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1 Claim.

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.

This invention relates to 'comput,ers and more

particularly to & computer for use in quickly and
accurately determining the true air speed of &
moving body-—such as an airplane—from data
indicated on instruments carried by the airplane.
In view of the increasing importance of accurate
flight research, aerial navigation and bombing,
it is in some Instances imperative that the true
air speed of aircraft be known to a high degree
of accuracy. - ]

Becsuse of many existent sources of error, a
great deal of difficulty has been experienced in
accurately determining the true air speed of an
airplane and especially at speeds in excess of 25¢
miles per hour. Certain of these errors, such as
mechanical and installation errors may be evalu-
ated to & large extent by timed fight over &
measured speed course. Errors due to inherent
characteristics of the instruments resulting from
the difference between the characteristics of the
standard sea level air assumed for marking the
dial and the air that Is actually encountered in
flight, may be corrected by theoretical methods
of computation which are the subject matter of
the present invention. )

In the present form of air-speed indicators, the
indicator needle operates as the result of a differ~
. ence in pressure hetween the Pitot tube and the
static tube, this difference in pressure heing equal
to the impact pressure. Until recently the com-~

-pressibility of air was ignored in the calibration s

of air-speed indleators as it also was in air-speed.

computers used in converting to true air speed

the air speed indicated at conditions other than
standard sea level atmospheric conditions. How-
ever, it has been found that with the advent of
modern high speed airplanes it is necessary—in
order to accurately calculate true air speed~—io
" take into consideration the adiabatic compressi-
hility of air coming to rest. In that case the im-
_pact pressure AP for operating the air-speed in-
dicator may be given by the formula

P[(1+’° er)* ~1 1]

where

P=Free air static pressure in pounds per square

foot
k=Adiabatic exponent—=1.40 fot air
V=True air speed

c=Velocity of sound=45vT M. P, H
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is

Mach’s Number is well known in the sciences
dealing with the compressibility of air such as
in the study of shock waves caused by bullets
travelling at supersonic speeds and the study of
sirfoil characteristics at very high speeds ap-

_proaching the velocity of sound.

Instruments for indicating air speed are now
calibrated under standard conditions in accord-
ance with the same theory used {o develop the
ahove stated formula and it is the purpose of the
present invention to provide a compiutter for con-
verting indicated air speed cbserved under at-
mospheric conditions other than standard to true
aly speed. By way of explanation, standard pres-
sure altitude represents a fictitious sltitude for
& given actual pressure cbserved at an actual alti-
tude according to accepted relationships between
pressure and altitude. The standard atmosphere
has been established in order {o reduce airpiane
performance under different atmospheric condi-
tions to a common basis of comparison with re-
spect to a standard average variation of atmos-
pheric conditions of pressure, density, and tem-
perature with altitude.

The theory in back of the constructian of the

computer is as follows:
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T being absolute temperature in centigrade '

degrees—C° +273 )
M ==—c- =Mach’s’ Nlimber

Since true velocity is & function of impact pres-
sure & given impact pressure and its correspond-
ing indicated air speed for sea level standard at-
mospheric conditions represents different true ve-
locities for different atmospheric conditions.
True velocity at conditions other than the stand-.
ard conditions under which the air-speeg indica-
tors are calibrated may therefore be computed by

.equating impact pressures at sea level to altxtude

condition as follows:

[ )

. bR
where

~—the standasrd sea level atmospheric pressure
=2116.4 1bs. per sq. ft.
P=the actual atmospheric pressure at.the alti-
tude where the speed is being measured

co=the velocity of sound in the standard sea level
atmosphere=763 M. P. H.

=the velocity of sound in M. P. H, at the alti-
-tude where the flight is being measured,
and is equal to

VT 1273
0222

degrees where T is In centigrade degrees
k=the adiabatic exponent=1.40 for air
Vi==the indicated air speed in M. P. H. .
Vi=the true air speed in M. P, H. which is to be
determined . :
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In the above equation the quantity
Vi Ve
c, 763
which is also equal to the indicated Mach's Num-
ber Mi and
V, L0222V,
d T4273

which is equal to the true Mach’s Number M.
The above egual values may be. substituted in
the above equation along with known standard
sea level quantities and the equation becomes

2116. 4[(1+ 200 2935 — 1] = (1 +.2031 235 —1}

In using the computer constructed in accord-
ance with the teaching of the invention, the above
equation may be solved directly for M: knowing
the standard pressure altitude P &s given by an
sltimeter 2nd the indicated air speed Vi as given
by an air-speed indicated. The vaiue Vi may be
obtained from a product of the calculated Mt and
a factor for tempersture observed at the given
gltitude.

