 of the Oldham couplings are at right 
angles respectively to the slots 9 and 29 and 
the latter are also kept at right angles to each 

5 

O 

20 

30 

35 

40 

55 

30 

70 

75 

  



is . W.' 

5 

10 

w 
U 

B 5 

d) 

5 5 

(30 

5 

2,009,264 7 
other by the connecting rod f 23 coupling the two 
discs which are free to rotate on their centres. 
The azimuth of the axes OK and OY is at the 

disposal of the sight operators, being fixed rela 
tively to the training canopy 53 of the director 
Sight 52, so that, in vicw of the large displace 
ments Winicin may possibly be found between the 
azimuth of the present target position on which 
the sight is laid and the azimuth of the gun axis 
position on Winich the gun has to be directed, 
these axes might not be convenient axes of refer 
ence for the glin. For this reason we leave the 
discs 2 and 22 free to rotate On their centres 
and we take the directions of their slots 3 and 
129 to represent the directions in azimuth of a 
Second Set O axes O'K' and O'Y' which are dis 
placeable in a zinlith relatively to OX and CY by 
rotation of the discS, and to these new axes We 
refer the pins i is and 3 in order to derive ac' 
and y' coordinates of the gun axis position. 
In Fig. 7 we show the mechanisin of the disc 

2 , 22 being sinillar. The disc 2 has a diam 
etra Siot 9 in which slides the Oldham cou 
pling Side which has an external slot 
to receive the pin 5 Cin the slide . An inter 
nal rack Cn the coupling ineshes With a pinion 
23 fixed to a spindle 25 pivoted. On the axis of 

the disc and carrying at its other end a pinion 
i25. A pinion 23', Siriaiiar to 2, is cut Cn the 
end of the sleeve to which the disc 2 is 
fixed. Thus rotation of pinion 28 relatively to 
i2G 1'epresents movement of the Oldham cou 
pling along the slot 9. This movement is 
conveyed to a slide 23 by a differential slide 29 
carrying a pin on which are pivoted the pinions 
f3, 33' eigaging respectively with racks cut, 
on the sides i3 i, 3 with which the pinions 
2 and 26' respectively engage. Pinion 33' also 
engages with a fixed rack 32', while the pinion 
3 engages with a lack 33 fixed to the Slide 28. 

It will ba secn that novenient of the pin is in 
the Outer slot and rotation of the disc 2 
can produce no ovement of the lack 28, but 
movement of the Oldham coupling in the 
slot 9 produces a proportionate movement of 
slide 28. It will also be seen that if the pin 

5 is displaced radially on the disc 2: in any 
dilection, this may entail only a sliding move 
ment of niil i 3 in slot , or a sliding of coupling 

in slot 3, or a rotation of disc 2, or any 
CCinbination Cf these nevements according to 
the direction cf notion of the pin and according 
to the relative friction of the turning and sliding 
movements. At low elevations of the gun axis 
position the radius of pin 5 will be compara 
tively large so that the resultant movement Will 
be largely, O' entirely, a iotary motion of the disc 
&nd a slidiing moveinent of pin 5 in slot, 
without moving the Oldham coupling 7", whiie 
at needium and high elevations the radius of pin 
| 5 will be shorter so that there will be less level 
age to thin the disc and a greater tendency to 
displace the coupling it'. With the two discs 
copied together as in Fig. 1, of coulse, it is ob 
vious that if in the case of one disc the pin moves 
only in the outer slot of the Oldham coupling, the 
pin on the other disc can only produce movement 
of the coupling on the other disc. 
In the Fig. 1 arrangement, the slots 9 and 
23 being representative of the directions of the 
new axes O'X' and O'Y', it will be seen that the 
movements of the Oldham couplings 7' and 
i8 in thcir respective slots give respectively the 
ac' and ly' coordinates Of the gun axis position re 
atively to the axes O'X' and O'Y', while the 

azimuthal displacement of O'Y' relatively to OY 
is given by the rotation, if any, of the discs. The 
coordinate movements of the Oldham couplings 
are also communicated respectively to the slides 
i 28 and 33. 
We now require to fix the position in our con 

version unit, as described in patent application 
Serial No. 428,177, of a vector member or ideal 
gun so as to point at the gun axis position. The 
ccnversion unit contains two horizontal trun 
nions representing the O'X' and O'Y' axes, each 
carrying a pivoted element, these representing 
X' and Y' tilting planes by whose angular rota 
tions the position of the ideal gun is fixed. To 
Operate this mechanism We therefore require to 
determine the requisite X" and Y angles given 
by y' = Hg.tan X" and ac'=Hg.tan Y". The mech 
anism is similal' to that of the sight pointers 
5 and 6 but operating in the reverse direction. 
The ac' slide 28 carries a slotted arm 35 which 
engages With a Crank pin in a slotted crank 36 
(Fig. 4) innediately under the black pointer 
23 and attached thereto, while the y' slide 33 
Similarly engages With a pin sliding in a slotted 
crank attached to the black pointer i33. A hor 
izCntal Slide 39 carries a pointer 48 registering 
With the curves of Hg (= R.tan (b) on the drum 
Scale Gi and is set by handwheel 4 which en 
gages With the slide through the bevel gears 32 
and Screw gear 43. The slide 39 carries two 
slotted arms 44 and 45 which engage respec 
tively With the crank pins actuating the black 
pointers 37 and 38. At Zero position of the 
pointer 39, these crank pins are exactly in line 
With the pivots of the pointers 37 and 38, so that 
as the pointer 43 is moved to the right to the 
appi'Opi'iate vallie of Hg, the black pointers are 
SWilling by the slides 28 and 33 through the 
angles whose tangents are respectively Hg/ac' 
and Hg ?y', or the angies Y and X" respectively. 
Follower pointers 37 and 38 are driven by 
InotorS 68 and 49 through the worm gears 43 
and 47, the motors being controlled by contacts 
between their associated pairs of pointers. The 
motorS also drive transmitters 3 and 5 which 
transmit the Y' and X’ angles to the conversion 
unit. Where they are applied to fix the position of 
the ideal gun. 
There remains the question of controlling the 

