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UNE?ED S;TATES

ratiom of New York

12 Claims.

This invention relates, generally, to aircraft
~instrument indicators and, more particularly, to
aireraft flight indicators of the type which show
on one face the combined information collected
from a plurality of separate instruments,

. The principal objects of the present invention
are improvements in aircraft flight indicators of
the cathode ray tube type, in which the beam of
the cathode ray tube is made to indicate simul-
. taneously information provided from several im-

“portant flight instruments. The copending ap-
plication of , Francis L. Moseley, Serial No.
101,274, filed September 17, 1936, for Aircraft
flight indicator and econtrol system therefor,
shows in detail a flight indicator of the cathode
ray type and, generally, the improvements set
forth in this invention apply direcfly to an in-
strument of this type. .

One improvement comprises a novel arrange-
ment whereby some of the indications on the
face of the cathode ray tube which are normally
used during straight flight can, by means of a
switch, be converted into indications signifying
the attitude and position in space of an aircraft
when approaching an airport, where sighals of
the radio course beam receiver and the radio
landing beam receiver are picked up and used
to guide the airplane to a safe landing.

A further improvement is a novel and superior
type of commutation, which in the former ap-
plication was accomplished by a mechanical com-
mutator. The present invention uses electronic
means of great simplicity, of low cost, and with-
out any moving parts..

‘A further improvement lies in the means em-
ployed to eliminate the back trace of the cathode
ray beam which, if not suppressed, would serious-
ly disturb the intelligent interpretation of the
indications on the face of the cathode ray tube.
While formerly mechanical means in the form of
a eommutator were used to eliminate the back
trace of the cathode ray beam, we now use im-~
proved, simple electronic means of great reli-
ability to accomplish the same purpose,

Other objects, advantages and applications of
the present invention will become apparent from
the specification and the accompanying draw-
ings, wherein the details of the. invention are
embodied.

. In the drawings,

Fig. 1 is a schematic view illustratmg the flight
indicator of this inventiun, including the primary
flight instruments from which the signals are

- obtained.
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Fig. 2is a wiring diagram of the improved form -
of dight indicator and control system.

Fig. 3 is a schematic analysis of the electronic
commutator and the electronic back trace elimi-

5 nator.

Pigs, 4 and 5 are views of the face of the
cathode ray tube, showing indications thereon
of the various instruments in varying flying atti-
tudes of the airplane,

10 Fig. 6 is a vertical cross section of a preferred
type of artificial gyroscopic horizon as used in the
flight indicator.

. Fig. 7 is a horizontal sectlonal view of the same
instrument,.

13 Fig. 8 is an end v1ew of the condenser pick-off
for the athwartship axis of the horizon.

Referring to Fig. 1 of the drawings, { desig-
nates the flight indicator casing showing the face
of the cathode ray tube and the several switches

20 employed. This case is mounted on the instru-
ment board in front of the pilot in such a way
that an unobstructed view of the face of the in-
strument is obtained, while at the same time
the switch knobs are easily accessible by hand.

25 The front panel of the indicator is provided with
‘a circular aperture 2, thrcugh which the sen-
sitized 'face of the cathode ray tube 3 is visible.
Annularly disposed around this aperture are
graduations 4, corresponding to degree or com-

30 pass markings, for use in conjunction with the
cathode beam spot 7 in determining the bearing

“or course of the craft. A small black circular
disc 8 is shown in the center of the face, repre-
senfing the fuselage of an airplane. The wings

35 indicate a line parallel to the transverse axis of
the aircraft and are used in conjunction with a
horizontal trace 9 of the cathode beam, which
serves to indicate the artificial horizon lme This
line is adapted to be raised or lowered if the air-

40 plane pitches, or to pivot around its center in
case of roll of the craft, or to do both., Vertical
mearks 10 and 18’ are used in conjunction with &
vertical cathode beam trace #1 in indicating turns
of the craff.

45 A circular cathode ray beam trace {2 is nor-
mally located in such & way that it is concentric
with the center eircle 8 on the face of the tube.
This circular trace is used to indicate two things,
namely, (1) during normal flight, the changes in

50 altitude or level at which the airplane is flying
by using indications from an altimeter, and (2)
during the landing operation, to indicate whether
or not the airplane is correctly on the track of
both the radic landing beam and the radio

55 course beam. The combination of the circul_ar




of the cathode ray tube, which includes disc 8, to
indicate normal flight, conditions, Thus, circle
12 is concentric with andg surrounds disc g, repre-
senting the fuselage of the plane, when either

A knob 19 ig brovided for controlling the cag-
ng and setting of the directional Byroscope, as
Tully explained ang set forth in the aforesaid
application No, 101,274, Further reference to
the deviceg associated with knop 19 is omitteq
from this Specification,

A cable 29 connects the flight indicator to a
case 2| containing the detecting, amplifying anq
commutating apparatus, which may be located
ab any convenient place on the airplaye,

control mechanism 2
cable 22, - .

" The control apparatus 2{ ig connected by g
series of cables to the varions conventional rate
and atvitude instruments, whose indicationg are
to be shown on the face of the indicator I
These instruments are shown ag ineluding g
8Yyroscopic artificia] horizon 23, o directiona]
g¥yroscope or Compass 24, g turn indicator 25, a
radio tourse beam Teceiver 26, g radio landing

airerafs, ag their indicationg are repeated on the
face of the indicator {, €re is therefore no
necessity for dials and faces on the separate

trical botential in sych 8 'way as to make the
indication applicable to the amplifying and ge-
tecting apparatus contained in case 2f,

&
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capacity pick-off means are Dreferably similay

to those shown in detail in the copending applj-
cation Seripl No. 101,274,

Referring to the wiring diagram of Pig. 2, a )

switch 30, breferably turneq by knob 3. Dyna-
motor 31 Supplies the various voltages used to
energize the amplifying,.detecting and commu-
tating apparatus, ) -

The cathode ray tube indicator is shown by
the dot-dash box 1 containing the cathode ray
tube 3 ang 4 power supply associated with thig
tube. Alternating current generateq by the
dynamotor 3 is led from terminals 33 and 33’
to the Primary winding 34 of transformer 35,
The rectifier and filter circuits to Supply the
cathode ray tube 3 are of conventiong] design,
with the exception of ;the leads to the grid 36,
which include the resistor 37 and the leads 3§ and
38’, the function of which ig explained herein-
The filament; Supply circuit for the cath-
ode ray tube is not shown and has also been

The cathode ray tube has g set of horizonta]l

deflection blates 39 ang 39’ and a set of vertical

deflection plates 40 ang 40,

the cathode ray beam

Indicated by the numera] 23 is the artificial
horizon, of which in these drawings there -are
only shown the devices used for taking off the
necessary indicationg for roll -ang piteh,
roll indication is Provided

