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UNITED STATES PATENT OFFICE. 
ELMER. W. HUBBARD, OF THE UNITED STATES ARMY. 

AUTOMATIC GUNNERY-CORRECTING DEVICE. 

No.:865,247. Specification of Letters Patent, Patented Sept. 3, 1907, 
Application filed August 18, 1906, Serial No. 331,124, 

To all whom it may concern: 
Be it, known that, I, ELM ER. W. HUBBARD, a citizen of 

the United States of America, and a captain in the 
Artillery (orps of the United States-Army, stationed 
at Fort Revere, Hull, in the county of Plymouth and 
State of Massachusetts, have invented certain new and 
useful Improvements in Automatic Gunnery-Correct 
ing Devices, of which the following is a specification. 
This invention relates to improvements in devices 

for giving the necessary corrections in artillery firing; 
and the object of the invention is to provide a device of 
the class described which shall give with greater speed 
and facility and with less liability to error the necessary 
gunnery corrections for use in artillery firing (especially 
with heavy seacoast guns) than any device heretofore 
known and which shall interfere in no way with the 
usual operations of plotting at the plotting board or 
with working of the gun itself. 

In heavy artillery firing, as is well known, the range 
tables used are computed on the basis that atmospheric 
conditions, muzzle velocity of powder, charge, weight 
and form of projectile, etc., are all normal or standard. 

follows that various corrections must be applied in 
elevating and sighting the gun. In addition the mo 
tion of the ship or target must be allowed for. 
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In the United States Coast Artillery Service the range 
or actual distance from gun to target at any instant is 
usually corrected for thc following conditions or causes, 
viz: 

I. Wind, or effect of the wind in shortening or in 
creasing the range attained by the projectile in its fight. 

2. Powder velocity or rather the variations of the 
initial velocity given the projectile by the powder 
charge used from the normal or standard. 

3. Tide, or height of tide at the time, usually reck 
oned above the plane of mean low water. The effect 
of the variation of the tide, as is well known, is to 
change the height of the gun about the plane of the tar 
get; and hence in turn affects the elevation to be given 
to the gun for a given horizontal range. 

4. Atmospheric density as determined by readings 
of the barometer and thermometer. This in turn af 
fects the range attained by the projectile. 

5. Motion of the target or the increase or decrease of 
range during the time elapsing from the instant the 
range is determined until the projectile strikes. That 
is, one inust aim to hit a point in the track of the ship 
and ahead of her at which she will arrive at the time the 
projectile strikes. The time elapsing from the instant 
the range is determined to the instant the shot strikes 
and is evidently made up of two periods: (a) The pre 
diction interval, or interval from the instant the range 
is determined to the instant the gun is discharged. 
This interval is usually a constant one and covers the 

As a majority of these conditions are seldom fulfilled it 

time consumed in plotting and determination of the 
various corrections, time of transmission of intelligence, 
setting of gun, etc.; (b) the time of flight of the pro 
jectile, a well known interval, which for any particular 
gun, powder charge, etc., varies with the range. Based 
on a known change of range for any particular interval, 
say twenty seconds, it is obvious that the range correc 
tions to be applied would be found by solving a simple. 
proportion for a number of seconds equal to sum of pre 
diction interval and time of flight. - 

6. An arbitrary correction may be applied depend 
ent on the range attained by the previous shot or shots. 
While the above are the usual corrections applied in 

heavy artillery firing, my devices can be readily adapt 
ed to make any other range corrections or a less number, 
as may be desired. 
The various range effects described above could be 

allowed or corrected for by Inaking suitable changes 
or corrections in the clevation of the gun as given in 
range tables for the particular range considered. It is 
customary, however, to estinate the effect on the range 
of the shot of a certain cause and apply the correction 
to the range. Thus if at 5000 yards the effect of a cer 
tain wind is to shorten the range by 50 yards the prac 
tical method is to add 50 yards to the actual distance. 
of 5000 yards, thus giving a working range of 5050 on 
which the elevation is based. Similarly with the other 
causes noted above. Thus if a certain cause tends to 
shorten the range attained by the projectile the correc. 
tion is an additional one and vice versa. These effects 
may be either positive or negative, positive when an 
increase of range results and negative in case of a de 
crease. The corrections to be applied obviously are 
of the opposite sign. Supposing in case of a given range, 
all the various range corrections, each take with its 
proper sign, are applied to the distance of the target 
or range. The result is a fictitious or working range 
on which the angular elevation of the gun is based and 
is commonly called the 'corrected range.' 
The object of this device is to give quickly and mo 

chanically the corrected range. It may also, as will 
appear hereafter, be used with equal facility to attain 
the “correction' to be applied, i. e. the algebraic sum 
of the various corrections. This is a matter of detail 
and depends on the particular system of fire adopted. 
The device for making range corrections is independ 

ent of the particular system of fire adopted and may be 
used with a plotting board or any device or devices which 
give at regular intervals, say every fifteen, twenty, or 
thirty seconds, (calleti the “observation interval’) the 
following data, viz.: 1. Range or distance of target from 
gun at any particular instant. 
during the previous observation interval. These data, 
are found by well known incans which need not be de 
scribed here. When arranged to give the total cor 