training of the guns. The training angle which 
has to be applied to them, or to receiver pointers 
at the guns, is compounded of three separate dis 
placements, namely (d) the training of OY rela 
tively to the ship, (b) the deflection of O'Y' from 
OY, and (c) a training correction, which we have 
fully explained in our co-pending application 
Serial No. 428,77, which may be required in some 
Circul Stances to allow the gun to accorn in Odate 
itself to the application of a Y angle or a cross 
leveling correcticn when the cross-levelling 
gimbal trunnion of the gun is not coincident with, 
Or parallel to, the OY axis of the ideal gun. Of 
these three cornponents the first is determined 
by the Sight, the Second by the predictor and the 
third by the conversion unit, and we prefer to 
Combine--theim before-application--to-the-gun 
pointers. This can be done in several ways, but 
the method illustrated in Figs. 1, 8 and 15 is prob 
ably the Simplest. 
We are considering the case of an installation on 

bCard a ship in which the pedestal of the sighting 
and conversion units is fixed to the deck, the units 
themselves being trainable relatively to the ped 
estal. AS shown diagrammatically in Fig. 1, the 
director pedestal 52 is fixed to the deck and the 
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canopy 53 which contains the Sighting unit and 
its OX and OY trunnions is trainable relatively 
to it by the handwheel 55, reduction gearing 
57 and Worm 58. To prevent disturbance of the 
azimuth of the OX and OY tunnions by yaW 
or change of course of the ship, a Second control 
from the gyro compass 59 is introduced through 
the repeat motor 60, Spur gear 6 and differen 
tial gear 62, So that as the ship ya WS or changes 
course the canopy trains equally and oppositely 
and the sight datumn axes remain fixed in azimuth 
except for any change of azimuth applied to them 
by the handwheel 56. The transmitter 54 there 
fore transmits the azimuth of OY, While trans 
mitter 55 transmits the training of OY relatively 
to the ship, or the ship's bearing relatively to OY, 
and this latter trinsmission We utilize in control 
ling the training of the ideal gun in Order even 
tually to control the gun training pointers. 

In the predictor a training dial 95 carries a 
pointer or airn 3 which is fitted With a con 
tact trolley f6 bearing against aSegnental tWO 
part commutator 65 on the dial. The pointer 
is controlled by a double epicyclic gear ShoWn 
more fully in Section in Fig. 8. It Comprises two 
Sun pinions 66 and 57 carried respectively by a 
Spindle 88 and a sleeve 63 which houses the 
Spindle, these carrying at their other ends the 
worm wheels ; O and 7 respectively. The 
planet pinions 2 and 3 of the epicyclic gears 
are pivoted respectively on discs and E5, the 
former Of Which is Carried by a loose Sleeve fitted 
with a crank pin S which is connected by 
the connecting rod 34 to the Swinging discs 2 
and 22 Of Fig. 1. So as to SWing through the an 
gle YOY. The disc 5 is mounted on a Short 
Spindle 78, coaxial with Spindle 68 and the 
pointer 63 is fixed to the other end of this 
Spindle 8. All the epicyclic pinions 2 and 3 
mesh With an internally toothed annulus 77. 
The worm wheel 7 is driven by the repeat no 
tor 9 which is controlled by the transmitter 55 
at the director So as to be rotated in proportion 
to the training of OY relatively to the ship, and 
the D. C. reversible notor 89 which drives the 
worm wheel. It is controlled by the contact of 
the trolley f64 on the Segments of the commuta 
tor 65. The gearing is arranged so that if the 
deviation of OY relatively to the ship, and of 
O'Y' relatively to OY are in the same sense, the 
two resultant displacements of the trolley 64 
Will be in the Sane direction and on the same 
Scale. The trolley will therefore be displaced on 
the commutator through a distance proportional 
to the algebraic Sum of the training angle of 
OY and the deflection of O'Y' from OY, and 
the motor 80, in restoring the trolley to zero 
drives a transmitter f3 (Fig. 1) which accord 
ingly transmits to the conversion unit the train 
ing angle of the gun datum axis O'Y'. 

In Fig. 15 We show how this transmission is 
utilized in the conversion unit. We have al 
ready described the conversion unit in co-pend 
ing application Seria No. 428,177 and we now 
Show only a Small part of it to explain the train 
ing control, this being part of Fig.15 of our co 
pending application modified Somewhat to adapt 
it to Ship use. The ideal gun pedestal 280 and 
the dummy gun pedestal 28 are both mounted 
On the Same training axis provided by the main 
pedestal 52 and the hollow cylindrical pillar 
52 rigidly mounted thereon. The ideal gun 

pedestal 280 carries a circular training rack 282 
Which gears with the repeat motor 283 controlled 
by the training transmitter 8 at the predictor 
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(Fig. 1) to which we have just referred. The 
ideal gun pedestal 289, which Supports the O'X' 
and O'Y' datum trunniOnS, is therefore trained 
So as to bring the O'Y' trunnion into the azi 
muth determined by the predictor, and the dun 
ray gun pedesta 28 trains With it because the 
elevating trunnions of both the idea and dunny 
guns are the Sane trunnion, as shown in Fig. 16 
of our co-pending application referred to. This 
constraint between the ideal and dunny guns 
has the effect that if both are elevated flon the 
horizontal and either a CrOSS-levelling adjust 
ment or a Y” angle is applied to the ideal gun, 
the dunny gun, in following the moverinent, must 
deviate its pedestal 28 through a Small angle in 
training relatively to the ideal gun pedestal 289, 
and this is the additional training correction 
which we must apply to the actual guns. The 
dunny gun pedesta 28 carries a contact roller 
28S bearing against a two-part commutator 285 
on the toothed ring 288 which is pivoted coaxial 
ly with the dummy gun pedestal and is driven by 
a D. C. reversible notor 286 which also drives 
through Suitable gearing a transmitter 28. 
is clear, therefore, that the motor 285 will cause 
the ring 288 to follow all training novements of 
the dunny gun, whether these are due to training 
of the ideal guin pedestal 289 to the bearing of O'Y', 
Or to the additional training displacement of 
the dummy gun pedestal relatively to the ideal 
gun pedestal. The transmitter 28, will therefore 
tranSmit to pointers at the actual guns the total 
training displacement required to point them at 
the gun axis position determined by the predictor. 

