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t or altitude of the urerul‘l above ground.
val slope in the perspective view of the line

to FIGURE 2, it should be appreciated
considered coasists of a single line, calied
honizon. The top portion of FIGURE 2
tire situation (observer, glass and scene) in

; ing perpendicular to the
the figure, the entire situation
¥ ide view. These views are
a picture the glass, called the Front

eye is ot point O. The glass, represented
é plane) in the figure, is edgewise in
coincides with the paper in the front
view, the ground plane coincides with
glass is considered to be in an erect
y in froat of the observer, and the point O’
the glass directly in front of the observer's
ine OO°, therefore, is perpendicular to the
kel to the front-to-back axis of the aircraft.
view this line is seen endwise at the point O’
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borizon cannot be shown in the top view or side
- it i infinite distance, but its position in the
determined.

is assumed to have a positive (nose up)
the borizon, the observer must
angle ¢ from the straight-ahead
is line-of-sight now pierces the
low the point O’, where p is the
to O’, the shortest distance from his eye
: the points on the horizon, when trans-
g the line-of-sight into the glass, form the line
Horizon in the front view, a distance p tan ¢

point O,

ine AB is a line along the ground. Therefore, in
view, it appears (o have a downward tilt ¢. The
surface is seen edgewise in the side view, and is
1 to the line-of-sight from the observer to the hori-
since the ground surface contains the horizon an in-
ite distance away. The perpendicular distance from the
ground plane is h, the altitude of the air-
sition of the line AB on the surface of
is defincd by a distance and an angle, both
top view. The distance is nr which should,
P be regarded as a zingle symbol. This
is measured from the point on the ground beneath
observer, perpendicular to the line AB. The angle ¢ is
ifference between the bearing of AB and the heading

of the picture of AB can be determined by
points on the line. The points chosen are
and B. Point B is where AB appears to
borizon. Point B is an infinite distance from
The line-of-sight to point B is thus parallel
spot where this line-of-sight pierces the glass
is poimt B’ in picture. [Its horizontal distance from
found, from the top view, to be

ptan ¢

cos ¢

horizon has already been located.

line AB are extended far enough,
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the picture, from A to B is seen in the top view Lo be

nr

= '—l tan ¢ tan #

_udlhoddniewahowslhewnkﬂdimmlouh/cap.

The angle « is defined as in FIGURE 2 and its tangent
is expressed as:
_nr,foo- #—h tan ¢ tan # _mr cos ¢

tan a Kjcos ¢ “hcosoe

—sin ¢ tan ¢

(1)

An arbitrary point on the line AB in the picture is defined

by X and Y, the horizontal and vertical distances from
point B. Since this point is on the line AB:

X=Y tan s (2)

The deflection voltages which deflect a spot on a cathode
ray tube from B to the point X, Y, are KX and KY,
where K is the deflection factor oi the dispiay tube.
Multiplying both sides of the above equation by K,
Equation 2 is obtained:

KX=KY tan a 3)

The display is adjusted so that point O’ is the location of
the spot when no deflection voltages are applied. Then
the total deflection voltage, V, and V,, must include the
bias voltages to position the spot at B when X and Y are
zero.

Let X, and Y, be the horizontal and vertical distances
from O’ to B. Then:

»=KX+KX, and V,=KY+KY, (4)
where
- __ptan® i
X o and Yeo=4ptan ¢ (5)

from FIGURE 2.
Substituting the expressions for X, and Yy we obtain:

'.=K,Y—h:°t::' (6)
Vy=KY+Kp tan ¢ 7
Substitute for KX the expression: KY tan a
Then:
Kp tan 8
c

V.=KY tan a— =3

(8)

For tan a, substitute

nr cos ¢
hcos @

—h tan ¢ tan @:

Kptane

l'lﬁ[ﬁl'gﬂ—‘--—sin ¢ tan @
cos ¢

h cos @
—n—'}i}c:,:(‘;—‘.—[h'l' sin 0+£;p—;] tan® (9)
To trace AB on the display, the distance Y is started at
2et0 and increased uniformly with the time to the limit
of the display. Both deflaction voltages V; and V, are
derived from the time-varying quantity Y.