2. Change of range 
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rected range this range would obviously be communi 
cated direct to the gun. When arranged to give the 
correction only such correction would be applied to the 
range by well known methods. 
This device can similarly be applied to finding the 

sight setting or azimuth setting to be given the gun. 
The corrections usually applied in a horizontal plane, 
due to the errors of deviation are those due to the fol 
lowing causes, viz.: 1. Wind, or effect of the wind in 
causing the projectile to depart to the right or left of the 
plane of fire. 2. Drift, or the well known effect of the 
rifling in causing the projectile to depart from the plane 
of fire. 3. Travel, or the effect of the motion of the 

5 

20 

target co?sidered ás är ângular change of position as 
viewed from the gun. 4. Angular error of last shot as 
determinedy observation. It is to be noted, how 
ever, that in Case II, so-called, of the U. S. Artillery 
Corps Position. Finding System in which direction is 
given by thé sight and elevation by an elevation scale 
attached to the gun carriage and where the sight is pro 
vided with an horizontal scale, allowance must be 
made for the motion of the target, or ship, for the time 
of flight only. This since a condition of aiming re 

, quirestlie index or vertical wire of the sight to be on 
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the target at the instant of firing. The setting of said 
index would include the allowance for travel. But in 
Case III, so-called, of the U.S. Artillery Corps Position 
Finding System where the direction of pointing is set 

, on an azimuth circle on the guh carriage, and the elle 
vation by an elevation scale attached to said carriage 
it is obvious that the correction must include a correc 
tion for the motion of the ship during the “prediction 
interval' plus the time of flight precisely as in the case 
of the range device previously described. 
As shown later this device is adapted either to Case 

II or Case III. It is obvious that to sec?re the cor 
rected range for the various heavy coast defense guns, 
tlhder any and all conditions by computation it must 
necessarily lead to great liability to costly errors es 
pecially when this work must be performed by enlisted 
men of no technical education as is generally the case. 
Evidently therefore it is desirable that some device 
should be provided by which the corrected range may 
be sectired without this liability of error and by which 
a non-technical main or one with little education may 
mechanically make the various corrections necessary 
to insure the accuracy of each shot fired from the gun. 
To provide such a device is the purpose of the pres 

ent invention which is fully illustrated in the accom 
panying drawings in which . . . 
Figure 1, represents one embodiment of the inven 

tion adapted primarily for use in obtaining corrected 
ranges. Fig. 2 represents a partial elevation of the 
same drawn to an enlarged scale with the adding or 
computing device shown in section. Fig. 3 represents 
a transverse section of same online 3-3 on Fig. 2. Fig. 
4 represents a transverse section of the same on line. 
4-4 on Fig. 2. Fig. 5 represents a transverse section 
through the reading scale, its grooved supporting mem 
ber, and index plate, on line 3-3 on Fig. 2, drawn to 
a yet larger scale. Fig. 6 represents the reverse of an 
atmosphere scale showing a subtractive graduation 
thereon, drawn to an enlarged scale. Fig. 7 represents 
a twenty-second observation interval scale, enlarged. 
Fig. 8 represents an enlarged elevation of the reading 

885,247 
scale and the adding or computing device therefor, the 
various members of which are in their normal or cen 
tral position. Figs. 9 and 10 represent respectively 
enlarged sections on lines 9-9 and 10-10, on Fig. 1, 
and Figs. 11 and 12 represent respectively an elevation 
and section of a modified form of adding or computing 
device. 

Similar characters designate like parts throughout 
the several figures of the drawings... 
In the drawings, 10 represents a suitable backboard 

in which is secured a plurality of studs ll on each of 
which is mounted a revoluble grooved roller 12. The 
rollers 12 support a tongue 13 forming with a head 14 a 
suitable T square which is adapted for movement loil 
gitudinally of said tongue between the rollers 12. The 
tongue l3 is provided with a groove l5 longitudinally 

70 

75 

80 

thereof in which is mounted a slidable member 16... 
The member 16 consists of a bar 17 having secured to . 
either face thereof a scale 18 or 19 the scale 18 on one 
side being graduated in yards of range to a certain 
point while the graduations are continued upon the 
other scale 19 together with a suitable overlap of the 
ranges. It is obvious from an inspection of Fig. 4. that 
this member 16 may be readily withdrawn from the 
groove 15 and be returned therein in reversed position 
with the scale 19 facing outwardly or it may be re 
moved entirely and another member with different 
range graduations thereon substituted for it. This 
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construction of the reversible scale dispenses with the 
necessity of having too long a tongue 13 which would 95 
otherwise be required. A plate 20 is hinged at 21 to 
the upper portion of the tongue 13 and to the front face 
of this plate 20 is secured an index plate 22 by means 
of the screw 23 extending through slots 24 thereiil, 
these slots providing a ready means for securing accu 00 
rate adjustment of said index plate longitudinally of 
the tongue 13. . . . . . 
Below the tongue 13 is mounted a member 25 pro 