For use in land fortresses where there is no 
yaWing Or change of course to be taken into con 
sideraticn, the gyro compass 59, motor 53, dif 
ferential gear 62 and transmitter 55 can all be 
eliminated, the handwheel 56 and transmitter 
f54 being connected direct to the director canopy 
raining worm 58. The repeat motor 9 on the 

predictor training dial would then be controlled 
by the trainSmitter 54, and this notor could also 
be used to rotate the dials 3 and 65 instead of 
notor 28, as in the mechanism shown in Fig. 8 
the Worm wheel must run in the same direc 
tion as dials 3 and 65 for a given change of 
a Zimuth Of OY. If therefore a chain Wheel of 
Suitable size be attached to the Worm wheel 
it CCuld be used to drive the dials 3 and S5, but 
this applies only in the case of use on Shore Where 
yaW has not to be taken into consideration. It 
Will be seen in Fig. 1 that the motors 33 and 9 
of dials S and 95 are controlled by the same 
transmitter, and it might be thought that One 
motor and a chain drive might serve the purpose. 
Examination will Show, however, that the wheels 
controlled by these two motor's run in Opposite 
directions, so that a single motor can be used to 
drive both only if means are adopted to drive 
the dials in opposite directions. 
The arrangement, so far daScribed Works well 

So long as the target is at a fairly high angular 
elevation, but at low elevations the tangent 
mechanism controlling the pointers 5' and 6 
does lot function properly because. Of the Wely 
large variation in velocity ratio between the 
pointers and their controiling motors. At low 
elevations the most convenient method of Opei'at 
ing the sight and the guns also changes because 
training becomes a more convenient means of 
dealing with change of azimuth than cross-tilting 
cf either the sight or gun. The sight Operator 
then has no need for the tilting Y plane and can 
control his line of sight by training and elevating 
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2,009,264 9 
the X plane, the Y plane being kept vertical. 
Horizontal range is then a more convenient vari 
able to Select in place of target height, but since 
the range may change very rapidly and only spot 
readingS can be obtained from the range-finder, 
We prefer to set the range pointer 04 moving at 
a rate representing the rate of change of hori 
ZOntal range, i. e. dy/dt, by means of a constant 
Speed notor 8 (Fig. 1) driving a continuously 
variable speed gear 82, the output spindle of 
which drives through a differential gear 83 a 
Worm which drives the Worm wheel f84 con 
pound with the pointer 04. Electric contacts 
between the pointers 04 and 04' are made to 
control the motor O, which, by driving slide 9, 
drives the slide 8 and also the pointer 04 
through the rod OT and rack 06. The speed of 
the slide 8 is controlled by the arbor 85 of the 
variable Speed gear which is moved by the lever 
86, this lever carrying on a pivot 87 a second 

lever 88 which engages at its ends with a pin 
89 on slide 33 and a pin 90 on slide 78. We 
have already seen that the motion of slide 78 
is the y component of relative Wind on a Scale 
of half that applied to slides 72 and 74, while 
the motion of slide 33 is they component of tar 
get air-Speed on the same Scale aS is applied to 
slides 72 and 74; hence if the pivot 87 is placed 
relatively to the pins 89 and f 90 in the ratio 2:1, 
the motion of the pin 87 will represent the Sum 
of the y components of target air-speed, true 
wind and ship's Speed on a Scale one-third of that 
applied to sides 33, 2 and 4 and will obviously 
be proportional to the rate of change of horizon 
ta, range. The notion of the arbor 85 of the 
Speed gear 82 is therefore set in proportion to 
the rate of change of horizontal range and the 
Speed ratio is chosen SO that the motion of slide 
8 is equal to the rate of change of range. When 
spot readings of range are obtained, corrections 
are applied to the pointer iO4 by the handwheel 
f 9, worm gear 92 and differential gear 83, 
these corrections being passed on to the slide 8 
and pointer 04' by the motor fo?. The height 
slide 5 is then controlled from the pointers 6, 6 
So that it will not interfere With the Snooth ac 
tion of slide 8. As the nechanism of the pointers 
6, 6' is a true tangent mechanism, if the hori 
Zontal range is set correctly the height pointer 
8' must indicate the correct height On the dial 
9, so that if the latter reading is obviously wrong 

it indicates an error in the range Setting and a 
correction can then be applied by the handwheel 
9. At low elevations the control of the Y 

pointer 5' by the Slide may be defective when 
that pointer is vertical, and for that reason. We 
may use synchronizing springs between the 
pointers 5 and 5' So that they tend to keep to 
gether and a Small force is required to separate 
them. These springs are shown in Fig. 3. Fixed 
to the Spindle which carries the pointer 5' and 
the slotted crank it is a disc 93, and loose on the 
same Spindle is another disc 94 to the hub of 
which are anchored two similarly-wound springs 
{95 and 95, the outer ends of these being fas 
tened to pins fixed respectively to the Spur wheel 
3 of pointer 5 and the disc 93 of pointer 5. 
These pins project through a quadrantal notch 
cut in the periphery of the disc 94 and are nor 
mally kept pressed against the Same side of the 
notch by the tension on the Springs, thus holding 
the pointers 5 and 5' in alignment. When the 
pointers are forced apart one or other of the 
pins is pulled away from the side of the notch, 

thus introducing a Spring force tending to realign 
the pointers. 

In normal working at intermediate target ele 
vations and up to and through the Zenith, the 
switch 08 is thrown over so that the motor 
is controlled by the pointers 6, 6' and the pointers 
04, 04' control nothing. The height pointer 8' 

