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1

The invention described herein may be manu-
factured and used by or for the Government for
governmental purposes, without the payment to
me of any royalty thereon.

The invention relates generally to a computer
for solving mathematical problems and specifi-
cally to a bombardier slip stick or slide-computer
for evaluating, by mechanical means, bombing
probability formulae for calculating the number
of bombs to he dropped under given conditions on
a target. It is herein described with reference to
its use for solving aviation bombardment prob-
lems.

In bombing operations conducted by aircraft,
economy of force indicates the dropping of the
smallest practicable number of bombs required to
provide a certain percentage degree of assurance
of securing one hit or a given number of hits on
the target. The number of bombs required may,
for some conditions, be determined from existing
tables, charts and curves of bombing probability
values calculated in accordance with the mathe-
matical law of errors. These bombardment prob-
ability tables, curves, and charts are available to
the bombardment commander (bombardier)
through published texts on bombing probabilities
but, the calculated values cover only a narrow
scope of conditions and the practical use thereof
for the solution of bhomb requirements is limited
and involves definite and time-consuming pro-
cedure.

The primary object of the invention is to pro-
vide a more convenient and rapid means for the
solution of bomb requirements. To that end, the
data is combined with and arranged on a slide
instrument to provide a mechanical bombing
probability calculator or computer which (1) is
readily operable to give a direct rsading of the
answer to a given problem and (2) has a greater
range of possible values than the tables found in
rublished texts. Two species of the invention are
disclosed, the preferred one of which is based on
a simplifying assumption that the probable error
in range is equal to the probable error in de-
flection, hoth of which are expressed in terms
of the more convenient circular probable error,
as hereinafter explained.

Other objects and advantages of the computer
will appear from the following detailed descrip-
tion of the construction and operation of the
same, considered with reference to the accom-
panying drawing of the device, wherein:

Figure 1 is a fragmentary top plan view of one
species of the invention;

Figure 2 is a vertical cross section on line 2—2
of Figure 1;

Figures 3 to 5 inclusive are detail views of sub-
stantially different sections of the data-bearing
tape common to both illustrated species of the
invention and collectively showing the arrange-
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2

ment and grouping thereon of the various curves
and scales;

Figure 6 is a detail view of a table of probable
errors for use in connection with illustrated so-
lutions;

Figure 7 is a view similar to Figure 1 but show-~
ing another and preferred species of the inven-
tion;

Figure 8 is a vertical cross section on line §—8
of Figure 7;

Figures 9 fo 11 inclusive are detail views of
elements of the particular species of the inven-
tion shown more completely in Pigure 7, and

Pigure 12 is a detail view of a guard-bearing
end of one of the tape-supporting cylinders.

The values of bombing probability calculations,
together with the formulas for computing prob-
able errors, as applied to the present invention,
are herein defined and explained by way of
preface to the detailed description of the in-
strument.

The accuracy of individual bombing units for
different altitudes is determined from tables of
average errors representative of actual results of
dropping a large number of bombs. Each bomb
which does not fall on the center of the target has
an error in range or in deflection-or in both.
Range error is defined as the distance from the
center of the target to the point of impact, meas-
ured in feet parallel to the direction of approach
to the target. Deflection error is defined as the
distance from the center of the target to the point
of impact, measured in feet perpendicular to the
direction of approach. The values of range and
deflection errors may be combined in the form of
a circular error which is the radial distance from
the center of the target to the point of impact of
the bomb. Average errors in range (Rea), de-
flection (Dea), or radial distance (Cea) are equal
to the arithmetic sum of the error in range, de-
flection, or radial distance, respectively divided
by the number of bombs dropped. In determin-
ing average errors, the actual errors in feet is de-
sired without regard to “overs” and “shorts” or
“rights” and “lefts.” For example assume a total
number of six bombs to be dropped from a given
altitude. The point of impact of each bomb is
carefully plotted and the distance in feet from
the point of impact to the center of the target in
the direction of approach (range error) and per-
pendicular to the direction of approach (deflec~
tion error) is recorded. Assume, also, that the
recorded arithmetic sum of the range errors of
the individual bomb impact points totals 540 feet.
Then, this sum divided by 6 (number of bombs
dropped) equals 90 feet which represents the
ragnge arithmetic mean or average error (Rea).
In similar manner, the arithmetic mean or aver-
age deflection error (Dea) and the arithmetic
mean or average circular error (Cea) are deter-
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mined. From recorded average errors for differ-
ent altitudes, tables of probable errors for those
altitudes are prepared. Since various bombing
units have different accuracies and since the ac-
curacy of bombing is less at higher altitudes, the
computed probable error may differ from one
unit to the next. These tables give the general
precision at various altitudes in terms of Range
probable error (Rep) and Deflection probable er-
ror (Dep) and Circular probable error (Cep). A
specimen table of probable errors is shown in Fig-
ure 6. In reading the table, the indicated Cep ac-
curacy for a given altitude is interpreted in termsg
of the radial dimensions of the circular area or
target upon which will fall half of the number of
bombs dropped. For example, the Cep accuracy
of 173 feet at 10,000 feet altitude means that on
the average half the number of bombs dropped
at that altitude will fall in a circular target of 173
feet radius and half will miss the target.

The formulas for computing probable error are:

(1) Range probable error (Rep)=0.845 Rea
(2) Deflection probable error (Dep)=—0.845 Des
(3) Circular proba@gg}‘or (Cep)=0.939 Cea
(4) Cep=1.746 \/RepxDep (where Rep =Dep)

Probable error is defined as that error or devi-
ation which is as likely to be exceeded as not. In
other words, a probable error of an indicated
value, for example—T2 feet, does not mean that
72 feet is the most probable value of the error,
either in range or deflection, but simply that
there is 2 50-50 chance or probability that the
error of 72 feet may or may not be exceeded. The
probable errors (Rep-Dep-Cep) for a given al-
titude are used in connection with the target di-
mensions to determine the vulnerability factor
for that target and the given altitude. The for-
mulas for computing the vulnerability factors are
as follows:

(5) Range vulnerability factor

_ iRDT (allowable error)
TFy=2
(RVE) Rep (probable error}

(6) Deflection vulnerability factor

1DDT (allowable error)
Dep (probable error)

in which RDT represents the length or range di-
mension of the target and DDT represents the
width or deflection dimension of the target. The
distance from the center of a given target to
the edge thereof represents the largest allowable
error that can be made in bombing the target and
still obtain a hit thereon. The allowable error
applies to both range and deflection and is equal
to one-half the dimensions of the target in range
ol deflection.