FIGURES 3 and 4 illustrate the changes in the display
resulting from instantancous velocities v and v, where v
represents the forward component of ground speed, and
v, represents the sideward component of ground speed

In a small interval of Lime dr the air oft moves forward
in FIGURE 3 a distance vdt. To an observer in the air-
craft, a feature on the ground appears to move back a
distance vdr. The apparent change in the location of the
diagonal line AB is that component of its motion which i+
crosswise to its direction, vdr sin #. The other component
of the motion &5 along the direction of the line and results
in no apparent change in the line.

Similarly, the sideward motion of the aircraft is v.dr
to the right in FIGURE 4. of the line v, 1 to the left. The

73 component perpendicular to the line is 1 dr cos 0.




8
Thew (wo owiiwns we changes in the dislance
designated 7. The molion vdr sin ¢ is in & direclion s
s 10 decrease nr, while the motion v,df cos ¢ increases nr,
If d(nr) is the increase in ar in time dr, then:
d(nr)=v, cos # di—v wn #dt (10)

At this point in the specification il is necessary o ex-
pand the interpretation of nr. The line AB is one of a
family of parallel lines, with uniform spacing r. If the
symbol ar is now interpreted as ¢he product of n times r,
umhnmhcdmurnhrmmnedm lhe
distance ar.
&nraumtnmhmondfmﬂndﬂer
eotial above, and we can wrile:

rdna=v, cos &dr—v sin &dr
Dividing both sides by rdr,
dn/di=1/r(vy cos #-v sin #) (12)

The pitch angle ¢ and aircraft heading ¢ thus are utilized
aoccording o the invention in generating the display.
The altitude & with the speed components and roll angle
are also utilized. Since almost all modern aircraft con-
wmin an altmeter, a speed indicator, a compass, and a de-
vice to determine pitch and roll attitude, conventional
means for measuring these quantities arc employed in
practicing the invention. The trigonometric functions of
the angles derived in the invention may be readily derived
by function potentiometers or other equally suitable de-

(11)

It will now be evident that all attitudes and motions
of the aircraft can be simulated as follows:

(3) Roll, rotate picture by means of a coordinate rotator.
(4) Forward motion and sideward motion, vary n: ac-

cording to the relationship dn/dr=1r (v,cos #—vsin #).
(5) Vertical moton, vary h.

Turning from the mathematical derivation of the en-
erpnn;potenmhvh:hmuubeumplndwlhcdeﬂec-
tion plates of the cathode ray tube, reference to FIGURE
mll be made.

this figure,
y the

the numeral 2 has been used (o indicate

block diagram of the circuitry and compo-
employed in producing deflection potentials. In
lefthand portion of the diagram, the numeral 3 has
used to identify a conventional 2400 c.p.s. oscillator.
The oscillator 3 may take the form of a conventional sine
Wave generalor.

The output wave form from the oscillator 3 is applied
directly 10 a pulse generator 4, which includes suitable
circuitry for deriving a 2400 p.ps. output pulse train
from the oscillatory input signal. The generator 4 may
imclude conventions! differentiating and/or pulse shaping
mmuzm p-ps. output potential.
lhooﬁwtmﬁn!ﬁomthewlupner
o a blanking pulse generator 5. The

n from the pulse generator 4 is also
lu'mmnhdl saw tooth generator 6
h:rid'll The saw tooth generator 6
component for the Y-axis deflection plates
cathode ray tube. It will be recalled in this con-
that the term KY merely comprises the product
| distance on the cathode ray tube with the deflec-
in volts per unit distance.
component derived in the saw tooth generator
to the input terminals of a computer stage 7
the mathematical expression +Kp tan ¢

value of potential to the term KY. It will
from previous portions of the detailed descrip-
Y-axis deflecting potential V, is given by the

tan ¢.
V, output potential of the computer stage 7 is
ator The stage 8 is

coordinate rot
compensate the deflection electron beam
tube for roll.

w

5“5!

gi

L
of the
aircraft
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6
stage § employs conventional sine-cosine polentiomelers
which rotate the coordinates in accordance with the sum-

mary:
X'=X cot p—Y sin »

Y'=X sin p+Y cos p

In this equation X and Y correspond Lo the originally
derived deflection vollages and the variable » corresponds
to the roll angle of the aircraft.

Returning to the detailed description of FIGURE 5,
mention will again be made of the repetitive 2400 p.p.s.
wave form derived by the pulse generator 4. This time
spaced series of voltage impulses is used 1o provide trigger-
ing potentials for each channel of the double channel
deflection system used for epergizing the X-axis deflec-
tion plates of the cathode ray tube. Since each picture
traced on the cathode ray tube contains two sets of Jines,
a pair of X-deflection channels is required. It will be
appreciated that a single Y-deflection channel commeon 1o
both sets of lines in the grid patiern is employed.