can then be set by hand, or preferably it is con 
trolled by contacts between the pointers 8, 8. 
actuating the motor 26. At low target elevations 
the director sight is conveniently worked by ele 
vating and training only, the Y plane being kept 
vertical, which brings the pointers 5, 5' vertical. 
The switch 08 is then thrown over into the posi 
tion shown in Fig. So that the motor O is con 
trolled by pointers 04, 04' and the height motor 
26iscontrolled by pointers 6,6'. When working at 
low elevations if the SWinging discs 2 and 22 
were left entirely to their own devices, it might 
be possible for the sight operators to be working 
With Zero Y angle, while the predictor worked out 
a Y angie Which it might be inconvenient to ap 
ply to the gun. To ensure therefore that in such 
Circunstances the guns may also Work with Zero 
Y' angle, except for levelling adjustments, and 
that they will instead receive the full training 
defection YOY", we may arrange a device to lock 
the Oldham coupling slot centrally on its disc 
2, or more simply, to lock the slide 28 in its 
mid position so that the pointer 37 will be at 
Zero and the motor 48 will transmit zero Y angle 
to the conversion unit. This will not interfere 
in any Way with the ideal gun determining and 
applying to the dummy gun and the actual guns 
the correct cross-levelling adjustment, but it 
Will ensure that in circumstances in which train 
ing is preferable to cross-tilting of the gun, the 
guns will be deflected through the full training 
angle Which Will make it possible to dispense With 
croSS-tilting, except for the cross-levelling adjust 
ment which must be applied in any case to con 
penSate for tilt of the training axis. The condia 
tions may be determined by the Sight Operators 
Who, by making a pre-arranged Signal, say by 
closing a Switch at the director which lights a 
lamp at the predictor, can Warn an attendant 
at the predictor to lock the slide 28 and throw 
over the Switch 08. Alternatively the Signal 
Can be made at the gun. When the gun crew find 
that training becomes preferable to cross-tilting, 
or it can be made at the predictor itself, say by 
the X" pointer 38 closing a contact on coming 
below a certain elevation which it is decided is 
the minimum elevation at which a Y angle can 
be conveniently applied to the gun. In this con 
nection it should be observed that there is nothing 
in the mechanism to become jammed even if the 
sight is operated by X and Y angles with the slide 
28 in the predictor locked. In these circum 

stances the predictor will simply determine the 
correct elevation and training angles for the gun 
axis position from the X and Y angles of the 
line of sight received from the predictor. Alter 
natively, by leaving the slide 28 free, it is equally 
possible for the predictor to receive from the 
director a zero Y angle- and a training. displace 
ment of OY, and derive therefron, together with 
the X angle of the moment, an X and a Y angle 
for the gun, that is to say, the sight may be oper 
ated solely by laying and training while the gun 
can be operated by the movement of the X and 
Y' planes, with or without a training displace 
ment. The system is therefore exceedingly elastic 
and permits of the sight or gun being operated 
accurately on the method of operation most 

O 

15 

20 

25 

30 

35 

40 

15 

55 

60 

65 

O 

75 



5 

O 

-0 

5 5 

ti) 

O) 
Suited to the circumstances of the moment irre 
Spective of the method of operation of the other. 

In Fig. 1 we have shown two different types 
of multiplying levers. The lever 33 has a slot 
at Olne end and a pin at the other, the interne 
diate pivot being at a fixed distance from the 
pin. I ever 84, on the other hand, has its fulcrun 
at One end and a long slot engages with two pins 
which move along parallel paths. In the former 
case if p is the variable distance between pins 50 
and 40, the lever multiplies the motion of slide 
32 by the factor p /a, where a is the fixed distance 
between pins 35 and 89, but this applies only for 
Small angular motions of the lever because the 
motion of one slide varies with the sine of the 
obliquity and the motion of the other with the 
tangent. In the case of lever 84 both slides move 
according to the tangent of the obliquity, but 
the lever multiplies by the factor p/ (b. --p) where 
b is the fixed distance between the paths of the 
pins 88 and 98) and p is the variable displace 
nent of the fulcrum 86. In order that the no 
tion of Slides 89 and 92 may be correct we plot 
the curves on drum 62 not as curves of the func 
tion f-Hg.coSec (b/V but as curves of f/(1-f); 
which makes the motion of the slide proportional 
to f. In the case of lever 38 also the two Slides 
which it connectS move in opposite directions, 
Whereas in the case of lever 84 they move in the 
same direction and the curves are plotted to allow 
for this difference. We may either have the ap 
proximate mechanism of lever 38 with the curves 
of the function, or the true mechanism of lever 
84 with curves of f/(1-f). 
We shall now refer to certain alternative con 

structions illustrated in Figs, 10 to 14. 
The method of introducing corrections by 

means of curves plotted on drums has the dis 
advantage that at every important change of 
range or target height the pointers have to be 
reset by hand, while the continuous operation 
of the predictor cannot be automatic. It is pos 
sible, however, by Suitably shaped cams to dis 
pense with the curves and to make the whole 
Operation automatic. Suppose, for example, the 
time of flight' drum 48, instead of being cylin 

drical, is shaped so that its outline on a cross 
Section at a distallice g from one end is the polar 
curve of time of flight plotted against range for 
the particular target height corresponding to the 
distance 2, the diffel'ence between the radius r 
at any point on the curve and the minimum 
radius ro being proportional to the time of flight 
for a range represented by the angle 0 between 
the two radii. Then if a roller is held against 
the cam while the latter is moved axially through 
a distance 2 and l'Otated through an angle t from 
itS Zero position, the radial displacement (r-ro) 
of the roller will be proportional to the time of 
flight for the range corresponding to 0 and a 
tal'get height corrosponding to 2. The applica 
tion of this method is shown in Fig. 10 which 
represents an alternative to part of Fig. 1, cor 
l'esponding parts being similarly numbered to 
facilitate conparison. 
The three can dilums 68, 6 and 62, Constructed 

as just described, are fixed to a spindle 215, one 
Cnd of which is Supported in a fixed bearing 26 
and the other end is splined in the hub of the 
Spur Wheel 2 which is supported in the fixed 
bearing 28, so that the drums can be displaced 
axially by means of the fork 29 mounted on the 
Screw 220 and engaging with the grooved pulley 
22 on the shaft 2 5 and it can also be rotated 
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of the spur wheel 27. The screw 229 is con 
nected through bevel gearing 222 or by any con 
venient means to the Worm shaft 23 (FigS. 1 and 
5) which drives the target height, follower pointer 
8', so that the axial displacement of the cams 
from their zero position is propolitional to tar 
get height. A rotational displacement propol 
tional to range might be imparted to the cans 
directly by the cord 57, as in Fig. 1, but on account 
of the greater friction. We prefer to employ a 
relay between the cord and the drums. The 
cord 57 is therefore connected merely to a Spring 
constrained pulley 223 carrying a contact pointer 
224. A follower pointer 224 is fixed to the worm 
Wheel 225 driven by the motor 226 controlled by 
contacts between the pointers 224 and 224, and 
the pinion 228, which is fixed to the Spindle of 
motor 226, meshes with the spur wheel 27 and 
therefore rotates the cams proportionally to the 
horizontal range of the future target position. 
Rollers 229, 230 and 23, pivoted on arms carried 
by loose sleeves 232, 233 and 234 on the fixed shaft 
235 are held pressed against the cans by Springs 
(not shown) and the profiles of the three CanS 
are generated, as already explained, So that the 
rocking motions conveyed to the three sleeves are 
proportional respectively to the height Hg, the 
time of flight, and Hg.cosec (b/V or Such functions 
of these quantities as may be necessary in the 
light of explanations already given in the case 
of drums 48 and 62 of Fig. 1. The first-mentioned 
displacement is conveyed to the slide 39 by the 
bevel wheels 236 and toothed sector 237 which 
engages with a rack cut on the slide. The second 
is conveyed to the vertical slide 43 by the toothed 
sector 238 fixed to the sleeve 233 and meshing 
with the rack 239 on the slide 43. The third is 
similarly communicated to the slide 82 by the 
toothed sector 240 fixed to the sleeve 234. 
A mechanism which may be used to replace 

