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My invention relates to anti-aircraft fire 
control systems and it has for an object to 
provide an accurate system of fire control for 
anti-aircraft artillery which shall utilize ap 
paratus which is automatic for continuously 
computing gun fire data and for transmitting 
such data to a gun or guns. 

Heretofore, in so far as I am aware, anti 
aircraft fire control systems have not been 

10 satisfactory owing to the “dead time' or the 

15 

20 

30 

35 

intervention of the human element in the 
train of events between the time of observ 
ing and arriving at the final data or results 
used in laying the gun. Owing to the fact 
that an aeroplane is capable of moving in any 
direction, fire control system for targets mov 
ing on land or on sea cannot be used. At 
tempts have been made to modify these sys 
tems by making altitude assumptions or cor 
rections; however, such modifications have 
not proved to be satisfactory, owing to the 
high speed and variability of position of an 
aeroplane and to the fact that computing and 
estimating all take time, adding to the "dead 
time', and making the operation of such ap 
paratus largely a matter of guess work. My 
system has 5, devised to operate along en 
tirely different lines. First of all, it is based 
on the idea that the position of an aerial tar 
get may be accurately defined by a system of 
three coordinates. Accordingly, therefore, 
for example, I provide two spaced telescopes, 
which have aligned primary axes, the line co 
incident with these axes being known as the 
base line, and which are movable about their 
primary axes and about their secondary axes 
in order to be kept trained on the target. 
With alignment of the primary axes, it will 
be apparent that the target and the tele 
Scopes occupy a common plane, which with 
motion of the aerial target other than in this 
instantaneous plane, results in turning of the 
common plane about the baseline. The angle 
between this plane and the horizontal plane 

5 of the base line, if the latter is horizontal, is 
the primary angle or one of the angles used 
in identifying the position of the target. If 
the base line is not horizontal, then the plane 
of reference is such a plane as includes the 
base line and which is normal to the vertical 

tangent to the path o 

plane of the base line. The telescopes in 
moving in this way must move about sec 
ondary axes; and the angles between the lines 
of the telescopes passing through the target 
and the base line are the other two angles 55 
used, with the first angle, in identifying the 
instantaneous position of the target. 
ever, it is necessary owing to movement of the 
tg to predict continuously the coordinates 
O uture positions as well as the correspond- 60 
ing times of flight for a projectile, such that 
the latter and the target shall reach a future 
position at the same time. I have, therefore, 
devised automatic computing mechanism 
near to one of the telescopes which receives 65 
the three angles from the telescopes and 
which determines the rates of change of three 
angles, two of which are the primary angle 
and the secondary angle of the near telescope 
and the third o 
tween the secondary angle of the far telescope 
and the secondary angle of the near telescope. 
From these factors, the computing appara 
tus calculates and transmits automatically 
and continuously azimuth and vertical angle 
indications together with corresponding 
times of flight to the gun, the time of flight at 
any instant being the time required for a pro 
jectile, if fired at that instant, and the target 
to reach simultaneously the position in space ec 
indicated at that instant by azimuth and ver 
tical indications. In practice, the gun is kept 
trained continuously in accordance with the 
azimuth and vertical angles transmitted from 
the computing station, these angles determin- 85 
ing continuously at every instant the future 
position which will be occupied by the target 
and the projectile if the latter is fired at a 
given instant, assuming, of course, that the 
target continues to move at the same velocity 90 
and in the same straight line course or in a 

motion it had at that 
instant. In other words, my apparatus de 
termines continuously the instantaneous fu 
ture position of the target based on the theory, 95 
that the target shall move on a tangent to the 
path it had at the given instant. The time of 
flight is utilized by the gunner in setting the 
fuze so that the projectile shall becaused to 
explode as near to the target as possible. The 100 

which is the difference be- 70 
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apparatus is provided with manual controls 
whereby it may be caused to operate properly 
with variations in length of base line and 
distances of the gun or guns from the near 
telescope as well as with variations in tenuity 
of the atmosphere and windage. It is an ob 
ject of my invention, therefore, to provide 
apparatus which shall utilize the aforemen 
tioned factorsin obtaining these results. 
A further object of my invention is to pro 

vide a fire control system having apparatus 
for determining and transmitting three in 
stantaneous coordinates of an object moving 
through space together with computing mech 
anism which shall utilize the instantaneous 
coordinates and the rates of change thereof 
for the purpose of indicating future coordi 
AE one of the latter being the time of 

ght. 
A further object of my invention is to pro 

vide a fire control system which shall in 
clude two spaced observation stations for de 
termining three instantaneous coordinates of 
a moving target and a computing station to 
gether with repeating transmitting devices 
between the observation stations and the com 
puting station whereby moving parts therein 
will be moved proportionately to movements 
of parts at the observation stations. . 
A further object of my invention is to pro 

vide two spaced telescopes and a computing 
apparatus together with means for transmit 
ting to the computing apparatus the initial 
position and changes in position of the tele 
scopes while the latter are kept trained on a 
target moving through space. 
A further SEFmy invention is to pro 

vide a gun having vertical and azimuthal de 
vices for training it and a fire control system 
for the gun including a pair of spaced tele 
scope stations for determining the instane 
ous values of three coordinates of a target 
moving. through space and a computing 
mechanism which utilizes those coordinates 
and the rates of change thereof in automati 
cally and continuously determining vertical 
and azimuth angles by which to lay the gun 
s the time : flight by which to set the 
Ze. 

A further object of my invention is to 
'provide, in a fire control system, a pair of 
spaced telescope stations with the primary 
axes of the telescopes aligned in a common 
base line and the telescopes being maintained 
continuously in a plane with a target by be 
ing trained thereon together with means for 
subtracting one angle included by the line 
of one telescope to the target and the base line 
from the angle included between the line of 
the other telescope to the target and the 
base line, the angles being considered in the 
S88 SS8, s 

A further object of my invention is to 
provide, in a fire control system observation 
apparatus which shall transmit three angular 

1,751,640 
coordinates to computing apparatus wherein 
one coordinate is subtracted from another 
and wherein the rates of change of two of 
the coordinates and the rate of change of 
the difference between one of the latter co 
ordinates and the third coordinate are de 
termined. . 
A further object of my invention is to pro 

vide a fire control system which shall re 
ceive instantaneous values of three coordi 
nates and from the instantaneous values of 
these and their rates of change shall deter 
mine the “future' coordinates of a target 
together with apparatus which shall trans 
form the immediately determined coordi 
nates into azimuth and vertical angles Suit 
able for laying a gun. 
A further object of my invention is to pro 

vide mechanical fire control apparatus which 
receives the instantaneous values of spher 
ical coordinates of a target moving through 
space and which receives a manually applied 
correction for tenuity of the atmosphere and 
from these factors determines mechanically 
and continuously the time of flight and 
azimuth angle corrected for drift, and ver 
tical angle corrected for super-elevation for 
laying a gun, such that if the gun is con 
tinuously kept at positions determined by the 
azimuth and vertical angles the projectile 
will reach the same point in space simul 
taneously with the target, assuming that the 
E. continues to move at uniform velocity 
and in a path which is tangent to the direction 
it had when the projectile was fired. 
A further object of my invention is to 

provide a fire control system which includes 
apparatus for determining the logarithm of 
the future range of a target moving through 
space together with means for determining 
from this logarithm the horizontal time of 
flight and together with other means for de 
termining and adding corrections for the 
angle inclination and for tenuity of the at 
mosphere in order to determine the true time 
of flight for inclined fire. 
A further object of my invention is to pro 

vide apparatus for determining the “future 
range of a target together with the future' 
vertical range together with other apparatus 
for finding the angle of super-elevation to be 
added to the “future” angle determined by 
the first apparatus, the second apparatus uti 
lizing a function of the future range, a func 
tion of the determined vertical angle and a 
manual setting for tenuity of the atmosphere 
in determining the super-elevation to be 
added to the already determined vertical angle. 

further object of my invention is to pro 
vide, in fire control apparatus, means for de 
termining the product of the time of flight by 
the rate of change of angular or spherical 
coordinates. 
A further object of my invention is to pro 
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vide a coordinate transformer including “in 
put' apparatus which receives coordinates in 
accordance with one system, thereby causing 
a line in the input system to represent the di 
rection in space indicated by the supplied co 
ordinates and an “output' vertical and 
azimuth system whose movements in the 
vertical and in azimuth are derived from 
movement of said line. 
A further object of my invention is to pro 

vide a fire control system having two spaced 
telescope stations, a gun near to one of the 

- stations, and a computing station which re 
ceives continuously instantaneous target po 
sition data and which from the received data. 
calculates continuously and automatically 
data for a gunner and which automatically 
and continuously corrects the data for paral 
lax due to the distance between the near sta 
tion and the gun. Apparatus involving the principles of my 
invention is illustrated in the accompanying 
drawings, forming a part of this application, 
in which: 

Figs. 1 and 2 are diagrammatic views show 
ing the arrangement and application of my 
improved fire control system; 

Figs. 2 to 2, inclusive, represent graphi 
cally formulae which are hereinafter referred 
to; 

Figs. 3 and 4 are elevational views of the 
near telescope and its mounting; 

Fig. 5 is a plan view of the near telescope; 
Fig. 6 is a side elevational view of the near 

telescope; 
Fig. 7 is a view of the telescope and its 

mounting shown in Figs. 5 and 6, with cer 
tain parts shown in end elevation and other 
parts shown in section; 

Figs. 8 and 9 are sectional views showing 
operating mechanisms for the telescopes; 

Figs. 10 and 10 are diagrammatic views 
which, when taken together, show the entire 
computing apparatus; 

Fig. 11 is a diagrammatic view drawn to 
larger scale than Figs. 10 and 10 and show 
ing more in detail one of the comparators; 

Fig. 11 is a detail sectional view of com 
parator apparatus; 

Fig. 12 is a diagrammatic view of the range 
and position apparatus; 

Figs. 13, 14 and 15 are detail views of cams 
or function wheels used in the range and po 
sition apparatus; 

Fig. 16 is a diagrammatic view of the pre 
diction mechanism; 

Figs. 17 and 18 are detail views of one of 
the multiplying devices used in the predic 
tion mechanism; 

Figs. 19 and 20 are detail views of a second 
multiplying device used in the prediction 
mechanism; 

Fig. 21 is a detail view of a third multiply 
ing device used in the prediction mechanism; 

3. 

Fig. 22 is a detail view of function wheels 
used in the prediction mechanism; 

Fig. 23 is a detail view of function trans 
formation apparatus used in the prediction 
mechanism; 

Fig. 24 is a detail view of a fourth multi 
plying device used in the prediction mecha 
nism; 

Fig. 25 is a detail view of the screw used in 
the fourth multiplying device; 

Figs. 25 and 25 are detail views of slide 
nuts used with the screw shown in Fig. 25; 

Fig. 26 is a detail view of function trans 
formation mechanism used in the prediction 
mechanism; 

Fig. 27 is a detail view of an adjustment 
device for variations in the base line; 

Fig. 28 is a detail view of a fifth multiply 
ing device used in the prediction mechanism; 

Fig 29 is a detail view of a sixth multiply 
ing device used in the prediction mechanism; 

Fig. 30 is a detail view of a screw used in 
the sixth multiplying device; 

Figs. 31 and 32 are detail views of a seventh 
multiplying device; 

Fig. 33 is a detail view of a function trans 
formation and transmission arrangen ent; 

Figs. 34 to 39, inclusive, are detail views of 
parallax apparatus; 

Figs. 40, 41, 42 and 42 are detail views of 
the transformer of coordinates device; 

Fig. 43 is a detail view of the ballistic 
mechanism; 

Fig. 43 is a sectional detail view of one o 
the differences used in the ballistic mecha 
nism; 

Fig. 44 is a detail view of tenuity mecha 
nism used in the ballastic apparatus; 

Figs. 45,46, 47 and 48 are detail views of 
function wheels used in the ballistic mecha 
nism; 

Fig. 49 is a detail view of function wheels 
used in the prediction mechanism; 

Fig. 50 is a detail view of function wheels 
used in the ballistic mechanism; 

Fig. 51 is a diagrammatic view of a modi 
fied form of my invention; 

Fig. 52 is an electrical diagram showing 
one of the electrical transmission arrange 
ments; and, 

Fig. 53 is a diagrammatic view of the first 
form of my invention. 
Attention is called to the large underlined 

numerals in Figs. 1, 2 and other assembly 
drawings which serve to identify correspond 
ing groups of mechanism in partial assembly 
drawings. 
In general, my anti-aircraft fire control sys 

tem includes two observation stations indi 
cated at 10 and 11, Fig. 1, one of which, for 
example, 10, is assumed to be nearer to the 
gun, at 12, than the other. The stations, at 
10 and 11, include telescopes 13 and 14, re 
spectively, the telescopes being so arranged 
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that their primary axes of revolution 15 and 
16, are in the same base line B (see Fig. 2), 
while the secondary axes 17 and 18 of the re 
spective telescopes are arranged at right 

is angles to the base line B. As the primary 
axes 15 and 16 are in the same straight line, 
the primary angle or will be the same for each 
of the telescopes. The secondary angles, p of 
the telescope 13 and p of the telescope 14, and 

to their relationship to each other constitute a 
measure of the inclined range R. . 
With the training of the telescopes 13 and 

14 on a target moving through space, such as 
an aeroplane, diagrammatically indicated in 

5 Fig. 2, the primary angle ox is continuously 
transmitted to computing mechanism at 20 
by any suitable telemetric device 21, includ 
ing, for example, a primary motor device 22 
and conductors 22 leading to a secondary. 

20 motor device in the computing mechanism, 
at 20. The secondary angles p and p1 are 
transmitted, respectively, from the axes 17 
and 18 by telemetric devices, at 23 and 24, 
including, for example, primary motor de 

25 vices 25 and 26 connected, respectively, by 
conductors 27 and 28 to motor devices of the 
computing mechanism, at 20. 
The computing mechanism, at 20, is located 

near to the gun or guns, at 12. The three 
30 angles a, p, and p are transmitted to the com 

puting mechanism, at 20, which determines 
the rates of change of these angles; actually, 
however, the rate of change of p is not deter 
mined but instead the rate of change of A 

35 which is equal to p-p. From these three 
angles, or, p, and A, the rates of change thereof, 
and from certain additional data, hereinafter 
referred to, the mechanism, at 20, operates 
continuously to compute the proper azimuth 
and vertical E. by which to lay the gun 
and the time of flight by which to set the fuze. 
These angles and the determined times of 
flight are transmitted electrically and con 
tinuously to the gun, the azimuth and vertical 
angles being transmitted by conductors 30 
and 31 to the azimuth and vertical devices 
32 and 33 and the time of flight being trans 
mitted by conductors 34 to the time of flight 
indicator, at 35. The “time of flight’ is used 
in the usual manner for fuze setting while 
the devices 32 and 33 are preferably of the 
follow-the-pointer or equivalent type so that 
the gun is always correctly aimed for scoring 
a hit, provided, of course, that the setting of 

is the fuze and the indication of the indicator 
35 correspond. 

For making the prediction for future posi 
tion, the mechanism is designed on the as 
sumption that the target continues on the 

60 same straight line course, and at the same ve 
locity during the time of flight of the projec 
tile as it had at the instant of firing of the 

40 

45 

50 

. 

The standard base line is preferably about 
BS 2000 feet, but it may be more or less provided 

the distance is accurately measured and the 
computing mechanism adjusted accordingly 
as hereinafter referred to. The base line B 
may be horizontal or inclined at any angle 
necessitated by the topography; however, if 

...this line is inclined, the primary axes 15 and 
16 of the telescopes will also be inclined and 
it is necessary to know the inclination in order 
that the computing mechanism may be suit 
ably adjusted, as hereinafter referred to. The 
gun or guns, at 12, may be, for example 150 
to 300 feet from the near station at 10, pro 
viding the exact distance is measured and 
the magnitude utilized in the manner herein 
after set forth. - 

In general, for the present, the telescopes 
have been sufficiently described, and the com 
puting mechanism will now be referred to in 
a general way after which the complete ap 
paratus will be taken up for more detailed 
discussion. Referring to Fig. 2, it will be seen 
that the computing mechanism, at 20, com 
prises five interrelated parts, (1) compara 
tors 126, (2) range and position apparatus 
127, (3) prediction mechanism 129, (4) trans 
former of coordinates device 130, and (5) bal 
lastic mechanism 128. - 
The primary angle g is transmitted by the 

telemetric device, at 21, to the comparators, 
while the secondary angles p and pi are trans 
mitted by the telemetric devices, at 23 and 24, respectively, to the range and position ap 
paratus, wherein, among other things, the 
angle All p-p is determined and transmitted 
to the comparators. 
The comparators determine the product of 

the rates of change of the angles a, p, and Aby 
the time of flight T of the projectile, this time 
of flight T coming from the ballistic mech 
anism. The quantities TE, TE and T; 
are transmitted to the prediction mechanism. 
Range and position apparatus. As al 

ready pointed out, the secondary angles p and 
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p are received directly by the range and 
position apparatus. The angle p is subtract 
ed and the difference A, is transmitted to the 
comparators. In addition to this, these 
angles p and p are utilized in this apparatus 
in the calculation of 

(1) the logo of the present inclined range 
Ro, and 

(2) certain mathematical expressions 
logo (cot A-cot p1) and 
cot p + cot pi . . . 

all of which are transmitted to the predic 
tion mechanism. 
The prediction mechanism receives the fol 

lowing quantities: 
(1) the angle p by direct connection, 
(2) the present range logoRo and the 

quantities logo (cot A-cot p) and cot 
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pcot pi from the range and position appa 
ratus, and 

do... dip (3) the rates of change T. T; and 
d di A 
Ti 

In addition to these calculated quantities 
received from the range and position appa 
ratus and from the comparators, adjust 
ments are made for the length of base line B 
and for the distance G from the center of the 
gun position to the near telescope. From the 

from the comparators. 

factors p, log10 (cot A cot p1), cot plcot p1, . 
T; T: T2, B, and G, the range and po 
sition apparatus calculates the following 
quantities: 

(1) The logo of the future range R of the 
target, that is, the "range' to the future po 
sition the target will occupy after a time in 
terval T (the time of flight of the projectile), 
this being corrected for parallax error due 
to the difference in position of the gun or guns 
and the near telescope, this quantity being 
transmitted to the ballistic mechanism; 

(2) the "future' secondary angle p’; 
(3) the difference between the present and 

future primary angles (b; and 
(4) the parallax correction for the future 

secondary angle 6. 
The quantities p, q, and 0 are transmitted 

to the transformer of coordinates device. 
The transformer of coordinates device re 

ceives the present primary anglet, by direct 
connection, and the quantities p’, g, and 6 
from the prediction mechanism; and, from 
these, it calculates the vertical angle and 
azimuth angle y of the future line of sight 
measured from the gun; and, these quantities 
m (vertical) and y (azimuth) are transmitted 
to the ballistic mechanism. 
The ballistic mechanism receives 
(1) the logo of the “future' range R. 