The vulnerability factors, sometimes referred
to as probability factors, are used to determine
the single shot probability (SSP) for the given
altitude, probable error and target dimensions.
Each vulnerability factor has a calculated per-
centage value representing the probability of a
hit with a single bomb dropped on a target of the
dimensions used in determining the vulnerability
factor and under conditions for which the aver-
age error, measuring the efficiency and effective-
ness of the particular bombing team or unit, is
applicable. For example, if RVF=1, it means
that there is a 50% probability of a hit. A hit by
a single shot requires the concurrence of ftwo
events, i. e., a hit in range and a hit in deflection.
Hence, when using restangular etrors (range and
deflection errors) separate probabilities must be

(DVE)=
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found for a hit with respect to both range
(RSSP) and deflection (DSSP). The product of
the range single shot probability (RSSP) and the
deflection single shot probability (DSSP) gives
the probability of both events occurring with a
single bomb and, hence, the combined single shot
probability (SSP) of a hit on the target. The
values of the single shot probabilities have been
calculated and are readily determined from ta-
bles and curves of vulnerability factors and prob-
abilities published in well known ordnance texts.
Example of such tables are shown on page 471,
Chapter 15, of “Crdnance and Gunnery” by Earl
M. McFarland. The single shot probability
(SSP) is the basis upon which calculations may
be made to determine the number of bombs re-
quired to provide a certain percentage degree of
assurance of securing a given number of hits on
the target. The results of soms bombing proba-
bility calculations covering different percentage
values of single shot probability and assurances of
suczess for one or more hifs are shown in tables
and charts in standard text books on ordnance
and the principles and methods governing the
plotting thereof are well understood. The curves
and tables described in connection with the in-
stant invention are in accordance with these well
known principles but are of wider scope and cover
a greater combination of events than the pub-
lished charts and tables.

As shown in Figures 1 to 6 inclusive, illustrating
one form of the invention, the instrument is cased
within a receptacle or box | having a hinged cover
2 and cover-latching means 3 as well as a handle
4 for conveniently carrying the case. Upon the
inner surface of the hinged cover is suitably af-
fixed a sheet 5§ preferably containing a table 6
of probable errors, such as shown in Figure 6.
The table may be accompanied by printed in-
structions for the use of the instrument. Within
and fixedly secured to the receptacle | and ex-
tending upwardly and slightly above the same
is the body of the instrument which includes a
framework T upon the top of which is mounted
and supported a flat face plate 8. The face plate
is attached by screws 8 or other suitable fasteners
to the framework and together with the latter,
completely covers the interior opening of the re-
ceptacie. The depth of the frame work and the
receptacle is greater at the back or hinge-bear-
ing end 10 of the case than at the front or han-
dle-bearing end ({. Hence, the face plate and
the mutually contacting edges 12 of the box and
cover are disposed in parallel planes slightly in-
clined to the horizontal when the device is rest-
ing on its bottom or base 13, as depicted in Figure
2 of the accompanying drawings. This inclina-
tion of the face plate facilitates the viewing of
data and the manipulation of the movable parts
associated therewith, as hereinafter described,
and provides also compactness and reduction in
the overall dimensions of the case.

The face plate is provided with a long narrow
window I4 extending diagonally across its cen-
tral portion and a pair of relatively smaller win-
dows {5 and {6 to the right of the diagonal win-
dow and elongated in a direction parallel to the
side edges of the face plate, as shown in Figure 1.
Adjacent the diagonal window is a legend {7 and
an arrow mark (8 indicating that the answer as
to the number of bombs to be dropped for a given
condition will be found from data exposed through
the window. Similarly, appropriate legends 9
and 20 adjacent the smaller windows {5 and 16
indicate that other inderdependent data, such
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5
“"as the.number of bomb hits required for a success-
ful'raid and the percentage chance of a success-
ful raid are to be viewed therethrough. The
larger of the two small windows is provided with
a hairline-or an index mark 21. - A series of guide
curves 22 of “equiprobability” extend from the
lower longitudinal edge of the diagonal window
to. points in a line adjacent and paralle] to the
~top edge of a guide rail 23 fastened, as at 24, to
the face plate 8 inwardly of and in parallelism
with the bottom edge of the plate. Provided on
the face plate in spaced relation to the lower
edge of the guide rail 23 and fixed in parallelism
therewith is an altitude error scale 25 in which
" the values of deflection probable errors (Dep) in
‘feet corresponding to a given range of altitudes
is- expressed logarithmically. Dove-~tailed with
the guide rail 23 and adjustable lengthwise there-
of is a slide 26 having a lateral extension 21 hor-
dering the scale 25. The extension is provided
with an arrow-28 or other index mark for set-
ting the slide to a given graduation on the scale.
The slide 26 caries a scale of allowable errers in
deflection, in feet, expressed logarithmically. The
allowable error in deflection is equal to one-half
the deflection” dimension or width of the target.
“For convenience, however, the scale reads directly
in width dimensions of target which are twice the
allowable error in deflection. This scale is shown
“at29 and is designated hereinafter as the target
‘deflection scale. Each of the scales 25 and 29,
as laid off, covers a range from twenty-five (25)
to five thousand (5000) feet and they are exactly
the same except that scale 29 is laid off from
left to right whereas scale 25 is 1aid off from right
to left. Suitably engaged with the slide 26 and
adjustable longitudinally thereof is a runner 38
marked “width.” TFastened to the face plate in
parallelism with the guide rail 23 but appropri-
ately spaced below the latter is another guide rail
31 on which is mounted an adjustable slide 32.
Slide 32 is provided with an allowable error scale
"33, corresponding to the scale 29, but which reads
directly in range dimensions of the target. The

fixed altitude error scale 34, to which the slide 32 <

is set by means of the arrow 35, corresponding
to the scale 25 but is offset relative to the latter
and ‘reads in values of range probable errors
(Rep). Adjustable on siide 32 is a runner 328
marked “length.”
relative to the target deflection scale 29 in ac-
cordance with the width dimension of a given
target and runner-36 is adapted to be set relative
to the target range scale 232 in accordance with
the range dimension of the target.
quired setting of the runners on their respective
‘slides, the right hand edge of runner 38 and the
left hand edge of runner 38 (Figure 1) should
be aligned with or over the scale graduation cor-
responding to the given target dimension. Ex-
tending from the upper right hand corner of
runner 30 and fixed rigidly thereto is a long nar-
row arm 371. A similar arm 38 extends from the
.upper left hand corner of the runner 36. These

arms extend at right angles of forty-five (45) and ©

one hundred and thirty-five (135) degrees respec~
tively, as measured in an anti-clockwise direction
" from the upper longitudinal edges of the respec-
tive slides. They cross each other at right angles

and serve as coordinates establishing at their in- 7y

tersection a reference point 39 over the portion
of the face plate on which are located the guide
curves 22; the position of the point relative to the
face plate being determined by the setting of the
runners and changing as the spacing between the

Runner 38 is adapted to be set 9

In any re- +

6

runners-is varied. The arms 37 and 38, as well

--as the top panels of the runners 30 and 36, pref-

erably -are of -suitable transparent material so
that the scales 29 and 33 and the guide curves 22

-are not-obscured.