Dlates 42 and 42, a spherically shaped mysh-

room condenser plate 43 Cooperates with the four
stationary _condenser bplates 41, 417, 42 and 42/

C / . » and in case
of pitch g relative change of capacity ig effected

frequency‘is moved towarq Or away from the

These 76 oscillatoy frequency,

The |
by the condenser
- plates § and 41’, while the pitch is derived from
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grids of the tube 80 are unbalanced by relative
-change of capacity, as explained before, unequal

In case of & roll, as explained before, & differ-
- entdal change of capacity occurs between con-
denser plates 4{ and 44’, resulting in correspond-
ing opposite changes of resonance voltages in
the colls 48 and 44/, so that & differential poten-
tial oceurs across the control grids of a ther-
mionic or vacuum tube 48. Said tube is of the
screen grid type and preferably contains two
complete screen grid tubes in one envelope. It
is uunderstood, however, that two separate tubes
could be used with equal results. The plate en-
ergy for this tube is supplied by the dynamotor
30 from its terminals 49 and 4%’. The preferred
voltage from these two terminals is 500 volts
D. €. with the positive terminal located at 48.
The positive potential Is carried by lead 56 to
the point B! and from there to the center tap
of resictor 82, From the free ends of this re-
sistor the voltage is applied to the plates of tube
48. The screen grids of the tube 48 are supplied

5

10

20

with D, C. of somewhat lower potential through

the resistor 68, while a condenser §6 in the con-
ventional manner. bypasses the screen grids to
the cathode. A similar bypassing condenser is
used to bypass the plate supply to the cathode,
end other condensers,.not designated, bypass the
blag batteries in well known menner. The con-
‘trol grids of the tube are biased by two different
potentials, one a D. C. potential supplied by bat-
tery 05, and the other one preferably an audio
frequency of between 500 and 1000 cycles ob-
tained from the adjustable potentiometer 96 by
means of winding 89 of transformer 69, the pri-
mary 70 of which is supplied from the terminals
A and B of dynamotor 1. In practice, this fre-
quency should be & multiple of the frequeney
supplied by terminals 33 and 83’; for exgmple,
if the former supplies 60 cycles, terminals A and
B preferably should supply 800 cycles, A phage-
shifting network of known design across wind-
ing 99 sérves the purpose of fixlng the phase
angle of the A. C. bilas with respect to other co-
operating voltages. The sum of these bias poten-
tlals is appled between cathode and grids by
means of leads 97 and §8. If both control grids
are balanced, there will be no. output from tube
48. If they become unbalanced in one direction,
the 600 cycle output superimposed on a D. C.
botentlal appears across resistor 52, while the 606
cycle component alone appears across the pri-
mary coll 54 of transformer 67, the D. C. com-
ponent being blocked by condensers 160 and 106’
and the radio fregquency component being by-
. bassed through condenser 53. Therefore, only
o the 600 cycle component passes through trans-
' former 51, the primary 58 of which is tuned to
600 cycles by condenser §3. Unbalance in the
opposite way produces a similar potential facross
coil 84, but of opposite phase. . - '

- It is obvious from the foregoing explanation

that the 600 eycle voltages appearing across sec-

ondary coils 58 and 58 of transformer B1 will be
substantially proportional as to phase and am-
plitude to the sign and angle of roll of the air-
plane as Indicated by the relative motions be-
tween condenser
4l and 41°,
Pitching motions of the airplane which would
result in relative change of capacity between
plates 82 and 42’ are received by vacuum tube
0 In'a similar way. The D. C. plate voltage 1s
applied to tube 56 by means of lead 8 and is
conducted- to the center tap of resistor 82, so
that normally equal amounts of static plate cur-
rent fiow to both plates of tube 6. If the eontrol
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plate 48 and condenser plates

70
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amounts of plate current will fiow through the
two halves of resistor 62, resulting in a variable
reversible D. C. potentlal across resistor 62, the
radio frequency component being flitered out by
condenser §4. Tube 69 is biased by means of
battery 68, which with its positive terminsl is
connected to the common ground and cathode
lead €81, marked by a heavier line in the diagram,
and with its negative terminal to the cenfer tap
of winding B9 of transformer §7. This winding,
as explained before, carrles 600 cycle A, C. po-
tentials proportional to roll as to phase and
amplitude, and is connected to the inner ter-
minals of R. P fransformer {02 by means of
leads 183, so that the control grids of tube 60
receive opposite 600 cycle signals proportional to
voll. Across resistor 62 there appears the pltch
signal in the form of variable reversible D, C. and,
modulating this D, C. potential, a 600 cycle vari-
able reversible roll signal. This modulated out-
put, through the leads 6§ ‘and §5’, is directly
applied to the vertical deflection plates 48 and
48’ of the cathode ray tube 3.

In order to utilize this combined output, it is
necessary to have on the screen of the cathode
ray tube a suitable trace of the electron beam,
which can be deflected by said output so as to
allow correct interpretations of roll and pitch
indications. To accomplish this purpose, a hori-
zontal irace 1s put on the screen of tube 3 by
means of vacuum tube 68. The plate supply for
this tube is again obtained from lead 61 through
the center tapped resistor 87 in g similar way as
shown for the previous tubes. The control grids
of tube 66 recelve signals from two places. A 600
cycle signal is derived from winding 68 of trans-

~former 69 and, after adjustment to the desired

amount by means of the potentiometer 71, is
conducted through two blocking condensers 72
to the control grids of tube 68, which are in-
fluenced in equal and opposite way through the
use of a center tapped resistor 73, The bias hat-

5 tery 75 provides suitable D. C, grid bias between

cathode and control grids of tube 66. 'The out-
put of the tube is an amplified 600 cycle A, C.
potential appearing across resistor 7. This A. C.
potential, by means of leads 76 and 76, Is con--
ducted directly to the horlzontal deflecting plates
38 and 89’ of the cathode ray tube 3, resulting
in & horizontal oscillation of the beam at 600
cycles, the amplitude of which is adjustable by
potentiometer 71, Obviously, if now D, C. poten-
tials are applied through tube €6 to the vertical
deflection plates, the horizontal - beam trace,
which normally would be in the middle of the
face of the tube, will be deflected to a parallel
position upwardly or downwardly proportional
to the amount of D. C., the direction of deflec-
flon belng controlled by the sign of the D, C.
generated by tube 88. As this D. C. in its amount
and slgn is dependent upon the pitch motion of
the ship, it is obvious that the position of the
sirplane on the face of the tube with respect
to the horizontal trace of the beam would sub-
stantially proportionally indicate the fore and aft -
friclination of the ship with respect to the actual
horizon. ’

The foll motions of the ship, as explained be-
fore, also result in a 600 cycle potential across
the vertical defiection plates and, being variable
as to sign and amount with the roll of the
ship and gucting perpendiculer to the horizontally
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deflecting €00 cycle potential, will tilt the hori-
zon bar trace depending upon the amount of roll
of the ship, as indicated by the proportional un-
balance of the condenser plates 41 and 41°.

