
Dec. 25, 1956 H. R. AHR 2,775,404 
NAVIGATIONAL COMPUTERS 

Filed Aug. 12, 1954 

YZZIZ twists 35 Y 
81, AAAAYZ- Sig"gift; III/772 : *i;4, 

'tii, y "tiitiit Billy": s s 

&Z aA14 aaaaa 
&Zzz A4 

INVENTOR. 
HAROLD R. LAR 

X4 BY. 

Fig.6 sq. 2e 6%. 24.4%, i.2. 4%a- "24 

  

  

  

    

  

    

    

  



Dec. 25, 1956 H. R. AHR 2,775,404 
NAWIGATIONAL COMPUTERS 

Filed Aug. 12, 1954 2. Sheets-Sheet 2 

2O X COS 5 = 203 

WIND DRECON 
28 

INVENTOR. 
HAROLD R. LAHR 

  

  



United States Patent Office 2,775,404 
Patented Dec. 25, 1956 

1 

2,775,404 
NAVIGATIONAL COMPUTERS 

Harold R. Lahr, Chicago, Ill., assignor to United Air 
Lines, Inc., Chicago, Ill., a corporation of Delaware 
Application August 12, 1954, Serial No. 449,476 

16 Claims. (C. 235-61) 

This invention relates to navigational computers or 
calculators of the circular-disc slide rule type, and more 
particularly to an improved computer especially adapted 
for solving certain aeronautical and navigational prob 
lems. Specifically, in one embodiment the calculator 
is designed for computing the velocity and direction of 
the wind while in flight, based on certain given navi 
gational data, and for computing the magnetic heading 
and ground speed for planning the flight when the ve 
locity and direction of the wind is forecast or known. 
The computer also may be used to solve other related 
problems. 

It is well known that in air navigation a basic prob 
lem is the solution of a vector triangle of which one vector 
component is the wind, each side of the triangle repre 
senting a speed and a direction. Speed is usually meas 
ured in statute miles per hour or in knots. Direction 
is measured in degrees clockwise from true north. 
The six elements in the vector triangle are: 

(1) True course. This is the direction the aircraft 
actually moves across the earth. True course can be 
determined from a chart by measuring the angle clock 
wise from true north to the direction of travel. 

(2) Ground speed. This is the effective speed of the 
aircraft relative to the ground. 

(3) Wind direction. This is the direction from which 
the wind is blowing. 

(4) Wind speed. This is the speed or velocity of the 
wind at the particular altitude at which the aircraft 
is flying. 

(5) True air speed. This is the actual speed of the 
aircraft through the air. As the air surrounding an 
aircraft is generally in motion relative to the ground 
below, the true air speed will differ from the ground 
speed in accordance with this relative motion. 

(6) True heading. This is the direction in which the 
aircraft is pointed. If the air surrounding the aircraft 
is in motion (i. e., if there is a wind) the true heading 
may differ substantially from the true course. 
Another factor which is used in computing navigational 5 

problems, is the crab angle. This is not an independent 
element but is computed from the true course and the 
true heading and actually is the difference between the 
direction of these two elements. 
While it is readily apparent that the vector triangle 

may be solved formally by conventional trigonometry, it 
should be obvious that this form of solution is too slow 
and difficult to be practical under most flight conditions. 
Heretofore several types of graphic computers have been 
devised to speed up the solution to these navigational 
problems while maintaining reasonable accuracy. 
As will be subsequently shown, the vector triangle, 

which is basic to air navigation problems, is unique in 
that the ground speed and air speed are generally of 
large magnitude compared to the wind velocity and conse 
quently the sides of the triangle representing the ground 
speed and true air speed are normally considerably longer 
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2. 
than the side representing the wind speed. This results 
in a long, narrow triangle with the apex at one end. 
Hence, in order to show the wind as a vector which is 
large enough to be readable with reasonable accuracy, 
computers heretofore have been inconveniently large and 
bulky. 

It is therefore an important object of this invention 
to provide a compact pocket-size computer capable of 
solving air navigational problems of the type indicated 
hereinabove with reasonable accuracy. An object re 
lating thereto is to provide a computer in which there 
is provided a graphic portion which shows only the wind 
and the wind components whereby the wind may be 
shown on a sufficiently large scale for accurate compu 
tation. 
A further object is to afford an air navigational com 

puter in which the major portion of the vector triangle 
is eliminated from graphic representation by mathemat 
ically resolving the true air speed into components. 
Yet another object is to provide a computer with a 

scale by means of which distances may be scaled off 
of any map and converted to mileages which may be 
read directly, regardless of the scale to which the map 
is drawn. 