It will be noted that the above equation com-
prises three factors, i. e.,

2116.4
P
the factor within the left hand bracke$; and the

factor within the right hand bracket. The firsi
factor may be evaluated for any standard pres-

sure altitude by a simple division; the second-

factor may be evalusted for any knowr indicated

air speed; and the product of the first and second

factors will result in an eveluation of the third
factor within the right hand bracket. In view
of the fact that the equations within the left and
right hand brackets are identified in form, 1t is
possible to formulate a computer by which an

unknown variable such as M: within one of the

brackets may be solved for directly in terms of
the other variable gquentifies in the eguation.
This result is accomplished by the hereinafter
described physical embodiment of the computer
in which,

. The single figure in the drawing is a plan view

of the computer constructed in accordance with
the invention.

Referring to the drawing, the computer is com-
posed of two relatively movable disk-like mem-
bers 16 and (4 and an indexing arm 2{. Meme-
bers 10, 14 and 24 are rotatably mounted for rela-
tive movement on a pin-like member 22. Mem-
ber (0 has located thereon an sltitude scale &
and a temperature scale T. Member {4 is pro-
vided with®an indicated air speed scale Vi, a
Mach's Number scale M and a true air speed
scale Vi. Indexing arm 24 is composed of suit-
able transparent material and is provided with an
indexing line 26 suijably formed thereon, The
A and T scales are provided w1th a8 gcommon in-
dexing line 28.

The construction, coordination correlation
and cooperation of the scales will now be de-
scribed.

The A scale "onstituting the first factor or

21164
P

is constructed by dividing 2116.4 by the pressure P
corresponding to the standard altitude ss indi-
cated by an altimeter, locating this latter value
on the line markings of a standard logarithmic

2,342,6?’4

scale and 1dent1fy1ng it by the altitude corre-
sponding to the given pressure altitude, For ex-
ample, for an altimeter readirfg of 10,000 ft..the
corresponding standard pressure is 1455.7 Ibs. per
sguare foot, and dividing this into 2116.4 the re-

" sult 1.453 is obtained. On the standard logarith-
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mic scale 1.453 s located but identified as 10,000
ft. altitude. The position of the index arrow on
the scale corresponds to the standard sea level
zero altitude or 1.00 on the standard logarithmic

‘scale. The range of the altitude scale as shown

in the drawing is, in the preferred embodiment of
the invention, from —1000 ft. to + 35,000 ft.

- The indicated air speed scale Vi representing
the second factor or the numerical value within
the left hand bracket is computed for 2 given in-
dicated air speed Vi—and therefore a correspond-
ing Mi—positioned on standard logarithimic scale
markings and identified by the corresponding in-
dicated air speed Vi. For example, for an indi-
cated air speed Vi of 300 M. P. K., the expression
in the bracket is equal to 0.1130. The value 0.1130
is positioned on logarithmic scale markings and
identified as 300 M, P. H. In view of the fact
that a multiplication operation is performed by
the scales Vi and A, the unit length or scale
modulus of the Vi logarithmic scale is necessarily
the same as that for the A scale. Since a con-
tinuously linear Vi scale is desirable, it will be
nacessary to use more than one unit length of a
logarithmic scale. For example, if the desired
range for the Vi scale is from 70 M. P. H., to 630
M. P. H,, then the first portien of the Vi scale
from 70 IVI P. H. to 81.6 M. P. H. will be derived
by means of & logarithmic scale varying from
0.00662 to 0.010. The nex} portion of the Vi scale-
from 91.6 M. P. H. to 2825 M. P. H. will be
derived by means of a complete unit length of .
similar logarithmic scale varying from 90.010 to
0.100. The final portion of the Vi scale 282.5
M. P, H. to 600 M. P. H, will be derived by means
of & similer logarithmic seale varying from 0.100
to 0.502.

The M scale is constructed as follows: The

3 bracketed expression on both sides of the equa-

tion are of the same mathematical form. For
& glven value of M or M;: there is g correspond-
ing and identical numerical velue for the ex-
pression in either bracket. As mentioned above
the value of the expression in the bracket is actu-
ally the one that corresponds to the value on the

‘logarithmic scale from which the Vi scale was de-

rived. ¥or that reason it is possible to arrange
an M scale which is fixed relative to the Vi scale.
For example, an indicated Mach’s Number M
which is equal to 0.3 is set down. However, for
convenience in. operation of the slide rule for
reasons which will appear later, the values shown
on the M scale in the drawing are 1006 times
greater than the Mach’s Number, so that the 0.3
number is actually set down as 300 on the M
scale, This is done because as shown in the
figure of drawing one set of numbers is used for
both the M scale and the true speed scale. In
order to avoid difficulties with the decimal point
the M value, which is always less than one, is
multiplied by 1000 to give a range of numerical
values comparable to the range of speeds ex-
pected for airplanes, In view of the identity of
the form of the equations within the left and
right hand brackets and the fact that the nu-
merical values within the left hand bracket are
designated in terms of & Vi value and also the
fact that coordinated with the Vi value is a corre-
spondmg scale of M values, it follows that My
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may be determined directly by a multiplication
operation between the A and Vi scales.