The 2400 p.p.s. wave form produced by the pulse gener-
ator 4 is connected 10 simultaneously energize a first saw
looth generator 9A located in one X-deflection channe] and
a second saw looth gencrator 9B connected in the other
channel. The 2400 p.p.s. signal is also supplied to a
countdown stage 10 in order to effect a frequency reduc-
tion in the input signal. Such frequency reduction or
countdown process may be accomplished by suitable stages
;:tl' conventional circuitry such as cascaded flip-flops or the
ike.

The output wave form from the countdown stage 10
takes the form of a 60 p.p.s. wave train which is utilized
as a switching trigger. This switching trigger is applied
to a multivibrator 11 which derives a 30 c.p.s. square wave
swilching voltage at its output terminals. An electronic
swilch 12 is connected to receive the 30 c.p.s. switching
voltage in order to alternately apply the output potentials
from the pair of X-deflection channels to the X-axis deflec-
tion plates of the cathode ray tube. The resulting com-
posite X-axis deflection potential is, of course, preliminari-
ly applied to the coordinate rotator stage 8 to compensate
for aircraft roll,

Returning now to that portion of the block diagram in
FIGURE § which is employed in developing the first of
the X-deflection potentials, the saw tooth generator 9A
will again be referred to. The saw tooth generator A
receives a value of potential “»” from an n generator 13A
illustrated directly therebeneath. The input potential for
the n generator 13 is received from the countdown stage
10 and takes the form of the repetitive 60 p.p.s. output
tignal produced by the latter stage.

The output of the saw tooth generator 9A takes the
form of nKY, which means that the amplitude of the saw
tooth voltage in this X-channel is controlled by the quan-

tity m.

The nKY potential thus derived is applied as an input
signal to a computer stage 14A which derives the expres-
sion:

rcos ¢/hcos @

The computer stage 14A also derives the product of this

fraction with the RKY component received from the saw

the voltage KY derived from saw-
supplied directly to the input ter-
ter stage 15A for the purpose of com-
of the X-axis defi ction potential V,.
must comprise the algelraic sum of threc

EE

Rotator 75 mumm&lﬂlmg The specific cir-
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cuitry which is employed In the block 15A is illustrated
in FIGURE 9 and will be explained in detail in connec-
ton therewith.

Continuing with the detailed description of FIGURE §
and more particularly with the circuitry and components
in the second X-deflection channel, the saw tooth genera-
tor 9B in the lower portion of the drawing will now be
referred to.

The generator #B is connected to receive input potential
of value “n" from the n generator 13B illustrated im-
mediately thereabove. The generator 13B s itself en-
ergized by the 60 p.p.s. switching trigger derived from the
original 2400 p.p.s. signal by the counidown siage 10.
The gencrator 9B produces the analog component nKY
at its output terminal, where the amplitude of the saw
tooth voliage is again controlled by the quantity n.

This analog compoaent is supplied to a computing stage
14B in which there is derived the quotient:

reos ¢/hcosd

The quotient of these two trigonometric functions is
multiplied by the value of the nKY component present at
the input terminals. The computer stage 14B will thus
be seen to derive an analog potential which is used in de-
veloping the complete deflection voltages neoded for trac-
ing the east-west perspective lines on the grid pattern of
the cathode ray tube.

The potential coatribution

. CO8 ¢

MY con ¢

derived by the computer stage 14B together with the volt-

age KY derived from the sawtooth generalor 6 are sup-

plied to another computer stage 15B. The stage 15B

derives two additional contributions o the total analog po-

tential and electronically adds these values to the input

component from 14B to produce an X-axis deflection po-
tential V,.

It is to be recognized that the angle ¢ utilized in the
first X-deflection channel differs from the angle # utilized
in the second X-deflection channe] by exacily 90 degrees.

In generating the north-south lines in the first X-deflec-
tion chanpel, # is the aircraft heading with respect to the
porth direction. In generating the cast-west lines in the
second X-deflection channel, ¢ is the aircraft heading with
respect o the east direction. Both angles are readily
obtainable from flight instruments in the aircraft.