the cord 57 for conveying the cams of Fig. 10 or 
drums of Fig. 1 the required rotation propor 
tional to horizontal range of future target posi 
tion is shown in Fig. 11, the parts which already 
appear in Fig. 1 being similarly numbered. The 
fixed plate 58 carries a tube 24, the axis of 
which passes through the intersection of the 45 
slots in the slides 54a, and 55a, when these are in 
their zero position. A piston 242 sliding in the 
tube is keyed to the sleeve 243, which Slides on 
the tube 24 and carries the disc 244, by means 
of the pins 245 passing through longitudinal Slots 
246 in the tube 24. The piston is constrained 
by the compression spring 247 so that the disc 
244 presses against the rim of a conical cup 248, 
while the ball 249, whose centre is on the inter 
section of the axis of the cup 248 and the plane 
of its rim, is pressed against an internal Sphen'- 
ical seating in the end of the tube 24. A second 
ball 250 on the axis of the cup 248 engages 
without shake in a hole in the slide-block 25 
which sides in the 45 slots in the slides 54a and 
55a and follows their intersection. Thus when 
the slide 25i is displaced in any direction from 
its zero position, the piston 242 is given a pro 
portional axial displacement which is conveyed 
by means of a rack 252 to a pinion 253 which may 
be either fixed to the drum spindle 2 is Fig. 10) 
or 59 (Fig. 1) or may carry the contact pointer 
224 of the relay (Fig. 10), if a relay is used. 

Fig. 10 also illustrates an alternative method of 
obtaining the c' and y' coordinates of the gun axis 
position. The slides 96 and 97, actuated as in 

through almost a complete revolution by means Fig. 1, carry 45 slots 255 and 256 which engage 

O 

2 5 

30 

40 

50 

5 5 

30 

75 



-- - 

5 

10 

3 5 

40 

45 

60 

65 

5 

2,009,264 
with a double slide-block on which the pin 3 
is centrally nounted. The discs 258 and 259 are 
arranged with their centres on the same horizon 
tal line as, and equidistant from the pin 3 
in its zero position, both discs being free to rotate 
and being linked together, as before, by the con 
necting rod 23. A section of one of the discs 
is shown in Fig. 12. The disc 258 is carried by a 
sleeve 260 in a bearing in the predictor case, and 
the sleeve is fitted at its other end with a pinion 
26. Housed in the sleeve is a spindle 262 fitted at 
each end with pinions 263 and 264, of which 263 
is at the same end as, and of the same size as, 
pinion 26 , while pinion 284 meshes with an inter 
nal rack on the slide 235 which runs in a diametra 
slot on the face of the disc, the slide 255 caliying 
the pin 6. The pinions 25 and 263 mesh re 
spectively at opposite sides with racks on the 
slides 266 and 26 which also mesh with an idle 
pinion 268 (Fig. 10) on the slide 33. If the 
disc 258 turns on its centre With no relative 
displacement of the slide 255, the slides 266 and 
26i are moved equally in opposite directions so 
that there is no movement of slide 33, but if the 
radius of pin S is altered, there will be rela 
tive movement between pinions 26 and 283 and a 
proportionate Sliding movement of the slide 33, 
the proportion being disternined by the relative 
diameters of the pinions 264, 26 and 268. We link 
the three pins 5, 3 and S together by a 
pantagraph 269, shown dotted in Fig. i0. The 
guide slots on the discs 258 and 59 are at right 
angles to each other and represent, as indicated, 
the new axes O'X' and O'Y', and any novelinent 
innparted to the pin 3 produces either a sliding 
movernent of either or both of pins 5 and 3, 
together possibly with a rotation of the discs 258 
and 259. The displacements of pins iS and it 3 
give the y' and ac' coordinates of the gun axis po 
sition, while any rotation of the discs gives inc 
angle YOY". The displacements of the pills 5 
and S on their respective discs are conveyed 
through the Slides 28 and 33 to the crank pins 
associated with the pointers 3 and 38, as be 
fore, in order to determine the corresponding X' 
and Y angies. 
The paintagraph used to connect the pins 3, 
5 and 3 may be of the ordinary type shown in 

Fig. 13 or of any mechanically equivalent type, 
such as the differential sliding type shown in Fig. 
14. In this form the central pin 3 forms; a 
pivot for the double-armed guide bar 2 alnd for 
a pinion 21 which meshes with two opposed racks 
cut on slides 22 and 273 which slide in opposite 
directions in the guide bar 27, the slide 272 being 
pivoted on the pin 6 and 23 on pin 3. With 
this arrangement the three pins are always in 
line, the end pins being equidistant from the 
centre One, while the line on which they lie can 
tilt about 33, or about 5 or S. The coordi 
nates derived in this nanner by the pins 5 and 

3 are twice the coordinate Settings of pin 3 or 
21-2 times the scale of movement of the slides 
96 and 9. 
We claim:- 
1. Predictor mechanism comprising means 

movable in accordance with the height of the 
“gun axis position', the linear COOrdinates of said 
position along two horizontal coordinate axes 
other than the pivot axes of the gun, and means 
to determine mechanically from Said height and 
said linear coordinates the angular coordinates 
of said position, being the angular displacements 
of two planes pivoted respectively on Said coordi 
nate axes and rotated from the vertical so as to 

intersect along the line joining the origin of Said 
coordinate axes to said "gun axis position'. 