(including the parallax correction), from 
the prediction mechanism: 

(2) the future vertical angle and the 
future azimuth v from the transformer of co 
ordinates device; 

(3) the tenuity of the atmosphere, for 
which there is a manual setting; and 

(4) the wind corrections to vertical angle 
n and to the azimuth angle y which are either 
received from a mechanical wind computer 
or set of manually. - 
From these quantities, the ballistic mech 

anism calculates 
(1) the square root of the time of flight 

VT; 
(2) the angle of superelevation “s', which, 

together with a wind correction it adds to 
the vertical angle m of the line of sight; and 

(3) the angle of drift “d” which it adds 
to the azimuth angle v, which is also adjusted 
for wind. - 

S 

The quantity WT is transmitted mechani 
cally to the comparators and electrically to 
the gun or guns to the time of flight device 
35 (see Fig. 1). The vertical angle in cor 
rected for the angle of super-elevation “s' 
and for wind is transmitted electrically by 
the conductors 31 to the vertical gun point 
ing device 33; and the azimuth angle, cor 
rected for drift “d” and for wind, is trans 
mitted electrically to the azimuth gun point 
ing device 32. 

in brief then, angular movements are 
transmitted from the telescopes, at 10 and 
11, to the comparators and to the range and 
position apparatus, the comparators deter 

dp mining T., di' and T;, which are trans 
mitted to the prediction mechanism, and the 
range and position apparatus determines the 
logo present inclined range Ro and the 
quantities logo (cot Al-cot p) and cot 
p-cot A, all of which are transmitted to 
the prediction mechanism. The predict 

- di 

! (from the comparators) and logo 
mechanism receives these quantities T 
dp. India 
it Ti 

(cot Alcot p), cot picot p and the present range logoRo together with the present 
value of p and corrections are made for the 
length of the base line B and for the distance 
of the gun to the near station 10. The pre 
diction mechanism calculates the future 
range logoR which transmitted to the 
ballistic mechanism, and it calculates the 
"future' secondary angle p, the difference 
between the present and future primar 
angles b, and the parallax correction 6, whic 
are transmitted to the transformer of coor 
dinates device. The transformer of coor 
dinates device determines the vertical angle 
m and the azimuth angle v from the present 
value of or and from the quantities p, is and 
6 and transmits these quantities to the ballistic 
mechanism. The ballistic mechanism re 
ceives the future range logoR from the pre 
diction mechanism and the angles n and v 
from the transformer of coordinates device, 
makes corrections for super-elevation and 
windage to the vertical angle m, makes a drift 
correction to the angley, and determines WT, 
the corrected values of n and v being trans 
mitted to the gun and VT being transmitted 
to the comparators and to the gun. 

Referring now to the get more in 
detail, the telescopes will first be described. 
In Figs. 3, 4, 5, 6 and 7, show the near sta 
tion telescope 13 set up for the measurement 
and transmission of the angles a and p. This 
telescope is carried by a supporting bracket 
36 having a bottom flange portion 37 which 
rests on a table 38, the flange 37 having a cen 
tral opening through which extends the post 
39threaded to receive the nut 40. By loosen 
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ing the nut 40, the U-shaped supporting 
bracket. 36 may be adjusted about a vertical 
axis and then secured in a desired position by 
tightening the nut 40 (see Fig. 7). 

5 The table 38 is carried by a support 42, the 
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pending stem 45 of the table. 

latter being provided with a central down 
wardly-facing socket 43 to receive a spheri 
cally-faced member 44 carried by the de 

The table also 
carries three leveling screws 46 by which it 
may be levelled. The supporting structure 
is carried by a control box 47, which, in turn, 
is supported by the tripod legs 48. 

Referring now to Figs. 5 and 6, the tele 
scope 13 includes an eye-piece 50 carried by a 
gimbal frame 51 pivoted at 52 and 53 to the 
uprights of the U-shaped support 36. The 
telescope carries at its outer end a prism 54 
having a face 55 parallel to the face 56 of a 
prism 57 having a surface 58 against which 
light normally strikes. The prism 57 is car 
ried by a U-shaped frame 60 pivotally mount 
ed at 61 and 62 to the gimbal frame 51, the 
axis of the bearings 52 and 53 being at right 
angles to the axis of the bearings 61 and 62. 
Since the prism 57 is capable of moving about 
right-angular axes, it may be turned toward 
any point in the heavens. 
The frame 51 is turned by a power shaft 

63 coming from the control box 47, such shaft 
having a coupling connection 64 which per 

35 

mits of angular movement with respect there 
to of an upper shaft section 65 journaled in 
bearings 66 of bracket 67 carried by the sup 
port 36. . The shaft section 65 carries a worm 
68 which meshes with the sector 70 connected 
to the gimbal frame 51. w 

M. The inner U-shaped frame 60 is turned by 
a power shaft 71 coming from the control box 
4, the shaft 71 being connected by the cou 
ling 72 to the shaft section 73 journaled in 
Eli, 74 carried by the bracket structure 

45 

50 

67. The shaft section 73 has a worm 75 
thereon meshing with the gear 76, carried 
by the shaft 77, which extends through the 
journal of the frame 51 in the bearings 53 and 
has a bevel gear 78 meshing with a bevel gear 
80 carried by the cross shaft 81 the latter hav 
ing, at its other end, a pinion 82 which meshes 
with the double gear 83, the latter meshin 
with the sector 84 carried by the U-shape 
frame 60. The shaft sections 65 and 73 are 
connected, respectively, to initial elements of 
telemetric devices, such as the “Selsyn’ 

55 
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motor devices 85 and 86. 
From the foregoing, it will be apparent 

that the shafts 63 and 71 may be actuated to 
cause the prism 57 to follow any point in the 
heavens, movement imparted by the shaft 63 
resulting in tilting of the frame 51 about the 
axis of the bearings 52 and 53, (a movement) 
and movement imparted by the shaft 1 re 
sulting in tilting of the inner U-shaped frame 
about the axis of its bearings 61 and 62 
(p or p movement). The power shafts 63 

tion 

2,51649 

and 71 are actuated by mechanism in the 
box 4. 
The control box 47 is provided with oper 

ating handles 88, 89,90 and 91, whereby the 
shafts 63 and 71 may be operated to turn the 
frame 51 about the primary, or ol, axis and 
the inside frame 60 about the secondary, or p, 
axis, the handle or handwheel 88 being con 
nected through high speed or low speed fric 
tional gearing to the shaft i, the handwheel 
89 controlling the ratio of the low-speed fric 
tional gearing and the handle 90 controlling 
the shift from high to low speed and vice 
versa. The handwheel 91 is directly con 
nected through gearing to a shaft 63. 

Referring to the gearing in the box 47 be 
tween the handwheel 88 and the shaft 71, it 
will be seen from Fig. 9 that the handwheel 
is connected to a shaft 92 carrying a spur 
gear 93, which meshes with the pinion 94 on 
the shaft 95 carrying a fly-wheel 96 having 
a friction face 97 engaged by the transversely 
shiftable friction wheel 98 splined to the shaft 
99, which is directly connected to a shaft 71 
going to the telescope. The friction wheel 98 
is engaged by a yoke 100 pivotally connected 
to a sleeve 101 and the latter is threaded to a 
shaft 102. The shaft 102 may be turned in 
either direction by the handwheel 89, acting 
through the intermediary 
103, the chain 104, the sprocket 105, and the 
bevel gearing 106. The pivotal connection 
between theyoke 100 and the sleeve 101 serves 
to permit of the friction wheel 98 being moved 
toward and away from the friction face 97; 
and a spring 107 is disposed between the yoke 
100 and the sleeve 101 to bias the friction 
wheel 98 toward the friction face 97 so that 
a desired pressure between these parts may 
be had. 
If it is desired to operate the shaft 71 faster, 

as when first training the telescope on the 
target, this may be done by disengaging the 
frictional gearing and engaging spur gearing 
between the handwheel 88 and the shaft 71. 

of the sprocket 
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The disengagement of the frictional gearing 
is effected by the handwheel 90, which oper 
ates a cam 108 to oscillate an arm 110, the lat 
ter being connected to a shaft 111, carrying 
upper and lower arms 112 and 113. The upper 
arm 112 is connected by means of a yoke and 

5 

collar to a shaft 114, which bears a spurpinion 
115 at one end adapted to mesh with the gear 
93 and a bevel gear 116 at the other end adapt 
ed to mesh with the bevel pinion 117 con 
nected to the shaft,99. The shaft 99 is con 
nected to the shaft 71 by a flexible or uni 
versal joint 118 so that it may be swung to 
ward and from the friction face 97. When 
the shaft 111 is rotated to swing the shaft 99 
away from the friction surface 97 by means 
of the lower arm 113, to disengage the fric 

pinion, the upper arm 112 moves the 
shaft 114 longitudinally to engage the pinion 
115 with the gear 93 and the bevel gear 116 
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with the bevel gear 11, whereupon the shaft 
i ray be operated from the handwheel 88 

through the spur and bevel gearing to se 
cure rapid training movement. With disen 
gagement of the spur gearing and engage 
ment of the friction gearing, relative speed 
of the shaft 99 to handwheel 89 may be varied 
from zero to the permissible maximum 
through infinite gradations. 
The shaft 63 is operated from the hand 

wheel 91, the latter being connected to a 
Sprocket 120 engaging a chain 121, which 
passes over a sprocket 122 connected to a 
shaft 123 to drive a bevel pinion 124 meshing 
with a bevel gear 125, which, in turn, is con 
nected to the shaft 63. 
The two telescopes are operated from their 

control boxes and the primary angle a and 
20 

25 

30 

the secondary angles p and pare transmitted 
telemetrically, as indicated in Figs. 1 and 2, 
to the computing station at 20. 

Referring to Fig. 2, it will be seen that the 
angle or enters the comparators while p and 
p, enter the range and position apparatus. 
The range and position apparatus and the 
comparators serve to determine certain 
mathematical factors which are transmitted 
and utilized in a manner to be described in 
the prediction or calculating mechanism. 
The comparators serve to determine the 

rates of change of the angular coordinates: 
however, the angle p is not used but instead 
the angle A which is equal to pi-p. The 
angle a, therefore, enters the comparators, at 

40 
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126, and the angles p and X enter the com 
parators from the range and position appa 
ratus 127. The comparators first determine 
the three products of rates of change T; 
S. and t the quantity wT coming from 

the ballistic mechanism 128. The quanti 
s do ridp da 

ties T Ti and T; are transmitted to 

the prediction mechanism 129. The angle a 
is also transmitted to the transformer of co 
ordinates device and angle p is also trans 
mitted to the range and position apparatus 
and to the prediction mechanism as herein 
after pointed out. 
Considering now the comparators more in 

detail, I show comparators at 131,132 and 133 
(see Figs. 10, 11 and 11) which are 
adapted dermine, respectively, the quan 

.d A p 
tities Ti T and T. 
transmitted by a shaft 134 coming from the 
range and position mechanism 127; the angle 
a is transmitted directly to the comparator, at 
132, from the or telemotor 135 connected by 
conductors 22 to the near station telescope 
telemotor 22, the motor 135 driving the com 
parator through a shaft 136; and the angle p 
is transmitted from the p telemotor 137, its 
shaft 138, bevel gears 139 and 140, and shaft 

The angle M is 

17 

142 to the comparator at 133. The quantity 
VT is transmitted from the ballistic mecha 
nism 128 by means of a shaft 143, which is 
geared to one end of the shaft 144, the other 
end of the latter shaft being connected by 
means of sprocket gearing 145 and 146 to the 
shafts 147 and 148 of the comparators, at 131 
and 132, respectively. The shaft 148 is con 
nected by sprocket gearing 149 to the shaft 
151 of the comparator at 133. Hence it will 
be apparent that the shafts 147,148, and 151 
are driven as T. 
The comparators are similar in construc 

tion and in modes of operation; and, there 
fore, a description and illustration of one, 
namely, the comparator, at 131, will suffice 
for all. This comparator includes a fric 
tion disk 152 which is connected underneath 
(Figs. 10 and 11) by bevel gearing 153 to A 
shaft 134 so that the rate of rotation of the 
friction disk is proportional to the rate of 
change of A, ord. Fig. 11 shows a section 
in elevation of comparator 132 which, with 
the exception of the gearing driving the fric 
tion disk, is similar to comparator 131. In 
this view parts identical with parts shown 
in plan Fig.11 are similarly numbered, prime 
figures being used, however, in this case. 
The disk 152 engages a friction wheel 154 
which is splined to a shaft 155 and which is 
shiftable diametrally of the disk 152 by 
means of a yoke 156 having a nut portion 157 
which engages threads 158 of the shaft 147. 
Since the threads 158 are uniform, the position 
of the yoke 156, and consequently of the fric 
tion wheel 154, will be proportional to WT 
measured from a zero position. If this zero 
position was made the center of the disk 152, 
then, since the rate of rotation of the disk 
is proportional to the rate of change of Athe 
rotational velocity of the wheel 154 would be 
proportional to this multiplied by WT. This 
could be transmitted by direct connection to 
the universal 160; however, such an arrange 
ment, although simple, is not convenient, 
since, to obtain a travel of the wheel 154 
radially of a disk 152 large enough to be set 
off with accuracy, a disk of considerable size 
would be necessary. I, therefore, provide a 
gearing arrangement in which the full di 
ameter, instead of the radius, may be utilized. 
To this end, I show differential gearing at 
161, whose pinion carrier 162 has a bevel gear 
163 thereon meshing with the beveled toothed 
rim 164 of the disk 152. Hence, the pinion 
carrier 162 and the pinions 165 will move 
orbitally in proportion to the rate of change 
of A. The pinions 165 are engaged at one 
side by a bevel gear 166, which is keyed to 
the shaft 155, and, at the other side, by a 
bevel gear 167, which is keyed to the shaft 
168 connected to the universal joint 160. 
Hence it will be seen that, instead of simple 
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frictional gearing being used as the transmis 
sion medium, I use a differential one of whose - 
three principal elements is controlled by fric 
tional gearing. 
With this arrangement the rotation-trans 

mitted from disk 152 to shaft 168 will be the . 
sum of that due to the roller 154 and that 
due to the rotation of the pinion carrier 162. 
The law for an ordinary bevel differential 
such as here shown is that VA=2VB-TVo 
where WA= velocity of one of the end bevel 
gears, We that of the other, and WB the ve 
locity of the pinion carrier, all about the com 
mon axis. In this case let the velocities of 
168=VA, of 155=Vo and of 162=V. Fur 
ther let the velocity of plate 152=VD. Now 
the relative velocity between output shaft 168 
and plate 152 is: Z-37 Va. Since the 

D 

ratio between WB and W is constant as de 
termined by gears 163 and 164, which ratio 
we will call G, the formula reduces to 
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A-2a-2. The ratio 2 is equal to the V V V 
ratio between the radius of roller 154 and the 
radius from the center of the plate to the 
point of contact with the roller, and may be 
plus or minus in signi according to whether 
the roller is contacting on the lower or upper 
half of the plate. f Vo = 26, V = 0 and V V. 
this condition, which is nearly that illustrat 
edin Fig.11 corresponds to the value, WT=0. 
As this zero position is at the edge of the plate 
no negative values of VT can be represented, 
all other radial positions of the roller cor 
responding to positive values of VT, which 
is a maximum when the roller is at a position 
diametrically opposite to that shown. In the 
actual device it is not intended to represent 
-WT=0 since T is never less than a definite 
value, say 1 second. Therefore the dimen 
sions of plate, roiler and gearing are chosen 

45 

50 

as so to bring this minimum value at one edge 
of the plate, and the whole diameter of the 
plate is then available for setting of values 
from this minimum value to any chosen maxi 
mum. Aside from this manner of setting off 
WT and certain mechanical advantages ob 
tained by this form of variable speed mech 
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anism, it is entirely equivalent to a simple 
roller and disk and performs the function of 
obtaining any desired speed ratio between the 
plate and output shaft. 
The universal joint construction 160 con 

nects the shaft 168 to a friction roller 170 
which rotates at a speed proportional to 
VTE. The roller 170 is journaled in a 
frame 171 pivoted at 172. The roller 170 
engages tangentially and transversely with a 
roller 173. - ... - 