vided with an index 26 adapted to register with the 
graduations on the reading range scale 18 and having 
therein a window 27, through which the operator may 
read the scale 28 formed upon the lower outer face of 
the tongue 13. The member 25 is provided with a 
second index pointer 29 adapted to register with the 
graduations of the scale 28 as it is moved longitudi 
nally thereof. The origin of this scale is 2000 and 
reads in either direction for 500 yards and is adapted 
for use in connection with the gun arm of any suitable 
plotting device. 
The member 25 is provided on its under face with a 

suitable nut 30 to which is threaded a screw 31 pro 
vided with an operating head 32 and having bearings 
33 in a member 34. It is obvious that by turning the 
head 32 the screw 31 will operate upon the nut 30 to 
move the member 25 longitudinally of the member 34 
in either direction thereby causing the index 35 there 
on to register with the graduations formed upon the 
adjacent edge of the front face of the rectangular box 
member 34. 
The graduations 36 on the member 34 are for the 

purpose of correcting for wind and are spaced in any 
predetermined manner adapted for use in any desired 
system whereby a movement of the index 35 to any 
given graduation on the wind scale 36 would make the 
desired correction for wind on the reading range scale 
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18. For convenience the origin of the graduations of 
the will scale is given as 300 but any other number 
might as well be assumed provided it agreed with 
other systems with which the device might be used. 
To the bottom of the member 34 is secured a nut 37 

to which is threaded a screw 38 provided with an oper 
ating head 39 and mounted\in bearings in a similar 
rectangular box member 40. To the front face of the 
member 40 is detachably secured a scale 41 provided 
with arbitrary markings thereon adapted to correct for 
a given tide for the various ranges. 
The scale 41 is provided with suitable slots engaged 

by clamping screws 42 which retain said scale in posi 
tion and which may be operated to release the scale 
and allow it to be reversed or another scale inserted in 
its place. It is obvious that various scales must be 
used each having its predetermined arbitrary mark 
ings thereon for making corrections for tides of differ 
ent heights and for different types of guns. In the 
same manner other rectangular box member's 43-44 
are located beneath the members 34-40 and are simi 
larly moved lengthwise of one another by means of the 
operating heads 45-46 of the screws 47-48 threaded 
to nuts extending downwardly from the bottom of the 
members 40 and 43. The member 43 is provided with 
means of attaching thereto an atmosphere correction 
scale, said scale being provided with suitable arbitrary 
graduations which have been predetermined and are 
adapted to make corrections for a given atmosphere, 
the scale shown in Fig. 1 being adapted to make cor 
rections for a 12 atmosphere which is an additive cor 
rection. 
The atmospheric origin is. 16 and all corrections for 

atmospheres above 16 are subtractive corrections and 
in this case the arbitrary markings will be upon the 
opposite side of the center as indicated on the scale 
50 shown in Fig. 6. The index 51 on the member 40 
registers with the arbitrary markings on the atmos 
phere scale and the member 43 to which the atmos 
phere scale is secured is provided with an index 52 
which registers with the arbitrary markings for the 
powder scale 53, detachably secured to the member 
44. It is obvious that for different muzzle velocities 
and different types of guns various scales must be used 
and for this reason the scales are made readily detach 
able so that a new scale for a new muzzle velocity may 
be attached conveniently. 
The member 44 is operated by means of the screw 54 

having bearings in the lower rectangular box member 
55 and provided with an operating head 56 by which 
the member 44 may be adjusted longitudinally thereof 
so that the index 57 upon said member 44 may be 
moved lengthwise of the correction scale 58 by the 
screw 54 to add or subtract any arbitrary number of 
yards to the previous range given. This scale 58 is 
permanently secured to the backboard 10 by means of 
bolts 59, with the zero of said scale in the axis 2. g., see 
Fig. 8, while the indexes of the various movable mem 
bers 25-34-40-43, and 44 are all in this axis when in 
their normal positions. 

It is obvious from an inspection of the drawings that 
each of the rectangular box members 25-34-40-43 
44 may be moved independently longitudinally of the 
member beneath to make any subtractive or additive 

ried since the last reading. 

carry with it all the members mounted thereon without 
disturbing any other settings and the sui of the va 
rious corrections thus made will be indicated by 
means of the index 26 upon the reading range scale 
18 thereby automatically and mechanically giving 
the corrected range to be used at the gun. It is also 
obvious that where the conditions of either one of these 
causes is constant it is un necessary to make any 

70 

changes in that particular nember, the only operation 
necessary being a change for any cause which has va 

It is also evident that this 
device at all times shows clearly what correction has 
been made and whether any correction has or has not 
been made, this varying from other devices for similar 
purposes in use in which one or more corrections may 
be made and no indication be shown, as to whether 
this has been accomplished or not. This uncertainty 
often requires that the entire operation should be re 
commenced, while when the failure to make any de 
sired correction is not discovered in time, costly errors 
creep into the calculations which are entirely ob 
viated by the present device. Again it is entirely 
immaterial which correction is made first, or in what 
order the various corrections are made. As the changes 
for tide, atmosphere, and muzzle velocity usually re 
main practically the same for a considerable period 
for any particular day the proper scales to be used for 
the particular tide, atmosphere, and powder, will 
be placed in position at the commencement of opera 
tions and these only will be exposed to view thus pre 
venting the operator from being confused on mistaking 
other scales for different conditions of tide, atmosphere, 
and powder as in the case of other devices now in use. 
A great advantage accrues from having these detach 
able scales graduated in ranges rather than yards as 
all that is necessary to secure the proper corrections 
for these various causes is to set the proper index to the 
mark designating the range given by the observer or 
otherwise obtained. 
While the box members 25-34-40-43-44 are 