2. Predictor mechanism comprising means to 
determine mechanically and continuously the 
linear components, along two horizontal coordi 
nate axes, of the present position of a moving 
aerial target, of the target traverse relatively to 
the air during the time of flight of the shell, and of 
the horizontal deflection of the point of burst 
of the shell due to the gyroscopic deflection of 
the trajectory caused by Wind, and means to coin 
bine said components algebraically So as to de 
termine the horizontal coordinates of the "gun 
axis position' along Said coordinate axes. 

3. Predictor mechanism comprising means to 
displace members in proportion respectively to 
the components, along two horizontal coordinate 
axes, of the present position of a moving aerial 
target, of the target traverse relatively to the air 
during the time of flight of the shell, and of the 
horizontal deflection of the point of burst of the 
shell due to the gyroscopic deflection of the tra 
jectory caused by wind, and means to combine 
the displacements of said members mechanically 
so as to displace an element by an aim Oulint propor 
tional to the horizontal component range, and in 
a direction representing the azimuth, of the gun 
axis position relatively to the said coordinate axes. 

4. Predictor mechanism comprising means to 
displace members in proportion respectively to 
the components, along two horizontal coordinate 
axes, of the present position of a moving aerial 
target, of the target traverse relatively to the air 
during the time of flight of the shell, and of the 
horizontal deflection of the point of burst of the 
shell due to the gyroscopic deflection of the tra 
jectory caused by wind, means to combine the dis 
placements of said linenbers mechanically SO as 
to displace an element by an amount proportional 
to the horizontal range, and in a direction repre 
Senting the azimuth, of the gun axis position rela 
tively to the said coordinate axes, and means to 
derive mechanically therefrom the horizontal 
coordinates of said position along two other CO 
ordinate axes in the same plane as, but angularly 
displaceable relatively to, the first said coordinate 
axGS. 

5. Predictor mechanism comprising a vectOl' 
element displaceable in a plane in any direction 
from a fixed centre, two slotted discs pivoted on 
their centres for rotation in said plane and linked 
together so that they rotate equally and in the 
same direction with their slots at right angles to 
each other, two members sliding respectively in 
said slots and linked to said element So that move 
ment of the element displaces said members in 
proportion to the components of the radial dis 
placement of the element relatively to two l'otat 
able coordinate axes denoted by Said slots. 

6. Predictor mechanism comprising a vector 
element displaceable in a plane in any direction 
from a fixed centre by component movements ap 
plied in two intersecting directions representing 
coordinate axes, two slotted discs pivoted on their 
centres for rotary movement in said plane and 
linked together for equal rotary movement in the 
same direction with their slots inclined to each 
other at a constant angle, two members sliding 
respectively in said slots and linked to said ele 
ment so that component displacements applied to 
the element produce respective displacements of 
said two members in proportion to the Com 
ponents of the radial movement of the element 
from its centre measured along the rotating Co 
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ordinate axes denoted by Said rotating slots, and 
means to convey to other mechanisms the radial 
movements of each of Said members along its re 
spective Slot and the rotary movement of Said 
discs. 

7. Predictol mechanism comprising mechanism 
adapted to be actuated continuously in accord 
ance With the azimuth of one of two mutually per 
pendicular coordinate axes and the present posi 
tion of a moving aerial target in relation to both 
of Said axes, mechanism displaceable in propor 
tion to the speed and course of the target rela 
tively to the air, mechanism displaceable in pro 
portion to the direction and Velocity Of the air 
relatively to the gun, and means Cooperating with 
all said mechanisms to determine mechanically 
and continuously factors determining, in relation 
to two other horizontal coordinate axes, the direc 
tion of the gun axis position and the angular dis 
placement between Said first and Second sets of 
COOrdinate axes. 

8. Predictor mechanism for determining the 
horizontal displacement of the point of burst of 
a shell due to gyroscopic deflection of its trajec 
toly caused by Wind, comprising a mechanism 
displaceable in proportion to the direction and 
velocity of the air l'elatively to the gun, two mem 
bers movable respectively in proportion to the 
linear conponents of Said velocity along two holi 
Zontal coordinate axes, a device displaceable in ac 
cordance with variations in the instantaneous 
value of Hg.coSec (b/V, in which Hg is the height 
of the gun axis position and of its quadrant eleva 
tion, and V is the muzzle velocity of the shell, and 
means for multiplying the movement Of each of 
said two members by the movemeint of Said device 
to determine the linear conponents of Said hori 
Zontal displacement. 

9. Predictor mechanism comprising means to 
resolve the radial setting Of a vector member into 
two connponents along directions inclined to each 
Other, comprising two parallel slides each carry 
ing a slotted arm, Said SiOtS being ecually and 
oppositely inclined to their respective slides and 
inclined to each other at the angle Of inclination 
of said directions, and engaging at their point of 
intersection with said vector member, whereby a 
setting of the vector member displaces the two 
slides parallel to each other in proportion respec 
tively to the components of the vector setting 
along the two interSecting directions defined by 
the two slots when the vectol Setting is zero. 

10. Pledictor mechanism comprising means to 
adjust a vector member in radius and phase by 
two slides moving parallel to each other, said 
means comprising two slotted arms carried re 
Spectively by the two parallel slides, Said slots be 
ing equally and oppositely inclinca to their re 
spective slides and inclined to each other and en 
gaging at their point of interSection with said 
vector member so that the vector member is at its 
Zero position when the slides are at their rospec 
tive zero positions, whereby displacements ap 
plied to the slides in proportion to the components 
of the required vector Setting along the directions 
defined by the slots in the-Zero-position-of- the 
slides produce a displacement of the vector nem 
ber in radius and phase proportional to the re 
sultant of Said componentS. 

11. Predictor Rechanism comprising a movable 
element adjustable in accordance with the angul 
lar elevation of a target, a follower element, a 
range pointer and a lange follower pointer, a foll 
lower mechanism for causing Said follower ele 
ment and follower pointer to follow the first said 

2,009,264 
element and range pointer respectively and having 
an independently adjustable coacting part, actu 
a ting means controlling movements of Said foll 
lower mechanism and adapted to be controlled by 
relative displacements between said pointers, and 
other actuating means controlled by relative dis 
placement of the Said elements for adjusting said 
coacting part in accordance with the height of 
the target. 