The horizontal trace § obviously will be limited’

in Its horizontal length by two vertical lines
drawn on the face of the instrument at a dis-
tance from each other equal to the length of
the trace in its neutral position, so that as the
beam tilts, its actual length would be undesirably
increased, as the horizon bar thereby might ob-
scure other indications on the face of the instru-
ment. A further reason for limiting the length of
the bar as it tilts is that a short bar reguires less
voltage on the deflecting plates for a given angle of
tilt than -a longer bar and therefore less signal
gain, We therefore prefer to keep the length
of the horizon bar constant regardless of tilt, so
that it always is & true picture of the actusl
horizon bar on the artificial horizon. This is
accomplished by controlling the gain of tube
86, which generates the horizontal beam, so that
its output hecomes inversely proportionsl to the

smplitude of the output signal of tube 48 as

" obtained across transformer coil 8 of tube 51,
As this voltage must not change its sign with the
roll of the gyro horizon, we employ & rectifier
tube T4 to rectify the signal derived frem wind-
ing B8, thereby converting this signal into a

D. C. potential of one polarity only and propor= d

tional to the amplitude of the A. C. signal soross
winding 68. A conventional flter network con-
sisting of resistor 7Y and condenser 78 is used for
this purpose. The D, C, voltage appears across

the resistor 77 and is subtracted from the bias *

voltage of battery 16 and therefore influences
both control grids of tube 66 in the same sense.
The result is that the gain of tube §6 is decreasea
proporéionally to the roll of the gyro horizon,

but independently of the direction of the roll °

Inasmuch as the output voltage of tube 48 con-
trols the length of the horizontal beam trace, this
trace will be shortened whenever 1t tilts in elther
direction, thereby confining its length to a circle
with the horizontal beam as the diameter,

Figs. 6, 7 end 8 show an improved form of

capacity piclk-oft which may be used to provide
signals from the artificial horizon. In wprinciple
it Is similar to the system shown schemabisolly
in Pig. 2 for the horizon, buf the pracrical ew-
bodiment of the invention is different from thub
shown In Fig, 9 and also different from the one
shown in the previous copending application
Ser. No. 101,274, The artificial horizon 248,
which may be of the gyroscopic, self-erecting, air
driven type, {s gimbaled on the fore and aft axis
- by pivots 204, 244’ located in gimbal ring %02,
which, in turn, 13 pivoted in the brackets 219 and
a4, forming parts of the cesing 215, & siub
“ghaft 207 projecis from the top of the Eyroscope
housing and has secuved thereto by two nuts
208 and 218" an H-shaped curved condenser plate
89 which is grounded to the case through #haft
207,

The condensey plate 43 ls cylindrically bené
concentrionlly svound the minor glmbeol
2R pod conforms to Yoo shap
eylindvicsl segments 80 and 8§°, two of
fssreonnected electeically by brackels
220, Bebwsen the plate 49 sod the
nid 44° thers is malotained o swmall alr grp b
i3 prefernbly welform throughoud, so shipl oo
the gyro tilts avound suls 2002147, no ehnng
of alr gap occurs, Insuleting stvips 866 ave shown

9,262,246

brideing sald segments for Increasing the struc-
tural stiffness. However, a change in capacity
will take place because the segments 41, 41’ wiil
change their angular position with respect to
5 plate 43. If, for instance, the gyro should tilt
with its top to the left in Fig., 6, the extended
parts-of plate 43 will cover more of the segments
41’, while they will cover less of the area of the
segments 41, The segments 41 are electrically
connected to a circular ring 220, while the seg-
ments 41’ are connected electrically to a similar
but larger ring 221, Both these rings are mount-
ed independently of each other and insulated
against the frame -on a ring 222, made of any
13 suitable insulating material. This ring in turn,
by means of screws 223, is mounted solidly on the
gimbal ring 212 so that 1t will rotate with this
ring.” A ring 226, in every way identical to ring
220, is mounted directly opposite 220 on an in-
sulating member 224 which, in turn, is connected
to the bracket 213 by means of spring supported,
adjustable screws 225, These screws are 5o ad-
Justed that a uniform air gap is maintained be-
tween the rings 220 and 226. Similarly, a riog
227 is mounted in close proximity to the ring 224,
maintaining an air gap between the rings of uni-
form thickness. The rings 227 and 226, in turn,
are electrically connected to the outer terminals
of transformer coils 48 and 44’ of Fig. 2.
Having thus described how the tilting of the
» artificial horizon 216 around the fore and aft
axis of the ship is converted into an electrical
signal, a similar device serving on the athwart-
ship axis will now be described. As shown in
5 Figs. 6 and 7, a curved arm 220 iz connected by
screws 229 to the gimbal ring 242 and carries at
its free end a semicircular plate 336 which,
through the bracket 228, is grounded to the case.
This plate 230 will swing with the gimbal ring -
212 in case the artificial horizon oscillates sround
the athwartship axis. Mounted in close proxim-
ity to plate 239 and carried by an insulated disc
238 are two other semicircular plates 230 and 28%.
An end view of these three plates in their neutral
position is given in Fig. 8. It is obvious from the
foregoing description that in case of tilt around
the athwartship axis, capacity between plates 230
and 23§ will be increased, while capacity betwees
plates 236 snd 282 may be decreased. The coli-
denser plates 230 and 232 are connected Go the
outer terminals of radic trensmitter (02, shown
i g, 3, zo that an electrical slgnal will be gene
erapted in case of athwaviship 815 of the artificing
norizon.

The grent advantage of this system of creating
signels iz in the fact that it Is unnecessary to pro-
duce expensive spherical plates like the plates 48,
80 snd 40, shown In Fig. %, and more positive
action is secured. Also, it showld be noted that
no slip rings and brushes huve to be used, a3 the
rings 220, 224, 296 and 229 constitute & very ef-
fective means of conducting alternating cuirrent
from & moving pert to another part without any
of the parés touching each other and without
- crentlog any frickion whatever,

Huaving szplained how the indlcations of the
#yro harizon ave portrayed ugpon the facse of the
eothode vey bube 8, by means of & normally hord-
kel by 8 i the wtddle of the tube which

5 aad falls 0 synehrondsa with the motlons
"l slitp, Gy propovilonalty b the roll of the
dp, and which Is kept to o subsbantislly cone
"t langih, the reproduciion of the indications
of lfzin Myuctlonel gyvoscope 26 wili now pe de-
Gipdlysre