shown as adjustable longitudinally by means of screws 
mounted in bearings and threaded to units on the 
members immediately above said screws, it is per 
fectly obvious that any other suitable means may be 
used which will permit one member being moved lon 
gitudinally of the other and then clamped in said ad 
justed position. 
Figs. li and 12 in which each member has an upwardly 
extending rib 60 entering a groove in the member next 
above, which member is adapted to be moved on 
said ib and clamped in adjusted position by the set 
screw 6. t 

The arbitrary correction scale 58 is only used after 
a shot has been fired from the gun and found upon 
plotting to have fallen over or short, as for instance, 
if it fell 100 yards short, to correct for the last shot, 
100 yards would be added, this being accomplished 
by a movement of the index 57 along the scake 58 until 
it reads 100 yards 'more.' If the shot plotted 200 
yards over, then a correction of 200 yards less would be 
required and the index 57 moved to the 200 on the 
left of zero, thereby making the proper correction. 

It is obvious from the foregoing and from an inspec 
tion of the drawings that whatever corrections are 

65 correction while the movement of any member will made by means of this arbitrary correction scale or 
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One such modification is shown in 
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any of the movable scales superimposed thereon for the 
purpose of making corrections of powder, atmosphere, 
tide, or wind, the algebraic sum of the corrections, will 
be indicated upon the range scale 18 by the index 26 
where it may be readily used and transmitted to the 
guns as the corrected range to be used, this range scale 
previously having been moved in the groove 15 until 
the given range, say 7000, registers with the index 22. 

10 

15 

20 

25 
travel of the targets during the time of flight and the 

30 

With 7000 as a given range the proper indexes on 
the movable box members must register with the 7 
mark on the tide, atmosphere, and powder-scales. A 
glance by the range officer at the device would imme 
diately disclose to such officer whether or not these 
different members were properly set. As shown in 
Fig. I the corrected range for the corrections made 
from the various causes provided for is 7,130, this read 
ing being obtained from the scale 18 which shows the 
index a little beyond the number 71 which indi 
cates 7,100 and the part of a graduation is equal to 30 
making the total of 7,130. This would be the 'correct 
range for a fixed target but as the targets are usually 
movable targets, in active service being the vessels of 
the enemy moving in various directions to confuse the 
gunners, and in practice being targets towed by means 
of tugs, it is necessary to take into consideration the 

prediction interval. It must be assumed that the 
automatic computing device has corrected for the vari 
ous causes heretofore mentioned and that the corrected 
range which for these causes, is, as for instance, in this 
particular case 7,130, is now fixed. Hence, if we know 
by any means the travel correction of the target dur 

40 

45 

ing the prediction interval and time of flight would be 
plus 200 yards, i. e. the target would move 200 yards 
further away from the gun before the projectile struck, 
it is obvious that the actual corrected range for the tar 
get moving at this speed away from the guns must 
necessarily be 7,130 plus 200 yards, making a total cor 
rected range of 7,330, which should be the range sent 
to the gunners. In order to provide for this and secure 
corrected data for the travel of a target during this pre 
diction interval and time of flight the head 14 of the 
T square is provided with a guide 62 at right angles 
to the tongue 13. On this guide 62 is mounted a tram 
mel 63 having a clamp screw 64 by which said trammel 
may be clamped in any adjusted position. The tram 
mel is provided with a downwardly projectingpin 65 (see 
Fig. 9) entering a slot 66 in an arm 67 pivoted at 68 to a 
plate 69 secured to the front of the range board 10. 
Tharm 67 is adapted to be moved about the pivot 68 
by means of a handle 70. In a suitable groove on said 
arm 67 is slidably mounted a time of flight scale 71. 
provided with an index 72 and a plurality of range 
graduations 73 with which the index. 74 on said tram 

60 

mel is adapted to register. The index.72 is adapted 
to register with graduations forming a prediction inter 
val scale 75 extending lengthwise of said pivoted arm 
67. Detachably secured to the front of the back 
board 10 is a travel in observation interval scale 76 
held in position by means of suitable set screws 77. 
Several of these scales are provided for various ob 
servation intervals and any one of these scales may 
be selected for use as, for instance, 10, 15, 20, or 30 
seconds. 

65 The scale shown in Fig. 1 is for an observation inter- device. 

865,247 
val of fifteen seconds while the scale 78 shown enlarged 
in Fig. 7 is for an observation interval of twenty sec 
onds. Each includes only so much of the scale as 
would correspond to a speed of twenty-five miles per 
hour for a target moving directly to or from the gun. 
Thus on fifteen seconds scale an extreme travel of 200 
yards is shown inasmuch as a vessel going at the ex 
treme speed of twenty-five miles an hour would prac 
tically go over 12 yards in one second and in fifteen 
seconds fifteen times that, or only 180 yards, shpwing 
conclusively that with the extreme speed of the yessel 
for a fifteen-seconds interval only 200 yards are needed 
in extreme cases. The other travel and observation 
interval scales are similarly proportioned. It is ob- . 