It is well known in air navigation that computations 
for speed, distance, and time must also often be made. 
Although it is true that many of these factors are meas 
ured by instruments, nevertheless corrections and com 
putations must be made for various factors which might 
affect the readings of the instruments. For example, 
such factors as air density, air compressibility, and com 
pressibility-heating affect the measurement of air speeds 
and altitude. 

Various computations have been made and tabulated 
which adequately serve the function of determining these 
factors. However, such tabulations, if in independent 
form, are not readily adapted for use in a rapidly mov 
ing aircraft in conjunction with a computer of the type 
which is contemplated by this invention. 

It is therefore another important object of the inven 
tion to provide a computer, on one side of which may be 
provided correlated scales used in computing and solving 
such problems as time-speed-distance, fuel consumption, 
air speed corrections, and altitude corrections, and on 
the other side of which may be provided the various 
unique scales and arrangement of scales for solving the 
wind problems described herein, said two sides function 
ing to solve all of the problems normally confronting an 
air navigator. 
An object relating thereto is to so construct the com 

puter that transparent windows and members are pro 
vided through which may be read scales imprinted on 
the back of other members of the computer. In this 
manner, one member may serve to compactly accommo 
date thereon a plurality of scales and function in many 
capacities. - - 

Thus, the wind side of the computer comprises a pair 
of relatively movable members and a stationary member. 
The stationary member is provided with a combined log 
sine and log cosine scale which is used to set or read 
crab angles. This scale is printed on the marginal edge 
of the circular member. Beneath this scale is provided 
a transparent window through which may be read a cir 
cular log scale imprinted on the back of the movable 
member, the front of which is used as the time-speed 
distance calculator side. This scale is used to set or 
read the true air speed and to read or set the true air 
speed components. The stationary member is further 
provided with a rectangular grid which is used to set or 
read the wind components, and an overlying circular 
grid to read or set the total wind. The stationary mem 
ber is also provided with a scale which may be used 
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to correct the variation between magnetic course and 
true course. 
The second movable member comprises a transpar 

ent circular grid and protractor which is mounted over 
the stationary rectangular grid. This is used to read or 
set wind direction and velocity and to convert readings 
from absolute directions with respect to north to read 
ings relative to the aircraft axis or course. It is thus 
readily apparent that the wind problems of air naviga 
tion may be accurately and readily solved on a simple 
pocket size slide-rule type computer with a high degree 
of accuracy. 
Yet a further object is to provide a computer of the 

type indicated hereinabove which has means for main 
taining the various members in accurate relationship 
one to the other without materially affecting the ready 
manipulation of the movable members. 

Still another object is to afford a computer of the 
character described which is of simple, inexpensive con 
struction, yet sturdy, accurate and compact. 
The foregoing objects and other objects which will 

appear as the description proceeds are accomplished by 
this invention which consists of certain novel features 
of construction, arrangement and a combination of parts 
hereinafter fully described, illustrated in the accom 
panying drawings, and particularly pointed out in the 
appended claims; it being understood that various 
changes in the form, proportion, size and minor details 
of the structure may be made without departing from 
the Spirit or sacrificing any of the advantages of the in 
vention. 
For the purpose of facilitating an understanding of 

the invention, the accompanying drawings illustrate a 
preferred embodiment thereof, from an inspection of 
which, when considered in connection with the follow 
ing description, the invention, its mode of construc 
tion, assembly and operation, and many of its advan 
tages should be readily understood and appreciated. 

Referring to the drawings in which the same char 
acters of reference are employed to indicate correspond 
ing or similar parts throughout the several figures of 
the drawings: 

Fig. 1 is a plan view of the side of the computer 
which is used in Solving air navigational wind problems; 

Fig. 2 is a plan view of the other side of the computer 
which is used in solving time-speed-distance problems; 

Fig. 3 is a cross-sectional view of the computer; 
Fig. 4 is a plan view of the transparent outer disc of 

the computer forming the outermost portion of the wind 
problem side of the computer; 

Fig. 5 is a plan view of the base or body disc of the 
computer of Fig. 1 showing the wind problem side 
thereof; 

Fig. 6 is a plan view of the wind problem side of the 
opaque rotatable disc which forms a part of the em 
bodiment of Fig. 1; 

Fig. 7 is a graphic representation of a typical air 
navigation vector triangle; 

Fig. 8 is an exploded view of the same diagram show 
ing the true air speed and the wind resolved into vari. 
ous components; and 

Fig. 9 is a graphic representation of a typical vector 
diagram illustrating its relationship to the computer and 
the manner in which a typical wind problem is solved by the computer. 