“Hach arrangement of altitude error scale, slide,

- and runner corresponds essentially to an ordi-
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nary logarithmic slide rule with a reciprocal scale
to -facilitate division; the two divisions (Formulas
5 and 6)-being carried -out on the separate slide

rules. “When the slides are setto given Rep and

Dep errors and the runners are set to given tar-
get dimensions, the positions of the arms rela-
tive: to ‘the face plate determine the values.of
the ‘range and deflection vulnerability factors
which may be translated directly into percentage
values representing- the probabilities of hitting
the target in range and deflection. Arm 3T may

“he considered, therefore, as representing the de-
flection single shot probability (DSSP) and arm
" 28 as representing the range single shot prob-

ability {(RSSP). For every setting of the slides
and runners; the arms intersect and determine
a peointon the face plate to which is assigned a
single percentage value which is the product of
the separate probability values represented by
the-arms. " This single - percentage value repre-

~sents the ' probability of hitting the target with a

single shot (8SP). Points on the face plate of

-equi-probability, that 'is, having the same SSP

value; are connected by a guide curve 22. There-
fore,-each one-of the various guide curves 22
represents a constant value of single shot prob-
hability and the SSP value of each guide curve
is found by the exposure of appropriate data
through the diagonal window 14 as hereinafter
explained.

“The data’ to be exposed-through the various
windows of the face plate are provided on an
endiess tape £8 housed within the framework 1
petween the bottom of the box | and the face plate
8 as shown -in Figure 2. ‘The tape is supported
by -and travels over a plurality ‘of guide rolls

-or ‘cylinders located within the framework and
~including  a main cylinder-4{ at the back of the

framework, a pair of -vertically spaced auxiliary
cylinders £2 and 43 at the front of the frame-
work, and a tape-tautening cylinder. 44 immedi-
ately in front of the main cylinder. The main
and auxiliary cylinders are journaled in side
members of the framework 7 but the tape-taut-
ening cylinder is supported by and journaled be-
tween a pair of upstanding members 45 and 46.
These support members have their lower ends re-
spectively pivoted, as at 47 to the bottom of the
case for movement about a common axis extend-
ing transversely to the direction of travel of the

‘tape and are resiliently connected at their re-

spective upper ends, by springs 48 to the sides of
the framework, The springs are tensioned to
exert a pull on the support members constantly
tending-to displace the tape-tautening cylinder
44 in the direction and with g magnitude re-
qujred ‘to take up any slack in the tape. The
tape is held tightly to the main cylinder by lock
rolls 49 on shaft 53 and is moved when the main
cyiinder 41 is turned by means of the hand knob
§f on the extenided right end of the cylinder stub
shaft 52, Displacement of the tape laterally of
the supporting cylinders is prevented, without

“binding, by cone-shaped guards $3 mounted on

the cylinders -adjacent the edges of the tape, as
shown in Figures 2 and 12.

The data carried by Jfhe tape 40 comprises a
plurality of curves and scales based on bombing
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probability calculations. These are arranged in
separate groups or charts covering different given
conditions throughout a range of brecad or lim-
- ited scope, as may be found expedient. In the
instant case, four groups or charts of such curves
and scales, are provided on the tape and are
marked D, C, B and A, as shown collectively in
Figures 3, 4 and 5. These charts correspond to
representative chance levels for success of 99.5,
95, 85, and 70 percent, respectively. Hach chart
comprises a set, of curves in which each curve indi-
cates g number of bombs; s non-uniform scale
in which each graduation indicates a number of
bomb hits; and a series of similar markings in-
dicating the particular percentage degree of as-
surance of success upon which the curves and
scales of the particular chart are based. Chart
A comprises the set of bomb-indicating curves
5%, the bomb hit scale 55, and the percentage
markings §6. Chart B comprises the bomb-in-
dicating curves 57, bomb-hit scale 58, and per-
centage markings 8. Chart C comprises the
bomb-indicating curves §9, bomb-hit scale 6§ and
percentage markings 62. Chart D comprises the
bomb-indicating curves §3, bomb-hit scale 64, and
percentage markings 65. These charts are ar-
ranged one behind gnother on and in the length-
wise direction of the tape in the natural sequence
of their respective indicated percentage values.
A set of curves 85 for evaluating the guide curves
22, and obtaining thereby the different values of
single shot probability, is located on the tape
between the first and last charts A and D and
is coordinated with the marking SSP on the tape,
as shown in Figure 3. The curves 54, 57, €9,
63, and 68 extend diagonally across the tape in
the opposite sense to the diagonal window (4 of
he face plate 8 and are positioned on the tape
to be exposed through the window {4 at a given
setting of the tape. The bomb-hit scales 55, 58,
Gi, and 6, and the SSP marking, are arranged
in a column lengthwise of the tape and to the
right of the curves in position to be exposed
through the window 5. The percentage mark-
ingg 55, 59, 62, and 65 are similarly arranged on
the tape for exposure through the face plate
window 6.

The curves and scales of the respective charts
A, B, C and D cover a comparatively large num-
ber of bombs and bomb-hits, ranging in the for-
mer from one to at least twenty thousand bomhs
(1-20,080) and in the latter from one fo onre
hundred komp hits (1-100). The values of the
single shot probabilities represented by the curves
% range from one-half percent to ninety-nine
and one-half percent. The curves (tombs) of
each chart are distinguishably marked to desig-
nate the number of bombs individually repre-
sented thereby and are coordinated with the cor-
responding non-uniform scale (for the homb hits
required) of the chart. This coordination is ac-
complished in the precess of laying ouf the vari-
ous charts as will be clear from the following
explanation of the manner of laying out chart
A. The tape is moved relative to the face plate
and its position thereto for the solution of bomb
requirements is determined by means of a scale,
such as shown at 85, on the tape and the hairline
indicator 2! on the face plate: the scale can be
non-uniform and arbitrary. The surface of the
tape is viewed through the diagonal window at
the upper end of the guide curves 22. Tor every
combination of guide curve (or SSP) and po-
sition of the tape (or graduation of scale £5
there corresponds a point on the surface of the
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tape which is directly at or below the upper end
of the guide curve. To this point is assigned a
numerical value which is a function of the SSP
as represented by the guide curve, and the num-
ber of bomb hits as represented by the scale
sraduation determining the position of the tape;
this numerical value represents the number of
bombs to be dropped to obtain the desired num-
ber of hits in accordance with the percentage
degree of success on which the scale is bhased.
On the surface of the tape, a curve 54 is em-
pirically drawn where the numerical values are
constant. By selection of several fixed values of
number of bombs required, the various curves 54
are drawn. Each curve is marked at spaced
points along its length with a value indicative of
the number of bombs represented by the curve
so that it can be evaluated.