For the earlier portions of this specification, it will
be recalled that the X-axis deflecting potential for the
east-west lines is forced by the electronic switch 12 to
alternate with the X-axis potential employed in tracing
the north-south lines on the cathode ray tube.

Although the north-south and east-west grid patterns
would theoretically process an infinite number of lines,
the invention provides a finite number of lines in each
such set. Half of the group of lines are positioned to
the left of the vertical axis of the picture, and the remain-
der are positioned to the right of the vertical axis. Ac-
cording o the preferred embodiment of the invention,
40 lines may be provided in each set of lines.

Since each representation of the terrain on the cathode
ray tube comtains two such sets of lines, the reason for
providing symmetrically identical X-deflection channels
im FIGURE $ will now be more fully appreciated. By
means of the electronic switch 12, one pictire is first
painted by tracing all of the lines in one 40-line set, fol-
lowing which all the lines in the other 40-line set are
traced om the inner surface of the cathode ray tube.

In the block diagram of the invention illustrated in
FIGURE §$, thirty complete pictures per second are traced
upmd-einmmdmrfuoﬂhumod:nytuh. The

over-all rate of tracing lines is then 40-lines per second
times 2 times 30 pictures per second, or 2400 lines per
second. As earlier explained, the outpul voltages of

the
two X-deflection channels are alternately applied to the

10
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49

33

70
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X-axis deflection plates of the cathode ray tube at the rate
of 30 cycles per second by the electronic switch 13. It
will be appreciated that other suitable values for oxcil-
lator frequency and line-tracing rates would fall equally
well within the purview of the appended claims.

The 2400 c.p.s. triggering of saw tooth rator 6 in
the channel for producing the Y-axis ion poten-
Uals causes the electron beam of the cathode ray tube
to sweep vertically. The saw tooth penerators #A and
9B in the individual X-deflection channels are triggered
synchronously in order to cause the electron beam to
sweep horizontally. The amplitude of the saw tooth
potential in each X-channel is controlled by the magni-
tude of n, as provided by the n generators 13A and 13B
associated with the respective channels. The horizon line
in the grid pattern is traced by sweeping the X-direction
with no vertical sweep potential once each cycle.

Tumning from the generalized Jescription of the block
diagram to the details of the several individual
therein, reference to FIGURE 6A and FIGURE 6B will
now be made.

The value n which is supplied to the saw tooth genera-
tors 9A and 9B in the X-channels, is actually comprised
of two component wave forms. The first of these is
illustrated as a staircase wave n; in FIGURE 6A. In
order to paint each of the lines of a complete 40-line set
in succession, the staircase wave n; begins at a negative
lower limit such as —V. The potential of the »; signal
is then increased time-wise by unit increments for each
successive line, up to an upper limiting value of positive
potential such as +V. In practicing the invention,
values of +20 volts and —20 volts for +V and —V
yielded satisfactory results. During the tracing of each
line, the wave n, is held at a constant value. This wave
form can be simply produced by applying pulses of fixed
amplitude and duration to the input of a conventional
integrator circuit connected within the n generator stage.
Such pulses are repeated at the basic rate of 2400 p.p.s.
and the complete cycle is repeated at a constant rate such
as 60 c.p.s. in the embodiment of the invention illustrated
in FIGURE 8.

The other component of potential produced in each of
the n generator stages takes the form of a gradual saw
tooth wave form ny. The component n; is a slowly vary-
ing component which simulates motion. To prevent un-
balance in the picture, the potential ny is returned 1o a
lower limiting value —V’ whenever it has gradually as-
cended to the upper limiting value of potential +V'.
The upper and lower limiting values may be set at +.5
and —.5 volt respectively.

The component ny has the function of maintaining the
same number of lines on each side of the center line of
the cathode ray tube. Thus, whenever lines which are
traced upon the tube move around from left to right as
a result of the aircraft motion, and the last line on the
right disappears, a pew line immediately appears on the
left of the grid pattern to keep the picture balanced and
symmetrical. The component ny shown in FIGURE 6B
exhibits a rather slow time variation, and is characterized

; i the

motor is proportional to v, cos #—v sin 0.

In order to explain in detail the circuitry and compo-
ments which make up each of the » generator stages shown
in block diagram form in FIGURE 3, reference 1o FIG-
URE 7, which illustrates an m-generator, will now be
made.