.80 vious that if the airm 67 is moved abput its piyot to the 
200-yard mark upon the travel and observation inter 
val scale the tongue 13 of the T square being con 
strained to move in a direct line upon the rollers 12 
will be moved into the position shown in dotted lines 
upon Fig. land cause a new reading upon the range 
scale, this being the total corrected range to be sent to 
the gun. Before the arm 67 is swung into this position 
the index. 72 must register with the prediction interval 

70 

75 

used and the trammel 63 moved so that its index 74. 
registers with the given range, i. e. 7000. The time 
of flight scales are interchangeable and other similar 
scales for different muzzle velocities or different types 
of guns may be inserted in lieu of the one shown in the 
drawings. The travel in observation interval. scale 
is entirely independent from the prediction interval 
scale so that the observations may be continued at 
stated intervals irrespective of the time of firing of the 
gun. This is a great advantage as observations may 
be taken at different and shorter intervals than the 
prediction intervals and as a consequence the varia 
tions of speed and travel of the target may be observed 
and used more nearly at the time of firing of the gun. 
By this means changes in speed can be more accu 

90 

95 

rately ascertained at the time of firing than in the 
case where the last observation has to be taken. It is 05 

obvious that this same board may be used for different 
calibers of guns by changing the time of flight sea! 
and the various detachable scales on the autom:stic 
computing device ior others prepared for another ty: 
of gun as for instance a 2/ B. L. R. 

In the operation of the device the range officer or 
chief plotter at the beginning of practice determines 
the condition for the day-powder, atmosphere, tide, 

' etc., and places on the box members 40-43-44 the 
corresponding scales. The time of flight scale 67, is 
now set to the predetermined prediction interval and 
the proper observation interval scale attached to the 
backboard. The observer at the range finder ob 
serves the position of the target and transmits the 
range and the range from the gun to the target is found 
by the plotting detail which in the present example 
will be assumed to be 7000 yards. Proper tide, at 
mosphere, and powder scales having been placed in 
position upon their respective box members the oper 
ator manipulates the screw heads 39-45-46 to adjust 
the tide, atmosphere and powder indexes to the arbi 
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trary markings frt 7000-yard range. The index 74. s 
is set at 7000-yaru lange and the wind index is set for 
any reading which may be given by any suitable wind 
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On the next observation fifteen seconds later in the 
present example the target is first plotted as usual and 
travel is then called off. Supposing the travel equaled 
100 yards, or 200 yards on the scale, take hold of the 
knob 70 and throw the arm 67 to 200 on the scale 76. 
At once the total corrected range is read at the index 
26 on the range scale 8. This corrected range goes 
direct to the gun. The distance to last plotted posi 
tion of the target is now called off and all operations 
continue as before, everything now being ready for 
travel on the next, observation. One throw. of the 
ar?n? 67 thus solves tine propor?ional travel and at the 
sai) ( time adds it into the range as previously cor 
rected giving total corrected range. By this means 
the corrected range is held and travel determined by 
last observation interval is quickly added in to give 
the total. - a 

It is believed that from the foregoing the operation 
will be fully understood without any further descrip 
tion. The construction and operation of the device 
is so simple that enlisted men of ordinary intelligence 
may be readily taught the principles of the device 
and operate it effectively as to operate this device 
requires no knowledge of gunnery. 
In many other devices utilized for this purpose the 

computations are so many and the operations are so 
complicated that only trained men are capable of 
operating the same and as these trained men are often 
scarce it is a great advantage to have a device which 
may be readily operated by the majority of the inem 
bers of a coast artillery organization. Moreover, 
another advantage of the present device is the absence 
of curves, strings, and charts, which are liable to easily 
get (t , of order and be affected by the changes in the 
weather conditions. The present device is free from 
all of th(ºse objections, all of the parts being mechanic 
ally constructed and united in such a manner as to 
make each action positive and accurate. 
Whore the wind, tide, atmosphere, and powder and 

other arbitrary corrections reillain constalt as is often 
the case all the corrections for these conditions includ 
ing the travel niay be nado by one notion of the lever 
*67 which obviously is a great, advantagi'. Another 
great advantage in this device is that the travel is 
determinced on the olser ved travel in the last observa 
tion interval inst ('ad (if as usual in the one preceding. 
Any changes of speed are therefore more closely fol 
lowed. It is only necessary in the use of the present 
device for an expert, that is the range oficer or chic'? 
plotter, te det erinine the conditions at, the beginnig 
of practice and adjust the scales. In this device only 
actual conditions arc exposed the reby iiii inizing 
errors by the limination of all scales not in actual use. 
The provision of a device of this nature whereby the 

prediction interval may be changed at will and it: 
which any desire l interval lay be used is a great ad 
vantage and this is also true of the ability to freely 

may be used. Moreover, another advantage in this 
60 

65 

connection is the entire independence of the observa 
tion interval from the prediction interval whereby 
there is no necessity of the intervals being the same 
and an opportunity is afforded of changing either of 
these intervals according to the degree of efficiency of 
the personnel operating the different devices. 

instance with rapid trained plotters it might be 
possible to take two observations during one prediction 
interval. . 