Referring now to the drawings, and more particu 
larly to Figs. 1, 2 and 3, the computer indicated gen 
erally by reference numeral 10 comprises a plurality of 
circular discs including a central fixed disc member 12 
of larger diameter than an outer rotatable member 14 
positioned on one side of member 12. A third rotat 
able member 16 of smaller diameter than the outer disc 
14 is positioned on the opposite side of the central 
disc 12. 
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4. 
Each of these discs are in turn provided with a cen 

tral annular aperture such as aperture 18 which enables 
them to be aligned and mounted on a grommet 20 hav 
ing a spring washer 22 mounted thereon. Thus it will 
be perceived that the grommet 20 and spring member 
22 cooperate to force the discs together so that the proper 
frictional relationship is maintained between the discs. 
This is accomplished without, however, interfering with 
the rotatability of the computer members during op 
eration. It should also be noted that spacer discs such 
as discs 24 positioned between the various members 12, 
14, and 16 likewise assist in maintaining the necessary 
frictional relationship between the discs while simul 
taneously permitting ready manipulation of the computer 
by the operator. It should be apparent that the com 
puter can function satisfactorily without the spacer discs 
24 or with other types of fasteners such as a bolt and 
nut assembly. 
The time-speed-distance side of the computer shown 

in Fig. 2 of the drawings conveys more or less conven 
tional information and therefore will not be described 
in detail in this application. Suffice it to say that it is 
provided with the necessary log scales, temperature, air 
pressure, speed, altitude, and fuel scales and indicia 
which enable its use for solving the problems and mak 
ing the correctious of speed-time-distance computations 
as indicated hereinabove for use in performing vector 
problems on the wind side of the instrument. 

Attention is therefore directed to the various other 
figures of the drawings, especially Fig. 1, in which the 
wind side of the calculator 10 is illustrated without data 
applied thereto. However before considering the de 
tailed description of the construction of the members 
of the computer and the scales which are imprinted 
thereon, attention is first directed to Figs. 7 and 8 of 
the drawings which graphically represent typical vector 
diagrams in which are embodied typical air navigational 
problems to be solved by the use of the computer. In 
Fig. 5 of the drawings the usual elements are graphical 
ly depicted. Although there are several possible com 
binations of known and computed elements, in air navi 
gation there are but two combinations which are most 
often encountered. For example: 
When planning the flight the navigator or pilot nor 

Imally knows: 
(1) The true course (represented by the symbol TC) 
(2) The true air speed (represented by the symbol TAS) 
(3) The forecast wind direction 
(4) The forecast wind speed 
and he wishes to find: 

(5) The true heading and crab angle (represented by 
the Symbols TH and CA respectively) 

(6) The ground speed (represented by the symbol GS) 
While in flight he normally knows: 

(1) The true course (TC) 
(2) The true air speed (TAS) 
(3) The true heading and crab angle (TH and CA) 
(4) The ground speed (GS) 
and he wishes to find: 

(5) The actual wind direction 
(6) The actual wind speed 

Referring to the vector diagram, Fig. 7, it will be noted 
that the true air speed vector 26 and the wind speed 
vector 28 add together vectorially to define the ground 
Speed vector 30. The air speed vector 26 and the ground 
speed vector diverge by an angle 32 which represents 
the crab angle. In computers heretofore known, this 
entire vector problem is plotted, requiring a large device 
to reproduce the entire problem on a scale which will 
provide the desired accuracy. However by manipulat 
ing certain trigonometric processes and utilizing normal 



2,775,404 
5 

components of wind, a system is hereby provided which 
produces increased accuracy on a relatively small de 
vice. As illustrated in Fig. 8, the true air speed vector 
26 is divided into two normal components 34 and 36, 
one coincident with the true course and being a portion 
of the ground speed 30, and the other being normal to 
the true course, i. e., transverse to the line of flight of 
the aircraft, and equal in magnitude to the cross wind 
component 38 of wind speed 28 and of opposite direction 
or Sign. 
The product of the true air speed 26 multiplied by 

the sine of the crab angle 32 is the sine component 34 
of true air speed which is equal and opposite to the 
crosswind: 

TASXsine CA=sine component TAS 
The product of true air speed 26 multiplied by the cosine 
of the crab angle 32 is a cosine component 36 of true 
air speed which is also an arithmetic component of 
ground speed: 

TASXcosine CA=cosine component TAS 
The arithmetic difference between the cosine component 
36 of the true air speed vector 26 and the ground speed 
vector 30 gives us the tailwind or headwind 40: 

GS-TASXcos CA=wind (tailwind or headwind) 
To enable these trigonometric computations to be 

readily performed on a computer of the slide rule type, 
the computer of this invention is provided with the unique 
disposition of scales as will be described in detail. 