The spacing of the graduations of the scale
58 governs the formation of the curves 54 and
in the process of laying cut the chart the srac-
ing of the scale graduations is empirically varied
until the curves 54 of the tape are approximately
straight lines parallel to each other and at right
angle to the long lower edge of the diagonal win-
dow {4 s¢ as to achieve ease in reading the an-
swer. When the tape moves relative to the face
plate, the positions of the curves 5% along the
lower edge of the diagonal window change and
each change in position of the curves 54 gives
rise to different evaluations of the guide curves
22 in terms of the number of bombs to be dropped
for given conditions. When the tape is maoved
relatively to the face plate for evaluation of the
guide curves 22 in terms of single shot proba-
kility (3SP), its positicn is determined by means
cf the SSP marking on the tape and the hair-
line indicator 21 on the face plate. Evaluation
of the guide curves 22 in terms of single shot
probakility is given by the curves 68 on the tape.
These curves 6§ are drawn and coordinated with
the S8P marking so as to he exposed at the
diagonal window 14 substantially as straight line
continuations of the guide curves 22 when the
SS8P marking is opposite the hairline indicator
21. The value of SSP represented by each of the
curves 6§56 is indicated at one end of the curve.

As an illustrative example of a problem con-
fronting a bombardment commander, let it bhe
assumed that the commander of a bombing unit
is given an order to neutralize a certain ohjec-
tive—a factory, for instance. His problem is to
determine the number of bombs to bs dropped on
this target to attain a reasonable chance of de-
stroying or neutralizing the same without drop-
ping more than a necessary number of hombs.
In order to do this, he must know, among other
things, the size of the target; the accuracy of
his hombing unit; the minimum altitude of bomb-
ing that may be considered in operating against
this particular target (often very high hecause
of enemy antiaircraft fire), and the number of
actual hits necessary to reduce the target. Since
there is, also, an element of chance that every
aimed bomb will miss the target and that the
mission will be unsuccessful and will not carry
out the required number of hits, he must deter-
mine what percentage chance of success of ac-
complishing the mission is s reasonable chaonce
in view of the urgency of the situation or other
tactical considerations. The highest chance of
success is set usually at 99.5% (. e. only 5 raids
out of 1000 will fail) since absolute certainty of
success would require an impossible number
(theoretically infinite) of bombs to be dropped.
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The minimum chance of success is set usually
at 70% (. e. T out of 10 raids would get the re-
quired number of hits) because expenence ine-
dicates that this is the lowest value ‘usually ac-

ceptable on and justifying a bombing mission

agamst tmgets ‘which, though 1mportant offer
no 1mmed1ate menace and the destruction of
whlch is not u1gen+ The target dimensions,

size of bombs, chuned number of bomb “hits,

and other specific information of his uaige’cs Te-
guited by the bombardment commander are ob-
tained from an “obJectlve foldex” which is a file
or booklet of mfmmatmn concerning the targets
and collected by observatlon aviation and the
various mtelhgence agenmes such, 1nform@ tion
being compiled and auanged ‘for the use of the
commander in planning a bombmg missicn. The
decmons as to the minimum altitude flom wmch
{6 bomb and the’ percentage degree of suceess
to be attained are uacmcal and are made in ac-
cordance with the judgment .of the commander
The accuracy of his bombing unit for the con-
ditions given are obtained from tabl@ g, The
number of bomhs to be dropped ordinarily is
computed directly from or by interpolation of
bombardment tables or curves. Such complta-
tion is avoided by the use of the present inven-
tion in solving the problem as will be apparent
from the succeedmg explanatlon of 1ts use’ and
operation.

For some conditions of bombing it may be de-
sirable to know the number of individually sight-
ed and released bombs Wthh should be drepped
on. a given target to give the required degr ce ‘of
assulanee of .at least one hit. In such a case,
it is necessary first t0 determine the single shot
plobablhty which is apphcable t0 the given fac-
tcns of the problem.. For example, assume the
values of the given factors to be: target chmen-
sions—500 feet by 100 teet altitude—15,000.feet;
1equ1red percentage degree of obtalmng at
least . one h1t~—70% It is required . to. find
(a) the single shot, proba'mhty (SSP). and
(b) the number of bombs to be dropped The
particular settlng of, the msulument which
solves this ploblem is. shown in I‘xgure 1
and is. obtained hy ‘the followmg procedure
The runner 30 is set over (00 on the dnﬂeo—
tion dimension scale 28 and runner 35 is ‘séb
over 500 on the range dlmensmn scale 33 the
longer of the fwo given target dlmenswns bemg
taken as the length. From the table 6, the prob-
able errors in range (Rep) and. 1n,deﬂect;on
(Dep) . corresponding to. the given altitude, of
15,000 feet are found to be 130 feet and 168
feet respectively. The slides 26 and 32, with.the
runners 30 and 36 set thereon, as just described,
are positioned so that the index arrow. 28.is
centered over 168 on fthe Dep scale 25 and.the
index arrow 35 is centered over 130 on the Rep
scale 34. The knob 51 is turned to move the tape
until the marking .SSP. (single shot probability)
on the tape is centered beneath the hairline 21
of the window 15.. As a result of this. movement
of the tape and the arrangement of .the scales
and curves thereon, the curves 66.for the dif-
ferent values of single shot probability (SS5P)
are exposed through the diagonal window 14 but
no data will show in the percenfage window 16.

From this setting of the instrument, the per-
centage chance of a single bomb hitting the tar-
get is found by noting the position of the refer-
ence. point- 39° relative to the guide curves 22,
particularly with reference to. its distance or

spacing from the nearest guide curve within the_
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upper angle of the crossed arms 37 and 38, and
at the same distance following the curve, by eye,
to the bottom edge of the diagonal window 14,

The reference point. 39 .réepresents the product
of the range single single shot probability (RSSP)
and the deflection. single shot probability (DSSP).
and the value of this product (which gives the
percentage chance of hitting the target with a
single bomb, abbreviated SSP). is obtained from
curves 66 by following the guide curve 22 near-
est to the reference point. The answer is found
to be & single shot probability (SSP). of 0.13 per-
cent. Ha"vmg thus . determined the percentage
chance or pzobablhty of hitting the target with
a single bomb in ‘one trial, the same is used as a
basis for further determining the number of
trials necessary (bombs dropped) to secure a
desired percent..chance, from 1% to 100%, of.
hitting the target with at least .one bomb:. In
current practice, tables based:on the desired de~
gree of certainty imay be entered with the known
or calculated value of single shot probability to
secure opposite it the reguifed number of bombs
to be dropped to, attain the result. sought, - With
the herein. described instrument, however, it is
required only to turn the knob §i until the num-
ber 1 of scale 55 on chart A of the:tape is cen-
tered in window I35 with the required percentage
number (70%) showing in window 16. The move-
ment of the tape occasioned by the turning .of
the knob resulfs in the displacement of the SSP.
curves 85 from the. diagonal window: and .the
substitution’ therefor. .of ‘the ‘bomb curves 54 of
chart A." The number of bombs to.be.dropped
with- the required’ percentage degree of chance
of getting at least - one hit, based on the single
shot probability of 0.13 percent, would ‘be read
off . the bomb curves in the diagonal window by
following the procedure previously explained snd
describad in connection with.reading the SSP.