10

a6
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The means used for picking off signal poten-
tials from the directional gyro are slmilar to
those mentioned and explained in the copending
" application Ser. No. 101,274. The -condenser
. plate 79 is pivoted for rotation eccentrically to
its circumference but concentrically to the posi-
tion of the condenser plates 80, 80’, 84 and 81°.
The rotation of the plate 719 caused by rotation of
. the directional gyro will successively unbalance
the two pairs of fixed condenser plates. In other
words, the point of maximum wunbalance of
capacity will move around in a circle together
‘with the directional gyro. The radio frequency
signals derived from the directional gyroscope are
obtained in the same manner as explained for
the gyro horizon 28, The radio frequency signal
from one pair of condenser plates is conducted to
- the control grids of tube 82, while the similar
" signal from the other pair of plates Is conducted
to the control grids of tube §3. Both tubes are
supplied with high voltage D. C. plate potential
through leads 64, 65 and 65’, respectively 16, 76’.
Unbalanced signals will produce unbalanced D. C.
potentials in the plate circuits of tubes 62 and 88,
which appear across the center tapped resistors
62 and 67 and which are applied directly to the
. horizontal and vertical deflection plates of
cathode ray ftube 3§, as explained before. Both
tubes are biased by the bias battery 88 and also
by a low A, C. voltage of 600 cycles derived from
potentiometei 85. . 'This potentiometer is fed with
600 cycles' A. C. from transformer §8. There is
therefore present in the output of both tupes 83
and 82, besides the D. C. potential, a small
amount of 600 cycle A, C. which is not flltered out.

If we assume now that plates 86 and 80’ are
balanced but that there is an unbalance present
between.plates 81 and 81, it will be ohvious that
there would be no output from tube 82, while
tube 83 will have maximum output, The result
is that the cathode ray beam is continuously de-
fiected to a8 spot near the cirecumference of the
tace of tube 3, as indicated by 7 in Fig. 1. The
location of this spot is determined by the fact

that there is a vertical deflection only, but no.

horizontal defiection. The small amount of A. C.
present in the output serves to give the spot 1
a fixed radial length.

If, now, plate 79 should be turned through an
angle of 90°, the vertical deflection would dis-
appear while the horizontal deflection would at-
tain.a maximum. Spot 7 therefore would move
to a place 90° from its present position in g’
- clockwise direction, and as the maximum output
voltages of tubes 82 and 83 are equal, it would
 move there along the circumference of a circle,

If plate 79 should be continuously rotated in
one direction, as, for instance, if the plane files
in a circle, spot 7 would travel around the outer
circumference of the face of the cathode ray tube
adjacent to the markings 4, thereby indicating
-directly in degrees or terms of compass bearing
the motion of the ship’s fore and aft axis in
azimuth,

For reproducing the position of turn indicator
25,-we have shown a movable plate 88 fixed to
the pointer of the instrument, while two station-
ary plates 87 and 871’ are mounted ozm the frame
of the turn indicator. In normal or meutral po-
sition, the capacity between plates 86, 87, and 86
and 87’ Would be equal and therefore tube 88
would receive equal radio frequency signals on
both control grids. The radio fréquency trans-
former and the associated trimmer rondensers
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are slmilar, as explained for the preceding in-
struments.

Xf the ship turns, plate 86 will be deflected to
one side or the other and the result will be an -
unbalepcing of the signals on the control grids
of tube 88. This, again, causes the appearance
of variable reversible D. C. outputs across re-
sistor 67 proportional in amplitude to the angular
motion of the plate 88, their sign being controlled
by the direction of rotation of the pointer of the
turn indicator. This D. C. voltage is applied
directly to the horizontal deflection plates of the
cathode ray tube. It is used to horizontally de-
flect the vertical beam trace §¢ of Fig. 1, which
is generated by tube 89 in & similar way as ex~
prlained for the vertical trace generated by tube
66, the 600 cycle signal being provided by a trans-
former 80 and adjustable as to amplitude by
means of potentiometer 1. The tube is biased by
battery $4. The 600 cycle output potential of
this tube causes a vertical traverse of the beam
through an angle controlled by the adjustment of
potentiometer 9f{. The cooperation between
tubes 88 and 89 now is such that in the neutral
position of plate 88 the vertical beam is centered
on the vetrical diameter of the face of the tube,
but that sny deviation of plate 86 to one side or
the other results in a proportional shift of the
beam trace §0 to the right or left, as the case
meay be.

The circle trace of the cathode ray beam 2,
as shown in Fig. 1, is produced by cooperatlon
between tubes {84 and {05. Both of these tubes
have & plate supply similar to the tubes dis-
cussed before, ‘The signal applied to their con-
trol grids, however, are produced in such a way
that there exists between them a phase differ-
ence of 90°. Transformer 86, which has its
primary fed with 600 cycle A. C. from the fer-
minals A and B of the dynamotor 31, has con-
nected across its secondary an adjustable poten-
tiometer (67, by which the amplitude of the
-signal voltage can be adjusted. Two phase-
shifting networks are arranged across the active
part of the winding of potentiometer 107, each
consisting of a condenser and a resistor in series
The network feeding tube {85 consists of con-
denser 168 and resistor {08, The voltage across
condenser {68 is applied directly to the control
grids of tube (88. through. two blocking con-
densers by means of a center tapped resistor 110
in such & way that the two grids are excited in
phase opposition. 'The voltage across the con-
denser {88 is in phase quadrature with the volt-
age across resistor { {1, which, with condenser 112,
forms the second phase-shifting network con-
trolling tube 164. The voltage across resistor 111
is fed to the grids of tube 1084 through two block-
ing condensers and by means of a center tapped
resistor 148 in a similar way as described for tube
105. A D. C. blas common to'both tubes is
applied between the cathode and the center
polnts of resistors {10 and {48 by niesns of bias
vesistor 04, which carries the static plate cur-
rents of all tubes having the common cathode
connection 106, - The output of tubes {64 and {66

" consists of amplified 600 cycle potentials, the

phases of which are displaced 90° with respect
to each other. One of these potentials is applied
to the horizontal deflecting plates 89 and 8§’ of
the cathode ray tube, while the other potential
is applied to the vertical deflecting plates 48 and
40’, These two voltages applied in the above
manner produce & beam trace forming a perfect
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circle provided the phase angle difference be-
tween the voltages is exactly 90°.