Referring to Fig. 5 of the drawings, the central basic 
disc 12 has imprinted along its outer marginal edge, a 
combined log sine and log cosine scale. While it will 
be understood that a logarithmic scale never reaches 
the zero value, for the purpose of this computer, the 
index 42 which is labeled TAS will be considered as the 
origin or starting point of all scales. A log sine Scale 
44 is printed on the periphery of disc 12 in a clockwise 
manner. The angle represented at the index 42 is slightly 
less than .6° and increases logarithmically in the clock 
wise direction so that the angle represented at the quadra 
ture position is about 1, and at the full revolution po 
sition, again indicated by the index 42, the angle indi 
cated is approximately 6. The angular indications are 
spaced more closely as the values increase so that at 
the end of the fifth quadrant a 10° angle is indicated, 
at the end of the sixth quadrant an 18' angle is indi 
cated, and at the end of the seventh quadrant at 35' 
angle is indicated. As will be understood, these indicia 
are employed only with respect to crab angle, that is 
the angle between the true heading and true course of 
the craft, and this will generally be a small angle, rarely 
exceeding 15 or 20. The sine scale terminates at a 
45 indication and a cosine scale 46 extends therefrom, 
the angular indications decreasing logarithmically in a 
clockwise direction whereby the TAS index 42 corre 
sponds to 0 on the cosine scale 46. 

Just below the combined sine and cosine scales 44 
and 46, the disc 12 is provided with a transparent cir 
cular window 48 which is concentric with the scales 44 
and 46. This window enables the reading of a logarithm 
scale 50 which is imprinted on the outer marginal edge 
of the inner face of the outer disc 14 as illustrated in 
Fig. 6 and is used to set the TAS and to read or set the 
TAS components. Thus the scale 50 is movable as the 
disc 14 is rotated, and the scale may be read through 
the transparent window 48 of disc 12. The disc 12 is 
further provided with a rectangular grid 52 which is en 
circled by the transparent window 48. The vertical ordi 
nates of the grid bear the indicia "Headwind' and "Tail 
wind' and the horizontal ordinates bear the indicia "Left 
crosswind' and "Right crosswind.' This grid is fixed 
and is used to set or read the wind components in co 
operation with other parts to be described. Imprinted 
over the rectangular grid may be a circular grid 54, the 
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6 
purpose of which will become apparent as the description 
proceeds. 
Along one peripheral sector of the grid 54 there is 

provided a scale 56 which is graduated in degrees from 
0 to 30 degrees in two directions, east and west, from 
a true course index 58. This scale is used to correct 
the variation between the magnetic course and the true 
COS6, 
The third disc 16 is made of a transparent material 

and has formed thereon a compass rose 60 having 10 
radials. A 360 compass scale or rose 62 is also re 
produced on the outer marginal edge of disc 16 as shown 
in Fig. 4 of the drawings. This disc 6 is used to read 
or set the wind direction and velocity. The circular grid 
54 cooperates with the rectangular grid 52 in solving 
the vector diagram problem. If desired the circular grid 
54 may be formed separately on the disc 16 rather than 
on the central disc 12, or if desired the circular grid and 
radial lines may be left off. Though the wind speed 
and direction are normally read or set with reference 
to circular grid and radial lines, if the wind were repre 
sented by a pencil dot, the wind speed and direction 
could be read or set by rotating disc 6 until the dot 
was over one of the vertical or horizontal ordinates 
which pass through the center of the computer. The 
disc 16 may be made of a flat matte-finish material upon 
which pencil markings may be made for facilitating the 
readings. 

In solving the navigational problems, the sine and 
cosine scales 44 and 46 and the logarithm Scale 50 co 
operate for the performance of computations and solu 
tions of wind vector problems. Thus, the air speed and 
the wind may be resolved into components by perform 
ing the necessary trigonometric computations through 
the relative positioning of the discs of the computer. As 
the scales of the computer are all logarithmic, placing 
the scales in such relative positions that the scale lengths 
are additive will produce readings which are products 
of the numbers indicated on the component Scale lengths. 
This is similar to the operation of the logarithmic slide 
rule and should be readily understood. 
As the description proceeds it will be noted that after 

only two settings on the computer, all of the resultant 
information is read directly without necessitating further 
operation of the computer. In this connection it should 
be noted that the graphical portion of the computer, 
namely the circular grid 54 and the rectangular grid 52, 
are designed so that the mathematical relationship be 
tween these members and the cooperating log and log 
sine-cosine scales are such as to permit direct reading 
after the initial setting. 
To better understand the operation of the computer, 

the actual solution of an air navigational problem will 
now be described in some detail. For this purpose atten 
tion is directed to Figs. 7, 8 and 9 of the drawings in which 
the solution of such a problem is graphically portrayed. 
Let us assume that it is desired to find the wind direction 
and wind speed of an aircraft while in flight. The known 
elements are: 