The values of Rep and Dep are theoretically
needed in p1ann1ng attacks against most targets,
especially rectangular ones, as loncr as the range
and deflection errors are unequal.. However, de-
termination of single shot probability is quicke1
and easier using Cep values and such use is jus-
tlﬁed when range and deflection errors are sub-
stanmally equal, ’ Now, if the values of Rep and
Dep are expressed in terms of circular probable
error (Cep) in- acco1dance with the Formula 4,
then ‘Rep and Dep can be represented by 4 sin-
gle value and the evaluatmn of the formulae by
mechanical means is simplified. Reverting to
Formula 4 and assuming Rep and Dep to be
equal it is obv10us that Rep equals Cep divided
by i. 746. Also that Dep equals Cep d1V1ded by
1.746. rIhe constant 1.746 is & conversxon factor
denved as an integral part of relatlonshm be-
tween range deflection, and cn"cular probable er-~
ror by mathematical calculations. Hence, For-
mulas 5 and 6 may be restated in the followmv
forms: ’ o ) o

_3RDT__ 4RDT
@ RVF= Rep  Cep+1.746

_iDDT__ 3DDT
® DVE="r ey ~Cep21.746

It is an empirical fact.that the value obtained,
by dividing the Cep.for a given altitude by.1.746,
lies between the true values of Rep and Dep for’
the same altitude and .that this “average” value
can be used to.represeént both the range.probable
error ‘and .the . deflection probable error. The
range prohable error, as represented by this “av-
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erage” value, will be larger than the true Rep
but the represented defiection probable error, on
the other hand, will be less than the true Dep.
The two discrepancies therefore compensate each
other and, as a result, the value of single shot
probability determined by using this “average”
value is substantially the same as the value of
single shot probability defermined by using the
true values of Rep and Dep. This may be shown
in connection with the problem illustrated in
Figure 1. As therein depicted, the Dep slide 25
is set to 168 on the Dep scale 25 and the Rep
slide 23 is set to 130 on the Rep scale 3§. As
shown in table 8, the corresponding Cep is 266.
If the value of the single shot probability were to
ke determined by using only the Cep, the set-
tings of the Dep slide and the Rep slide on their
respective scales would have to ke identical, that
is, have a common value (Dep=Rep). This com-
men value is obtained by dividing 266 by 1.746
(Formulas 7 and 8) and is found to be 152. This
common or “average” value (152) is larger than
130 (Rep) but less than 168 (Dep). If the range
and deflection slides of the instrument were set
to 152 instead of to 130 and 168 respectively,
the guide curve 2Z, on which the reference point
39 would fall in this sefting, would be the same
curve upon which it was positioned in the set-
ting shown in Figure 1. As seen, this curve has
an SSP value of 0.13 percent.

Formulas 7 and 8 are preferred over Formulas
5 and 6 because in the former the denominators
are equal and are expressed in terms of circular
probable error. Also, the numerator of Formula
7 is greater than that of Formula 8. Hence, the
two divisions can be carried out simultaneously
on one ordinary reciprocal slide rule with a single
setting for the denominators and the use of two
runners or indicators on one slide to give separate
readings for the numerators. It is upon the
empirical fact herein explained, and the advan-
tages flowing therefrom, that the preferred form
of the invention, shown in Figures 7 to 11, in-
clusive, is based as hereinbefore stated. Since
Formulas 7 and 8 require only values of Cep and
not Rep or Dep values, a single table converting
altitude into Cep values is all that is needed when
using the instrument, in its preferred form, to
determine the range and deflection vulnerability
factors. A specimen table of altitude versus cir-
cular probable error values, intended for use with
the instrument, is shown in Figure 11. Only a
few representative values of circular probable
error corresponding to given altitudes are shown
but it is to be understood that all blank spaces
are to be filled in for convenient reference by the
bombardment commander; the inserted values
depending of course on the rated accuracy or
bombing ability of his unit for the indicated alti-
tudes.

As is apparent from a comparison of Figures 1
and 7 of the drawings, both forms of the instru-
ment are substantially alike in respect to their
various parts and general constructional fea-
tures; the preferred form bheing distinctive in
respect to the number and arrangement of slide
rule parts. Referring to Figure 9, the face plate
8 is provided with a single scale 61 in which the
Rep and Dep for a given range of altitudes are
represented, in feet, logarithmically and by “av-
erage” values (Cep—1.746 Formulas 7 and 8).
For convenience the scale reads directly in terms
cf Cep errors corresponding to the “average”
values., This permits the instrument to be set
directly to the Cep values given in the table 68,
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shown in Figure 11. Scale 67 is, therefore, desig~
nated the altitucde error or Cep scale and it con-
stitutes the fixed part of a slide rule; the movable
part of which, as shown in Figure 10, is a slids
69 dove-tailed with and slidably adjustable on tha
guide rail 10, which is fastened to the face plate
inwardly of and in parallelism with the Cep scale
67. An extension T! on the slide normally over-
lies the Cep scale and is provided with a window
12 having a hairline 73 for guidance in setting
the slide to a given Cep value on the scale 1. The
slide is provided on its upper surface with & scale
15, in feet, of allowable errors in range ang de-~
flection expressed logarithmically. For conven-
ience, scale 75 reads directly in dimensions of the
target which are twice the allowable error in
range or deflection and is thereinafter desig-
nated the target dimension scale. The Cep scale
67 and the target dimension scale 15 are exactly
the same except that the former is laid off from
right to left and the latter from left to right.
Each scale covers a range from twenty-five (25)
to five thousand (5000) feet. Suitably engaged
with the slide 69 for independent adjustment lon-
gitudinally thereof are two runners 13 and 11
marked “width’” and “length” respectively. The
former is adapted to be set relative to the target
dimension scale 15 in accordance with the given
width dimension of a target and the latter in
accordance with the given length dimension; the
inner vertical edge of each runner being used as
the setting-guide or index. These runners are
similar in construction to the runners 20 and 26
of Figure 1 and in like manner the arms 37’ and
38’ cross each other and serves as coordinates
establishing at their intersection a reference
point 39’ over the portion of the face plate bear-
ing the guide curves 22’. The arrangement of
scale 67, slide 69, and runners 16 and 17 corre-
sponds essentially to an ordinary slide rule with a
reciprocal scale to facilitate division and the
operation thereof is the same as in the form of
instrument first described: a chief feature of
distinction being that in the preferred form of
instrument the two divisions (Formulas 7 and 8)
are carried out simultaneously on the same slide,
made possible because of the equality of denom-
inators.