In ifs neutral position, the circle trace 12, as
seen in Fig. 1, is concentric to the fuselage of the
miniature airplane in the center of the face of
the tube. In stralght flight, the position of this
circle trace is raised or lowered along the vertical
diameter of the face of the tube according to the
indication of the altimeter 28 In the following
manner, 10

As shown schematicaliy, the pointer of the
altimeter 28 is provided with a small condenser
plate 115, the center line of which is normally
located exactly in the middle between two con-
denser plates 118 and 47, These condenser ]
plates are mounted on g ring gear #{8 of insu-
lating material in such & way that the assembly
can be turned to any desired position by means
of pinion 1i9 and knob (28. If the ship is'flying
ab an altitude at which condenser plate ({8 covers 20
condenser plates 16 and {17 to equal amounts,
there will be no differential voltage generated and
applied across the control grids of the tube §24.
If, however, the ship should fly at g higheyr or
lower altitude, so that plate {16 changes its posi- o
tion to the right or left, a differential potential
of opposlte phase would be applied to the control
grids of the tube and a variable, reversible D, C.
potential would appear in the output circuit of
the tube. The plate potential for the tube is 80
derived across a blas resistor 122, carrying the
static plate currents of all tubes having the com-
mon cathode ground §8¢. 'This resistor has one
end connected to the cathode of the tube and to
the negative terminal 49’ of the high voltage sup- 3
ply 48, 89’ of the dynamotor 81, Its other end,.
through leads 123, (24, is connected to the mid-
point of resistor {18, from the ends of which two
leads are connected to the points {25 and §26 of
& switch 13. In the fiying position of this switch, 40
as shown, the two points 125 and {26 are con-
nected through corresponding switch contacts to
the plates of the tube 24, and accordingly the
variable reversible D, C. output of the tube (24
appears across resistor (8. This resistor then 43
serves two purposes, namely, being the plate load
for tube {2{ and the input impedance for tube

" 164, both tubes working as a direct connected
amplifier. The output of the tube (84 therefore
will contain not only the 600 cycle potentlal used o
for drawing the circle trace, but superimposed
on it a reversible variable D. C. poteniial which
can deflect the whole circle up or down along the
vertical diameter of the face of the cathode ray
tube. The amount of deflection of the cirele will

" correspond to the amount of deviation of the alr-
plane from the altitude to which knob (20 was
set, while the direction nf defiection of.the circle
depends upon the direction of the deviation of
the ship from the present altitude.

In actual flying practice, the filght Indicator
will be out of use until the ship has reached the
desired altitude at which it is going to level out
and which it iIs golng to maintain during the
major part of its course. ~ At this poing, the pilot
energizes the instrument and observes where the
circle 12 of Fig. 1 Is located. He then turns knob
§20 until circle 12 1s located concentrically with
the fuselage 0f the miniature representation of
an airplane in the center of the tube and here- 70
after flles the ship in such & way as to keep this
position of the circle constant. If the ship loses
altitude, the circle will rise; if it gains altitude,
the circle will be lowered,; and if the pllot alins
the ship so as to fily the alrplane plictured on 73

&
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.the face of the cathode ray tube through th

clrcle 12, he will sutomatically apply the neces
sary corrections to the elevators by means of sim-
ple and direct refiex motions without the neces-
sity of mental analysis.

It is also possible to provide the altimeter with
an outer scale 200 graduated in thousands of fee
and to use this scale to preset the altitude leve

at which the ship iIs supposed to fly. The 180°
ambigulty present in the arrangement of plates
1t7 and 148 is not very dangerous, because it °

means a difference of 10,000 feet, a difference
which Is not easily overlooked. If the altitude
has been set before talke off, the Instrument would
be energized soon after, and the pilot would con-
tinue to climb until the concentric position of
the circle trace 12 indicates that he has reached.
the preset level of altitude.

In the position of the switch (8, shown In the'

diagram, the course beam receiver 28 and the
landing beam recefver 27 are disconnected from
the cathode ray tube and no indications from

these instruments are transmitted during normal
flight. If, however, the ship approaches an alr-

port, the pilot throws switch (3 into position {8,

thereby disconnecting the altimeter output and -

connecting the two receivers 26 and 27 into the
control circuits of tubes 108 and 165. The course
beam receiver 26 has its output rectifled by the
double diode 127 so that there appears across
the resistor 128, a variable reversible D, C. volt-
age which is zero if the airplane is correctly on
the course and which becomes negative if the
plane deviates In one direction or positive if the
plene deviates In the other direction from the
straight course along the beam, This D. C. po-
tential through switch 08 is conducted to the
control grids of the tube 108, and, by means of
the resistor {18, Influences the grids in opposite
sense. . It modulates the 600 cycle A, C. output of
this tube in such a way as to deflect the eclrcle
trace 12 horizontally one way or the other, de-
pendlng upon the deviation of the airplane from
the radio course beam,

The landing beam recelver 27 has its output
rectified by means of rectifier tube 128§ so that
& half wave rectifled . C. slgnal appears across
resistor (30. This signal normslly is balanced
by a D. C. voltage derived acress potentiometer
i8¢, which 1s connected by the switch {2 to a 45
volt battery (82, If the airplone is correctly
positioned with respect to the landing beam, the
voltage across resistor 1308 is equal io the one
adjusted on the potentiometer $84, but of oppo-
site sign, and therefore no D. C. signal 1s applied
to the control grids of the tubes (04, which,
through the switch 3 are connected io the po-
tentiometer 18f and the resistor 180 respectively.
If, however, the ship should be too high or too
low with regard to the landing beam, the voltage
across resistor (38 would be elther higher or lower
than the one adjusted by potentiometer §31, re-
sulting In a variable reversible D, C. potential
being applied to the control grids of the tube 104.
The resistor 118 serves the purpose of exciting
the grids in opposition to each other so that the
D. C. voltage applled to the grids will result in a
varieble reversible D. C. output superlmposed
upon the normal 630 cycle output of tube (084,
The D. C. content of the output of that tube will
defiect the circle trace 12 upward or downward,
as the case may be, thereby Indicating the posi-
tion of the alrcraft with respect to the landing
beam. In flylng practice, the pilot attempts to
direct his airplane so that the small alrplane ple-