True course, TC ---------------------- 330. 
True air Speed, TAS ------------------- 210 knots. 
Crab angle, CA ---------------------- 15° right. 
Ground speed, GS -------------------- 228 knots. 
First, the logarithm of the true air speed (TAS), namely 
210 knots, on scale 50 is set under the TAS index 42. 
Then the true course (TC), namely 330 on the compass 
rose 62, is set over the TC pointer 58 which appears on 
scale 56. With these two settings the computer is now 
set for reading the desired wind direction and wind speed 
without any further manipulation. 
The tailwind component is first determined by multi 

plying the true air speed by the cosine of the crab angle 
and subtracting this from the ground speed: 

Wind component=GS-(TAS X cos CA) 
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Thus, under 15 on the cosine scale 46 read 203 knots on 
the log scale 50. This is the cosine ground speed corn 
ponent and since it is less than the ground speed, we 
know that the wind is a tailwind. Thus, by Subtracting 
the cosine ground speed component from the total ground 
speed, the tailwind is determined. in this case it is 25 
knots. 

Multiplying the true air speed by the sine of the crab 
angle (thus 210 knots multiplied by the sine of 15), 
gives us a crosswind of 54.5 knots. Since the crab angle 
is to the right, we know that the wind is a right cross 
wind. 
We have now computed the two legs of the wind com 

ponent right triangle (Fig. 8) relative to the TC, namely 
the tailwind component and the crosswind component. 
The small wind component triangle may now be Super 
imposed on the grid portion of the computer and coin 
prises a small right triangle including croSSwind com 
ponent 64 and a tailwind component 66 shown in dotted 
outline on the graphical portion of the computer 18. 
Thus it will be apparent that the wind direction and Spee 
may be read directly on the grids 52 and 54 and compass 
rose 62. The wind speed 68 comprises the length of the 
hypotenuse of the right triangle and in this case is read 
on the circular grid 54. It comprises the distance between 
the origin and the point at which a tail wind of 25 knots 
on the rectangular grid 52 intercepts a right cross wind 
of 54.5 knots. This, of course, reads as a 60 knot wind. 
The direction is read on the compass rose 62 and in this 
case is 85. Thus the wind is 60 knots from 85. 

Conversely, when it is desired to find the true heading, 
crab angle, and ground speed while planning the flight, the 
operation of the computer is as follows, assuming the 
following given elements: 
True course, TC ---------------------- 330. 
True air Speed, TAS ------------------ 210 knots. 
Wind direction --------------- - - - - - - - - - 85°. 

Wind Speed -------------------------- 60 knots. 
The true air speed, 210 knots, is found on scale 50 and 
set under the TAS index 42. Next the true course, namely 
330 on the compass rose 62, is set over the TC index 
58. Under 60 knots on the circular grid 54 from a 
direction of 85 the right crosswind and tailwind con 
ponents are indicated. From Fig. 9 it will be apparent 
that the components are a 54.5 knots crosswind and a 25 
knots tailwind. Over the right crosswind component of 
54.5 knots on the log scale 50, as viewed through the win 
dow 32, we read on the sine scale 44, the crab angle of 
15 right. This is a right crab angle because the cross 
wind is from the right. Therefore, the true heading is 
345 (330 TC plus the 15 CA). Next under 15 on 
the cosine scale 46, we read the cosine component of 203 
knots, this being the result of the multiplication of the 
true air speed 210 by the cosine of 15. The ground 
Speed of 228 knots may be computed by merely adding 
the tailiwind to the cosine component. (Thus, 203 plus 
25 equals 228.) 

It will thus be readily perceived that I have provided a 
unique calculator especially adapted for computing the 
wind by resolving the true air speed and the wind into 
certain components so that the components may be set 
up on a graphical grid as the legs of a right triangle. This 
then permits the reading of the resultant in the form of 
the hypotenuse of the right triangle. By reading the 
hypotenuse, both the speed and direction of the wind 
may be determined. 
AS was mentioned previously, the calculator side 16 

of the computer i0 is utilized to provide necessary data 
for the computer operation just described. One impor 
tant feature of this side of the device is believed especially 
useful. In this feature the outer edge of the disc 12 is 
provided with a scale 70 divided into one hundred equal 
Spaces. Based on the diameter of the computer, the spac 
ing Scale is such that each of the spaces is equal to one 
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8 
eighth of an inch. This outer scale 70 may then be used 
to scale distances from a map or chart and may be auto 
matically calibrated to read in mics. 
For example, suppose we wish to scale the distance be 