The roller 173 rotates as a resultant effect 
of the constant speed motor 174 and the WT 

1,751,649 

shaft 144; and the purpose of this combina 
tion is to furnish to the roller 173 a speed 

VT 
comparison with speed of the roller 170, 
T; yields the product T; and the dis 

placement of the frame 11 is a function of 
that product. To this end, show a constant 
speed motor 174 connected to a shaft 15 by 
gearing 176. The shaft 175 is connected to a 
disk 177 by means of a differential at 18, 
which is similar to the differential 161, and 
this differential includes a bevel gear 180, 
connected to the shaft 175, pinions 181, which 
are supported by a carrier 182 having a bevel 
gear 183thereon, which meshes with the bevel 

proportional to which upon mechanical 

gear 184 on the disk 177, and a bevel gear 185, 
which is connected to one end of the shaft 
186. A friction wheel 187 is splined on the 
shaft 186 and it is shiftable therealong by . 
means of a yoke 188 having a nut portion 190 
engaging threads 191 on shaft 144. The po 
sition of the friction wheel 187 is dependent 
upon WT. The disk 177 has a spur gear por 
tion 193 which meshes with a pinion 194 car 
ried by the shaft 195 upon which the roller 
173 is mounted. The mechanism just de 
scribed is similar in every way to the mecha 
nism between plate 152 and output shaft 168. 
Now however instead of desiring the input 
velocity multiplied by VT we desire it to be 
divided by this quantity, therefore, the input 
is applied at the shaft 175 and the output is 
taken off at gear 193, which reverses the op 
eration and divides by 
constant speed applied to shaft 175 will be 
transformed into a speed on gear 193 propor 
tional to WT 

If the drum or roll 173 is rotated in the 
direction of the arrow (Fig. 11) and the roll 
170 is stationary, the effect of the drag or 
friction between the rolls is to draw the roll 
170 and its frame 171 about the pivot 172 of 
the latter to a medial position. If, however, 
the roller 170 also rotates, in the direction of 
the arrow, such roller will swing away from 
the central position and take up an equi 
librium position where the drag of the roller 
or drum 173 just neutralizes the rolling of 
the roller 170. In this position 

Vr 
V sin A. 

where 
Vr=surface speed of roller 170, 
Vd = surface speed of drum 173, 
1-angle of displacement of roller 170 

from its central position. 
The above relationship follows since the 

component of the surface speed of the drum 
at right angles to the axis of the roller is 
Vd sin and this in turn must be equal to 
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Wr in order that the parts shall be in equi 
librium, - 

Now since Wroc TE and Vdoc WT sin 

accTE, that is, the sine of p is propor 
tional to the time of flight of the projectile 
times the rate of change of A. When E. is 
negative, p is negative, Talways being posi 
tive. - 

dM In the above mechanism the product Ti 
was found by multiplying the speed E. 
by the factor VT and comparing this re 
sultant speed with a constant speed multi 

1. 
20 plied by WT' The ratio of these two speeds 
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- Tri-Ti. 

Instead of using the square root of T in each 
case any exponent of T could be used as a 
multiplier for one of the quantities provided 
that the exponent of T used for the other 
were made one minus the first exponent. 
Thus if 8 is the exponent then the formula. 
can be written: 

dM 
Ti - T. 

1. dt 
T(-5) 

It is necessary to read sin p, mechanically 
and transmit it to further mechanism. This 
is accomplished by the contact roller 197 car 
ried by the pivoted frame 171 and which is 
adapted to contact with either of the insu 
lated contacts 198 and 199 to complete a cir 
cuit through a reversible motor 201 so that 
the latter is operated in accordance with T di 
The motor 201 is connected to the shaft 202 
and the latter is geared to the shaft 203, here 
inafter referred to, and to the screw follow-up 
shaft 204 by means of spiral gearing 205. As 
suming the contact roller 197 to engage with 
either of the contacts 198 or 199, the motor. 
201 is actuated in one direction or the other; 
and, just as soon as the motor starts, the shaft 
204 is actuated in such a direction as to cause 
the member 206 carrying the contacts 198 
and 199 to be traversed to follow the motion 
of the frame 171, this traversing motion con 
tinuing until the frame 171 reaches an equilib 
rium position when the insulated section 207, 
between the contacts 198 and 199 comes be: 

3 

neath the contact roiler 197, whereupon the motor 201 comes to a stop. 
The comparators, at 132 and at 133, operate 

in a manner similar to the comparator, at 131, 
and the swinging of the frames 171 and 171 
are utilized to control servo-motors 208 and 
209 so that the latter move proportionally to 

dog the quantities T and T2, respectively. 
The servo-motor 208 is connected to a shaft 
210 which drives the chain 211. In like man 
ner, the motor 209 is connected to a shaft 212 
for driving the chain 213. 
The shaft 203 and the chains 211 and 213 

driven respectively proportionally to TS, 
do dp 

Ti, and Ti 
nism to operate parts therein as hereinafter 
described. 
Taking up now the range and position ap 

paratus, this receives the angle p from the 
telemotor 137 connected to the near station, 
at 10, and the angle pi from the telemotor 214 
connected to the far station, at 11. The ob 
ject of the range and position apparatus is to 

go to the prediction mecha 

make four determinations from these angles 
and these determinations are 

(1) the angle A which is transmitted by 
the shaft 134 to the comparator, at 131, 

(2) the logarithm of the present range, 
logoRo which is transmitted to the prediction 
mechanism, 

(3) the trigonometric expression or quan 
tity (cot p + cot p) which goes to the predic 
tion mechanism; and, 

(4) the trigonometric expression or quan 
tity logo (cot Al-cot p) which goes to the 
prediction mechanism. 

Referring to the determination of A, (see 
Fig. 12) the shaft 215, to which is keyed the 
bevel gear 216 of the subtraction differential, 
at 217, transmits p to the latter. The angle p 
comes from the shaft 138 (Fig. 10), being 
transmitted from the gear 218 keyed to that 
shaft and by such gear to the gear 219 keyed 
to the shaft 220. The gear 219 has connected 
thereto the bevel gear 222. The bevel gears 
216 and 222 mesh with the bevel pinions 223 
pivoted to the carrier 224, which has a bevel 
gear portion 225 thereon meshing with the 
bevel gear 226 on the shaft 134 going to the 
comparator, at 131. It will be obvious that 
the effect of the differential is to subtract p from pi (pi-p) to obtain the angle A. 
Taking up next the determination of the 

logarithm of the present range logo Ro, this 
is proportional to logo sin p-logo sin 

sin 0. 
sin. A 

tion (Fig. 2) -El. 
that the base line B is constant. Correc 
tions for changes in the base line are here 

A-logo . This follows from the rela 

and remembering 
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10 
inafter referred to. To find logo sin A, A is 
transmitted from a gear 227 carried by the 
spider 224 and which meshes with a gear 228 
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function logo sin p must reverse. 

loose on the shaft 229. The gear 228 is con 
nected to scroll wheel 231 which drives, 
through tapes 232, the scroll wheel 233, the 
latter being loose on the shaft 234. The 
function of these scroll wheels is to change X 
into logo sin A and an outline of wheels suit 
E. for this purpose is indicated in detail in 
ig. 13. 
Finding next logo sin p1, p. shaft 215 has 

keyed thereto a gear 235, which meshes with a 
gear 236 keyed to the shaft 229 which is thus 
also a p shaft. Connected to the shaft 229 
and to the gear 236 there is a tape wheel 237 
connected by suitable tape devices to a wheel 
239 keyed to the shaft 234, so that the latter 
wheel and the latter shaft operate as logao sin 
pi. These tape wheels are shown diagram 
matically in greater detail in Fig. 14. The 
tape wheel 237 here shown is a double tape 
wheel, since p passes through 90° and the 

The ac 
tion of such a tape wheel can easily be un 
derstood by first considering only the cen 
tral heart shaped portion of cam 237 shown 
in dotted lines. The tape 238 is attached at 
point 234 at the reentrant angle of the heart 
and can be wrapped on either face. If the 
tape is wrapped on one of the faces and the 
cam then revolved in such a direction as to 
unwrap it, the tape will slacken, allowing 
wheel 239 to revolve in an anti-clockwise di 
rection until shaft 229, point 234 and the 
point of tangency of the tape with wheel 
239 lie in a straight line, after which the tape 
will be pulled so as to cause wheel 239 to re 
volve in a clockwise direction, thus causing 
reversal of 239 while 229 revolves in a single 
direction. As the heart-shaped interior 
portion of 237 allows only a very limited 
rotation of 229 in either direction, two cheek 
members are fastened one on each side of the 
central member. These are shown by the 
solid lines of 237, (Fig. 14 and Fig. 12). A 
tape is used which for a length equal to the 
length of the cam face from point 234 to the 
apex of the heart, is narrow enough to slip 
between the cheek members and then broad 
ens so as to ride on the cheek members, which 
are so shaped as to continue the curve of the 
central portion, the whole curve being so de 
signed as to transform p at 229 into log 
sin p at 234. The shaft 234 transmits logo 
sin p to the sun gear 242 while the scroll 
wheel 233 transmits logo sin A to the internal 
orbit gear 243 of the subtraction differential, 
at 244. This differential has planet pinions 
245 meshing with the gears 242 and 243 and 
carried by the gear 246. The latter gear 
moves in accordance with the difference of 
the sun and orbit gears, that is, as logo sin 
p-logo sin A, which is equal to logo Ro. 
The gear. 246 transmits logoRo to the gear 
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247, keyed to the shaft 248, which goes to the 
prediction mechanism. 
To determine logo (cot A cot p), this ex 

pression is transformed into logo sin 
p-logo sin A-logo sin p1. The shaft, 234, 
representing logo sin p1, has connected there 
to the bevel gear 250 of the addition differ 
ential, at 251. The spider 252 of this differ 
ential, carrying the pinions 253 meshing 
with the bevelgear 250, is rigid with the 
scroll wheel 233 and, therefore, represents 
logo sin A. The bevel gear 254 of this differ 
ential, therefore, represents logo sin A-logio 
sin p and this sum is to be subtracted from 
logo sin p. The gear 254 is fastened to the 
shaft 255 to the other end of which is keyed 
the bevel gear 256 of the subtraction differ 
ential at 257. The function logo sin p is next 
determined and transmitted to the other bevel 
gear 258 of the differential at 257, so that the 
planet pinions 259, their carrier 261, and the 
shaft 262 connected to the latter represent 
logio sin p-logo sin pilogo sin A. Logio 
sin is determined by transmitting pfrom the 
shaft 220 and the gear 263 carried thereby 
through idler 263 to gear 264, which is keyed 
to shaft 265 and is connected to the tape wheel 
266, which is connected by a tape 267 to the 
tape wheel 268 connected to the bevel gear 
258. The wheels 266 and 268 are similar to 

fore, represents logo (cot A cot p) and it 
goes to the prediction mechanism. 
The next quantity to be determined by the 

range and position apparatus and trans 
mitted to the prediction mechanism is cot pit 
cot pi. To determine cot p, p shaft 265 has 
keyed thereto the gear 270, which meshes 
with the gear 271 loosely mounted on the 
shaft 220 and carrying a scroll wheel 272 
which cooperates with the scroll wheel 273 
loosely mounted on the shaft 255 to trans 
form p into cot p. In like manner p is trans 
mitted from the gear 274 to gear 275 loosely 
mounted on shaft 220 and connected to scroll 
wheel 276 which cooperates with the scroll 
wheel 277 loosely mounted on the shaft 255 to 
transform p into cot p. 
wheels suitable for this purpose are shown 
in Fig. 15 (Sheet 10). The driven scroll 
wheels 273 and 277 loosely mounted on the 
shaft 255 are connected, respectively, to bevel 
gears 278 and 279 of the addition differential, 
at 280, whose pinions 282, meshing with the 
bevel gears 278 and 279 and carried by the 
carrier 283, represent cot p-cot pi. The 
latter quantity is transmitted from a gear 
member 284, disposed circumferentially of 
the differential, at 280, to a gear 285 connected 
to the shaft 286 going to the prediction 
mechanism. 
Up to this point, I have described in detail 

apparatus for determining and transmitting 
dN do do. T, T, d 9 the quantities di di logoRo; logo 

Co-tangent scroll 
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(cot A cop) and (cot p-cot p), to the pre 
diction mechanism, which utilizes these quan 
tities mechanically to determine 

(a) the “future' range logoR corrected 
5 for parallax, (R), 

b) the future' secondary angle p’, 
2, the difference between the present and the future primary angles b, 
(d) the parallax correction 6 for “future' 

secondary angle p. r 
The first of these quantities, logoR is 

transmitted to the ballastic mechanism. 
whereas the last three are transmitted to the 
transformer of coordinates device. 

15 The formulas used in the prediction mech 
anism are derived as follows: 
Given the instantaneous values of the three 

coordinates of the position of an aeroplane 
and the rate at which each of these is chang 

20 ing at that instant (any system of coordi nates whatever being employed), it is pos 
sible to calculate the coordinates of the posi 
tion the aeroplane will occupy after any 
given time interval, on the assumption that 
its velocity is uniform and its course is a 
straight line. The formulas for performing 
these calculations are here developed for 
ordinary spherical coordinates and certain 
modifications of these. . 
In Fig. 2 the line A B represents the path 

of an aeroplane during the “prediction in 
terval', T. At O, is an observation station 
consisting of a telescope mounted so that the 
primary movement of its supporting frame 
is about an axis O F, which we will consider 
horizontal, and its secondary movement 
about an axis perpendicular to the first. 
Fig. 2 represents a plane through O, per 
pendicular to OF, with the path of the aero 

0 plane, A'B', projected on it. L is the pro 
jection of R, the true range to the point A 
(the position of the target at the instant of 
observation) and is the angle between the 
horizontal plane and the plane a through the 

5 line OF and the point A, that is the primary 
angle measured by the observing telescope. 
L' and a' are the corresponding quantities 
for the point B, the future position of the 
target. The correction which must be add 
ed to a to obtain o' is a '-o'-(b. 
Assume for the moment that the coordi 

nates used are L, or, and p, (the latter being the 
angle F O A, Fig. 2). The point D repre 
sents a point separated by an infinitesimal 
distance from A', and which the projection of 
the target will reach in time dt. Then in the 
right triangle A' D C, A'O =dL and 
OD= Lodox. As the point D moves uniformly 
along A B', its projection on the fixed line 
O A will move uniformly also. After time 
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in the figure is negative since L is decreasing) 
TLda. Tid: 70 

L TAL 
L+TE 1. -- Ldt 

L TdL it i? liit (2) 75 
cos de T' cos d 

In Fig. 2 angle FOAFp, the secondary 
angle measured by the observing telescope 
to the point A, and angle FOB =', the sec 
ondary angle to the point B. The correction 
which must be added to p to obtain p' is 
p'-p Figure 2 is a flat view of the plane 
FOAG being the projection of the point B. 
The point M represents a point separated by 
an infinitesimal distance from A and which 
the projection of the target will reach in time 
dt. Then in the right triangle A. M. N., 
AN = d.R. and NM TE: . As the point M 
moves uniformly along A G its projection 
on the fixed line OA will move uniformly 
also. After time T, M will reach G and N 
will reach J. 

85 

90 

T 95 Then AJe. R 
dt dR-TE and 

JG-4, dip. 
di dt 

The angle G O A will not represent y since 
p and p are measured in different planes (al 
though it was justifiable to state that 
MOA dip since in this case the angle be 
tween the planes was infinitesimal and the 
projected angle would therefore differ from 

Rdp=T 
00 

05 

dip only by an infinitesimal of higher order). 
From G draw GFL to OF, thus determin 

ing the point F. Draw F B (Fig.2). Then 
OF B is a right triangle and: BF = R' sin p' lo 
and OF = R' cos p' From F draw F P L to 
O A. Then FP= R' cos p' sin p. The angle 
GFB = db = angle between planes FOA and 
F O B. The angle B G F = a right angle, G 
being a projection of B on plane F O A. 115 
Then GF= BF cos (b= R' sin p' cos (b. From 
G draw G. K.L to FP. Then GFA = p (see 
Fig. 2). 
FA=FG cosp=R' sin p' cos d cosp. 
AP=FP-Fr=R cos sin - R' sin ' ' 

cos d cosp; - 
dp But AP =-JG = -RT: 

...-RTS-R' cos p' sin p-R' sin p' cos p 25 
T, D will reach B and C will reach E. COS p. 