For example, assume the values of the given
factors of a problem to be solved are as follows:
target dimensions—1000 feet by 200 feet; glti-
tude 20,300 feet; number of bomb hits required—
40; chance of successful raid—709%. Itisrequired
to find the number of bombs to be dropped. The
setting of the instrument which sclves the prob-
lem is shown in Pigure 7 and is obtained in the
following manner. Runners 16 and 17 are sef
over 200 and 1000 respectively on the target gi-
mension scale 15; the longer dimension being
taken as the length, Slide 69 is then positioned
so that the hairline 13 of the window 72 is cen-
tered over 400 on the Cep scale 61; this number
representing the Cep corresponding to the given
altitude as taken from table 68. Tape 40 is then
moved relative {o the face plate 8’ by turning the
knob 51’ until the number 40 ig centered under
the hairline 2{’ of window (5" with the number
70% showing at window (6°. The number of
bombs to be dropped is found by following the
guide curve 22’ nearest to the reference point
39’ as in previous examples. The answer, 215
bombs, is read off the set of curves 54 (chart A),
appearing in the diagonal window {4’, by inter-
polation. When the guide curves 22’ are to he
evaluated in terms of single short probability, the
knob 51’ is turned until the marking SSP on the
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tape is centered beneath the hairline 21’ of win-
dow 157, at which time the curves 65 will be. ex-
posed through.the diagonal window.

From the foregoing description, the many ad-
vantages of the instrument are apparent. The
device is compact and durable without involving
complicated structure and the calculations there
included cover a broad scope of conditions, The
numbers set in are all visible and easily checked
and only a few seconds are required to work out
a given problem. The instrument is advantage-
ous. not only for everyday use in the field but
also as a valuable adjunct to training and as a
gauge of proficiency. The use of the instrument,
by visibly presenting results as the measure of
the bombking accuracy of a particular bombing
team or unit, emphasizes and drives home the
importance of improving the accuracy so that a
small bombing force can do the work of a large
force.

It is obvious, also, that the invention is not re-
stricted to the exact construction and use here-
inbefore set forth but is adapted for general use
as a computer. It is understood, therefore, that
omissions, substitutions and alterations in the
form and details of the instrument may be made
within the scope of the appended claims and with-
out departing from the spirit of the invention.

Having thus described the invention, I claim:

1. A computer eomprising a pair of superposed
relatively movable members, one of said mem-
bers. having thereon an index mark and also a row
of value-representing characters, the latter ex-
tending transversely with respect to the direction
of relative movement of the members, and the
other of said members having two separate groups
of value-indicating characters arranged thereon
so that during relative movement of the members
the characters of one group align successively
with the said index mark while the characters of
the other group register with the said row of
value-representing characters, the characters of
the said one group being arranged in a single
column. extending in parallelism with the direc-
tion of relative movement of the members and
the characters of the said other group being ar-
ranged in several approximately straight lines
parallel to each other and obliquely disposed with
respect to the direction of relative movement of
the members, each line including only characters
of a constant value which is a function of the
values of a given value-representing.character on
the index-carrying member and a selected value-
indicating character of the column on the other
member when the said selected character
aligned with the said index mark.

2. A computer having in combination a pair
of superposed relatively movable members, one
member having a series of value-indicating char~
acters and a set of evaluated curves and the
other member having a fixed mark and a narrow
elongated window extending transversely with
respect to the direction of relative movement of
the said members, said other member having
markings representing a scale of numerical val-
ues along an edge of the said window, the said
characters and curves of the one member being
arranged relative to the said mark and window
so that during relative movement of the members
characters successively register with the said
mark while at the same time the curves travel past
the window as approximately straight lines par-
allel to but obliquely disposed with respect to the
_direction of relative movement of the members
whereby the point of intersection of each line

is ;
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with the window scale. markings is continuously
displaced along. the said markings, each line rep-
resenting a constant value which is a function. of

a given numerical value of the particular window
scale marking intersected thereby and a given
value of the value-indicating character in reg-
istry with the said mark in a predetermined rel-
ative position of the said members.

3. A computer comprising a member having a
set of curves, a slide rule mounted on the mem-
ber and comprising two scale-bearing units. dis-
posed for relative sliding movement against each
other in parallelism with and adjacent the. axis
of abscissas of the curves, one of said scale-bear-
ing units being fixed against movement in paral-
ellism with the said axis and the other scale-bear-
ing unit being free to be so moved, a pair of run-
ners on the said other scale-bearing unit, and
an. index member carried by each runner and
extending angularly therefrom and over the
curves and across the index member of the other
runner to establish at their intersection over the
curves a reference point.

4. A computer comprising a body having a
scale and a series of evaluated curves, a slider
movable relative to the body and carrying a scale,
and a pair of runners on. the body and slidably
and separately settable to given positions rela-
tive to.the scale on the slider, each runner hav-
ing an arm extending angularly therefrom. and
over the said curves, said arms crossing each
other to establish at their intersection over the
curves a reference point, the evaluation of which
is dependent. upon and varies with its posmlon
over the curves as determmed by the relatlve set-
tings of the scales and runners.

5. A computer comprising a body having a scale
and a,series of curves, & slider. movable 1eldt1ve to
the body and. carrying a scale, a pair of runners
on the body and slidably and separately settable
to given positions relative to the scale on the
slider, each runner having an arm extending an-
gularly therefrom and over the said curves, said
arms crossing each other to establish at their in-
tersection over the curves a reference point, the
evaluation of which is dependent upon and varies
with its position over the curves as determined
by the relative settings of the scales and runners,
5 member mounted on the body and slidably mov-
able to various predetermined positions relative
1o the said curves, said member having a plurality
of value-indicating characters arranged thereon
to give different evaluations of the curves in the
various positions of the member, and cooperative
indicia on the said body and member for setting
the latter to any predetermined position.