tween Chicago and Cleveland. Referring to the standard 
mileage scale at the border of a map (not shown) we 
measure an arbitrary distance. Grasping the grom met 20 
lightly between the thumb and a finger, we place the 
Zero of scale 70 on Zero mileage on the standard Scale 
and roll the edge of the computer along the distance to 
be ineasured. Suppose we find that 100 miles on the mile 
age scale is 31 spaces on scale 70. On the time scale 72 
we place 100 opposite 31 on the distance scale 74. The 
computer is now set to scale any distance on the map and 
by reading the result from scale 72 one will automatically 
read the product of the distance on the map and the scale 
ratio. For example, to measure the distance between 
Chicago and Cleveland, place the zero of the computer on 
Cleveland and roll along the airways to Chicago. Let us 
Suppose this measures 97 spaces along the edge scale 70 
of the computer. Opposite 97 on the distance scale 74, 
we read the mileage of 316 on the time scale 72. 

if the mileage Scale of the map was simply one inch 
equal to 50 miles, we would place 50 on the distance 
Scale 74 opposite eight (eight/eighths per inch) on the 
time Scale 72. The computer is now set to scale any dis 
tance without any preliminary measurement. Thus with 
one Scale one can Scale distances off any map regardless 
of the scale to which it was drawn. 

It is believed that this invention, the mode of con 
struction and assembly of the described embodiment, 
and many of its advantages should be readily understood 
from the foregoing without further description, and it 
should also be manifest that while a preferred embodi 
ment of the invention has been shown and described for 
illustrative purposes, the structural details are neverthe 
less capable of wide variation within the purview of my 
invention as defined in the appended claims. 

Without further elaboration, the foregoing will so fully 
Xplain the character of my invention that others may, by 

applying current knowledge, readily adapt the same for 
use under varying conditions of service, while retaining 
certain features which may properly be said to constitute 
the essential items of novelty involved, which items are 
intended to be defined and secured to me by the follow ing claims. 
What I claim and desire to secure my Letters Patent 

of the United States is: 
1. A computer for the solution of navigation problems 

comprising a plurality of cooperating discs mounted on 
a common central axis, said discs rotatable with respect 
to each other, a first one of said discs having a logarith 
mic numerical scale thereon, and a secondone of said 
discs having logarithmic trigonometric function scale 
means thereon, said scales being in side by side relation 
ship capable of cooperating in slide rule fashion to re 
Solve known navigational data into certain trigonometric 
components, one of said discs having rectilinear grid 
means thereon, indicia on said rectilinear grid means bear ing a predetermined relationship to said trigonometric 
Components whereby other navigational computed data 
is readable directly on said grid means as the measured 
length and direction of the hypotenuse of a right triangle 
whose legs correspond to said trigonometric components 
as Set up on said grid means. 

2. A computer for the solution of navigation problems 
comprising a plurality of cooperating discs mounted on 
a common central axis, said discs rotatable with respect 
to each other, a first one of said discs having a logarith 
mic numerical Scale thereon, and a second one of said 
discs having logarithmic trigonometric function scale 
means thereon, said Scale means comprising an index, in 
dicia representing a cosine scale having 0° represented at 
said index and increasing angles represented over a Small 
arcuate portion of the periphery of said second disc and 
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indicia representing a sine scale coterminus and colinear 
with said cosine scale and representing decreasing angles 
over the remaining arcuate portion of the periphery of 
said second disc, said numerical scale and said scale 
means being in side by side relationship capable of co 
operating in slide rule fashion to resolve known naviga 
tional data into certain trigonometric components. 

3. A computer for the solution of navigation prob 
lems comprising a plurality of cooperating discs mounted 
on a common central axis, said discs rotatable with re 
spect to each other, a first one of said discs having a log 
arithmic numerical scale thereon, and a second one of 
said discs having logarithmic trigonometric function 
scale means thereon, said scale means comprising an in 
dex, indicia representing a cosine scale having 0 repre 
sented at said index and increasing angles represented 
over a small arcuate portion of the periphery of said 
second disc and indicia representing a sine scale coter 
minus and colinear with said cosine scale and represent 
ing decreasing angles over the remaining arcuate portion 
of the periphery of said second disc, said numerical scale 
and said scale means being in side by side relationship 
capable of cooperating in slide rule fashion to resolve 
known navigational data into certain trigonometric com 
ponents, one of said discs having rectilinear grid means 
thereon, indicia on said rectilinear grid means bearing a 
predetermined relationship to said trigonometric compo 
nents whereby other navigational computed data is read 
able directly on said grid means as the measured length 
and direction of the hypotenuse of a right triangle whose 
legs are equivalent to said trigonometric components as 
determined by said scale means and set up on said grid 