Air TradL -T ra.-air do Then A'E= fat-f and EB'-i Lda.=TL 30 
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A do E . cos p' sun p= TE - sin p' cosp cos (b. 1+E+ cot pT: sin p (9) 
COS th-ye p. R = R. COS is sin o' 
sin – tide -sin . -cos p' sin p Ti; R, sin p' cos p +sin p For sin use (3) previously derived. 70 

COS p vers b. 
- A dp R, ... , e d log R 1 dR SIn p' coSp-cos p' Sun p=TE - sin p cosp Since 9 g : - if the corresponding 

10 . vers (b. do R formulas using log R instead of R are: 75 
sin (pp) =sin y = T di R7 sin p cos p d 

vers (b. (3) T 
But sincAE sin p and L' = R' sin p'. tan b = dlog R dp 

l5 sin y=TE E. --sin p' cosp vers b (4) 1+Tri-cot pT, (10) 80 
dlog R 

dt log R = log R-- log (1+T +cot TE)-log cos d) -- log sin p-log sin p' (11) 

20 sin y = T; antilog(log R-log R)--sin p' cosp vers b (12) 

Formulas (1), (2) and (4) are prediction. In the above discussion only a single ob 
formulas which use as coordinates the angles servation telescope was mentioned. The 

25 or and p, as above defined and L, the projection quantities L., log L, R and log R may be found go 
of the true range of the target on a plane per- either by a range finder or by means of tri 
pendicular to the axis of primary rotation angulation from two separate stations, the 
of the observing telescope. As absolute di- formulas applying equally to either case. 
rections in space are immaterial, these for- Modified formulas will now be developed, 

80 mulas apply directly to the case where the however, which apply only to the case of two 95 
observing telescope is mounted like an ordi- stations, at the ends of a known base line. In 
nary transit so that or is the azimuth, p the addition to the telescope at O in Fig. 2 there 
complement of the elevation and L the hori- will now be a second telescope mounted in 
Zontal range. exactly the same way at some point along the 

35 Instead of using L and its rate of change, line OF at known distance from O, and the 
S- axes of primary movement of the two tele 
di the log of L and the rate of change of this scopes will each be coincident with this line. 
quantity may be substituted. In Fig. 2 the point O is called the “near 

40 1 dI d log L. station' and the second telescope at the dis 
L di di tance B the “far station”. The secondary 0 

angles measured by these telescopes are 
The formulas then become: designated p and p1. 

d T. Then: R = BE, where AF pip, that 
45 tan (b dog L (5) 8 S. O 0. + T Og is A is the apex angle of the triangle formed 

di by the base line and the two lines of sight. 
log L = log L+log (1 + Tid ; L -log cos ds. (6) 

50 5 
is - 

sin y-TEEE antilog (log L-log L) + sin p' cosp vers (b. (7) 

The usual spherical coordinates are oz, p. The coordinates of target position now em 
55 FS R. Formulas using these are derived as ployed will be or and p, as heretofore and A. 12 

OLLOWS: L=A sin pl’= R' sin p log R = log B+log sin (p+x)-log sin a 
dL. . dR . . . dp i-sin p +R cos pi dig E-cot (+) (C+2)-cot 3. 

'' Substituting in (1) and (2) 25 
d = Cot +cot de-cot g O Pld Pi di di 

- T. tand-: , Tai" a. dp 65. 1+ it c0t pTE (8) -cot p, 
dM 

- (cot M - cot P.) 30 
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Substituting this in (10) and (11) 
3 

function wheel 290 which drives function sec 

Tide 
ta, gh = dp d da (13) 

1+T (cot p -- cot p)-T (cot M-cot, p.) 

1+T: (cot p + cot p) -TE (cot A-cot p) 
R = E. cos is cost (1 + cot p tan) (14) 

The denominator in Equation (14) results 
from the transformation: 

sin p 
sin p'T 

sin p - - 

sin p cos y + cosp sin pcos --cot p sin 

cos y (1-cot p tan il) 
The formula for the secondary angle is: 

(from (12)) 
do E S. y=T: , 

antilog (log sin p-log sin p’) = 

+sin p' cosp vers b 
O approximately: 

dip E. 
di R' 

The Equations (13), (14) and (15) are the 
ones used in the device, Equation (14) best 
expressed in logarithmic form. 

dM By letting i. +T: (cot picot p) -Ti. 
(cot A-cot p) = A, the operations of solv 
ing Equations (1) and (2) may be simplified 
in which case 

doz 
(4) b=tan- Kid 

(5) logo A-logo Rot-logo A-logo cos 
th-logo cosy-logo (1+cot p tan th). 

y=T +sin p' cosp vers (b (15) 

From the definitions given, the above equa 
tions follow from a series of mathematical 
steps, the proof of which is unnecessary to a 
disclosure of the present invention. 

In describing the prediction mechanism, it 
will be taken up first with respect to solv 
ing for b, and then with respect to logo.R.' 
followed with respect to J. 

In solving for d, the mechanism for find 
ing Kwill be considered first, K being equal 
1+ T; (cot p+ cot p.)-12 (cot A-cot p), 
two multiplication and one subtraction proc 
esses are necessary. A multiplying appara 

65 

tus M1 is used for finding 12 (cot Al-cot pi); 
and, referring to Figs. 16 17 and 18 shaft 262 
representing logico, A-cot ps) carries 

e 

75 

tor 291, which is pivoted at 292. The sector 
291 has an integral crank arm 293, which is 
pivoted at 294 centrally of the link 295 hav 
ing rollers 296 and 297 fitting slots 298 and 
299. arranged, respectively, in the vertical 
stationary guide member 301 and in the mul 
tiplying arm 302 pivoted at 303 to a block 304. 
The lengths 296 to 294, 294 to 297 and 294 
to 292 are all equal. From this structure, it 
will be apparent that the axis of roller 297 
will move in a straight line a-a, its position 
along this line being determined by rotation 
of the function wheels 290 and 291, these func 
tion wheels converting logo (cot A-cot p) 
represented by the angular position of 290 
into (cot A-cot p) represented by ratio of 
the distance PD to the distance PC. Aguide 
member 305 is arranged parallel to the screw 
311 and at right angles to the line a-, -a, and 
a carriage 306 is movable therealong, the car 
riage 306 having a roller .307 which fits in 
the slot 299 of the arrh 302. With this ap 
paratus, the roller 297 so moves that its axis 
P is distant from points of intersection D 
and C of the line a-a and the verticals from 
the axes of the roller 307 and of the axis 303 

PD 
such that PC 
The next operation is to multiply (cot 

Shaft 203, representing 

represents (cot A cot p). 

A-cot p) by T;. 
has a bevel gear 308 meshing with the di 

bevel gear 309 at the upper end of the screw 
shaft 311, which is threaded to the block 304 
slidable on the guide rod 312. CE is there 

te: and, since ; and, Since PO 
FD (-E is thus made proportional to (cot 

A-cot p), it follows that FD is proportional 
to TS (cot A-cot p). Therefore, the dis 
tance FD of the carriage 306 from its zero 
position will represent this product. 
The zero positions for points E and F must 

lie on the line a--a since it is only when these 
points lie on this line that the pivot P can 
move from side to side without causing dis 
placement of F. 
The carriage 306 is connected by a tape 

fore, proportional to 
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passing over the sheaves 314 to a tape wheel 
315 carried by a shaft 316 (Fig. 16). 
The product T; (cot phcot pi) is ob 

tained by the multiplier, at M2. Referring 
to Figs. 19 and 20, T; is supplied by the 
shaft 317 driven by the sprocket chain 213 
coming from the comparator 133, the shaft 
317 having connected thereto a bevel gear 318 
meshing with the bevel gear 319 carried by 
the shaft 320 mounted in a bearing 321 car 
ried by the fixed support 322. An arm 323 
is pivoted intermediately of its length with 
respect to the support by a ball bearing 324. 
The shaft 320 is connected by universal joints 
325 and 326 and an intermediate slip joint 
327 to the shaft 328 carried by bearings 329 

20 

of the bearing 324. 
25 
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Tide 

on the arm 323, the universal joints and slip 
joint permitting of motion being transmitted 
from the shaft 320 to the shaft 328 even 
though the arm is turned about the axis o 
The shaft 328 has fixed to its outer end a 

bevel gear 331 meshing with a bevel gear 332 
mounted on one end of a screw 333, which is 
disposed within the slot 334 in the arm 323 
and is rotatably mounted in bearings 335 and 
336 so that the axis of the screw intersects 
the axis of the supporting bearing 324. 

. A block 337 is threaded to the screw 333 
and it is provided with lateral tongues 338 
fitting in guide grooves 339 in the opposed 
walls of the slot 334. The block 337 carries 
a roller 341 whose distance from the axis o 
of the supporting bearing 324 is dependent 
solely upon the rotational position of the 
shaft 320 and it is not affected by the swing 
of the arm 323; and it is so arranged that, 
when shaft 320 represents a zero value of 
d the roller 341 is at the axis o, negative 

values being to one side and positive values 
to the other side of that axis. 
The swing of the arm 323 is controlled by 

a scroll wheel 342 carried thereby and driven 
by a scroll wheel 343 on the shaft 286, com 
ing from the range and position apparatus 
and representing cot pcot, pi, the scroll 
wheels being so cut that sin () is proportional 
to the angular rotation of shaft 286, as being 
Zero and the arm 323 horizontal when (cot 
p-cot pi) is Zero. 
From the arrangement so far described, it 

will be obvious that the normal distance of 
the axis S of the roller 341 from the horizon 
tall through the axis of supporting bearing 
324, distance PS, is equal to 9s sina, that is, 

p it will be proportional to T; (cot p+ cot p). 
Wertical motion of the roller 341, that is 

T: (cot p + cot p), is transmitted to the hori 
zontally disposed parallel motion bar 344, 
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the bar having a slot 345 in which the roller 
341 fits. The ends of the bar are connected 
to a tape 346 which is in effect continuous. 
The tape passes over upper sheaves forming 
vertical strands 346,346,346 and 346. The 
inside strands pass down and under the inside 
sheaves 349 and 350 and the outside strands 
pass down and under the outer sheaves 352 
and 353. One end of the bar 344 is connected 
to an inner strand while the other end of the 
bar is connected to an outer strand at the 
other side. Motion of the tape 346 is trans 

O 

mitted to the wheel 354 loose on the shaft 316. . . 
Referring to Eigs. 10 and 16, it will be seen 

that shaft 316 is driven by the multiplier M1 
TE (cot A-cot p) while proportionally to d 

the wheel 354 loosely mounted on that shaft 
is driven by the multiplier M2 proportionally 
to T;(cot p+ cot p.). The shaft 316 is con 
nected to the sun gear 355 of the subtraction 
differential, at 356, while the planet pinions 
357 of that differential are carried by the tape 
wheel354. The orbit gear 358 will, therefore, 
be driven as T: (cot p-pi) -TE (cot X- cot 
p) and the constant “1” is supplied by the an 
gular setting on the shaft 359 so that the lat 
terrepresents K, which is equal to 1+ C. (cot 
p-cot p) -TE (cot A-cot p.). 
Having found the factor K mechanically, 

the next step is to utilize the motion or posi 
tion of Kshaft 359 together with the factor 
Td in determining a function of qb, since dit 

do th-tan-1Ti, This is accomplished by 
the multiplier M3 and the succeeding differ 
ential mechanism. Referring first to the mul 
tiplier M3 (see Figs. 16 and 21), chain 211 
coming from comparator 132 operates shaft 
361 connected to bevel gears 362 meshing with 
gear 363 carried by shaft 364, the latter be 
ing mounted in bearings on the stationary 
supporting structure and having universal 
and slip joint connections to a shaft member 
carried by the arm 365 movable about the 
axis of the bearing indicated by the circle 
366. These parts are similar to correspond 
ing parts of multiplier M2. Motion is trans 
mitted from the shaft 364 through the bevel 
gear 366 to the bevel gear 367 on one end of 
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the screw shaft 368, which is mounted in bear 
ings carried by the arm 365 and which is ar 
ranged in the slot 369 so that its axis intersects 
the axis o of the supporting bearing. The 
screw 368 traverses a block 371 in the slot 369 
so that the distance of the axis of its roller 

376 from the axis o is proportional to T. 
Since variations in K may be small or 
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slightly above or below unit I prefer to (O REG A. efore utiliz 
ing it in the multiplier so that a small change 
in K may be represented by a much greater 

. Shaft 359, representing K, 
has a function wheel 372 which cooperates 
with the function wheel 373 on the arm 365 

1. Thus the sine of 
the angle of the arm 365 from the horizontal 

1 - A Under these K 
conditions, the parallel motion bar 374, hav 
ing a slot 375 engaging the roller 376 on the 
block 371, will move as the product of 1. 

and T. or Ti-TE This motion is 
conveyed by a tape 377 to the tape wheel 378 
loosely mounted on the shaft 361. In order 

change Kinto a function 

change in 

to swing the latter as 

will be proportional to 

that the second term, T; may be removed 
da from this quantity, T is added in the differ 

ential, at 379. The orbit gear 381 of this 
differential is integral with the tape wheel 
378 and the sun gear 382 is connected to T; 
shaft 361. The result is that the planet pin 
ions 383 and the carrier 384 are driven as 
ific which is equal to tan i. This spider 

is connected to tand shaft 285 which is used 
with other mechanism wherever b or a func 
tion of ds is required as hereinafter set forth. 
The next operation is to find logo R' (the 

logo of the “future' range) which is equal to 
logoAco-logoA-logo cos b-logo cos 
ly logo (1-cot p tan il). Assuming that sh 
is known, and it is determined by apparatus 
hereinafter described, it is apparent that 
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logoR may be determinéd by processes of 
addition and subtraction in differentials and a process of multiplication in a multiplier. 
Taking up first the term logo.K, Kshaft 

359 (Fig. 16) has a scroll wheel 386 keyed 
thereto which cooperates with a scroll wheel 
387 constituting a spider or carrier of the 
differential, at 388. The function of these 
scroll wheels is to change Kinto logo.K. In 
-Fig.22 (Sheet 11). Ishoy diagrammatically 
a pair of wheels suitable for this purpose. 
The term logocos (b is next determined and 

subtracted from logok in the differential at 
388. Referring to Figs. 16 and 23, tan (b. 
shaft has a cam 390 against which bears the 
follower roller 391 pivoted at the hinge axis 
of ends of the links 392 and 393, the outer end 
of the lower link 392 being pivoted at 394. 
and the outer end of the link 393 being piv 
otally connected to a crank 394 on the bevel 

5 

gear 395 of the differential, at 388. The fol 
lower 391 is maintained in contact with the 
cam 390 by a spring 396. The cam 390 has 
such a contour that motion of shaft 385 is 
transformed intomotion of the bevel gear 395 
proportional to log cos (b. 
The bevel gear 395 of the differential, at 

388, meshes with pinions 397 carried by the 
scroll wheel 387, representing logo.K; and 
the pinions 397 mesh with the other bevel 
gear 398 of the differential so that the 
movement of the latter gear represents 
logoA logo cos (b. 
The next term to be determined is cot p tan 

y involving a process of multiplication. To 
this end, shaft 399 has a scroll wheel 401 
thereon which drives.scroll wheel 402 on the 
arm 403 of the multiplier M4 (see Fig. 24, 
Sheet 15) so that the arm moves about its axis 
so that the sine of the angle it forms with the 
horizontal is proportional to tan h. The 
shaft 404, representing p, is connected by 
gears 405 and 406 to pshaft 138, aforesaid. 
The shaft 404 drives the screw 407 mounted in 
the arm 403 proportionately top through the 
gears 408 and 409. As shown in Figs. 24 and 
25, the screw 407 is of variable pitch, that is, 
it is a function screw, so that the distance the 
block 411 is traversed by the screw from the 
axis of arm 403 is proportional to cotp. With 
this arrangement of screw and arm, the verti 
cal displacement of the roller 412 will be 
proportional td cot p tan. The roller en 
gages the slot 413 in the parallel motion bar 
414, the ends of the latter being connected to 
the tape 415 which actuates the tape wheel 
416 connected by a sleeve 417, rotatably 
mounted on the shaft 418, to a function wheel 
419 engaging the function wheel 420. The 
function wheel 419 is set arly with re 
spect to the tape 416 so that it represents 
(1-cot p tan p) and the function wheels 419 
and 420 serve to change this into logo 
(1+ cot p tany) for the latterfunction wheel. 
The wheel 420 constitutes a carrier for the 
plot inions 421 of the differential at 422. 

cam 423, which operates the follower roller 
424 (see Fig. 26) to swing the link 425, sup 
ported at one end by a link426 having a fixed 
pivot 427, the other end of the link 425 being 
pivotally connected to the crank 428 fixed to 
the shaft 429. The linkage is constrained by 
the spring 431 to maintain contact of the 
follower 424 with the cam 423. The cam is 
shaped to charge into an angular movement 
of the shaft 429 proportional to logo cost. 
The shaft 429 is fixed to the sun gear 431 

of the differential at 422 moving the latter 
proportionally to logo cos h; and since the 
planet pinions of this differential are moved 
proportionally to logo (1-cot ptani), the 
orbit gear 432 thereof and the shaft 433 to 
which the latter gear is connected will be 

399 representing it has keyed to it a 
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moved proportionally to the sum, namely 
ologo cos y Flogo (1-cot p tan p). 

The shaft 433 representing logo cos 
tly logo (1 + cot p tan) drives the pinions 
434 of the subtraction differential, at 435 the 
bevel gear 436 of the latter being connected to 
the bevel gear 398 so that it moves propor 
tionally to logo A-logo cos (b. Therefore, 
the other bevel gear 437 of this differential 
will move proportionally to logo A-logo 
cos is logo cos y logo (1 cot p tan p) 
which is equal to logo -logo Ro, or logo 
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20 

25 

nected to the shaft 418 representing logo 

R R The gear 437 carries a spur gear 438 
O meshing with the spur gear 439 keyed to shaft. 

418 so that the latter moves as logo. 
O 

To find logo R', it is merely necessary to 
add logo Ro, but it is more convenient to first 
add the correction to range for parallax (the 
parallax apparatus islater described) which 
is represented by the tape 441, which actuates 
the sun gear 442 of the addition differential, 
at 443, the orbit gear 444 of which is con 

R. so that the planet pinions 445, their carrier 
3D 

35 

40 : 

446, and the connected gear 447 move propor 
p 

tionally to logio -- parallax correction to Ro 
Ro, the latter quantity being transmitted to 
the gear 448 connected to the sun gear 449 of 
the addition differential at 451, the orbit gear 
452 of the latter being connected to shaft 248 
representing logo Ro and coming from the 
range and position apparatus. Hence, it foll 
lows that the planet pinions 454 of the differ 
ential, at 451, the carrier 455, and the con 
nected shaft 456 will operate as logo 

- E-F parallax correction, namely, the “future 
range' corrected for parallax, or logo Rg. 