6. A computer comprising a set of curves, a pair
of logarithmic scales arranged in parallelism with
the axis of abscissas of the curves for sliding
movement against each other, one of the scales
being fixed relatively to the curves and having
values which are reciprocals of the values on the
other scale and said other scale being movable
relatively to the curves, a pair of slidable runners

“on the movable scale, separate arms fixed respec-

tively to the runners and extending over the
curves, said arms crossing each other ang serv-
ing as ccordinates establishing at their interseec-
tion a reference. point having a value dependent
upon its position over the curves, and means asso-
ciated with each curve for indicating the value
represented thereby.

7. A computer con‘prlsmg a member having a
set of curves representing various values of smgle
shot pr obabﬂlty, a scale beamng membe1 fixedly



2,421,745

15

associated with the said curves and graduated to
provide & scale of values in terms of circular
probable errors extending in parallelism with the
axis of abscissas of the curves, a movable scale-
bearing member slidable longitudinally of the
fixed scale-bearing member and graduated to
provide a scale of allowable error values, the
values of one scale being the reciprocals of the
values of the cther scale, means on the slidable
scale-bearing member for setting it to a given
graduation of the fixed scale-bearing membper, a
pair of runners on the slidable scale-bearing
member, s vulnerability factor-representing ele-
ment carried by each runner and extending angu-
larly therefrom over the said curves in crossed re-
lation with the corresponding element of the
other runner, said elements serving as coordinates
establishing at their intersection a reference point
having a value of single shot probability depend-
ent upon its position over the curves, and means
associated with each curve for indicating the
value represented thereby.

8. A computer comprising a support, a chart
mounted in the support for sliding movement
relative thereto and having value lines extending
diagonally of its direction of movement, a slide
rule mounted on the support and extending trans-
versely of the direction of the movement of the
chart, said slide rule having a stationary scale
fixed to the support and a movalble scale reading
against and slidable longitudinally of the fixed
scale, runners on the movable scale, separate in-
dex members respectively carried by the ruaners
and extending angularly over the value lines in
relatively crossed relation to serve as coordinates
establishing at their intersection a reference
point having a determinable value dependent
upon its position with respect to the value lines.

9. A computer comprising a member having a
series of points and marked to provide a scale re-
mote from the said points and fixed relatively
thereto, said member also having guide curves ex-
tending from the points and between the points
and the fixed scale, a scale bearing slide movable
lengthwise of the fixed scale, a pair of runners on
the slide and having setting guides to be selec-
tively aligned with the graduations of the slide
scale, an index member carried by each runner
and extending angularly therefrom over the guids

curves and across the corresponding member of ;

the companion runner to establish at their inter-
section a reference point having a value depend-
ent upon its position with respect to the series of
points as determined by its position to the nearest

guide curve, and means associated with the said ;

member and operatively positioned in relation fo
the said points for indicating the value repre~
sented by each point.

10. A bombing probability computer comprising
a member having a set of curves, means for in-
dicating the values of the curves in terms of sin~-
gle shot probability values, a set of indicia on said
member and representing a scale of probable
error values, a body slidable on said member and
along the scale of probable error values, said body
carrying a scale of allowable error values, the
values of both of said scales being expressed
logarithmically and the values of one of the
scales being the reciprocals of the values of the
other scale, index means on the slidable body for
registry with the values of the probable error
scale, a pair of runners carried by the slidable
body and slidably settable thereon with respect
to the values of the allowable error scale, a vul-
nerability factor-representing member fixedly se-
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cured to each runner and extending angulariy
over the curves in crossed relation with the corre-
sponding member of the other runner to establish
at their intersection a reference point having a
value of single shot probability determinable from
its position over the curves either directly or by
interpolation between curves.

11, A bombing probability computer compris-
ing a member having a set of equi-probability
curves and a set of indicia representing a scale
of prokable error values, the probable error scale
keing remote from the said curves, a movable
body cn said member adjacent to and slidable
along the probable error scale, said body carry-
ing a scale of allowable error values, the values
of both of said scales being expressed logarith-
mically and the values of one scale being the re-
ciprocals of the values of the other scale, a pair
of runners carried by said movable body and set-
table thereon with respect to the values of the
aliowable error scale, a member carried by each
runner and extending angularly over the curves
in crossed relation with the corresponding mem-
Ber of the other runner fo establish at their inter-
saction a reference point having a determinable
value dependent uocn its position relative to the
said curves and upon the values assigned to the
curves, and a movable member adjacent the said
curves and having separate sets of indicated val-
ues to be alternafely positioned with respect to
tie curves for assigning different values thereto.

12. A computer comprising a set of evaluated
curves, a scale-bearing member disposed over the
curves and having a pair of logarithmic scales
extending in paralielism with the axis of abscissas
of the curves and slidably movable against each
othar, said scale-bearing member and the said set
of curves being relatively movable in a direction
parallel to the axis of ordinates of the curves
but one of said scales being fixed against move-
ment relative to the curves in a direction paral-
lel to the axis of abscissas and having values
which are the reciprocals of the values on the
cther scale, a pair of slidable runners on the said
other scale, separate arms fixed respectively to
the runners and extending over the curves, said
arms crossing each other and serving as coor-
dinates establishing at their intersection a refer-
ence point having a value dependent upon its
position over the curves, and means associated
with each curve for indicating the value repre-
sented thereby.

13. A computer comprising a face plate having
a diagonal edge and a set of indicia representing
g fixed scale remote from and opposite the
diagonal edge, said face plate also having a series
of guide curves extending from the said diagonal
edge to points adjacent and parallel with the
fixed scale, 2 member movable past the said diag-
onal edge and carrying a set of value curves
arranged thereon to appear at the said diagonal
edge approximately as straight line continuations
of the guide curves parallel to each other and to
the said diagonal edge, a movable scale-bearing
member operatively assocciated with the face plate
and slidably against the fixed scale, a pair of run-
ners on the movable scale-bearing member, a
member carried by each runner and extending
angularly therefrom and over the said guide
curves In crossed relation with the correspond-
ing member of the other runner, said runner-
carried members establishing at their intersection
a reference point having a value dependent upon
its position relative to the value curves as deter-
mined hy its distance from the nearest guide
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curve, and means associated with each value-curve
for indicating -the value represented thereby.

14, A bombing probability computer compris-
ing a member having a set of bomb requirement
ccurves based on a constant percentage degree
of assurance of obtaining certain numbers of
hits ‘throughout a given range -and for different
values of single ghot probability, a -slide rule
mounted in parallelism with the axis of ‘abscissas
of the curves and movable relative to and over
the curves in parallelism with axis of ordinates
of ‘the curves, said rule including a unit fixed
against movement laterally of the -curves and
graduated to provide -a scale of probable error
values and a unit slidably movable against the
fixed unit, and graduated to provide a scale of
allowable error values, the values on one of the
scales being the reciprocals of the values on thes
other scale, a pair of runners on the slidably
movable unit of the rule, each runner having
an index member extending over the curves in
crossed relation with the index member of the
other runner tc establish at their intersection a
reference- point having a value derendent upon
its position relative to the curves and means asso-
ciated with each curve for indicating the value
represented thereby.