From

the earlier portions of the detailed description,
and more particularly from Equation 12 it will be re-
quantity a occurs in the expression
dn/di=1/r{v, cos #—v sin #). The derivation of an
analog potential which properiy rep -esents this function

the aircraft beading angle ¢ is accomplished by the
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system illustrated in FIGURE 7. To accomplish this,
the angle ¢ is applied simultancously to a cosine poian-
tiometer 16 and a sine potertiometer 17. The slectrical
signal v, which represents the sideward component of
ground apeed is applied to the cosine potentiometer 16,
The negative amplitude of v, which reflects the forward
component of ground speed is applied to the sine poten-
tiometer 17. The output potentials from each of the
potentiometers are applied to a summing amplifier 18.
The algebraic sum of (v, cos #—v sin #) appears at the
output of the amplifier 18 and is multiplied by the ratio
/r in a conventional multiplier stage 19. The resulting
uct is applied directly to the motor 28 to control the
outpul speed thereof.

Directly to the left of the motor 28 there is provided
a linear potentiometer 21 which has a slider tap 22 con-
nected to receive torque from the motor 28. Potential
from a suitable source of unidirectional voltage 23 is
dropped across the resistance portion of the potentiometer
21. The voltage drop sampled by the motor driven slider
tap 22 is applied by way of conductor 24 to a summing
amplifier 25. Directly to the left of the summing am-
plifier 25 there is illustrated an integrator stage 26. The
integrator stage 26 is connecled to receive repetitive input
potentials of 2400 p.p.s. and 60 p.p.s.. respectively. It
will be recalled that the production of the n; signal may
be accomplished by applying pulses of fixed amplitude
and duration to the input of such an integrator. In
FIGURE 7, these pulses are delivered at the rate of 2400
p.ps. and the cycle repeats itself 60 times each second
in response to the 60 c.p.s. triggering potential which is
supplied to the integrator.

The output contribution n; of the integrator stage 26
is combined with the potential contribution from the

tiometer 21 in the summing amplifier 25 to produce
compilete n signal.

Continuing with the detailed description of other
aspects of the invention, and more particularly with the
explanation of the computing blocks 14A and 14B in
FIGURE 5, the circuitry for deriving the analog contri-
bution

T t‘Oli ‘
sKY¥ h coz 8

will now be explained in conjunction with the FIGURE 8.
In this figure. the analog component nKY is applied to

an amplifier 27 which is characterized by a gain of r..

The output potential of the amplifier 27 consequently cor-
responds to the product —nrKY.

This product is applied to a conventional cosine poten-
tiometer 28. The potentiometer 28 receives the variable
¢ in the form of a shaft input and derives the cosine
of the input signal. The output potential provided by
the potentiometer 28 thus takes the form —nr cos ¢KY.
This voltage is applied to a high gain amplifier 29 shown
immediately to the right of the potentiometer 28.

The output potential of the high gain amplifier 29 is
dropped across a lincar potentiometer 3. The fraction

the voltage drop received from the potentiometer 34
controlled by a slider arm which varies in position in
with the instantaneous value of the quantity

h or altitude.

By this means, the analog counterpart of the altitude
is developed and is applied to cosine potentiometer 31.
The cosine potentiometer is condition respons.ve to the
variable ¢, which represents the heading angle of the air-
craft. Variations in # are allowed to control the cosine
potentiometer 31 by means of a shaft angle input, or the
like. The output signal developed by the potentiometer
31 is applied to the high gain amplifier 29. The gain
of the feed-back loop around this amplifier will be seen
w correspond to the term h cos ¢.

The composite output potential made available by the
high gain amplifier 29 comprises part of the KX coatri-
bution which is developed by each of the two X-defiection
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channels of the system. The complete KX contribution,
of course, is given by the expression

KY[nr cos ¢/h cos #—8in ¢ tan ¢)

Tumning to the circuitry and detalls to derive
the remaining terms of V,, reference to FIGURE 9 will
now be made.

In this figure KY from sawtooth generator 6 is multi-
plied by sin ¢ by means of sine potentiometer 32. The
potentiometer 32 is connected o reflect changes in the
variable ¢ in terms of slider or tap displacement within
the unit. An analog voitage —Kp is applied to high gain
amplifier 33. The output signal from amplifier 33 is sam-
pled by a cosine potentiometer 34 which reflects changes
in the variable ¢ by experiencing changes in the position
of a movable slider or tap within the unit. It will be
apparent to those skilled in the art that the quantity cos
¢ defines the gain of the feedback lcop around the high
gain amplifier 33.