45 

The shaft 456 is connected to the ballistic apparatus and to the parallax apparatus to 
transmit thereto logo R' corrected for paral 
lax. To this end, the shaft 456 is connected 
to a disk 457 E", adjustable ring 458 
therearound (Fig. 27); and the ring is con 
nected by a gear 459 to a gear 565m of paral 

50 lax apparatus at 461 and by tapes 462 to the 
ballistic apparatus. 
As shown in Fig. 27, the ring 458 is adjust 

able with respect to the disk 457, the ring 458 
having graduations 463 reading in lengths of 
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the base line. Thus, if the base line, instead 
of being the 2000 feet selected for a stand 
ard, should be a few hundred feet more or 
less, this can be corrected for by altering the 
angle between the disk and the ring by an 
amount equal to the difference between the 
logarithms of the actual and standard base 
lines, an operation which may be facilitated 
by having the scale divisions represent 
logarithms. 
So far, the prediction mechanism has been 

gent of the azimuth angle correction is 
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described with respect to obtaining the tan 
and 

logo R' corrected for parallax, both of which 
will be referred to later. The only other 
quantity left for solution in the prediction 
mechanism is the vertical angle correction . 
As already pointed out 

=sin f A+sin p' cosp vers 
The first step in the solution is to multiply 
TE by E. This is done by the multiplier 
M5, see Fig. 28. The shaft 418 representing 

P 

log 10R, 
engaging the scroll wheel 466 and moving the 
arm 467 about its pivot such that the sine of 
the angle from a horizontal position is, pro 

1- R/IR RIR, Shaft 317, repre 

senting TE, is connected by gears 468 and 
469 to shaft 470, the latter actuating the 
screw 41 carried by the arm 46 so that the 
block 472 is moved in the slot 473 of the arm 
such that the distance of the roller 474 on the 
block from the axis of the arm is propor 
tional to TE. Hence, the vertical displace 
ment of the parallel motion bar 475 by the 
roller 474 will be proportional to 

dip RodpY. 
di R di 

This quantity is transmitted by the tape 476 
to the tape wheel 477, loose on the shaft 317, 
to the addition differential, at 478 where the 
last term, This removed. 

portional to 

The tape wheel 47 carries the orbit gear 
479 of the differential, at 478, representing 

de Ro (T: ; 
nected to shaft 31 representing T :o The 
planet pinions 481, the carrier 482, and the 
shaft 483, therefore, move as T; E. 

- T; while the sun gear 480is con 

The next quantity to be determined is 
sin p' cosp. p?, to be determined later, is fed 
back by sprocket chain 486 from pshaft 485 to 
shaft 487, which carries a pinion 488 meshing 
with the sector. 489 of an arm 491 of the mul tiplier M6 so that the angle of arm 491 from 
the horizontal represents. p. (see Fig. 29). 
Shaft. 138, representing p, is connected, b 
ears 492 and 493 to shaft 494, the latter sha 
eing connected, by bevel gearing 495, to 

shafting mechanism, 496 including universal 

has fixed thereto the scroll wheel 465 
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joints and a slipjoint, and whose other end, 
is geared by gearing 497 to the screw or func 
tion shaft 498 carried by the arm. The shaft 
498 rotates as p, but the variable pitch of its 
thread or cam groove (see Fig. 30) causes the 



0 

5 

20 

25 

30 

35 

40 

1751,649 

block 500 to be traversed from the axis of the 
arm 491 as cosp. From this, it follows that 
the vertical displacement of the roller 503 
from a horizontal through the axis of arm 
491 is proportional to sin p' cosp. 
The next step is to ascertain vers p and 

multiply it by sin p' cosp. Referring to Figs. 
16, 31 and 32, and particularly to Fig. 32, 
tan d shaft 385 has keyed thereto, a function 
wheel 504 which drives the function wheel 
505 freely mounted on the shaft 418 and hav 
ing integral therewith the bevel gear. 506 
which meshes with the bevel gear 507 carried 
by shaft 508 of multiplier M.7. The function 
wheels cooperate with succeeding linkage to 
transform tand into vers di. 
The parallel motion bar 501 of the multi 

plier M6 transmits sin p' cosp directly to the 
multiplier M.7. To this end, the bar 501 is 
provided with a slot 510 (see Fig. 29) which 
engages a roller 511 (see Fig. 31) carried by 
the arm 512, pivoted at 513, so that when this 
arm is swung about its axis, the sine of its 
angle of displacement from a horizontal is 
proportional to sin p' cosp. 

Shaft 508 drives the shaft 514, fitting bear 
ings 515 and 516 carried by the arm 512, 
through the intermediary of the universal 
joints 517 and 518 and a slip joint 519 inter 
posed between the latter. The shaft 514 car 
ries a bevel gear 521 disposed between the 
bearings 515 and 516 and meshing with the 
bevel gear 522 keyed to shaft 523, the latter 
being journaled in spaced bearings 524 and 
525 carried by the arm 512. A crank arm 526 
is keyed to the shaft 523 between the bear 
g 524 and 525 and it carries a crank pin 527 journaled in bearings 528 arranged mid 
way of the length of the lever 529. The lever 
has a roller 531 adapted to fit vertical upper 
or lower guides 532 or 533, whose centerline 

45 

intersects the axis of shaft 523. To the left, 
or other end of the lever, there is secured an 
inside roller 534 adapted to fit the horizontal 
guide 535. If, with the parts arranged as 
shown in Figs. 31 and 32, the crank arm 526 
is turned clockwise, the roller 531 moves up 
wardly, and if turned counter-clockwise, it 
moves downwardly. If turned in either di 
rection, the roller 534 moves toward the right 
in the slot 535 and the roller 531 moves in the 
vertical center line of the slots 532 and 533; 
and the slot 535 is made sufficiently long so 
that the roller 531 enters either the vertical 

55-slot 532 or the vertical slot 533 before the 

60 

roller 534 leaves the horizontal slot 535. . 
After leaving the horizontal slot 535, the 
roller 534 continues to move in the centerline 
prolonged of the slot 535 and intersecting the 
axis of the shaft 523. The roller 534, there 
fore, is constrained to move in a straight line 
which is fixed with respect to the arm 512 and 
which is the center line of the slot 535; and 
the distance of the roller 534 from the axis of 
the pivot 513 of the arm 512, owing to the 

mit sin 

17 

combined action of the function wheels 504 
and 505 and the linkage just described, will 
be proportional to vers (b while the sine of the 
angle of the swing of the arm is proportional 
to sin p cosp. Hence, the vertical displace 
ment of the roller 534 will be proportional 
to sin p' cosp vers (b. This quantity is trans 
mitted by a roller 536 arranged outwardly 
and coaxially with respect to the roller 534 
and fitting the horizontal parallel motion bar 
537, which is connected by tapes 538 to trans 

p' cosp vers d to the tape wheel 540, 
which is connected to the carrier 541 for the 
planet pinions 542 of the addition differen 
tial, at 543. One bevel gear 544 of this differ 
ential is keyed to shaft 483, representing 
dp Ro Hence the other bevel gear will ro dR' 

pRo tate as T; +sin p' cosp vers b, which is 
equal to sin th; however, as his always a small 
angle, it may be taken as proportional to its 
S18. 

The angle y is transmitted by the gear 546, 
carried by the gear 545, to the gear 547 freely 
mounted on p' shaft 485 and connected to gear 
548 which meshes with gear 549 to drive ly 
shaft 399 aforesaid. 
Since the “future” vertical angle p' is equal 

to present p plus the vertical angle correction 
j, and since both p and h are now represented mechanically, p may be determined by add 
ing p and in the addition differential at 
551. Gear 547, representing h, is also con 
nected to the carrier 552 of this differential, 
the carrier having mounted thereon pinions 
553 which mesh at one side with a bevel gear 
554 connected top shaft 138. At their other 
sides, these pinions mesh with a bevel gear 
555 which rotates as p-hy, or p’. The latter 
bevel gear is connected top' shaft 485 afore 
said. 
From the foregoing, it will be seen that the 

prediction mechanism has determined me: 
chanically the following: 

(a) the logarithm of the future range (R) 
corrected for parallax, that is, logoRs, and 
which may be corrected for variations in base 
line by relative adjustment of the rim 458 
and the disk 457, the rim transmitting logoR 
corrected for parallax, or logoRg to the 
ballistic mechanism, hereinafter described 
and to the parallax device, also hereinafter 
described; 

(b) the vertical angle correction has been 
determined and added to p to obtain the 
“future' vertical angle p' which is trans 
mitted to the transformer of coordinates, 
hereinafter described; 

(c) tand has been determined and applied 
to the shaft 385, which (see Fig. 33) has 
connected thereto the tape wheel 556 oper 
ating through the tape 557 to drive the wheel 
558 including a spring connection 559 with 
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respect to the shaft 560. The tape wheel 
556 is so shaped that tan d motion thereof 
is converted into di motion of the tape which 
is transmitted to the wheel 558, the spring 
559 keeping the tape taut. This angle is 
added to or and transmitted to the trans 
former of coordinates, as hereinafter de 
scribed. 

Before proceeding with the description of 
the transformer of coordinates, the parallax 
apparatus which has already been referred 

to in connection with the “future” range will 
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R. 
6 (in degrees) = 57.3 R. 

Since, in any triangle, 
c = Wa-b-2ab cos 0. 

Rg= V(R)2+G2-2R/G cos p' 
G G 

Rg = WR'(1 +(E)- 2, cos p') 

0 (in radians) = -sin p', that is: 

sin p'. 

2 

LogoR logo'+1/2X.4343 log, +(E - 2 f cos p' 
w 2 

ti. In the parentheses, the term R) may be now be described. This app 
diagrammatically at 461 in Fig.16 and more 
in detail in Figs. 34 to 39, inclusive. Figs. 
34 to 37, inclusive, are diagrammatic to ex 
plain the principles, while Figs. 38 and 39 
show apparatus suitable for the purpose. 
The parallax device is used for the reason 

that the near station telescope. cannot be lo 
cated in close proximity to the gun; and it 
serves as a correcting device for finding the 
corrections to be added to the azimuth and 
vertical angles of the “future' position of the 

St. as measured from the position of sight 
to change them into the corresponding angles 
measured from the gun. 

Referring to Fig. 34, the gun, at 12, is set 
up on the base line between the two tele 
scopes and at a distance G from the near tele 
scope, at 10, R and R are the true ranges 
from the telescope and from the gun, respec 
tively, while p' and pg are the secondary 
angles (the angles between the base line and 
the target measured in the plane containing 
the base line and the target) at the telescope 
and at the gun, respectively. The primary 
angle (ox), that is, the angle between the plane 
containing the base line and the target and 
the horizontal plane, is the same for the tele 
scope and for the gun since both are on the 
base line. . 
At this point, it is well to explain that the 

primary and secondary angles are not the 
angles used in laying the gun, but that these 
are changed by the transformer of coordi 
nates device into azimuth and vertical angles 
for such use. These transformations might 
be effected before parallax was calculated, 
but if this were done, corrections would have 

55 

60 

to be made both to the azimuth and to the 
vertical angles, whereas with my arrange 
ment only one angle, the secondary angle p, 
requires such correction. 
Continuing the explanation of Fig. 34, 

the correction for the range is E-R while 
the correction, 6, for the secondary angle is 
equal to pg- p. 

G sin p' G sin 9 = P = sin p', or approximately 
E. s 

neglected and log (1-a) = - a for small 
values of a. 
The last equation then simplifies to 

G ... Logi,R.-logo R-4348 R’ 
The correction.P, to logo of range is equal 

cos p'. 

to P=-4343 { cos p' or since R can be 
substituted for R' without appreciable er 
ror, this equation can be written: 

P= -4343 f: COS p' (1) 
a The correction to the secondary angle is: 

0 (in degrees)=57.3 sin p' (2) 
These last two approximate formulae are 

the only ones used in the device. - 
Fig. 35 shows diagrammatically the me. 

chanical principles of the device. Here p 
is applied from the pinion a to the toothed 
sector b so that the slot a with which the lat 
ter is provided makes the angle p' with the 
vertical. In slot c, slides a block holding a 
pine engaging in slots f and g of vertical and 
horizontal parallel barsf and g’. 
is so set in the slot c, from information re 
ceived elsewhere, that the distance from the 
axis of pine to the axis h of the sector b is 
proportional to f It is then obvious that 

s 
the distances, from the horizontal and ver 
tical axes through h to the bars g’ and f', 
respectively, will represent, to properly se 
lected scales which take into account the con 
stants in the formulae, the quantities 6 and P. 
The radial setting of pine requires mecha 

nism which will be taken up more specificial 
ly. Instead of the slot c, shown for sake of 

- simplicity in Fig. 35, the straight line move 
ment (actually used) is represented in Fig. 
36. This movement consists of an arm icon 
nected to shaft i' journalled in the sector b 
and to the midpoint of a lever k carrying 
projecting pins k' and e', the pin k’ having a 
backward extension arranged to be guided by 
slot k formed by members k attached to the 
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sector b, and the pin e' having a backward 
projection engaging in the slot k' formed by 
members k and a forward projection which 
engages in vertical and horizontal parallel 
motion bars such as shown in Fig. 35. 
The purpose of the slot c in Fig. 35 is to 

guide the block having the pine radially of 
the axis h; and it is obvious that the straight 
line movement of Fig. 36 will accomplish 
the same purpose, the pine' moving along the 
dotted line shown between the limits c' and 
c. This movement is caused by revolution 
of arm i keyed to shaft i' and to the latter 
there is also keyed, below the sector b, a 
scroll wheel i°. Scroll wheel i is actuated by 
scroll wheel h’ freely mounted on the shaft 
h to which the sector b is keyed. With this 
arrangement, any relative rotary movement 
between the sector b and the scroll wheel h’ 
will cause the pin e' to move back or forth 
along the line c'-c. By properly design 
ing the scroll wheels, any mathematical law 
may be made to exist between the angular 
position of scroll wheel h’ in relation to the 
sector b on the one hand and the radial dis 
tance from pine' to shaft h on the other. 

In Fig. 37, Ishow means for imposing from 
outside connections a definite angular rela 
tion between the sector b and the scroll wheel 
h' which shall be independent of any move 
ment of the sector b due to the pinion a. In 
this view, the sector b, the armi, the shaft i? 
and the scroll wheels i? and h ’ are designated 
similarly and correspond to Fig. 36. In Fig. 
37, the shafth is supported by fixed bearings 
hand hi. Scroll wheel h’, loose on shafth, is integral with the spider l carrying planet 
pinions engaging the long sun gear land 
the orbit ring l. The sun gear 7 is free to 
rotate on the shaft h, and the orbit ring 78 
fits in the fixed ring m in which it may bead 
justed manually, as later set forth, but other 
Wise it remains stationary. The sun gear 
(also meshes with planet pinions l', carried 
by a Spider is keyed to shaft h. The orbit 
gear l meshing with pinions l is integral 
with the large spur gear m'. 
With this arrangement, the angular rela 

tion between the scroll wheel h’ and the sec 
tor b will depend upon the angular position 
of gear m, assuming orbit ring is to be fixed; 
and, if the orbit ring i is moved in its ring 
m, it will counteract a similar rotation of the 
gear m', so that the net rotation becomes the 
rotation of m' minus that of li which deter 
mines the angular rotation between the scroll 
wheel hand the sector b. 
LogoR is furnished to gear m so that the 

angular position of this gear represents this 
logarithm. The ratio of orbit gear 2 to sun 
gear is such that one turn of the spider rep 
resents a Suitable logo difference. LogoR, 
that is, logo R' corrected for parallax, would 
be supplied to the gear m from the range 

9 

logarithm rim. 458 having a gear 459 meshing 
with gear 565M’ Fig. 16). 
At the time the base line is laid out and the 

telescopes set up, the length G is measured; 
and this quantity, which is constant until the 
apparatus is moved, is set on the apparatus 
by turning orbit ring is in fixed ring m. which is graduated according to the logarithm of G 
to the scale of one turn of the ring li equal a 
difference in logo of G of a suitable amount. 
It is arranged that G can vary between de 
sired limits, for example, from 150 to 300 feet. 
The rotation of the function wigel f is 

equal to logo.G logo Es-logo R. The 
8. 

shape of the function wheelsh' and i is such 
as to cause pine' (Fig. 36) to move so that 
the distance from the axis of shaft h to that 

of pine' equals, 
8. 