15, A bombing probability computer compris~
ing a member having a set of equi-prchability
curves and a set.of indicia representing a scale
of probable error values fixed relative to the said
curves, .a movable body on said member adja-
cent to and slidable against the fixed scale, said
body carrying a scale of allowable error values,
the values of the fixed and movable scales being
expressed logarithmically and the values of one
scale being the reciprocals .of the values of the
other .scale, a pair of runners carried by the
said body and settable thereon with respect to
the values of the allowable error scale, a mem-
ber carried by each runner and extending an-
gularly over the curves in crossed relation with
the corresponding member of the other runner
to establish at their intersection a reference
point having a determinable value dependent
upon its position relative to the said curves and
upon the values assighed to the curves;, and a
movable member adjacent the said curves and
having separate sets of value curves to be alter-
nately positioned with respect to the set of equi-
probability curves for assigning different values
thereto, the value curves of one set representing
different values of single shot probability and
value curves of the other set representing the

varying number of bombs required to provide :

a given percentage degree of assurance of se-
curing a given number of hits, and means asso-
ciated with each value curve for indicating the
value represented therehy.

16. A computer comprising a body; two slide
rules on the body, each rule comprising a scale-
bearing unit fixed relatively to the body and a
scale-bearing unit slidably movable along the
fixed scale-bearing unit and a runner mounted
on the said slidably movable scale-bearing unit
and having an angularly extending arm; said
rules being relatively arranged on the body so
that the said arms extend crosswise of each other
to establish at their intersection gz reference
point and the said runners being slidably mov-
able along their respective mounting scales to
vary the position of the reference point, each
position of the reference point having a deter-
minable value; a series of curves on the said
body to be traversed by the said arms, each curve
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connecting points on the body corresponding to
different positions of the reference point which
have the same determinable value; a curve-
evaluating member mounted on the said body
and movable in a direction crosswise to the said
curves to various predetermined positions rela~-
tive to the body, said member having a plurality
of value-indicating characters arranged thereon
to be aligned selectively with the curves by -and
during the positioning of the curve-evaluating
member whereby to give different evaluations of
the curves in the various predetermined posi-
tions of the curve~evaluating member; and co-
operative indicia on the said body and curve-
evaluating member for setting the latter to any
predetermined position.

17. A bombing probability computer -compris-

ing a body having a scale of probability errors

fixed on the body and a scale of allowable errors
movable on the body, the latter scale being slid-
ably settable along the fixed scaleto a-given value
of probable error, a pair of indicators on the
body slidably and -separately settable to given
values of allowable errors and extending cross-
wise of each other to establish at their intersec-
tion a reference point the position of which rela-
tive to the body varies in accordance with the
relative settings of the scales and indicators, each
indicator representing in terms of probability
value the corresponding vulnerability factor
which is a function of the given values of prob-
able and allowable -errors and each position of
the reference point having a determinable value
which is a function of the probabilities repre-
sented by the said indicators, and g series of
curves -on the body to be traversed by the said
indicators, -each curve connecting ‘points on the
body corresponding to different positions of the
reference point which have the same deter-
minable value.

18. A computer comprising a body having a
series of guide curves thereon representing dif-
ferent values of single shot probability, indicator-
means on the body and movable into indicating
position relative to the said guide curves, a mem-
ber associated with the body and movable into
various predetermined positions relative to the
latter for disposing different selected points on
the member in line with the guide curves for
every different combination of guide curves and
position of member, each position of the member
representing a value in terms of number of homb
hits desired with a given percentage degree of
success and each selected point on the member
representing a determinable value in terms of
number of bombs which is a function of the
values represented by a given combination of
guide curve and position of member, a series of
evalualed curves on the member and connecting
selected points thereon having the same value,
said evaluated curves being arranged on the
member to be displaced laterally across the guide
curves by and during the positioning of the mem-
ber to give different evaluations of the guide
curves in the various positions of the member,
and cooperative means on the body and on the
member for determining the setting of the latter
to a desired position.

19. A bombing probability computer comprising
a body having a series of curves representing dif-
ferent values of SSP, a set of indicia fixed on
the body and representing a scale of probability
errors, a member slidably settable aleng the scale
of prohability errors to a given value of probable
error, said member carrying a scale of allow-
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able errors, two indicators separately slidable
and settable to given values of allowable errors,
said indicators extending across the SSP curves
and crossing each other at every relative setting
of the scales and indicators to chosen values of
probable and allowable errors for establishing at
their intersection over the SSP curves a datum
point, an evaluating member having a series of
evaluated curves representing different amounts
of bombs, said evaluating member being settable
into various predetermined positions relative to
the body for disposing each of the said evaluated
curves in line with a different SSP curve for
every position of the evaluating member, and
cooperative indicia on the body and evaluating
member for determining the setting of the latter
to each of its various predetermined positions.

20. A bombing probability computer compris-
ing a member having a plurality of charts there-
on, each chart including a set of value curves
representing the varying number of bombs re-
quired to provide a given percentage degree of as-
surance of securing a given number of hits—a set
of indicia representing a non-uniform scale of
bomb hits coordinated with the curves—and a
series of indicators of the percentage degree of
assurance on which the bomb hit scale and value
curves are based, a face plate over the member
and movable relative thereto, said face plate hav-
ing a long window for exposing portions of the
value curves diagonally with respect to the direc-
tion of relative movement of the member and
face plate and having other windows exposing
units of the scale and indicator series respectively,
a set of indicia representing a scale of probable
error values in which the range and deflection
probable errors are represented by an average
value, said scale-representing indicia being fixed
to the face plate remote from the long window
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and reading directly in terms of Cep errors cor-
responding to the average values, guide curves
of equi-probability on the face plate and extend-
ing from the probable error scale to the long
window, an indexed slide associated with the
face plate and slidable longitudinally over the
said probable error scale to a position correspond-
ing to a given value of circular probable error,
a set of indicia on the slide representing a scale
of allowable errors reading in dimensions of tar-
get which are twice the allowable error in range
and deflection, a pair of runners on the slide
and separately settable with respect to the scale-
representing indicia on the slide to given values
of range and deflection dimensions respectively
of a target, an arm carried by each runner and
extending angularly over the guide curves in
crossed relation with the corresponding arm of
the ofther runner, said crossed arms serving as
coordinates establishing at their intersection a
reference point having a value in number of bombs
dependent upon its position relative to the value
curves as determined by its distance from the
nearest guide curve.
GEORGE B. DANTZIG.
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