12. Predictor mechanism comprising a vector 
member settable in radius and phase to represent 
the wind velocity and direction relatively to the 
earth, a Second vector member Settable in radius 
and phase to represent the velocity and direction 
of the gun relatively to the earth, a third member 
displaceable in proportion to the instantaneous 
Value of Hg.coSec (b/V, and two elements dis 
placeable by cooperation of the three said men 
bel's in proportion respectively to components of 
Hg.coSec (b. W/V, being the horizontal displace 
ment of the gun axis position due to the gyro 
scopic deflection of the trajectory of the shell 
caused by the relative movement between the gun 
and the air. 

i3. Predictor mechanism comprising a vector 
member displaceable in a plane and in any direc 
tion from a fived centre, two discs pivoted on their 
celtres equidistant from, and on a line passing 
through, said centre, two vector members sliding 
in diametral slots On Said discs, Said slots being 
arranged at right angles to each other, a connec 
tion between said discs to permit them to rotate 
equally on their centres, and a paintagraph con 
necting said three vector members, whereby a 
movement of first said vector member may pro 
duce a diametral movement of either or both of 
said Second and third vector members and/or a 
rotation of said discs, or any combination of Said 
movements according to the direction of move 
inent Of first Said vector member and the friction 
of Sald diametral movements of the second and 
third members and rotary motion of the discs, 
means to displace two elements in proportion re 
Spectively to the diametral movements of said 
Second and third Vector members and means to 
displace a third element in proportion to rotary 
nOWennent of Said discS. 

i4. Predictor mechanism comprising a vector 
member displaceable in any direction in a plane 
from a central Zero position, and means to dis- : 
place a member in proportion to radial displace 
ments of said vector member irrespective of the 
direction of Said movement comprising a clear 
ance hole in said member at right angles to Said 
plane, a ball sliding in said hole and carried by a 
stem pivoted on a fixed centre external to Said 
plane, said centre being on a line at right angles 
to said plane through said zero position of the 
vector member, a conical cup carried by said stem. 
an element moving axially along said line, a disc 
parallel to said plane and moving axially With 
said element, and means to keep said disc con 
stantly in contact with the rim of said cup, where 
by said element is moved axially in proportion to 
radial movement of the vector member. 

- - 15. Predieter mechanism comprising...tWO mem- . 
bel's movable respectively in proportion to the 
components of target speed and relative wind 
speed in the vertical plane of the line of Sight to 
a target, a lever pivoted on both said members, a 
pin positioned on said lever so that the move 
ments of said pin produced by movements of Said 
two members are on the same Scale, whereby the 
movement of said pin is proportional to the rate 
of change of the horizontal component of the 
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range of the target, a range indicator, a con 
Stant Speed device, a variable speed gear connect 
ing Said device and indicator for driving the in 
dicator at a speed controlled by the device, and 
a connection between said device and said pin for 
controlling Said indicator in accordance with the 
said rate of change of range. 

6. Predictor mechanism having elements 
adapted to receive factors determining the pres 
ent position of the target relatively to two hori 
Zontal coordinate axes, members adapted to be 
displaced in proportion to factors determining the 
position of the gun axis position relatively to two 
other horizontal coordinate axes, and a training 
dial having a part displaceable in proportion to 
movements in a Zinnuth of one of Said first coordi 
nate axes relatively to a given direction, a part 
displaceable in proportion to the difference in 
azimuth between said two sets of axes, and a third 
member mechanically displaceable in proportion 
to the algebraic Sun of the novements of the 
other tWO Said parts. 

17. Predictor mechanism comprising a receiver 
element adapted to be controlled from a distance, 
a follower element adapted to be kept in a fixed 
relation to Said first element, a movable member 
for actuating said follower element and a plu 
rality of other movable members adapted to be 
displaced independently by Varying amounts, dif 
ferential means for coupling all said movabie 
nnenbers in series and a final member coacting 
With Said nowable members and differential 
means so that, said final member being fixed, the 
first said movable member is displaced by an 
amount proportional to the Sun of the movements 
of the other novable members, power means con 
trolled by relative displacements between said 
receiver element and follower element for dis 
placing said final member whereby said final 
member is moved by an amount proportional to 
the sum of the movements of Said plurality of 
movable members plus an amount Varying with 
the movement of Said receiver element. 

18. Predictor mechanism comprising means to 
add together a number of independent displace 
ments, comprising a receiver element, a follower 
element for Sane, actuating means for said foll 
lower element, a primary element connected to 
said actuating means, an output element connect 
ed to said primary element through a plurality of 
differential gears arranged in series, that is to 
say the said primary element is connected to the 
input member of the first differential gear and 
the said output element is connected to the out 
put member of the last differential gear, the out 
put member of each differential gear except the 
last being connected to the input member of the 
next following differential gear, means to apply 
independent displacements to the intermediate 
members of the differential gears so that, the out 
put element being fixed, the said input element 
Will be displaced in proportion to the Sum of Said 
applied displacements of the intermediate mem 
bers, power means to displace the output ele 
ment, said power means being controlled by the 
relative position of said receiver and follower ele 
ments, whereby the said output element is dis 
placed by Said power means So as to maintain the 
receiver and follower elements in a fixed relation 
to each other and by an amount proportional to 
the sum of the displacements of the intermediate 
members plus an amount varying With the dis 
placement of the said receiver element. 

19. Predictor mechanism comprising elements 
movable in accordance with data of the present 
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position of the target, the course and Speed of 
the target, and the Velocity and direction of the 
Wind, and three movable mechanisms controlled 
by movements of said elements, the first of said 
movable mechanisms having movement represent 
ing the change of azimuth of two horizontal 
coordinate axes, and the Second and third having 
angular movements respectively proportionai to 
the angles of tilt of tWo in aginary planes pivoted 
On Said axes and inclined from the Veltica. So as 
to contain the required direction of a gun to hit 
said target. 