The equation may now be solved directly for
M: as in the following example for an indicated
air speed Vi of 350 M. P. H. (corresponding to
M;==0.460) gnd a pressure altitude of 20,000 ft.
In order to determine the frue Mach’s Number
M:, set the index arrow of the A scale opposite
350 on the Vi scale, then set an indicator over
20,000 on the A scale and read under the indi-
cator line on the M scale the value 661, i. e,
M:=0.661.

" Knowing M: it is now desired to calculate V:.
Since Vi is equal to
MJTH273

P Ve

it is now necessary to construct on the computer,
the Vi and T scales for solving the above equa-
tion.

The V: scale is a standard logarithmic scale and
is constructed as follows: In the process of de-
termining the true air speed Vi, it is necessary to
tranafer to the Vi scale the M: value as found on
the M scale. Therefore, in order to Iacilitate
this transfer the logarithmic Vi scale is marked
with figures similar to those chosen for the M
scale, In addition, the Vi scale may be oriented
with respect to the M scale so as to permit the
use of one set of figures for both scales. Asshown
" in the drawing, this can be accomplished satisfac-
torily if 450 on the V: scale is set opposite 450
on the M scale for 340 on the Vi scale. With a
proper choice of range and moduius, the M and

Vi scales may be combined into a single scale by :

having the values represented on the M and W
scales made to coincide or to be so nearly in co-
incidence as to make the error negligible.

The temperature scale T is made as follows:

An index arrow is chosen s0 as to correspond to

the position of 0222 on a standard logarithmic .

scale which must be of the same modulus or unit
length as was employed for the Vi scale since
. essentially a multiplication process must be per-
formed. Then for different values of T in centi-
grade degrees, the value of VT4273 is deter-
mined and also located on this logarithmic scale,
but identified by the corresponding temperature
T. For example, for the temperature of —20°
C., the value of V-204273 is equal to 159.
Within the same unit length of logarithmic scale
which was used to locate the temperature index
arrow, the value of 15.9 is located but 1dentiﬁed
as —20°C.

For simplicity of construction, the T scale is
placed on the same moving element as the A
scale, and the same index arrow is used for both
the temperature and saltitude scales.
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True air speed may be obfained by means of
the Vi and T scales as follows: Por instance, as-
sume the previous example of an indicated air
speed of 350 M. P. H. observed at 20,000 ft.
where, in addition, the observed air temperature
was fouhd to be ~30° C. The value on the M.
scale corresponding tothe true Mach’s Number
M: was found to be 661, This value is trans-
ferred to the Vi scale by setting the line of the
indicator over 661 on the Vi scale. Then the
temperature scale is moved until the tempera-
ture index arrow is also under the indicator line.
The indicator line is then moved to coinclde with
the temperature of —30° on the T scale and the
true air speed, Vi is found under the indicator
Iine on the Viscale to read 463 M. P. H .

Although a single preferred embodiment of

"the invention has been described, it is to be un-

derstood that changes and modifications may
be made in the device without departing from
the spirit and substance of invention. Various
modifications and changes may be made by those
skilled in the art without departing from the
inventive concept, and it is intended that the
invention be limited only by the scope of the ap-
pended claim,

Iclaim:

A true alr speed computing slide rule compris-
ing two relatively movable members, one of said
members having a first logarithmic scale ex-
pressing a ratio of standard sea level atmos-
pheric pressure to the indicated pressure at
varying sltitudes, and having indicia identified

“in terms of said altitudes, a second logarithmic

scale cooperating with the first scale and posi-
tioned on the other of sald movable members,
said second scale expressing the value of the
multiplying factor which corrects the standard
static sea level pressure to give the value of the
impact pressure of the air corrected for com-

. pressbility when the air is brought to rest, the

indicia on said second scale being identified in
terms of the indicated alr speed, a& third scale

. immovably positioned with respect to said.sec-

ond scale, said third scale expressing the ratio of
the true air speed to the velocity of sound at the
corresponding altitude, a fourth logarithmic scale
positioned on said other member carrying loga-

50 rithmically arranged indicis, said indicia repre-

senting both the transferred values of the third

 scale and the true air speed, and a fifth loga-

rithmic scale positioned on said one movable
member and cooperating with said fourth scale,
5 said fifth scale expressing the velocity of sound
identmed thereon in terms of the air fempera-
ture, which scale, in cooperation with the trans-

ferred value of the third scale to the fourth
scale, gives the true air speed on the fourth scale.

EZRA KOTCHER.