The output signal from amplifier 33 takes the form

+Kp

cos ¢
while the output signal from sine potentiometer 32 takes
the form KY sin ¢. These two signals are applied to

the input terminals of summing amplifier 35 10 derive the
sum

Kp
KY sin ‘+cou -

This sum is multiplied by sin ¢, utilizing a second sine
potentiometer 41. The output of potentiometer 41 is a
voltage analog of the quantity

p o Kp

(A‘ Bin ‘+l‘_0_8_¢
sin #, which is applied to the input terminals of high gain
amplifier 42. The output of amplifier 42 is sampled and
applied to a second cosine potentiometer 43, which is
responsive to changes in the variable #. The expression
cos ¢ defines the gain of the feedback loop around high
gain amplifier 42. The output signal from amplifier 42
therefore is
gin #
cos @

—(h} sin ‘+cos .

which, of course, is identical with
Gz Kp
—(I\Y Ein ‘+a—;) tan ¢

This signal is applied to the input terminals of summing
amplifier 44, together with the signal
nKYr cos ¢
hcos e

derived from earlier computer stages. These two contri-
butions are summed in amplifier 44 to complete the de-
flection voltage V,, and produce the total voltage

nKYrcose [,y .. _flg_]

A [hYnuo-!-m‘ tan #

It will be recalled that this form of the V, deflecting
potential was set forth in Equation 9 earlier in the speci-
Circuitry for computer stage 7 which derives the term
+Kp tan ¢ is seen by reference to FIGURE 10. In
this figure an analog contribution -+ Kp is applied in the
of an input D.C. potential to a sine potentiometer
The potentiometer is conneckd to reflect changes
the variable ¢ in terms of slider or lap dsplacement
Iiunlhurl. From the potentiometer 44 the output
4 Kp sin ¢ is applied 1o the input terminals of
Nﬂphnqisﬂuds. The outpul signal derived by
Iqalllerds is sampled by a cosire potentiometer 46.
potentiometer 46 reflects chang's in the value of
variable ¢ by experiencing changes in the physical

ey

t;r



C |

8,000,080

11

position of a movable slider or lap provided within the

unit.

The output of cosine polentiometer 46 is reapplied to
the input of the high gain amplifier 45. It will be ap-
parent 10 those skilled ip the art that the quantity, cos ¢
defines the gain of the feedback loop around the high gain

amplifier 48.
The output signal from amplifier 45 takes the form
+Kp sin ¢

008.

nolooum identical with 4+ Kp tan ¢. This term
to summing amplifier 47. The contribution
by u' tooth generator § is also applied to
The output signal of the amplifier 47
y deflection potential for the cathode ray
fonn KI’+Kp tan ¢. It will be re-
the V, deflection potential was
carlier %in the specification.
In concluding the detailed description of the several
and ts of the invention, reference to
1 ‘illnowbemldc. The performance of the
n accordance with the mathematical
from FIGURE 2 may be regarded
substantially all ranges of the

ing angle # approaches 90°, the limitation of those ex-
pressions where cos ¢ appears in the denominator to suffi-
ciently large finite values may be advisable. Such limita-
tion produces only imperceptible deviations from the ideal
grid pattern sought to be produced.

The modified cosine potentiometer structure illustrated
in FIGURE 11 may be employed in order to completely
avoid the problem. In the polentiometer system illus-
trated in this figure the 90° zero voltage point is actually
“jumped over” to eliminate the problem. This potentiom-
eter is modified in order to provide a jumper 37 con-
mected 1o the resistance winding 48 at the 89° and 91°
positions, said jumper 37 having a gap 38 at the 90° posi-
tion of the winding 40. The potential on slider 36 is
thereby prevented from going through zero in order to
eliminate attempts by the computers in the system to wti-
lize magnitudes of zero in the denominator any expres-
sions where cos ¢ occurs.

While particular embodiments of the invention have
been shown and described herein, it is not intended that
the invention be limited to such disclosures but that
changes and modifications can be made and incorporated
within the scope of the claims.