The apparatus has been more particularly described 
to make various corrections for different causes and 
register the same upon the range scale 18 from which 
Inay be read the total corrected range to be sent, to the 
gun for use in aiming or laying. The apparatus is 
equally well adapted to indicate by means of the scale 
28 upon the tongue 3 the algebraic sum of the total cor 
rections to be made, the index 29 registering with said 
scale 28 to indicate thereon the exact algebraic sun 
of the total corrections to be applied on the gun arm 
of a plotting board or to be used in any other compil 
tations in connection with other systems which may 
be in use. 

It is obviously an advantage to have provision made 
in a single apparatus whereby the total corrected range 
may be indicated to be sent directly to the gun or the 
total suum of the various corrections indicated which 
inay be used in connection with other systems for 
aining and laying. . 
While the device, herein shown is adapted primarily 

for use as a range board for the purpose of securing 
either the algebraic sun of the total corrections to be 
used or the total corrected range to be sent to the guin 
it is obvious that by slight changes of some of the 
scales the device is equally applicable to be used for 
a deflection board to make corrections in deviation to 
the right or left of the target, i.--e. giving the total 
sight, setting in any adopted system which may be 
used or to give the total corrected azimuth setting by 
which the gun is to be laid. 

Clains. 
j. 'ine combination of an arm adapted to be liaowed 

at out ; center; means by which the movement of said 
arin in:ly be regulated to any pred(etermined point; a mov 
aile scal' pivoted to said arm and slidable in a fixed 
all at light angles to the normal position of said aim ; 

and an automatic computing device il) (leen dent of said 
scale but cytjperating there with to make various gunnery 
correctios and indicate supon said scal e incº actuali, colº 
rected data to be used in aiming and laying. 

2. The comiination of an arm adapted to bc moved 
about a center; a scale pivoted thereto and movable 
t lle'e yº il at fix (el path at right angles º to tle no "mal 
position of said arm; and an automatic computing device 
indel) (indict of but 'cotiperating with said scale to make 
various gunnery corrections and indicate upon said scale 
the actual corrected data to be used in ainm ing and daying. 

3. The combination of an arin adapted to be moved 
a lot a cellt (21 ; a fixed scale by which the novelinent of 
said ari nay lic regulat ed; a scale pivoted to said a rin 
movalle in a fixed path at right. angles to the normal 
positio of said al'; and an automatic con Iouting devicci 
independent of but cofiberating with said scale and adapt 
ed to make various gunnery, corrections and indicate upon 
$id scale til(º actual corrected data to be used in ailming 
and laying. 

4. "The combination of an arm adapted to be moved 
about a center; a scale movable in a fixed path at right 
angles to the norinal position of said arian ; means inter 
posed between said scale and arm for varying the move 
inent of the scale by the movement of said al"In ; and an 
automatic computing device independent of but coöperating 
with said scale to make various gunnery corrections and 
indicate upon said scale the actual corrected data to be 
used in aiming and laying. 

5. The combination of an arm adapted to be moved 
about a center; a scale movable in a fixed path at right. 

For angles to the normal position of said arm; a connector 
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between said scale and arm : and án automatic computing 
- device independent of but coöperating with said scale to 
make various gunnery corrections and indicate upon said 
scale the actual corrected data to be used in aiming and 
laying. 

'6. The combination of an arm adapted to be moved 
about a center; a scale movable in a fixed path at light 
angles to the normal position of said arm; an adjustable 
connecto' between said scale and arm adapted to vary 
the movement of said scale; and an automatic computing 
device independent of but coöperating with said scale 
to make various gunnery corrections and indicate upon 
said scale the actual corrected data to be used in aiming 
and laying. ' 

7. The combination of an arm adapted to be moved 
about a center; a scale movable in a fixed path at right 
angles to the litimal position of said arm: means by 
which the movement of said arm may be regulated to any 
predetermined point; an adjustable connector between 
said scale and arm adapted to vary the amount of move 
ment of said scale by the movement of said arm; and an 
automatic computing device coöperating with said 'scale 
to make various gunnery corrections and indicate upon 
said scale the actual corrected data to be used in aiming 
and laying. 

8. The combination of an arm adapted to be moved 
about a center; a scale movalble in á fixed path at right 
angles to the normal position of said arm: a connector 
between said scale and arm; means for moving said con 
nector to and from said center to vary the movement of 
said scale; and an automatic computing device inde 
pendent of but coöperating with said scale to make various 
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gunnery corrections and indicate upon said scale the 
actual corrected data to be used in aiming and laying. 

9. The combination of an arm adapted to be moved 
about a center; means by which the movement of said 
arm may be regulated to any predetermined point; a scale 
movable in a fixed path at right angles to the normal po 
sition of said arm; a connector between said scale and 
arm; means for moving said connector to and from said 
center to vary the movement of said scale; and an auto 
natic computing device coöperating with said scale to 
make various gunnery corrections and indicate upon said 
scale the actual corrected data to be used in aiming and 
laying. 