fire on the face of the cathode ray indicator
_ lyflying down a tube, the cross section of which
{3 glven by the circle trace (2. The directions
. of deviation of the circle trace from the center
are arranged in such a way that the normal reac-
tlons of the pilot are correctly correlated to the
'motions of the small airplane picture with respect
the circle trace 12.
We have now fully described how the indica-
ons of a number of important flight instruments
e made visible upon the face of the cathode
y tube, but if all of the sighals from all instru-
ents were applied simultaneously to the tube,
e result would be an unintelligible mixture of
thode ray beam traces on the tube. It there-
re becomes necessary to apply the different sig-
als derived from the aircraft instruments to the
éflection plates in rapid and periodical succession
n-such a way that only one of the instruments
inﬂuenCES the cathode ray beam at any given
tstant but all are simultaneously visible due to
the persistance of vision of the human eye and
the persistence of luminosity of the cathode ray
#nsitized screen or face. To accomplish this
purpose, we employ commutating means by which
“Is possible to successively activate certain
oups of tubes while other groups of tubes are
pt inoperative.
A convenient means to make active or inactive
e particular type of tube used in this instru-
ent Is given by the screen grids. If a negative
tential is applied to these grids, the tubes will
ase o be operative and will pass no plate cur-
nt, whereas if a positive potential of, say, 50
60 volts is applied to the screen grids, the tubes
| become active and pass plate current, in such
way as to fulfill their normal functions in the
ntrol circuit. As will be seen from the dia-
am, the common cathode ground i@, shown
by & heavy line in the diagram, is positive with
respect to the negative terminal 4§’ of the high
tage supply due to the voltage drop across
fesistors 122 and (14. Therefore, as the center
points of chokes 133 and (34 are connected to
the negative terminal 49’ of the power supply
and as the screen grids of tubes 60, 66, 82, 83, 88,
104 and 105 are connected to the free ends of
chokes 138 and (34 respectively, it is obvious that
normally the screen grids of these elght tubes
gre negatively bilased with respect to their cath-
odes, rendering the tubes inoperative.
:'The commutating device shown in the dot- dash
box {86 comprises, besides the chokes 133 and
84, a number of transformer windings and gas
ﬁlled electron discharge tubes. We prefer to use
eon filled tubes, but tubes filled with other
ases and having similar characteristics may be

Y

yeles is generated by the dynamotor 84 and con-
ucted to the primary windings 136 and 137 of
ransformers (38 and 139. 'The condenser (46
rves the purpose of disp’acing the phase of the
oltage scross coil 136 90° with respect to the
oltage across coil 137, Hach of the secondaries
181, 182, 143, 144, through serles resistors Is con-
‘nected across one each of the neon tubes 185, 146,
147 ‘and 148 respectively. As soon ag the A. C.
voltage across these neon tubes reaches the so-
‘ealled “striking” potential, these tubes will start
.to pass current. As the voltage drop across such
tubes iIs constant, no further rise in voltage across
.the neon tubes is possible quring the half cycle
ust started, thereby causing the wave form of
.the voltage across the neon tube to appear as a
flat topped or square wave. The voltage across
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tube 145 is added to the voltage across tube 187
and the sum total of these potentials is applied
to the choke 133 and from there to the screen
grids of two pairs of vacuum tubes 60, 66 anqg 82,
83. The voltage across tube 148 is added to the
voltage across tube 148 and the sum total of these
potentials is applied across choke (44 and from
there to the screen grids of two other pairs of
vacuum tubes 88, 89 and {04, {85. The function
of these added voltages is best explained by
means of Pig. 3. a shows the wave form of the
voltage induced in secondary windings (42 and
144 connected to tubes 147 and 148. b shows the
flat topped voltage waves across each of these

. tubes resulting from the particular zction of the

neon tube after starting. The dotted line curve
in part ¢ of Fig. 3 illustrates.the wave form of the
voltage induced in secondary winding 140 and
this voltage is shown as 90° out of phase with the
voltage of curve a. At ¢ furthermore is shown
the flat topped wave form generated across tube
145. Addition of the flat topped waves shown &t
b and c is illustrated at d, showing that squared-

.shaped, sharply outlined impulses are produced

during alternate quarter cycles of wave a. 'This
is the wave form of the voltage applied to chole
{33 and to the screen grids of two pairs of vac-
uum tubes, in such a way that the first impulse
malkes the screen grids of tubes 66 and 68 posi-
tive, while the screen grids of tubes 82 and 83
become negative during the same quayter cycle.
The second impulse has opposite results, so that
each group of tubes becomes operative once every
full cycle for a time interval of less than one guar-
ter cycle. The dotted line wave in part e of Fig. 3
shows the voltage induced in winding 148 .con-
nected to tube 146, and comparison with curve
¢ shows this voltage to be 180° out of phase with
that across tube [45. 'This reversal of phase is
obtained by a reversal of the winding 142 with
respect to winding 141. The addition of voltages
b and e produces the dotted part of the wave
shown at f. The heavily drawn wave in part f
of Fig. 3 is identical with the wave shown at &

- and represents a combination of the waves shown

at b and c. Together the two waves show
sharply defined flat-topped impulses of potential,
one each during each quarter of a full cycle of °
the 60 cycle supply current. Inasmuch as the
heavily drawn portion of the wave at 7 is applied
across choke {33 as explained before, and the
dotted part of the wave is applied across choke
134, it is obvious that all four groups of vacuum
tubes are made operative each during a different
quarter cycle of the 60 cycle supply. During the
remainder of the cycle, the screen grids are either
subjected to the normal negative bias or they are
made more negative. The four different groups
of vacuum tubes which are used to draw gnd con-
trol traces on the face of the cathode ray tube
now draw their particular traces successively one
group at a time. However, as it is impossible to

‘produce vertical inifial rise for the wave f, there

is a short interval of time during which there is
little or no deflecting pctential acting on the
cathode ray beam so that the beam at that time
will be returned to its neutral position in the
center of the tube, thereby drawing the trace of
its return path upon the screen of the cathode
These so-called “brek traces” present
8 very confusing pattern and have to be elim-
inated. Part g .of Pig. 3 shows the interval
during which the cathode ray beam is usefully
employed and interval n shows the time during
which the beam returns to zero and draws a back
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trace. The back trace eliminator 149 consists of
& similar arrangement of neon tubes which, how-
ever, are supplied with A. C. of double frequency
as compared with the commutator (35, which is
described as supplied with 60 cycle A. C. 'This
120 cycle A. C. supply may be provided from the
terminals (60 and 160’ of the dynamotor 3! and
energizes the primary winding (51 of transformer
182, two secondaries of which are energizing two
neon tubes 153 and 184, Phase shifting means of
known design are used in conjunction with their
secondaries s0 that tube 153 receives a potential,
the phase of which is shifted about 10° with re-
.spect to the phase of potential across coil 151,
““While tube 154 recelves a potential which is
shifted about 80° with respect to the potential
geross coll €57, The resulting square-topped
waves are shown in thelr correct phase relation
at o and { in Plg. 3 where o represents the 10°
phese shift of wave k, and » the 80° phase shift
of wave {. If these waves are added together, as
shown in the wiring diagram, a pattern repre-
sented by wave % in Fig. 3 is produced where the
interval g represents about 15° and r represents
about 65° of the total 360° of a cycle. A full wave
rectifier tube 158 in conjunction with a center
tapped choke {86 is used to provide full wave
rectification for & of Fig. 3 so that there appears
across resistor 87 a series of impulses as shown
by pattern I of Fig. 3. The peaks of the impulses,
shown as negative jmpulses at ! appear at the
same place where the intervals n were located.
I5 will be remembered that the interval # was
that time during which the cathode ray beam
draws its back trace. If now, the impulses as
shown at I and as available across resistor 37 are
epplied between the grid and cathode of the cath-
ode ray tube in such a way that the grid 36 is
periodically made negative, the cathode ray beam
will disappear every time one of the impulses
chown at ! is applied. In this way, the back
trace of the beam is completely eliminated snd
the indications of the fiight instruments appear
@g'® number of perfectly clear, well-defined sep=-
arate beam traces on the face of the tube. Due
to the fack that the patterns are drawn by 600
cyele A. C., a number of cycles of the pattern
drawing voltages are completed during the time
.. of actlve operation of the control tubes. The
fact that the sensitized screen of the cathode ray
tube retaing a certain amount of luminosity for
an appreciable time interval after the cathode
ray beam has been extinguished, tends to prevent
Riskering of the beam traces.