In Figs.38 and 39, Ishow the actual paral 
lax apparatus employed. Here the orbit ring 
565l has attached to it an arm 566 for the 
purpose of turning it conveniently. This arm 
carries at its outer end an index mark read 
ing on the scale 567 and a clamp 568. The 
pins 565e' and 565k' are provided with small 
rollers for working in the slots 565k, 565k, 
565f and 565g. The other parts of the appa 
ratus, other than those specifically mentioned 
below, are similar to those already explained 
with respect to diagrammatic views 34 to 37, 
inclusive, and corresponding parts in Figs. 
38 and 39 have reference characters combin 
ing “565 with the alphabetical characters 
used in Figs. 34 to 37, inclusive, so that all of 
the preceding descriptive matter pertaining 
to the latter views may be readily applied to 
Figs. 38 and 39 merely by considering the 
alphabetical suffixes of the latter views. 
The ends of parallel motion bar 565g 

whose vertical displacement is equal to p, the 
correction to range, are fastened to the tape 
570 at points 571 and 572, one of the clamp 
ing screws 573 being visible. The tape 570 
is stretched over the sheaves 574, 575, 576, 
578,579 and 580 and the ends designated 441 
and 441 pass to the tape wheel for adding 
the parallax correction to logo R, or to 
logo.R. 
In a similar manner horizontal displace 

ment of the bar 565f actuates a tape 581 pass 
ing about the sheaves 582, 583, 584,585, 586 
and 587 and such tape transmits the correc 
tion 0 to the secondary angle p' to the trans 
former of coordinates apparatus. 
The angle pistransmitted to the apparatus 

from the shaft 487 which supplies p to mul 
tiplier M6, while logoR comes from rim 
458 to the gear 565m. w 
The transformer of coordinates device is 

shown in Figs. 10, 40, 41, and 42. Its object 
is to transform a with the is correction added 
and p with the y correction added, that isp', 
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and the latter further corrected for parallax 
by adding 6, respectively, into azimuth and 
vertical angles, which, after further correc 
tion in the ballistic mechanism, are trans 
mitted to the gun. In other words, the trans 
forming apparatus converts, coordinates to 
the azimuth and vertical system, so that the 
mechanical calculations may be utilized in 
laying a gun. 
The transformer consists essentially of an 

outer member movable about a fixed or pri 
mary axis and an inner member movable with 
respect to the outer member about a second 
ary axis perpendicular to the first axis. The 
outer member is, therefore, movable about a 
single axis, whereas the inner member is not 
only movable about that axis but also an 
other axis which is normal to the first. The inner and outer members constitute an "in 
put” system, the outer member receiving the 
primary angle (c.) and the inner member re 
ceiving the secondary angle (p' corrected for 
6) and hence a point on a tertiary axis normal 
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to the secondary axis and passing through 
the point of intersection of the primary and 
secondary axes may be caused to point to any 
position in the heavens in accordance with the 
settings of the primary and secondary axes. 
The “output’ system consists of a first 

member movable about a vertical or quarter 
nary axis which passes through the point of 
intersection of the primary, secondary and 
tertiary axes and a second member which is 
mounted to swing with respect to the first 
member about a quinternary axis which is 
normal to the quarternary axis and which 
passes through the point of intersection of 
the axes. ence it will be apparent that a 
sexternary axis normal to the quinternary 
axis and Pig through the point of inter 
section of the axes may be directed toward 
any point in the heavens according to the 
angular settings about the quarternary and 
quinternary axes. It only remains to con 
nect the inner member of the “input' system 
and the second member of the “output sys 
tem so that the tertiary and sexternary axes 
coincide, in order that the first member of 
the "output' system may be caused to move in 
azimuth and the second member caused to 
move in elevation. 

Referring now to Fig. 40, the “input' sys 
tem consists of an outer frame member 590 

65 

pivoted about a primary axis a-ae with re 
spect to stationary supporting structure 591 
having bearings at 592 and 593 for this pur 
pose. The inner frame member 594 nests 
within the outer frame member and the con 
tours of these frame members are approxi 
mately spherical so that the "output’ system 
may be arranged within the inner frame 
member and be operable therefrom. The 
inner frame member 594 has arms 595 which 
are pivoted to arms 596 of the outer frame 
member so that the inner frame member may 
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swing about a secondary axis y-y normal 
to and intersecting the primary axis a ca. 
The inner frame carries a third arm 597 
which has a tertiary axis 2-2 movable about 
the secondary axis /-/. 
The “output’ system consists of a vertical 

stationary post 598 to which is pivotally 
mounted the first member 599 of the “output' 
system movable about a vertical or quarter 
nary axis w-up and a second U-shaped mem 
ber 601 whose ends are pivotally connected 
to vertical ear portions 602 and 603 on lateral 
projections 604 and 605 carried by the first. 
member 599. In this way, the U-shaped 
member 601 is mounted to swing about a hori 
zontal or quinternary axis -, the U-shaped 
member having pivots 606 and 607, whose 
axes are coincident with this axis. The sec 
ond member of the output system, namely, 
the U-shaped member 601 has a pivot 608 
whose axis is coincident with tertiary axis 
2-2 which fits a bearing 609 in the arm 597 of 
the inner frame member, the axis of the bear 
ing also being coincident with the tertiary 
axis 2-2. The axes a-a, y-y, 2-2, w-up, 
and -y, all intersect at a common point. 
From the structure described, it will be ap 
parent that the tertiary axis 2-2 may be di 
rected toward a given point by moving the 
outer and the inner members 590 and 594, re 
spectively, according to any suitable sys 
tem of coordinates, and that the necessary 
movement of the bearing. 609 to direct the tertiary axis 2-2 resultsin movement of the 
second member 601 of the “output' system in 
the vertical and movement of the first mem 
ber 599 of that system in azimuth. The two 
members of the “output' system are con 
nected to transmit vertical and azimuthal 
angles in a manner to be described. 

Referring to Figs. 10 and 40, the angle a 
is transmitted from or shaft 136 by sprocket 
gearing 613 to the shaft 560, which is con 
nected to the sun gear 614 of the addition 
differential, at 615. The orbit gear 616 is 
carried by the tape wheel 558 which moves as 
(b. Hence the spider 617, carrying the planet 
pinions 618, will move as or--ob, or or', which 
angle is transmitted by the gear 620 con 
nected to the spider meshing with the sector 
621 having a hub portion 622 fitting in the 
bearing 593 and connected to the outer frame 
590 so that the latter is turned about the axis 
a-a in accordance with oz. 
Angle p' is transmitted from shaft 485 by 

gear 623 to gear 624, which fits about a sleeve 
625 having at its outer end the sun gear 626 
of the differential, at 627. The orbit gear 628 
is carried by the gear 624, and the planet 
pinions 629 are mounted on a carrier 630 con 
nected to the shaft 631 passing through the 
sleeve member 625 and through the hub por 
tion 622. The tape 581, representing 0, drives 
tape wheel 632, the latter having a bearing 
on the sleeve 625 and being provided with an 
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internal or orbit 633 meshing with the pin 
ions 634. The pinions 634 are carried by the 
Sector 621 and they engage a sun gear 635 
fixed to the sleeve 625. 
The shaft 631 has connected to itsinner end 

a bevel gear 636 meshing with the bevel gear 
637 carried by shaft. 638 mounted in bearings 
639 carried by the frame 590. The shaft 638 
has connected thereto a pinion 641 meshing 
with the gear 642 to which is connected the O 
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member 599 provided with an azimuth 

pinion 643 meshing with the gear 644 carried 
by the inner frame member 595. 
From the arrangement of gearing referred 

to, it will be apparent that or may be applied 
to the frame 590 without, in consequence, 
causing any movement of the inner frame 
member 595 about axis y-y for the reason 
that the shaft 631 turns with the frame 590 
about the axis a-ae, the pinions 629 resulting 
in turning of the sleeve 625 in the same direc 
tion as the shaft 631 and in the same direction 
as it tends to be rotated by the pinions 634; 
and since the orbit gears 633 and 628, the sun 
gears 635 and 626, and the planet pinions 634 
and 629 are, respectively, the same size, when 
the sector 621 turns, thereby rolling the pin 
ions 634 on the orbit gear 633, the sun gear 
635 moves at a peripheral speed equal to that 
of the pinions and in the same direction, 
with the result that the outer frame 590 is 
free to turn without causing movement of the 
inner frame member 595 about its axis. 
The parallax correction 6 is transmited to 

the orbit gear 633 while p' is applied to the 
orbit gear 628 of the differential, at 627, with 
the result that p' and 0 are added, becoming 
p' which is transmitted by the planet pinions 
629, the carrier 630, the shaft 631, bevel gears 
636 and 637, shaft 638, and gears 641, 642, 
and 643 to gear 644 carried by the inner frame 
595, resulting in turning of the latter about 
the axisy-y. 

Motion of the first member 599 of the 
“output' apparatus about the quarternary 
axis (vertical) w-uy and of the U-shaped or 
“second’ member 601 of that apparatus cor 
respond to the desired transformation azi 
muth (v) and vertical (n) angles. These 
angles are transmitted to the ballistic ap 
paratus by suitable telemetric devices. For 
example, in order to transmit v I show the 

e 

645 which drives the telemotor, at 646, which 
transmits rotatational motion to the ballistic 
mechanism proportional to v. The telemotor, 
at 646, is carried by a stationary part of the 
structure. To transmit in, I show a telemotor 
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at 647, which is supported by the first member 
599 of the “output’ system and which is actu 
ated through gears 648, 649, the shaft 650 
and the gear 651, the latter being turned by 

85 

the sector 652 carried by the U-shaped mem 
ber 601. 

In setting up the apparatus, the axis a--a . 
(Fig. 41) should be aligned with or parallel 

2. 

to the base line. At the same time, the post 
598 must be vertical. Hence I show the post 
598 having a bearing shoe 655 with a lower 
convex bearing face whose axis is horizontal 
and passes through the point of intersection 
of the aforesaid axes. The bearing surface 
656 fits a concave seat 657 carried by the sta 
tionary structure 591. Any suitable means 
may be employed for moving the shoe 655 
relatively to the seat. For example, (see 
Fig. 42) I show an arcuate rack 658 carried 
by the shoe and which meshes with a pinion 
659 carried by a shaft 660, which has a worm 
Wheel 662 meshing with a manually actuated 
Screw or worm 663. If the base line should 
be inclined, the screw 663 may be actuated 
manually to bring the post 598 into the 
vertical. 
As the transformer of coordinates device 

is purely a mechanical arrangement, its ab 
solute orientation is of no importance and it 
is, therefore, to be understood that the terms 
"vertical”, “horizontal, and “parallel to the 
base line', as applied to that device in the 
foregoing description are used to simplify an 
understanding thereof. 
The ballistic mechanism receives the verti 

cal angle m from the transformer of coordi 
nates device and logio R from the prediction 
mechanism and from these, and other factors 
added to the mechanism, the following 
factors are calculated: 

(1) The square root of the time of flight 
VT, which is transmitted to the comparators 
by the shaft 143 aforesaid; 

(2) The angle of super-elevation “s', that 
is, the difference invertical angle between 
the angle of departure and the future line of 
sight; and, 

(3) The drift “d’, the correction to 
azimuth for this effect. 
The time of flight VT is found from the 

following factors: 
(1) The logarithm of the future range 

logo Rs coming from the prediction mecha 
nuSm; 

(2) The vertical angle “n” coming from 
the transformer of coordinates; and, 

(3) The tenuity “t' of the atmosphere, 
found by meteorological observations and set 
on a handle provided for that purpose. 
The solution for VT is carried out in three 

steps: 
First-Finding from logio R, obtained in 

the prediction mechanism, the value of VT 
for standard conditions and horizontal line 
of fire and here designated as VT; 
Second-Finding the correction WT, to be 

added to VT to obtain VT for standard con 
ditions and inclined line of sight; and, 
Third-Finding the correction VT for at 

mospheric conditions to be added to VT WT, 
to obtain VT. - 
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The corrections VT, and VT, are both 
The mechanism for finding vTo consists of 

the tape 462 driven by the rim. 458 for driy 
ing the tape wheel 665 carried by the shaft 666 of the ballistic mechanism (see Fig. 43) 
so that the latter moves angularly in proport 
tion to logo.R. The shaft 666 is connected 
to a scrollwheel 667 driving the scroll wheel 
668 keyed to the shaft 669, the scroll Wheels being so cut as to convert logo.g into VT for 
standard conditions and a horizontal line of 
sight. The shaft 669, representing -VT is 
connected to the spider of addition differ 
ential, at 670. For the purpose of finding the correction 
WT, I show a cam roller 672, so shaped that 
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its axial motion corresponds accurately to 
VT while it rotational motion corresponds 
accurately to . The cam roller is rotatable 
and slidable with respect to a sleeve 678, the 
latter being rotated by sprocket ES 674, 
driven by the train of gears 65,66 and 
the latter being connected to the shaft 678 of 
the servo-motor 679, which receives the verti 
cal angle from the telemotor 680 electrical 
ly connected to the telemotor 64 of the trans 
former of coordinates device. The accurate 
value of WT comes from VT shaft 143 
through spiral gearing, at 681, which drives 
the screwshaft. 681, constituting a Support 
for the sleeve 673 and whose threaded por 
tion 682 engages a nut member 688 having post 684 passing through a longitudinal slot 
685 in the sleeve, whereby, upon turning of 
the shaft 681, the cam member 672 may be 
traversed axially of the sleeve 678 in accord 
ance with VT. 
The roller cam member 672 is provided 

with two cam portions at 686 and 68, the 
portion 686 being used for the vertical angle 
correction, the one now immediately under 
consideration, and the cam portion 687, being 
involved in the tenuity correction considered 
later. 8 8 

A follower roller 688 (similar to 
688 shown below) engages the cam portion, 
at 686, and imparts motion to the shaft 689 g 
corresponding to WT. The latter shaft car 
ries a sector 691 engaging a gear 692, which 
is the sun gear of the addition differential, at 
693. The follower 688 is constrained to en 
gage the cam portion of 686 by a Spring 694. 
Considering next the step of finding VT, 

this is determined by the follower 695 which 
engages the camportion of 687, and which is 
carried by the shaft 696 with which cooper 
ates a spring 697 to maintain engagement of 
the follower with the camportion. The shaft 
696 is connected to the arm 698 having an ad 
justable crank pin 700 (see Fig. 44), which 
engages in the slot 701 provided in the frame 

5 702 and constrained to move as shown in Fig. 

the roller 
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44 by the guide rollers 703 and by the gears 
704 and 705, which may be selectively clutched 
to the shaft 706 for driving the orbit gear 
720 of the addition differential, at 693. 
The swinging of crank arm 698 imparts 

extent of reciprocation may be varied by ad 
justing the position of the crankpin 700 with 
respect to the arm 698. To this end, I show 
the pin 700 carried by a block 708 which is 
traversible in the longitudinal slot 709 of the 
arm 698 by means of a screw 710 connected to 
a bevel gear 711, the latter meshing with a 
bevel gear 712 which may be turned by the 
hand crank 13. 
The gears 704 and 705 mesh, respectively, 

with racks 714 and 715, and are rotated in 
opposite directions to the extent of the recip 
rocation of the frame 702. Either of these 
gears may be clutched to the shaft by a clutch 
mechanism which is similar to that shown in 
connection with the gears 704 and 705's of 
similar mechanism for actuating the shaft 
706. Here the gears are provided with key 
slots 716 and 717 engageable alternatively 
by a key 718 movable axially of the shaft 
706 by the knob 719. 
The arm 698 is graduated in percentages of 

tenuity different from a standard; and, there 
fore, knowing the percentage the tenuity is 
off, the block 708 is adjusted longitudinally 
of the slot by turning the crank 713 until it 
reaches a position determined by the existing 
tenuity. If the tenuity factor is negative 
rather than positive with respect to standard, 
hand crank 713 is turned to bring the block 
708 with the axis of the pin 700 aligned with 
the axis of shaft 696 which will bring the 
frame 702 and the shaft 706 to zero position, 
whereupon the clutch key (18 may be moved 
to engage the other gear in order that the 
negative value of tenuity may be read off on 
the scale previously used for positive values. 
The angular position of shaft 706 obtained 
in this manner represents the correction 
VT to be added to correct for tenuity. 
Having now obtained VT, VT, and VT, 

these values are added, WT, going to the Sun 
ear 692 of the differential, at 693, while VT, 

goes to the orbit gear 720 of that differential. 
The planet pinions of this differential are car 
ried by a spider connected to the shaft 721 so 
-that the angular position of the latter repre 
sents WT,--T. The shaft 721 applies the 
latter quantity to the orbit gear 722 of the 
differential at 670, the value VTo being ap 
plied to the planet pinions thereof, with the 
result that the sun gear 724 thereof is rotated 
as WT, + VT-- WT or WT. 
The gear 724 is connected to a gear 725. 

meshing with a pinion 726 carried by the con 
trol shaft, 727 of the servo-motor 728 whose 
driven gear 730 meshes with the pinion 731 
keyed to the shaft 681. 

reciprocatory motion to the frame 702 and the 
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The super-elevation S is determined by ap 
paratus similar to that already described for 
determining VT, with one additional com 
plication. It is not possible, as was the case 
with WT, to find from logo.R. alone a value 
for the super-elevation which will apply to 
all cases for this range with only small cor 
rections for vertical angle and tenuity. It has 
been found, however, that the cosine of the 
vertical angle times the value So (which is 
the exact value of the super-elevation for 
horizontal range) is a good approximate 
value which can be made strictly accurate by 
small corrections. 
The super-elevation will then be made up 

of three factors as follows: 

So cos n+S,+S. = S, 
where Sn is the small correction which must 
be added to the approximation, So cos n to 
give the correct superelevation for the par 
ticular value of ninvolved, and St is the small 
correction which must be made for differences 
in atmospheric conditions. 
The scroll wheel 733 on log R shaft 666 

drives the scroll wheel 734, the scroll wheels 
being so cut that the wheel 734 represents 
logo.S. See Fig. 45 for an outline of scroll 
wheels suitable for this purpose. The wheel 
734 is connected to the orbit gear 735 of the 
differential, at 736. 
The gear 675 driven from n servo-motor is 

connected to a sleeve 737, which has keyed 
thereto a scroll wheel 738 for driving the 
scroll wheel 739, the scroll wheels being SO 
cut that the wheel 739 represents logocOS 7. 
See Fig. 46 for the scroll wheels. The latter 
wheel is connected to the sun gear 740 of the 
differential, at 736. The planet pinions 741, 
therefore, through the spider 742, drive the 
shaft 743. The spider 742 and the shaft 743, 
therefore, represent the addition of logo.So 
and logo cosm that is logo (So cosm). The 
shaft 743 carries a scroll wheel 745 which 
drives a mating scroll wheel 746 keyed to 
the shaft 747, the scroll wheels being So cut 
that wheel 746 represents So cosm. See 
Fig. 47. us 
The quantities S, and Stare found by simi 

lar mechanism operating in the same way as 
that for finding VT, and VT. The quan 
tities S, and S are added in the differential, 
at 693, and the sum is then added to So cosm 
in the differential, at 670, so that the gear 
750 represents S cosm-i-S,-- Ss, or S, the gear 
750 meshing with the gear 751 on the shaft 
752 having a gear 753, thereon meshing with 
gear 754 carried by the receiving telemotor 
680 connected to the n sending telemotor 6; 

t 
will, therefore, be apparent that the received 
angle is corrected both for tenuity and time 
of flight, the corrected angle being trans 
mitted by the servo-motor 679 both through 

28 
the gear 677 to the sleeves of the cams 672 
and 672 so that the latter are turned as cor 
rected n. Corrected n is transmitted from 
the shaft 678 by means of the sending tele 
motor 755 to the gun vertical angle receiving 
telemotor 33. Adjusting means is provided 
at 756 to take care of windage. 