10. The combination of an arm adapted to be moved 
about a center; a plurality of graduations thereon ; a 
scale movable in a fixed path at right angles to the normal 
position of said arm ; a comector between said scale and 
arm adapted to be adjusted to register with any prede 
termined graduation on said arm; and an automatic com 
puting device cosperating with said scale to make various 
gunnery corrections and indicate upon said scale ... the 
actual correctod data to be used in aiming and laying. 

11. The combination of an arm adapted to be moved 
ahout a center; an interchangeable member thereon pro 
vided with a plurality of graduations; a scale movable 
in a fixed path at right angles to the normal position of 
said arm ; a connector between said scale and arm adapt 
ed to be adjusted to register with any predetermined 
graduation on said member; and an automatic computing 
device coöperating with said scale to make various gun 
nery corrections and indicate upon said scale the actual 
corrected data to be used in aiming and laying. 

12. The combination of an arm adapted to be moved 
about a center and provided with a longitudinal groove; 
an interchangeable scale slidable in said groove; a scale 
movable in a fixed path at right angles to the normal 
position of said arm; a connector between said scale and 
arm adapted to be adjusted to register any predetermined 
graduations on said scale; and an automatic computing 
device cotsperating with said scale to make yarious gun 
nery corrections and indicate upon said scale the actual 
corrected data to be used in aiming and laying. 

13. The combination of an arm adapted to be moved 
about a center; a graduated member slidable thereon, a 
fixed scale adapted to locate the position of said graduated 
member; a scale movable in a fixed path at right angles to 
the normal position of said arm; a connector between said 
scale and alm adapted to be adjusted to Íegister with any 

... and laying. 
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an automatic computihg device independent of but coöp 

tions and indicate upon said scale the actual corrected 
data to be used in aiming and laying. . ??? 

14. The combination of an arm adapted to be, moved 
about a center; a time of flight scale thereon ; a scale mov 
able in a fixed path at right angles to the normal position 
of said arm; a connector between said scale and arm' 
adapted to be adjusted to register with any given range 
on said time flight scale; and an automatic computing 
device coöperating with said scale to, make various gun 
nery corrections and indicate upon said scale the actual 
corrected data to be used in aiming and laying... 

15. The combination of an arm adapted to be moved 
about a center; an interchangeable time of flight scale 
thereon; a scale movable in a fixed rth at right angies to 
the normal position of said arm; a connector betweeii said 
scale and arm adapted to be adjusted to register with any 
given range on said time of flight scale; and an automatic 

predetermined graduations on said slidable-member; and 

erating with said scale to make various gunnery correc 
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00 
computing device independent of but coöperating with said 
scale to make various gunnery collitections and indicate 
upon said scale the actual corrected data to be used in 
aiming and laying. 

16. The combination of an arm adapted to be moved 
about a center; an interchangeable time of flight scale 
slidable thereon; a scale movable in a fixed path at right 
angles to the normal position of said arm; a connector be 
tween said scale and arm adapted to be adjusted to reg 
ister any given range on said time of fight scale and an 
automatic computing device coöperating with said scale 
to make various gunnery corrections and indicate upon 
said scale the actual corrected data to be used in aiming 

1. The combination of an alm adapted to be moved 
about a center; a time of flight seale slidable thereon; a 
prediction interval scale registering there with ; a scale 
movable in a fixed path at right angles to the normal posi 
tion of said arm; a connector between said scale, and arm 
adapted to be adjusted to register with any given range on 
said time of flight scale; and an automatic computing de 
vice coöperating with said scale to make variouis gunnery 
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corrections and indicate upon said scale the actual col'- 
rected data to be used in aiming and laying. 

18. The combination of an arm adapted to be moved 
about a center; a member pivotally connected thereto and, 
movalle therely in a fixed patl) at light angles to the nor'- 
mal position of said arm; a scale movably mounted upon 
said member; and an automatic computing device inde 
pendent of but coöperating with said scale to make various 
gunneity corrections and indicate tupon sald scale the actual, 
corrected data to be used in aiming and laying. 

19. The combination of an arm adapted to be moved 
about a center; a member pivotally contected thereto and 
moval)le thereby in a fixed path at right angles to the nor 
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mal position of said arm; a reversible scale movably 
mounted upon said member; and an automatic computing 
device independent of but coöperating with said scale to 
make various gunnery corrections and indicate upon said 
scale the actual corrected data to be used in aiming and 
laying. 

20. The combination of an arm adapted to be moved 
about a center; a memler movable in a fixed path at right 
angles to the normal position of said arm; a scale slidably 
mounted thereon; an adjustable connector between sai? 
arm and movable member ; and al automatic computing 
device independent of but coöperating with said scale to 
make various gunnery collections and indicate upon said 
scale the actual corrected. 
l?ying. V. 