20. Predictor mechanism comprising members 
displaceable respectively in accordance with the 
present position of a target, the Speed and course 
Of the target, and the Velocity and direction 
of the wind, an element actuated by displace 
ments of Said first and Second nenbers in ac 
cordance with the horizontal range of the full 
ture target position, a second element actuated 
by said third member and first element in ac 
cordance With the horizontal range and azimuth 
of the "gun axis position', a part actuated by 
said first element and a Second part aSSOciated 
With said first part and displaceable in propol 
tion to the height of the said 'gun axis posi 
tion', and means to combine the movementS Of 
said second element and second part to deter 
ine the linear and angular coordinates of Said 

“gun axis position' relatively to two horizontal 
coordinate axes. 

21. Predictor mechanism comprising an ele 
ment displaceable in direction and amount O. 
represent the horizontal range and azimuth of 
the “gun axis position' relatively to the two 
horizontal coordinate axes, other neans con 
trolled thereby in accordance with the linear 
coordinates of Said position along tWO Other holi 
Zontal coordinate axes, a Scale mOVable in pro 
portion to Said horizontal range, and a member 
asSociated with Said scale and movable in pro 
portion to the height of said "gun axis position'. 

22. Predictor mechanism comprising neathS 
actuable in accordance with the present position 
of a moving aerial target, means actuable in 
accordance with the velocity and direction of the 
Wind relatively to a gln, means actuable in a C 
Cordance with the movements of the target l'el 
atively to the air during the time of flight of a 
shell fired thereat from said gun, a rotatable 
mechanism representing two horizontal coordi 
nate axes rotatable in azimuth and leans ac 
tuated for rotating the Said mechanism and Com 
prising elements movable relatively to Said mech 
anism in proportion to the linear coordinates, 
with respect to said axes, of a point on the di 
rection through their origin with which a gun 
must be aligned in order to hit Said target. 

23. Predictor mechanism comprising elements 
displaceable respectively in accordance With (1) 
the present position of a target, (2) the target 
traverse relatively to the air during the time 
of flight of a shell fired at said target, and (3) 
the horizontal displacement of the point of burst 
of said shell relatively to the air due to Wind, 
a member actuated by said first and second ele 
ments in accordance - with the horizontal range-- 
of the future target position relatively to the 
air, a member associated with said first member 
and displaceable in accordance with the height 
of the 'gun axis position', parts actuated by 
said three elements in accordance with the linear 
coordinates of the said "gun axis position' rela 
tively to two horizontal coordinate axes and 
three other elements actuated by Said last men 
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ber and said parts in accordance with the an 
gular displacements to be applied to a gun in 
three intersecting planes in order to align the 
gun with said gun axis position. 

24. Predictor mechanism comprising a movable 
primary element, a follow-up element for Same, 
a trail of differential gears connected in Series, 
the output element of each gear except the last 
being connected to the input element of the next 
succeeding gear and the output element of the 
last gear being connected to the said follow-up 
element to actuate the same, means to apply in 
dependent displacements to the follow-up ele 
ment by moving the intermediate elements of 
any of the differential gears, and power means 
actuated by relative displacements between the 
primary and follow-up elements and acting on 
the input element of the first differential gear 
for moving the follow-up element through the 
tlain of gears So as to cause the follow-up ele 
ment to follow the primary element 

25. Predictor mechanism comprising elements 
movable in accordance with data of the present 
position of a target, the course and Speed of said 
target, and the velocity and direction of the Wind, 
members representing the directions of two hori 
ZOntal coordinate axes, a part associated with said 
members and controlled by movements of Said 
elements so as to represent relatively to said 
members the direction and horizontal range of 
the 'gun axis position' projected on to the 
plane of Said axes, an element actuated in ac 
Cordance With ballistic data pertaining to a gun, 
and two members actuated partly by said part 
and partly by Said last element in accordance 
With the angular rotations of two imaginary 
planes pivoted respectively on two other hori 
ZOntal COOrdinate axes and tilted from the ver 
tical So as to contain the 'gun axis position'. 

26. Predictor mechanism comprising members 
adjustable in accordance with received data of 
the present position of a target, the Speed and 
coll"Se of Said target, and the direction and vo 
locity of the wind, an element movable by said 
members in proportion to the horizontal com 
ponent of the range of the "gun axis position', 
a part movable in proportion to the vertical height 
of the "gun axis position', two elements con 
trolled by said first element in proportion to the 
linear coordinates of the 'gun axis position' 
relatively to two horizontal coordinate axes, and 
two angularly movable members actuated by said 
part and each of Said last two elements respec 
tively in proportion to the angular relation of 
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the gun axis position relatively to each of said 
aXeS. 

27. Predictor mechanism comprising members 
adapted to be actuated in accordance with re 
ceived data of the present position of a target, 
the Speed and course of Said target, and the di 
rection and velocity of the wind relatively to a 
gun, an element actuated by said first and second 
members in proportion to the horizontal com 
ponent of the range of the future target position 
relatively to the air, a second element actuated 
partly by said third member and partly in accord 
ance with known ballistic data pertaining to the 
gun and having movement in proportion to the 
horizontal displacement of the point of burst of 
a shell fired from said gun at the target due to 
the gyroscopic wind-deflection of its trajectory, 
a third element actuated by said first and second 
elements in proportion to the horizontal range 
of the "gun axis position', a fourth element actu 
ated partly by Said first element and partly in 
accordance With other ballistic data pertaining 
to the gun and having movement in proportion to 
the vertical height of said gun axis position, 
means controlled by Said third and fourth ele 
ments for determining the relation of the gun 
axis position to two horizontal coordinate axes 
With their origin at the gun, and means associated 
with the said third element for determining the 
azimuth of said coordinate axes. 

28. Predictor mechanism comprising members 
adapted to be actuated in accordance with re 
ceived data of the present position of a target, 
the air Speed and course of said target, and the 
direction and velocity of the wind relatively to a 
gun, three elements controlled partly by move 
ments of Said first and Second members and 
partly in proportion to different ballistic data, 
pertaining to the gun, a part movable by the 
first and Second members and one of said ele 
ments in proportion to the horizontal range of 
the future target position relatively to the air, 
a Second part controlled by said first part, said 
Second member and another of said clements in 
accordance with the horizontal range of the “gun 
axis position', a third part actuated by said sec 
Ond part in proportion to the azimuth of two 
horizontal coordinate axes, and a fourth and fifth 
parts actuated by said Second and third parts 
and the third of Said elements for determining 
the required direction of the said gun relatively 
to said coordinate axes in order to hit Said target. 

JAMES BLACKLOCK HIENDERSON. 
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