In ballistic calculations, the angle of drift 
is frequently considered as directly propor 
tional to the time of flight. In this appa 
ratus, the somewhat broader assumption is 
made that it is a function of the time of flight. 
The apparatus for determining this correc 
tion is shown in Fig. 43 and it consists of a 
shaft 755 driven as VT through gears 756 
and 757 operated from VT shaft 143. The 
shaft 755 has a pinion 758 thereon meshing 
with a gear 759 carrying the scroll wheel 760, 
which drives the scroll wheel 761, the scroll 
wheels being so cut, as may be seen from 
Fig. 48, that the wheel 761 represents the 
drift angle “d’. This angle is transmitted 
through the gears 762 and 763 to the sending 
telemotor 764, connected by the conductors 
30 to the azimuth receiving telemotor or fol 
low-the-pointer device 32 at the gun. The 

ding telemotor is driven by a servo-motor 
765, which, in turn is controlled by the re 
ceiving telemotor 766 connected electrically 
to the sending telemotor 646 of the trans 
former of coordinates. In this way, the 
azimuth angley is corrected for drift, the 
latter being a function of the time of flight, 
before being transmitted to the gun station. 
A manually operated shaft 777 has a pinion 
778 thereon meshing with a gear 779 on the 
receiving telemotor 766 in order that wind 
corrections may be made. 
The ballistic mechanism, therefore, receives 

logo.R. and angles n and y from which, and 
from manual settings for tenuity, it mechan 
ically and continuously finds WT for inclined 
sight, which quantity is transmitted continu 
ously to the gun and to the comparators, the 
transmission to the gun being electrical by 
electric telemetric means through the con 
ductors 34 (see Fig. 1). The azimuth and 
vertical angles are transmitted in the manner 
already set forth. 

Electrical telemetric devices are interposed 
between the telescopes and between the latter 
and the gun. Fig. 52 shows one of these de 
vices diagrammatically. 
bipolar rotors A have windings A in the 
common circuit A connected by leads A* to 
a source of alternating current. The rotors 
A are cooperatively related to fields B which 
have similar 120 points connected by con 
ductors B, B, and B. 

Either of the telemotors consisting of a 
bipolar rotor A and a field B may be the 
sending telemotor while the other is the re 
ceiving telemotor. If one rotor A is turned 
angularly a given extent, the other, or receiv 

In this view, the 
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ing, rotor A will turn to the same extent. 
Corrections may be made by adjusting the 
fields. For example, the telemotors 680, 755, 
and 766 are provided with such correction de 
vices, the field to telemotor 680 being ad 
justed by the adjusting gear 754 while the 
fields of the telemotors 755 and 766, are shift 
able by the manual devices 756 and 777. 

Referring to the modified form of my in 
vention shown in Fig. 51, the telescope oper 
ator (or operators) at the near station in 
following the target rotates the telescope 801, 
by means of handles 802 and 803, represent 
ing the angles or and p respectively. The 
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angle or is through direct shaft connection 
804, conveyed to the or comparator 805, and 
also to the differential 806, shaft 807 being a 
continuation of 804. Through shaft 808, 
angle p (approx.) is conveyed to the differ 
ential 809, in which a correction proportional 
to or is added so that shaft 810 represents 
angle p free from the inaccuracy due to the 
rotation of the instrument frame. This 
shaft actuates comparator 811 and its con 
tinuation 812 enters the range and prediction 
mechanism while a further continuation 813, 
actuates one element of differential 814. 
The angle p is also directly measured by 

means of sellsyn,815, on the telescope frame, 
the rotation being conveyed to electrical 
differential 816. This differential also re 
ceives the angle pi from the far station tele 
scope 817, the target being followed by rotat 
ing handle 830 and the angle transmitted by 
sellsyn 818. The pointer 819 of differential 
816 reads the difference p- p =X which is 
followed by a manual operation of handle 
820, so that shaft 821 represents A. This 
actuates the A comparator 822 and through 
its continuation 823 enters the range and pre 
diction mechanism. , 

The angle p, transmitted by sellsyn 818, is 
also received by sellsyn 824 which, through 
servo-motor 825, actuates shaft 826 entering 
the range and prediction mechanism. 
The quantities Woz, Wip and WX are the rates 

of change of oz, p and A respectively, each 
multiplied by the quantity T, the time of 
flight, found in the ballistic mechanism and 
sent back to the comparator by shafting 826, 
the comparator being so designed as to 
measure these composite quantities directly. 
Servo-motors 827, 828 and 829 read the com 
parators and actuate shafts entering the 
range and prediction mechanism. . 
The range and prediction mechanism re 

ceives all the quantities mentioned above and 
in addition B and G, the true length of the 
base line and the distance from the near sta 
tion to the guns, these being set up on the 
handles shown. From all these quantities it 
continuously computes the corrections 8 and 0 
which must be added to or and p to convert 
these angles of present position into the 
angles a? and p, the correspondingly meas 
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ured angles from the guns to the position the 
target will occupy after an interval, T, the 
time of flight of the projectile. It also com 
putes the inclined range, R, from the guns 
to the future position of target. 
By means of the differentials 806 and 814 

corrections 8 and 6 are added to the angles c. 
and p to give o' and p' which latter enter and 
actuate the transformation of coordinates 
device. This piece of apparatus converts the 
angles o' and p' to spherical coordinates of 
the target measured on a sphere of reference 
with its polar axis in the line of the base line, 
into the angles yo and no measured on a sphere 
with its axis vertical, these angles being 
therefore azimuth and vertical angle. As 
the base line may not be actually horizontal 
it is necessary to set the crank (3 manually to 
the actual inclination of the base line to the 
horizontal. These sellsyns, 835 and 836 trans 
mit the angles yo and no from the transforma 
tion of coordinates device to the electrical 
differentials 837 and 838. In addition selsyn 
835 actuates sellsyn 839 which, in turn, 
through servo-motor 840, actuates shaft 841 
entering the ballistic mechanism, the angular 
position of this shaft representing no. 
The future range R', the vertical angle no 

and the tenuity of the atmosphere (the latter 
set on handlet) enter the ballistic mechanism, 
which computes from these the time of flight, 
T, of the projectile, the drift correction, d. 
to yo and the super-elevation correction, S, to 
no. As the time of flight is found by appa 
ratus which is not powerful enough to move 
the mechanisms to which the T shaft, 826 is 
attached, servo-motor 842, is employed to add 
power to this shaft. Selsyn 843 transmits T 
to the guns to govern the fuze setting, the time 
of flight dials at the guns being actuated by 
selsyns 844A, 844B, etc. The drift d, actu 
ates the rotor of electrical differential '838, 
while super-elevation S actuatés the rotor of 
electrical differential 837. The casings of 
these differentials are also capable of a small 
angular rotation by means of worm wheels 
and worms rotated by buttons W. and W., 
for setting off azimuth and vertical angle 
Wind corrections. The angular positions 
transmitted to sellsyns 845A and 845B will, 
therefore, be the sum of the angles, mo, S and 
Wv, while the angular position transmitted 
to sellsyns 846A and 846B will be the sum of 
the angles yo, d, and W. These composite 
angles, designated n and y are the correct 
angles by which to lay the gun. They are 
represented on dials at each gun position, a manually operated follow-the-pointer system 
being employed. 
The anglep is transmitted from the tele-, 
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Scope to the computing mechanism both elec 
trically and mechanically. The mechanical 
transmission is necessary to furnish power 
for actuating the comparator and computing 
mechanism attached. The electrical trans 
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mission might be omitted but it is thought 
that a more accurate value of the extremely 
important angle A would result from the sub 
traction of p from p if both these angles were 
brought to the differential mechanism by 
identical means. 
The operation of apparatus utilizing my 

invention will be facilitated by reference 
to diagrammatic Fig. 53. Assuming the two 
telescopes are set up, the distance B between 
the telescopes and the distance G between the 
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near telescope and the gun are measured, and 
the manual setting devices B and G on the 
prediction mechanism are set in accordance 
with those distances. Should the base line be 
inclined, the vertical post of the transformer 
of coordinates device is adjusted as hereinbe 
fore set forth. 
The telescopes have their primary axes 

aligned. Operators so move the telescopes as 
to train them on the target, such as an aero 
plane. The primary angle or and the sec 
ondary anglep of the near telescope and the 
secondary angle pi are transmitted tele 
metrically to the computing machine, the 
angle a going to the comparators while the 
angles p and pi go to the range and position 
apparatus. The angle or is also transmitted to 
the transformer of coordinates device, and the 
angle p is also transmitted to the comparators 
and to the prediction apparatus. 
The range and position apparatus sub 

tracts p from p to find A and utilizes X, p and pi 
in determining logo Ro, logo (cot A cot p) 
and (cot ph cot p), these quantities being 
transmitted to prediction apparatus. The 
quantity A is transmitted to the comparators. 
The comparators receive the angleso, p and 

A and the quantity vT from the ballistic ap 
paratus and calculates mechanically Tag di' 
: and T3, which quantities are trans 

mitted to the prediction mechanism. 
The prediction mechanism receives the 

quantities mentioned from the range and po 
sition apparatus and from the comparators 
as well as the angle p from which it calculates 
mechanically logoR, the “future' secondary 
angle p, b the angle to be added to a to give 
the “future' primary angle or, and 0 the paral 
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lax correction to the secondary angle p’. The 
quantity logoR is transmitted to the ballis 
tic mechanism while p', b, and 0, go to the 
transformer of coordinates device. 
The transformer of coordinates device first 

adds a and b and p' and 6 and transforms the 
respective sums into azimuth and vertical 
-angles y and . 
The ballistic apparatus receives y and m 

from the transformer of coordinates ap 
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paratus and the quantity logoR from the 
prediction apparatus. The ballistic mech 
anism has manual setting devices to take 

2S 

care of atmospheric tenuity and wind. The 
vertical angle n is corrected for super-eleva 
tion and wind, and the azimuth angle is cor 
rected for drift and wind. The quantity VT 
for inclined fire is also found. Corrected 
values of n and y are transmitted to the gun 
station while VT goes both to the-gun station 
and to the comparators. 
From the foregoing it will be apparent that 

I have devised a fire control system or ma 
chine which receives angular motions of the 
telescopes, incident to training of the latter 
on a target, and thereby defines continuously 
three position-determining factors or coordi 
nates and which utilizes mechanically these 
factors and the rates of change thereof found 
mechanically to concurrently and continu 
ously find coordinates of future positions of 
a target, the latter coordinates preferably be 
ing the vertical and azimuth angles in ac 
cordance with which the gun is kept laid and 
the time of flight in accordance with which 
the gun is set. Assuming proper settings for 
length of base line, distance of the near tele 
scope from the gun, atmospheric tenuity, and 
wind, it will be seen that the entire system 
is under control of the telescope operators, 
the azimuth and vertical angles for future 
target postions and the time of flight ap 
pearing at the gun station concurrently with 
training movements of the telescopes, there 
by reducing the “dead time' to zero. 

In connection with the telemetric trans 
mission of angular motion, I prefer to make 
the telemotors relatively small and to use 
mechanical amplifiers wherever torques of 
any magnitude are required. In such an ar 
rangement, the rotor of a receiving telemotor 
is connected to the control element of a servo 
motor. Also, the telemotors of the electrical transmission systems may be adjusted; for 
example, see the corrections for windage and 
the vertical angle correction. A servo-motor 
of the mechanical type which is capable of 
converting a small torque into a large torque 
and repeating or following the angular move 
ment of the control element is shown in my 
application, Serial No. 5,327, filed January 
28, 1925. 
As hereinafter used the term spherical 

coordinates is taken to mean the system of 
locating a point in space by the use of two 
angles and a linear distance, one of the angles 
being the angle of rotational displacement 
about a primary or polar axis of the plane 
containing the point and the axis, from any 
arbitrary zero position of the plane; the other 
angle being the angle measured in the plane 
between the polar axis and the line connect 
ing the origin and the point. The linear 
distance may be the true linear distance from 
the origin to the point or the projection of the 
distance on any specified plane. By the term 
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ballistic spherical coordinates is meant the 
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spherical coordinate system in which the 
polar axis is the vertical, in other. Words the 
ordinary system of azimuth and vertical 
angle. The linear dimension may be hori 
Zontal range, inclined range, elevation, etc. 
By the term special spherical coordinates is 
meant a spherical coordinate system with the 
polar or primary axis horizontal or inclined, 
but not vertical. 
While I have shown my invention in two 

forms, it will be obvious to those skilled in the 
art that it is not so limited, but is susceptible 
of various other changes and modifications 
without departing from the spirit thereof, 
and I desire, therefore, that only such limi 
tations shall be placed thereupon as are im 
posed by the prior art or as are specifically 
set forth in the appended claims. 
Having thus described the invention, what 
claim as new and desire to secure by Letters 

Patent is: 
1. In a fire control system, the combination 

of mechanism to receive instantaneous posi 
tion determining factors of a moving aerial 
target, and from such factors and charac 
teristics thereof mechanically and simultane 
ously to calculate factors determining a fu 
ture target position, and means for transmit 
ting the future position determining factors 
from said mechanism. 

2. In a fire control system, a machine for 
determining factors of future positions of a 
moving aerial target by which to lay a gun so 
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that a projectile and the target shall reach 
substantially the same position in space 
simultaneously comprising means for con 
tinuously receiving movements correspond 
ing to the instantaneous values of position 
factors of the target, means for effecting 
movements proportional to the rates of 
change of the factors times a function of the 
time of flight, and means for concurrently 
correlating the movements of said means to 
determine the factors for future positions of 
the target. 

3. In a fire control system, the combination 
of means movable in accordance with instan 
taneous position-determining factors of a 
moving aerial target, means operated by the 
first means for determining quantities pro 
portional to the rates of change of the instan 
taneous factors times a function of the time 
of flight, means operated by the first two 
means for concurrently determining the time 
of flight to a future position and for deter 
mining two other future position-determin 
ing factors, and means for transmitting from 
the last named means to the product finding 
means a function of the time of flight. . 

4. In fire control apparatus, mechanism in 
cluding means for receiving the instantane 
ous coordinates and means responsive to the 

change thereof for ascertaining coordinates 
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of future positions of the target, means for 
correcting the coordinates for parallax; and 
means for transforming the corrected coordi 
nates into azimuthal and zenithal coordi 
nates. 

5. In mechanical fire control apparatus, 
mechanism for continuously ascertaining co 
ordinates of future positions of the target in 
cluding means for receiving instantaneous 
coordinates and means responsive to the in 
stantaneous values of such coordinates and 
to quantities proportional to the rates of 
change thereof for ascertaining the coordi 
nates of future positions of the target, two of 
the last named coordinates being spherical; 
means for transforming the spherical coor 
dinates into azimuthal and vertical angles; 
means for automatically correcting the azi 
muthal angle for drift; and means for auto 
matically correcting the vertical angle for 
super-elevation. 

6. In a fire control apparatus, the com 
bination with first and second telescopes hav 
ing aligned primary axes, said telescopes be 
ing adapted to be trained on a movable aerial 
target, of a mechanical system for automati 
cally and continuously finding the difference 
between the secondary angles of the tele 
scopes ising mechanically actuated re 

O ceivers, means for transmitting the second 
ary angles from the telescopes to the re 
ceivers, and means for subtracting the sec 
ondary angle of the first telescope from the secondary angle of the second telescope. 

7. In a fire control apparatus, the combina 
tion with first and second telescopes having 
aligned primary axes, said telescopes being 
adapted to be trained on a movable aerial 
target, of a mechanical system for automati 
cally and continuously finding the logarithm 
of the present range from the secondary 
angles of the telescopes, including members 
movable proportionally to the secondary 
angles, means operated from said members 
for subtracting the secondary angle of the 
first telescope from the secondary angle of the 
second telescope to obtain a derived angle, 
means for obtaining the logarithm of the 
sine of the secondary angle of the second 
telescope cooperating with the previously li: 
mentioned means, means for obtaining the 
logarithm of the sine of the derived angle, 
and means cooperating with the previously 
mentioned structure for subtracting the Sec 
ond logarithm from the first to obtain the 
logarithm of the present range. 

8. In a fire control system, the combination m 
of two spaced telescopes having aligned axes 
and adapted to be trained on a moving aerial 
target, three mechanically acting receivers, 
means for transmitting the primary and sec 
ondary angles of the telescopes to the re 

instantaneous values of such coordinates and cei 
to quantities proportional to the rates of 

ceivers, means operated from the secondary 
angle receivers for subtracting one secondary 
angle from the other, means for obtaining 
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the products of the rate of change of the pri 
mary angle, one of the secondary angles, and 
the derived angle times a function of the time 
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of inclined flight, means for utilizing the four 
angles and the three products in determining 
the logarithm of the future range, and mech 
anism which utilizes said logarithm, the 
tenuity of the atmosphere, and the future ver 
tical angle in determining the time of in 
clined flight. 