Flg. 4 shows the cathode ray beam traces on
the face of the Indicator, as they would appesr
during a landing operation. The airplane is fly-

. Ing fo the left of the course beam and flylng high

., With respect to the landing beam. It is just now
‘engaged in making a clockwise turn, slightly

banked, and descending at the same time in an
effort to steer the alrplane into the center of the
eircle trace, §3.

; *_ Fg. 5 shows a typical pattern of beam traces
! during normal flight. The airplane is flying low
“with respect to the level set on the altimeter 28,

. trace 2. Also, the airplane is just making a
- counter-cleckwise turn, at the same time banking
..8bout 15°, The corresponding motion of the
ourse indicator spot 7 will have to be imagined
a3 being counter-clockwise at the same time.

- A8 meanly changes could be made in the above
dnstruction and meny apparently widely differ-
*ent embodiments of this invention could be mede
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48 shown by the relative position of the ecircle .

without departing from the scope thereof, it is
intended that all matter confained in the abov
description or shown in the accompanying draw
ings shall be interpreted as illustrative and n
in a limiting sense. It should be understood that
the functioning of the control devices for the
cathode ray beam indicator has been explained in
a diagrammatic way only, and that eqnal results
can be obtained with a variety of different means,
all following the same principle. It should be
noted that instead of obtaining bias voltages from
batteries, as generally shown In the diagram,
these voltages are obtained by other well known
blasing devices without in any way changing.the -
performance of the instrument. -

It will be apparent that the cathode ray tube
may be provided with deflecting coils instead of =
deflecting plates, as Is well known. to those skilled
in the art, and wherever deflecting means are
mentioned in the claims, 1t is to be understood
that this term will cover deflecting plates as well
as deflecting colils, s

It also should be understood that the scope of
this invention is not limited to the use of a cath-
ode ray indicator as a flight instrument, It is
possible to use the indicator for other purposes,
where it 1s desired to obtain indications of a plu-
rality of separate signals simultaneously on the
face of the tube. Signals could be derived from
other sources than flight instruments and could

However, no matter what the nature and origin
of the signals, and no matter what the appearance
of the characterisfic beam traces, in all cases the
method used to impress the signals continuously
upon & group of electron discharge tubes and to
produce the different beam traces separately,
periodically and in rapid succession, one at a time,
would be substantially as described above.

It should be noted that wherever the ferm
“filght conditions” is used in the claims, it intends
to lnclude not only the different flight attitudes
of the craft, such as banking, climbing or de-
scending, but also conditions as to positions with
respect to the ground expressed in altitude, as to
turning with respect to the north and as to posi-
tion with respect to a radio course beam and a |
radio landing beam. i

What is claimed Is: i

1. In & cathode ray tube flight indicator for
aireraft, a plurality of flight instruments includ-
ing an altimeter, electronic means adapted to de- - 1
flect the electron beam in a horizontal trace nor- !
mally located along the horizontal diameter of
the face of the tube and indicative of an artificial
horizon, second electronic means adapted to de-
flect said beam in a vertical trace normally lo-
cated along the vertical diameter of said face and
indicative of a turn indicator, third electronic
means adapted to deflect sald beam to form a spot
movable along the periphery of said face and
indicative of a direction indicator, fourth elec-
tronic means adapted to deflect said beam into
& circle normally located at the center of said
face and indidative of the position of the aircrait
as given by sald sltimeter, a common plate sup- :
ply for all of -said electronic means, biasing means !
adapted to normally render inactive said elec- !
tronic means, and electronic commutating means '
to successively and periodically render active one ‘
after the other of said electronic means. ’ 1

2. In a cathode ray flight indicator of the type !

described, electronic means to draw upon the face
of the cathode ray tube a bar trace of fired length




2,268,245

normally positioned along the horizontal diame-
ter of said face to represent the indicator of a
horizon instrument, electronic means for tilting
said bar upon roll of said aircraft, and a third
electronic means adapted to control said first
named electronic means to automatically main-
tain said fixed length of said bar trace when said
trace is tilted by applying a bias voltage pro-
portional to roll.

3. In a cathode ray flight indicator, a gyro-
scopic horizon, -a transverse pick-0off means
therefor including e cylindrical condenser plate
grounded to the artificial horizon structure, two

pairs of interconnected cylindrical condenser

plates concentric and adjacent to said first con-
denser plate, a gimbal ring supporting the horizon
gyro and said two pairs of condenser plates, a
pair of annular condenser plates supported on
said gimbal ring coaxially and concentrically to
the transverse axis of said ring and electrically
connected to said two pairs of condenser plates,
respectively, a housing for said gyro, and a second
_ pair of annular condenser plates substantially
identical to said first named pair of annular con-

denser plates and supported by said case in con-

centric and coaxial relation to said first named
annular plates and in close proximity thereto,
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said first named pair and said second named pair .

of annular plates forming a pair of condensers

adapted to maintain a conducting path for al-

ternating current of constant impedance regard--

less of tilt of said gimbal ring with respect to said
housing,

4. In a cathode ray flight indicator, a gyro-
scopic horizon having a gimbal ring mounting,
transverse condenser pick-off means therefor, in-
cluding a grounded cylindrical condenser plate
carried by said horizon, a housing supporting said
gimbal ring and having a pair of terminals, a pair
of cylindrical segments forming condenser plates
and adapted to differentially engage said cylin-
drical condenser plate, said cylindrical segments
being fixedly and symmetrically mounted on said
gimbal ring in concentric coaxial relation and

closely adjacent to sald cylindrical condenser -

plate, and means of constant impedance to elec~
trically connect said pair of segments to seid pair
of terminals, respectively.

5. In a gyroscopic horizon for cathode ray in- ,
dicators having differential condenser pick-off *

means adapted to generate electrical signals sub-
stantially proportional to tilt in at least one di-
rection of sald horizon, & gimbal ring to support
said horizon for oscillation around one axis, &

frame to support said gimbal ring for oscillation ‘

around an axis perpendicular to said first axuis,
a pair of annular condenser plates fixedly sup-
ported on said gimbal ring in coaxlal and con-
centric relation to the axis of rotation thereof,
and electrically connected to said condenser
‘pick-off means, and a second pair of annular con-
denser plates supported by said frame in con-
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centric and coaxial relation and closely adjacent -

to sald first pair of annular condenser plates, said

~ first and saild second pair of condenser plates "

forming & pair of condensers adapted to main-
tain a frictionless conducting path for alternat-
ing current of constant impedance regardless of
tilt of said gimbal ring around said perpendicular
axis. .