aS. 
4. A computer for solving navigation problems com 

prising a plurality of cooperating discs mounted on a 
common central axle, said discs rotatable with respect 
to each other, a first one of said discs having a logarith 
mic numerical scale thereon, a second one of said discs 
having logarithmic trigonometric function scale means 
thereon, said scales being in side by side relationship 
capable of cooperating in slide rule fashion to resolve 
known navigational data into certain trigonometric com 
ponents, one of said discs having rectilinear grid means 
thereon and one of said discs having a compass Scale 
graduated from 0 to 360 thereon, indicia on said recti 
linear grid means bearing a predetermined relationship to 
said trigonometric components whereby other naviga 
tional computed data is readable directly on said grid 
means and compass scale as the measured length and di 
rection of the hypotenuse of a right triangle whose legs 
are equivalent to said trigonometric components as set up 
on said grid means. 

5. The computer of claim 4 in which the opposite side 
of said discs are formed with a pair of cooperating log 
arithmic scales and a distance measuring scale inscribed 
on the outer marginal edge of the largest of said discs, 
said distance measuring scale adapted to cooperate with 
said logarithmic scales to compute actual distances based 
on scaled map distances, said distances combining with 
said navigational data to determine additional naviga 
tional information. 

6. The computer of claim 4 in which said latter-men 
tioned disc is formed with at least one of said grid means, 
said grid means being of the rectangular type with ver 
tical ordinates representing headwind and tailwind com 
ponents and horizontal ordinates representing left cross 
wind and right crosswind components, said disc further 
formed with a split scale graduated in degrees correspond 
ing to said compass scale in the east direction and in the 
west direction, and a true course index formed at the mid 
point of said split Scale. 

7. A computer of the circular slide-rule type com 
prising a central fixed base member having a composite 
logarithmic sine and cosine scale formed on one side of 
the outer marginal edge thereof corresponding to rela 
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10 
tively small angles, said scale being a function of the 
crab angle, a transparent circular window formed con 
centrically and inwardly of said scale, a rotatable sec 
ond member mounted on one side of said base member 
and having a logarithmic numeric scale circumferentially 
formed thereon, said logarithmic scale being of a diam 
eter sufficiently smaller than said base member to ex 
pose said numeric scale through said window, a third 
transparent member rotatably mounted on the opposite 
side of said base member, a compass scale circumferen 
tially formed on said transparent member, and a pair of 
grids formed on said members, said grids and compass 
scale cooperating with said numeric and logarithmic sine 
and cosine scales to solve aeronautical navigational wind 
problems. 

8. The computer of claim 7 in which said grids com 
prise a rectangular grid inscribed on said base member, 
and a radial grid inscribed on said transparent member. 

9. The computer of claim 7 in which said members 
are mounted on a grommet, a spring washer mounted 
on said grommet and spacers likewise mounted on said 
grommet and positioned between said members. 

10. The computer of claim 7 in which said grids com 
prise a rectangular grid and a circular grid imposed 
thereover, said grids formed on said base member within 
the area encircled by said window. 

11. A computer for the solution of aerial navigation 
problems involving the resolution of wind and aircraft 
speed components comprising a plurality of relatively 
rotatable cooperating discs mounted on a common cen 
tral axis, one of said discs having a logarithmic numerical 
Scale thereon, and a second one of said discs having 
logarithmic trigonometric scale means thereon, said scale 
and scale means being in side by side relationship capable 
of cooperating to establish the relationship of known 
navigational data and the trigonometric components there 
of, one of said discs having rectilinear grid means thereon, 
indicia on said rectilinear grid means bearing a prede 
termined relationship to said trigonometric components 
whereby the relationship thereto of other navigational 
computed data is directly readable on said grid means 
as the measured length and direction of the sides of a 
triangle whose legs correspond to said trigonometric com 
ponents as determined by said scale and scale means. 

12. A computer for the solution of aerial navigation 
problems involving the resolution of wind and aircraft 
speed components comprising a plurality of relatively 
rotatable cooperating discs mounted on a common cen 
tral axis, one of said discs having a logarithmic numeri 
cal scale thereon, and a second one of said discs having 
logarithmic trigonometric scale means thereon, said scale 
and scale means being in side by side relationship capable 
of cooperating to establish the relationship of said air 
craft speed and the trigonometric components thereof, 
one of said discs having rectilinear grid means thereon, 
indicia on said rectilinear grid means bearing a prede 
termined relationship to wind speed and said trigonometric 
components whereby the relationship of said wind speed 
and trigonometric components is readable directly on said 
grid means as the measured length and direction of the 
legs and hypotenuse of a right triangle wherein said 
trigonometric components correspond to said legs and 
said wind speed corresponds to said hypotenuse. 