9. In fire control apparatus, the combina 
tion of means adapted to be continuously 
trained on a moving aerial target, means for 
continuously transmitting spherical coordi 
nates of the target consisting of one primary 
and two secondary angles from said first 
means, means for subtracting one secondary 
angle from the other secondary angle to ob 
tain an angle of difference, the primary angle, 
one of the secondary angles, and the angle of 
difference being further utilized as instan 
taneous spherical coordinates of the target, 
means for ascertaining primary and second 
ary angle corrections and adding such cor 
rections to the instantaneous values of the 
last referred to primary and secondary angles 
and for ascertaining the future time of flight, 
means for adding parallax corrections to the 
time of flight ascertaining means and to the 
corrected secondary angle, and means for con 
verting the corrected primary and secondary 
angles into azimuth and vertical angles, re spectively. 

10. In fire control apparatus, ballistic 
mechanism including a rotary receiving ele 
ment rotated in accordance with the loga 
rithm of the range of a future position of a moving aerial target, a rotary receiving ele 
ment rotated in accordance with the vertical 
angle of a future position of a moving aerial 
target, a pair of connected cams of the com 
bined axial and radial type, means for shift 
ing the cams axially as a function of the time 
of flight, mechanical means for rotating the 
cams as a function of the corrected vertical 
angle, followers cooperating with the cams, 
One of said cams being so cut that the result 
ant effect of axial and angular movements 
thereof is to impart to its follower a super 
elevation correction corresponding to the ver 
tical angle and the other of said cams being 
so cut that the resultant effect of axial and 
angular movements thereof is to impart to its 
follower a tenuity correction for super-eleva- p 
tion, mechanism operated by said followers 
for adding the corrections and the mechanism 
operated by the tenuity follower including 
mechanism whereby adjustments for tenuity 
conditions may be made, means for finding 
the product of super-elevation for horizontal 
fire times the cosine of the vertical angle, 
means for adding said product and the verti 
cal angle and tenuity corrections for super 
elevation to obtain a resultant Super-eleva 
tion correction for inclined fire, and means 
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for modifying the incoming vertical angle by 
the resultant super-elevation correction to 
obtain a vertical angle corrected for super 
elevation, 

11. In a fire control system, the combina 
tion, with means for determining the square 
root of the time of flight, of a friction disk, 
means for driving the disk proportionally to 
a variable angle, a shaft extending dia 
metrally of the disk, a threaded shaft driven 
as the square root of the time of flight from 
said means, a friction wheel engaging said 
disk and splined to said shaft, a shifter for 
traversing the friction wheel and threaded to 
said threaded shaft, a driven member axial 
ly aligned with said shaft, a differential hav 
ing bevel gears connected to the shaft and 
to the driven member and bevel pinions mesh 
ing with said bevel gears and carried by a 
carrier, a bevel gear on the friction disk, a 
bevel gear meshing therewith and carried by 
the carrier, a pivoted frame, a roller carried 
by the frame, a flexible connection between 
the driven member and the roller, a second 
roller arranged transversely of and engaging 
the first roller, a second friction disk geared 
to the second roller, a bevel gear carried by 
the second friction disk, a shaft extending 
transversely of the disk, a constant speed 
member, a differential including bevel gears 
carried, respectively, by the shaft and by the 
constant speed member and bevel pinions 
meshing with the bevel gears, a bevel gear con 
nected to the carrier for the last-named pin 
ions and meshing with the second friction 
disk bevel gear, a friction wheel engaging the 
second friction disk, a threaded shaft driv 
en as the square root of the time of flight 
from said means, a shifter threaded to the 
latter shaft for shifting the last-named fric 
tion wheel, a motor, a pair of spaced contacts, a contact cooperating with the pair of spaced 
contacts and carried by said frame, all of 
said contacts being connected to the motor, 
and means operated by the motor to cause 
the pair of spaced contacts to follow the mo 
tion of said frame to open. a circuit of the 
motor when the frame comes to a stop. 

12. In a fire control system, the combina 
tion with means for finding the Square root 
of the time of flight, of mechanism which 
receives the square root of the time of flight 
and a variable angle and drives a shaft pro 
ortional to the product of the square root of 

the time of flight times the rate of change of 
the angle, a pivoted frame, a roller carried 
by the frame, a flexible joint construction be 
tween the shaft of said mechanism and the 
roller, a constant speed motor, a second roll er extending transversely of and engaging 
the first roller, transmission mechanism be 
tween the motor and the second roller, means 
operative from said time of fight means to 
cause said transmission mechanism to so op 
erate that the second roller rotates propor 
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tionally to the reciprocal of the square root 
of the time of flight, a second motor, a pair 
of spaced contacts, a third contact carried by 
the frame and adapted to engage either of 
the contacts of said pair when the frame 
Swings, and means operated by the second 
motor to cause the pair of contacts to follow 
the motion of said frame and to open the cir 
cuit of said second motor upon the frame 
ceasing to swing. 

13. In a fire control system, the combina 
tion, with means for finding the square root 
of the time of flight, of a friction disk driv 
en proportionally to a variable angle, a driv 
en shaft extending transversely of the disk, 
a Screw shaft arranged parallel to the driven 
shaft and operated by said time of flight 
means, a friction wheel splined to the driven 
shaft, a shifter operated by the screw shaft 
for moving the friction wheel, a pivoted 
frame, a roller carried by the frame a con 
nection including a flexible joint between the 
roller and said driven shaft, a constant speed notor, a driving shaft operated thereby, a 
friction wheel splined to the driving shaft, a 
friction disk driven by the friction wheel, a threaded shaft arranged parallel to the driv 
ing shaft, a shifter threaded to the threaded 
shaft for shifting the friction wheel, a sec 
ond roller driven by the last-named friction disk, extending transversely of the first roll 
er, and engaging the latter, a pair of spaced 
contacts, a third contact carried by the frame, 
a reversible motor connected to the contacts, and means operated by the motor to cause the 
pair of spaced contacts to follow the motion 
of said frame, whereby, when the latter comes 
to a stop a circuit for the motor will be 
broken. 

14. In a fire control system, the combina 
tion, with means for determining the square 
Oot of the time of flight, means operative 
from a variable angle and from said time of 
fight means for moving an element propor 
tionally to the product of the square root of 
the time of flight times the rate of change of 
the angle, a source of constant speed, mech 
anism operative from said source and from 
the time of flight means for moving an ele 
ment proportionally to the reciprocal of the 
Square root of the time of flight, division 
mechanism operative from the first and sec 
ond elements, a servo-motor, and a controller 
for the servo-motor which is operated in ac 
cordance with the quotient of the division 
mechanism. 

15. In a fire control system, the combina 
tion, with means for determining the square 
root of the time of fight, means operative 
from a variable angle and from said time of 
flight means for moving an element propor 
tionally to the product of the square root of 
the time of flight times the rate of change of 
the angle, a source of constant speed, mech 
anism operative from said source and from 
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the time of flight means for moving an ele 
ment proportionally to the reciprocal of the 
square root of the time of flight, division 
mechanism operative from the first and sec 
ond elements, a reversible electric motor, a 
pair of spaced contacts and a third contact 
whose position depends upon the quotient of 
the division mechanism and which operates, 
upon a change in said quotient to complete a 
circuit for said motor, and follower up mech 
anism operated by the motor for moving the 
spaced contacts relatively to the third contact 
to open the motor circuit when the quotient 
ceases to vary. 

16. In a fire control system, the combina 
tion, with means for finding the square root 
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of the time of flight, mechanism which con , 
tinuously determines the rate of change of 
an angle, means for continuously multiply 
ing the rate of change by the square root of 
the time of flight, a swingably mounted fric 
tion roller which is rotated as said product, a 
second friction roller engaging the first roller 
transversely, a constant speed motor, means 
for modifying motion of the motor such that the motionisproportional to the reciprocal of 
the square root of the time of flight, means 
for transmitting said modified motion to the 
second roller, a servo-motor, and a controller for the servo-motor responsive to the swing 
of the first roller. 

17. In a fire control system, the combina 
tion, with means for finding the square root 
of the time of flight, mechanism, which con: tinuously determines the rate of change of an angle, means for continuously multiply 
ing the rate of change by the square root of 
the time of flight, a swingably mounted fric 
tion roller which is rotated as said product, 
a second friction roller engaging the first 
roller transversely, a constant speed motor, 
means for modifying motion of the motor 
such that the motion is proportional to the 
reciprocal of the square root of the time of 
flight, means for transmitting said modified 
motion to the second roller, a servo-motor, 
and a controller for the servo-motor compris 
ing a contact which swings with the first 
roller, a pair of spaced contacts, and means 
operative from the servo-motor for causing 
the spaced contacts to follow the motion of 
the first roller. e 

18. In a fire control system, the combina 
tion, with means for continuously and me 
chanically determining the square root of the 
time of flight, of a friction disk driven pro 
portionally to a variable angle, a frictional 
wheel engaging one face of the disk, means 
for traversing the wheel transversely of the 
disk, said traversing means being operable 
from the means for determining the square 
root of the time of flight, a constant speed 
motor, transmission means operated by the 
constant speed motor, means for imposing the 
effect of the square root of the time of flight 
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upon the transmission means so that the final 
element of the latter rotates as the recipro 
cal of the square root of the time of flight, 
a roller driven by said transmission means, 
a swingably mounted roller driven from the 
friction wheel and arranged transversely of 
and engaging the first roller, a servo-motor, 
and a controller for the servo-motor operated 
by the swing of the second roller. 

19. In a fire control system, a multiplying 
device consisting of first and second driving 
members, a rocker member driven by the first 
member, a variable pitch screw carried by 
said rocker member and having its axis inter 
secting the axis of the latter, said screw be 
ing driven by the second driving member, a 
crankpin movable radially of the axis of said 
rocker member, and a parallel motion bar 
operated by said crank pin. 

20. In a fire control system, the combina 
tion of a driving member, a rocking member, 
a crank pin carried by the arm, a link piv 
otally connected intermediately of its length 
to the pin, a guide whose axis intersects the 
axis of the rocking member, a guide member. 
carried by one end of the link and fitting the 
guide, and a driven member connected to the 
other end of the link 
- 21. In a fire control system, a multiplying 
device consisting of first and second driving 
members, a rocker member, a screw carried 
by the rocker member and driven by the sec 
ond driving member, a crank pin movable 
radially of the arm and traversed by the 
screw, and a member operated by said pin. 

22. In a fire control system, a multiplying 
device consisting of first and second driving 
members, a rocker member, a screw carried 
by the rocker member, and driven by the sec 
ond driving member, a crank pin movable 
radially of the arm and traversed by the 
screw, and a parallel motion bar operatively 
connected to said pin. 

23. In a fire control system, a multiplying 
device consisting of first and second driv 
ing members, a rocker member, a screw car 
ried by the rocker member and driven by the 
second driving member, a crankpin movable 
radially of E. arm and traversed by the 
screw, a slotted bar engaging the pin, tape 
means connected to the ends of the bar to 
assure parallel motion of the latter, and a 
driven member operated by said tape means. 

24. In a fire control system, a multiplying 
device consisting of a first driving member, 
a second driving member, a rocker member, 
a slotted bar, a screw operated by the second 
driving member for raising and lowering one 
end of the bar, a parallel-motion member, a 
roller carried by the last named member and 
engaging in the slot of said bar, a slotted 
guide having the axis of its slot intersecting 
the axis of the rocker member, a link pivot 
ally connected intermediately of its length 

65 to and eccentrically with respect to the axis 
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of said rocker member, a pin carried by one 
end of said link and engaging in the guide 
slot, and a pin carried by the other end of 
the link and engaging the bar slot. 

25. In a fire control system, computing ap 
paratus for determining the logarithm of the 
future range logoR, and telemetric means 
for continuously transmitting the primary 
angle or and the secondary angles p and p1 to 
the apparatus, said computing apparatus 
comprising, means for subtracting pand p, to 
find the derived angle A, means for deter 
mining the time of flight T and the primary 
and secondary angle corrections is and h, 

means for finding the quantity log -- 

4 (cot p+ cotpi)-T da (cotA-cot p.) d d 
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means for finding log cos b, means for sub-85 
tracting log cos (p from said quantity, means 
for finding log cosh, means for finding log 
(1+cot p tan ), means for adding log cost 
to log (1 + cot p tan p) to obtain the sum log 
cos -log (1 cot p tan ), and means for 
subtracting the latter sum from said quantity 
minus log cos is to obtain log of logofo. 

26. In a fire control system, computing ap 
paratus and means for transmitting the pri 
mary angle a and the secondary angles p and 
pi, said computing apparatus consisting of 
means for subtractingp from p to obtain the 
derived angle X, means for finding the time 
of flight T, means for obtaining the rates of 

dp 
di and 

rates of change by T, means for finding the 
cotangents of p and p, means for adding the 
cotangents, means for finding log sin A, 
means for finding log sin p, means for adding 
log sin A and log sin p, means for finding log 
sin p, means for subtracting log sin A-log sin 
p to obtain log 
verting log (cot A-cotp) into (cot Al-cot p) 
means for multiplying the latter quantity by 

change 3, means for multiplying the 

TS, and means for subtracting Tie (cot 
Al-cot p1) from T; (cot p-cot p). 

27. In a fire control system, the combina 
tion with computing apparatus for finding 
future primary and secondary angles, means 
for transforming the angles into azimuth and 
vertical angles, comprising an input system 
consisting of an outer member movable about 
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(cot A cotpa), means for con 
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a primary axis in accordance with the cor 
rected value of the secondary angle and in 
ner member carried by the outer member and 
movable about an axis normal to the primary 
axis and an output system consisting of a 
first member pivoted about a quaternary 
axis which passes through the point of in 
tersection of the primary and secondary axes 
and a secondary member pivoted to the first 
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member about a quintary axis normal to 
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the quaternary axis and passing through the 
point of intersection of said axes, and a piv 
otal connection between the inner member of 
the input system and the second member of 
the output system and whose axis is a tertiary 
axis normal to the quintary axis and pass 
ing through the point of intersection of said 
XeS. 

28. In ballistic mechanism for a fire con 
trol system, the combination of a cam which 
is...movable axially as a function of the time 
of flight and angularly as the vertical angle, 
a follower cooperating with the cam, a te 
nuity correction element operated by the fol 
lower, and manual means for adjusting the 
angular motion of said element with respect 
to the follower. 

29. In ballistic mechanism for a fire con 
trol system, the combination of a cam for 
correcting for tenuity of the atmosphere, 
said cam being movable axially in accordance 
with a function of the time of flight and 
angularly in accordance with the vertical 
angle, a pivotally mounted follower cooper 
ating with the cam and an angularly-movable 
correction element. 

30. In ballistic mechanism for a fire con 
trol system, the combination of a cam for 
correcting for tenuity of the atmosphere, said 
cam being movable axially in accordance with 
a function of the time of flight and angularly 
in accordance with the vertical angle, a piv 
otally mounted follower cooperating with the 
cam, an angularly-movable correction ele. 
ment, and manually controlled variable ratio 
motion transmitting means between the foll 
lower and said element. 

31. In ballistic mechanism for a fire con 
trol system, the combination of a cam for 
correcting for tenuity of the atmosphere, said 
cam being movable axially in accordance with 
a function of the time of flight and angularly 
in accordance with the vertical angle, a piv 
otally mounted follower cooperating with 
the cam, an angularly-movable correction ele 
ment, and manually controlled reversible 
variable ratio motion transmitting means be 
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tween the follower and said element. 
32. In ballistic mechanism for a fire con 

trol system, the combination of a cam of 
variable contour axially, said cam being mov 
able axially as a function of the time of flight and angularly as the vertical angle, a 
follower for the cam, a crankshaft connected 
to the follower, a crank arm carried by the 
rank shaft, an adjustable crank pin carried 
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by the arm, a reciprocatory member having 
a transverse slot engaging the pin, an angu 
larly movable correction member, and means for converting reciprocatory motion of said 
member. 

38. In ballistic mechanism for a fire con 
trol system, the combination of a cam of 
variable contour axially, said cam being mov 
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able axially as a function of the time of 
flight and angularly as the vertical angle, a 
followerfor the cam, a crankshaft connected 
to the follower, a crank arm carried by the 
crank shaft, an adjustable crank pin carried 
by the arm, a reciprocatory member having 
a transverse slot engaging the pin, an angu 
larly movable correction member, means for 
converting reciprocatory motion of said mem 
ber in one direction into angular motion of 
the correcting member, and means for vary 
ing the position of said crank with respect to 
the axis of the crank shaft. 

34. In ballistic mechanism for a fire con 
trol system, the combination of a cam of 
variable contour axially, said cam being mov 
able axially as a function of the time of 
flight and angularly as the vertical angle, 
a follower for the cam, a crank shaft con 
nected to the follower, a crank arm carried 
by the crank shaft, an adjustable crank pin 
carried by the arm, a reciprocatory member 
having a transverse slot engaging the pin, 
an angularly movable correction member, 
means for converting reciprocatory motion 
of said member in either direction into angu 
lar motion in one direction or the other of 
the correcting member, and manual means 
for adjusting the position of the crank pin 
with respect to the axis of the crankshaft. 
In testimony whereof I hereunto affix my signature. 

HENRY W. NIEMAN. 

70 

75 

80 

85 

90 

95 

100 

05 

10 

5 

120 

las 

30 