6. In a cathode ray flight indicator, a gyro-
scopic horizon having pick-off means, a gimbal
ring to support said horizon, a frame having two
terminals and adapted to support said gimba)

9

ring, & pair of two element condenser means
having one element each fixed to said gimbe1 ring
and the other element each fixed to said irame,
means to connect said first elemernts to said con-
denser pick-off means, and means to connect
said second elements to sald terminals, said pair
of two element condenser means being adapted to
maintain their impedance constant upon tilt of
said horizon.

7. As a navigational aid, mounted on a com-
mon aireraft, a plurality of instruments furnish-
ing attitude, direction and altitude information in-
cluding an altimeter, means cooperative with said
altimeter for setting a desired reference altitude,
means mounted on said altimeter for creating
potentials. proportional to departure from said
set altitude, a cathode ray tube, supply circuits
therefor, means for repeating the indications of
said several instruments as luminous movahle
patterns on the face of said tube, including means
for drawing a distinctive pattern movable to
represent change of altitude from said set value,
and means for applying the potentials derived
from said altimeter to move said altitude indica-
tion across & common field of view with said
other indications.

8. Apparatus mounted on an aircraft as an
aid in piloting the craft comprising in combina-
tion, a plurality of instruments responsive to
flight conditions, a single cathode ray tube, and
means for transferring the indications of said
instruments to the face of said tubié as simul-
taneously visible distinctive patterns movable in
accordance with the responses of said several
instruments including an A. €, supply, means for
deriving from said supply and applying to the
defiecting means of sald tube potentials adapted
to cause luminous patterns to be drawn on the
face of said tube individually distinctive of said
several instruments, means for translating the
responses of sald several instruments into poten-
tinls adapted to control the positions of the
réspective patterns on the face of said fube In
accordance with said responses, and electronic
commutating means for flashing said patterns on
the face of said tube In sufficlently rapid se-
quence to be continuously visible and for apply-
ing said several position controlling potentials to
the deflecting means of said tube in similar rapid
sequence.

9. Apparatus mounted on an aircraft as an
aid in piloting the craft comprising in combina-
tion, a plurality of instruments responsive to
flight conditions, a single cathode ray tube,
means for transferring the indications of sald
instruments to the face of said tube as simul-"
taneously visible distinctive patterns movable in
accordance with the responses of said several
instruments including an A. €. supply, means for

‘deriving from said supply and applying to the

deflecting means of said tube potentials adapted
to cause luminous patterns to be drawn on the
face of said tube individually distinctive of said
several instruments, means for translating the
responses of sald several instruments Into poten-
tials adapted to control the positions of the re- .
spective patterns on the face of said tube in
accordance with said responses, electronic com-
mutating means for flashing said patteras on the
face of sald tube in sufficlently rapid sequence
to be continuously visible and for applying said
several position controlling potentisis fo the de-
flecting means of said tube in. similar rapid se-
quence, and electronic means for der iving poten-
tials to render sald cathode ray tube inoperative
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in the Interval between the completion of the
drawing of one of sald patterns and the com-
mencement of the drawing of the next succeed-
ing pattern, whereby the sssembly of said lumi-
nous patterns is undistorted by traces intercon-
necting the individual patterns, ]
10. Apparatus mounted on an sircraft as o
piloting aid comprising in combination & plural-
ity of instruments responsive to filght conditions,
& single Indicator of the cathode ray tube type,
4 fzed marking on the face of suid indicator
representing in miniature an airplane a¢ seen in
transverse section including a central circular
fuselage portion with wings extending laterally
therefrom, means for causing the beam of said
cathode ray tube under normsl flight conditions
to trace upon fthe face of said indicator as a
luminous image the outllne of a miniature air-
plane comprising a central circular trace rep-
resenting the fuselage aud a horizontal trace hayv-
ing portions extending laterally from said circle
to represent the wings, said luminous image being
normally closely associated, part by part, with
sald fixed marking, and means for causing the
changed responses of said several instruments
upon departure of the craft from normal fight
conditions to displace said circular snd horl-
zontal traces independently from said normal
positions.
11, Apparatus mounted on an alreraft as a
navigational aid comprising in combination, a
horizon instrument, an altimeter, pick-offs asso-
ciated with said instruments for producing volt-
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ages responsive to the respective indications

thereof, » single cuthode ray tube, s fixed mark-
ing on the face .7 said tube representing in
miniature s transverse section of an airplane in-
cluding a central circular portion. representing
the fuselage and horizontel wing portions extend-
ing laterally therefrom, means for deflecting the
électron heam within said tube %o trace on the
face thereof s horizontal line and a circle, gald
line under norms} filght conditions coinclding
with the wing portion of sald miniature plane and
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said clrcle under normal flight conditions being
concentrle with said fuselage portion, and means
for causing sald pick-off voltages to displace said
line and circle from sald normal positions re-
sponsive to departure of the aircraft respectively
from g horizontal attitude and from a normsl al-
titude, whereby In maneuvering said aircraft to
maintain said line and circle in their norma’ po-
sitions an illustion of Hying said miniature air-
plane is created,

12, Apparatus mounted on an aircraft as a
navigational ald comprising in combination, a
horizon instrument, a radio recelver furnishing
an output proportional to horizontal deviation of

5 the craft from a radio beam, a radio receiver

furnishing an output proportional to vertical
deviation of the craft from said beam, pick-offs
associated with said horizon instrument for pro-
ducing voltages responsive to the indications
thereof, a single cathode ray tube, s fixed mark-
Ing on the face of sald tube representing in
miniature a transverse section of an airplane in-
cluding a central circular portion representing
the fuselage and horizontal wing portions ex-
tending laterally therefrom, means for deflect-
ing the electron beam within said tube to trace
on the face thereof a horizontal line and g circle,
sald line under normal flight conditions coin-
ciding with the wing portion of said miniature
plane and said circle under normal filght condi-
tons being concentric with said fuselage portion,
means for causing voltages derived from sald
pick-offs to displace sald line from its normal
position responsive to departure of the aircraft
from & horizontal attitude, and means for cals-
Ing the outputs of said receivers to displace said
eircle respectively horizontally and vertically
from 1ts normal position responsive to departure
of the alreraft from said radio beam wherehby
in maneuvering said aircraft to maintain said
lne and circle in thelr normal positions an illu-
slon of Aying said miniature airplane is ereated.
FRANCIS L, MOSELEY.
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