13. A computer for the solution of aerial navigation 
problems involving the resolution of wind and aircraft 
speed components comprising a plurality of relatively 
rotatable cooperating discs mounted on a common cen 
tral axis, one of said discs having a logarithmic numeri 
cal scale thereon, and a second one of said discs having 
logarithmic trigonometric scale means thereon, said scale 
means comprising an index, indicia representing a cosine 
scale having 0 represented at said index and increasing 
angles represented over a small arcuate portion of the 
periphery of said second disc, and indicia representing 
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a sine scale coterminus and colinear with said cosine 
Scale and representing decreasing angles over the remain 
ing arcuate portion of the periphery of said second disc, 
said numerical scale and said scale means being in side by 
side relationship capable of cooperating in slide rule 
fashion to resolve the aircraft speed into components. 

14. A computer for the solution of aerial navigation 
problems involving the resolution of wind and aircraft 
speed components comprising a plurality of relatively 
rotatable cooperating discs mounted on a common cen 
tral axis, one of said discs having a logarithmic numeri 
cal scale thereon, and a second one of said discs having 
logarithmic trigonometric scale means thereon, said scale 
means comprising an index, indicia representing a cosine 
scale having 0 represented at said index and increasing 
angles represented over a small arcuate portion of the peri 
phery of said second disc, and indicia representing a sine 
Scale coterminus and colinear with said cosine scale and 
representing decreasing angles over the remaining arcuate 
portion of the periphery of said second disc, said numeri 
cal scale and said scale means being in side by side rela 
tionship capable of cooperating in slide rule fashion to re 
solve the aircraft speed into components, rectilinear grid 
means, indicia on said rectilinear grid means indicating 
longitudinal and transverse wind speed components where 
by the relationship of wind speed to said air speed com 
ponents is directly readable on said grid means as the 
measured length and direction of sides of a right triangle 
whose legs correspond to said trigonometric components 
as determined by said scale and scale means. 

15. A ccmputer for the solution of aerial navigation 
problems involving the resolution of wind and aircraft 
speed components comprising a plurality of relatively ro 
tatable cooperating discs mounted on a common central 
axis, one of said discs having a logarithmic numerical 
scale thereota, and a second one of said discs having loga 
rithmic trigonometric scale means thereon, said scale 
means comprising an index, indicia representing a cosine 
scale having 0 represented at said index and increasing 
angles represented over a small arcuate portion of the 
periphery of Said second disc, and indicia representing a 
sine scale coterminus and colinear with said cosine scale 
and representing decreasing angles over the remaining 
arcuate portion of the periphery of said second disc, said 
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numerical scale and said scale means being in side by side 
relationship capable of cooperating in slide rule fashion to 
resolve the aircraft speed into components, said second 
disc having rectilinear grid means thereon, indicia on said 
rectilinear grid means indicating longitudinal and trans 
verse wind speed components whereby the relationship 
of wind speed to said air speed components is directly 
readable on said grid means as the measured length and 
direction of sides of a right triangle whose legs corre 
Spond to said trigonometric components as determined 
by said Scale and scale means. 

16. A computer for the solution of aerial navigation 
problems involving the resolution of wind and aircraft 
Speed components comprising a plurality of relatively ro 
tatable cooperating discs mounted on a common central 
axis, one of said discs having a logarithmic numerical 
Scale thereon, a second one of said discs having loga 
rithmic trigonometric scale means thereon, said scale 
means comprising an index, indicia representing a cosine 
Scale having 0 represented at said index and increasing 
angles represented over a small arcuate portion of the 
periphery of said second disc, and indicia representing 
a sine scale coterminus and colinear with said cosine scale 
and representing decreasing angles over the remaining 
arcuate portion of the periphery of said second disc, said 
numerical scale and said scale means being in side by side 
relationship capable of cooperating in slide rule fashion 
to resolve the aircraft speed into components, said second 
disc having rectilinear grid means thereon, indicia on said 
rectilinear grid means indicating longitudinal and trans 
verse wind speed components whereby the relationship of 
wind speed to said air speed components is directly read 
able on said grid means as the measured length and direc 
tion of sides of a right triangle whose legs correspond to 
said trigonometric components as determined by said Scale 
and scale means, and a third one of said discs having 
peripheral indicia thereon indicating angular dispositions 
from 0 to 360° from a predetermined radius. 
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