What is claimed is:

1. In an airborne electronic system for visually indi-
cating the posture of an aircraft with respect to the ground
terrain beneath the aircraft on a cathode ray tube, a first
channel for deriving Y-axis deflection voltages which in-
cludes a saw tooth gencrator and a compuiler stage con-
mected to said saw tooth generator for computing the
analog contribution 4+ Kp lan ¢; second and third chan-
nels for deriving a pair of X-axis deflection voltages, said
channels each including a saw tooth generator and com-
puter stages connected o said saw tooth penerator for
deriving and combining the analog contributions KX and

_Kptane
cos ¢
and electronic switching means for rendering-r=id X.axis
deflection voltages alternately available to the X-axis de-
flection plates within said cathode ray tube,

2. In an airborne electronic system for visually indi-
cating the posture of an aircraft with respect to the ground
serrain beneath the aircraft on a cathode ray tube, means
including an oscillator and a pulse generator comnected
to said oscillator for producing a time-spaced series of
voltage pulses, means including a saw tooth gemerator
connected 10 said pulse generator and a first computer
stage commected to said saw tooth generator for deriving

“'R.
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deflection potentials for the Y-axis deflecting plates of
sald cathode ray tube, means including a saw tooth gen-
eralor connected responsive (o a first n-generator for de-
riving deflection potentials for application to the X-axis
deflecting plates of said cathode ray tube Lo trace a set of
north-south lines, means including a saw tooth generator
connecied responsive to a second n-generator for deriving
Jdeflection potentials for application o the X-axis deflec-
tion plates of said cathode ray tube to trace a set of east-
west lines, and means including electronic swiich measns
for applying said deflection potentials for said easi-west
lines to said X-axis deflection plates alternately with said
deflection potentials for said north-south lines.

3. In an airborne electronic system for visually indi-
cating the posture of an aircraft with respect to the ground
terrain beneath the aircraft on a cathode ray tube, a first
channel for deriving Y-axis deflection voltages which in-
cludes a saw tooth generator and a computer stage con-
nected to said saw tooth generator for computing the
analog contribution Kp tan ¢, second and third chan-
n-'s for deriving a pair of X-axis deflection voltages,
said channels each including a saw tooth generator and
computer stages connected to said saw tooth generator for
computing and combining the analog contributions KX
and

—Kp tan 0
cos ¢

electronic switching means for rendering said X-axis de-
fiection voltages alternately available to the X-axis de-
flection plates within said cathode ray tube, and compen-
sating means electrically interposed between said Y-axis
deflection potentials, said X-axis deflection potentials and
the deflection plates of said cathode ray tube to simulate
the effect of aircraft roll upon the cathode ray tube dis-
play.

4. In an airborne electronic system for visually indi-
cating the posture of an aircraft with respect to the
ground terrain beneath the aircraft on a cathode ray tube,
a source of time-spaced voltage pulses, first means con-
nected to said source of time-spaced vollage pulses to
derive a Y-axis dellection signal for application to the
Y-axis deflection plates of the cathode ray tube, fre-
quency reduction means connected to said source of volt-
age pulses, second means comprising a pair of symmetri-
cally identical channels, the first channel connected to
said source of time-spaced voltage pulses and to the out-
put of said frequency reduction means to derive a first
X-axis deflection signal and the second channel connected
to said source of voltage pulses and to the output of
said frequency reduction means to derive a second X-
axis deflection signal, and electronic switch means con-
nected 10 the first and second channcls of said second
means to render the first and the second X-auis deflec-
tion signals alternately available to the X-axis deflection
plates of the cathode ray tube.

S. The system of claim 4 in which the first and the
second channels of saikl second means each include a
compuler stage for receiving and operating upon altitude
pitch angle and heading angle data of the aircrafi to
derive the X-axis deflection signals.

6. In an airborne clectronic system for visually indi-
cating the posture of an aircraft with respect to the ground
terrain beneath the aircraft on a cathode ray tube, first
means including an oscillaor and a pulse generator con-
pected to said oscillator for producing time-spaced volt-
age pulses, second means including a sawtooth generator
connecicd to said pulse generator and a computer stage
connected to said sawtooth gene ator to derive a Y-axis
deflection signal, frequency reduction means coanected
o said first means, third means connected to said first
means and to the output of said frequency reduction
means for deriving a first X-axiy defiection sipnal, fourth
means connected to said first means and to the output
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of said frequency reduction means for deriving a second 2,529,601 Freehafer ... _....... Nov. 14, 1950
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means and to said third :n)g said ;onn:lch means u:ln mllder 2,967,263 Steinhauser - e Jan. 3, 1961
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