21. The combination of an arm adapted to be moved 
about a center; a member movable in a fixed path 
at right angles to the normal position of said arm; a 
scale slidably mounted thereon; a time of flight scale on 
said arm; a connector between said movable member and 
said arm movable to register with any given range on said 
time of flight scale; and an automatic computing device 
independent of but coöperating with said scale to make 
various gunnery corrections and indicate upon said scale 
the actual corrected data to be used in aiming and laying. 
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38. The combination with a movable member provided 
viti i logi dina grove: a scale slidae in saidi groove; 
S LLLLLLL HLLcLSLLLLL S LLLLLLL LS LLL LL LSLSLG0LGLLLLL LLLLLLLaL LLLLLLLLS 
vided with two indexes one of which is adapted to regist (r 
with said scale: a men'er arallel there to provided with 
a litrality of graduations with which the other index is 
LLLLSEL L LLLLLLL LLLL LL LLL LLLLLL LLLLLLLC SS LLLLLLaLLLL 
for adjusting pne of said members lengthwise of the 
other : a third member parallel to the othei's ; a correction 
scale ; and means fir removably attaching said scale to 
said third member whereby the index on the second mem 

' therewitl» ; means fo' adjusting one of the 
list-ment iome: memlbers l'elative to the othelº wlmereloy vin ri 
(us gunnery corrections may be made and indicate upon 
said slidayle scale the actual corrected data to lpo used in 
airning and laying. 

39. The combination of an arm adapted to be moved 
about a center; a scale indicating intervals of travel by 
which the movement of said arm may be regulated; a mov 
able scale pivoted to said arm movable in a fixed path at 
right ang its to the normal position yf said at in ; and an 
automatic computing device independent of lut coüperat 
ing with said scale to make various gunllery coi'i'ections 
and indicate up) m said scale the actua? corrected data to 
the ti sed in aiming and laying. 

40. The combination of an arm adapted to be moved 
allout a center; a tinie of flight scale thereon; a prediction 
interval scale by which to set said time of flight scale; a 
meyval ble scale ; a connect', between said scale and a 'm 
adapted to be adjusted t) register with any give range 
on sail time of flight scale ; :and an automatic coinputing 
device c.t5perating with said scale and adapted to make 
various gunnery corrections, and indicate upon said scale 
the actual corrected data to be used in liming and laying. 

41. The combination of an arm adapted to be moved 
al) out a certel' : a time of flight scale thereon; a prediction. 
interval scale on said arm to set said time of flight scale; 
a t'a vel interwal scia de by which to set saidi arm ; a panov 
able scale; a connector between said scale and arm adapted 
to be adjusted to register with any given rarige on said 
ti) e (of flight scale; ad an automatic computing device 
c(t)erating with said scale and adapted to make various 
gunnery corrections and indicate upon said scale the ac 
tua l (º' } ''(?:(?:tel data to be used in a iming and laying. 

-42. The combination (:f an arm adapted to be moved 
a solat ; (cate'; a member carrying two scales adapted for 

º longitudinal movement pivotally connected to said arm 

50 

and It! (vaille at right angles to the normal position of said 
at in ; and an automatic computing device independent of 
but :)isperating with scales to indicate on one the cor 
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jected range to be used at the gun and on the other the 
sum of all the corrections to be applied for various causes. 

4:3. Tine conalbination of a pendent swinging arm ; a lhan 
dle secured thereto for moving said arm ; a scale pivoted 
to said arm and movalle between guides in a lorizontal 
pa tlh ; and an automatic computing device independent of 
lout cofiberating with said scale to make various gunnery 
corrections and indicate upon said scale the actual cor 
rected data to be used in aiming and laying said device, 
consisting of a plurality of scaled members parallel with 
said scale and adapted for longitudinal movement relative 
to each other. 

44. The connlbination of a pendent swinging arm ; al han 
dle secured thereto for moving said arm; a scale pivoted. 
to said arm and movable between guides; another scale 
slidable longitudinally of said first mentioned scale; and 
an automatic computing device independent of but coöp 
eating with said scale to make various gunnery correc 
tions and indicate upon said scale the actual corrected 
d; ta to be used in aiming and laying said device, con 
sisting of a plurality of scaled members parallel with said 
scale and adapted for longitudinal movement relative to 
each other. - m 

45. The combination of a pendent swinging arm ; a han 
dle secured there to for moving said arm; a member pivoted 
to said arm and movable between guides; a scale slidable 
longitudinally of said member; and an automatic Com 
uting device independent of but coöperating with said 

scale to make various gunnery corrections and indicate 
upon said scale the actual corrected data to be used in 
aiming and laying said device, consisting of a plurality of 
scaled members parallel with said scale and adapted for . 
longitudinal movement relative to each other. 

46. The combination of a frame; a scale normally fixed 
thereon ; a computing device consisting of a plurality of 
scales parallel to each other and to said fixed scale, ad 
justable relative to each other to secure various readings 
and relative to said fixed scale for courecting for too great 
or too short a range; and a slidable scale mounted upon 
said frame cotsperating with vthe side of said computing 
device furthest removed from said fixed scale and adapted 
to indicate thereon the actual corrected data to be used in 
aiming and laying the gun. . - : 

Signed by me at Boston, Massachusetts, this 13th day of 
Algust 19(6. 

- IELMER. W. ITUBBARID, 

Witnesses: 
IHAROLD II. BROWN, 
WAITEIt IE). L(M BÅRD. 
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