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Re. 22,704

UNITED STATES PATENT OFFICE

AIRCRAFT FLIGHT INDICATOR AND
CONTROL SYSTEM THEREFOR

‘¥raneis L. Moseley, Osborn,
Sperry Gyroscope Company, Inc.,

Ohio, assignor to
Brooklyn,

N. Y., a corporation of New York -
Original No. 2,262,033, dated November 11, 1941,

Serial No. 101,274, September 17, 1936.

Ap-

plication for reissue December 14, '1?43, Serial

No. 514,261
42 Claims.

This invention relates; genetrally, to aircraft
instruments and the invention has reference,
more particularly, to a novel aircraft flight in-
dicator that conveniently and clearly indicates on
its face flight information heretofore shown on
the faces of a plurality of separated instruments.

The gradual increase in the accuracy and num-
ber of aircraft instruments over a period of years
has greatly improved the art of flying until to-
day blind flying, or flying entirely by instruments,
is an accomplished fact. However, great diffi-
culty is experiericed by pilots in trying to simul-
taneously observe and intelligently follow the in-
dications of a number of important instruments
while maneuvering their craft at the same time
in response to the various indications of such
instruments, and this is parttcularly true when

Jmaking blind landings. While watching one in-
strument, the pilot fails to see changes in the in-

dications of other instruments, with the result ¢

that proper maneuvering of his eraft is almost
impossible, especially when landing as when fol-
lowing a radio landing beam or beams,

The principal object of the present invention is
to provide a novel aircraft flight indicator and
control system therefor that operates to clearly
indicate on a single instrument face all of the
immediate flight information needed by the pilot
while fiying, whether diring normal fiight, or
while following a directional ra_dio beam, or while
landing as by means of radio beams, directional
beam and a radio landing beam.

Another object of the present invention lies in
the provision of 4 novel flight indicator and con-
trol system therefor of the above character that
is so constructed and arranged as to present
flight informatién by indications that simulate,
as far as practicable, the actual attitude or orien-
tation of the craft with respect to a reference
point or points, for example, the horizon and the
meridian, in such a manner that the indications
may be readily understood and interpreted by
reason of their distinctiveness and coordinated
movement. ]

Still another objéct of the present invention
is to provide a hovel flight indicator and control
system of the above character wherein a cath-
ode ray tube is employed for giving the desired
indications, suitable control potentials being sup-
plied from electrical pick-off devices provided on
the various conventional instruments whose indi-
cations are to be given by the instrument of the
present invention, means being provided for ap-
plying the same in sequence by means of a com-
mutating device to the cathode ray tube, thére-

(CL 250—11)
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by preventing any interference between said po-
tentials: the design of sald electrical pick-off de-
vices and the manner of applying said control
potentials to the c¢athode ray tube béing such as
to produce the desired types of indicationis and
changes of indications on the flilorescent screen
of said cathode ray tube. o
A further object of the present invention lies
in the provision of a novel aircraft flight indica-
itor of the above character that is adapted to be
fnounted on the instrument board of an aifcraft,
thereby enabling a plurality of instiumerits 16 be
removed from such board, if desired, thereby
oreatly simplifying the board, said instrumerts
being instailed in any convenient lodation on the
craft, electric leads extending from such instru-
ments to the fight indicator of this invention
serving to convey the indications of such instru-
ments to the flight indicator for reproduction by
the latter. v X
Still another object of the present invention
is to provide a novel aircraft flight indicator and
control system therefor of the above character
that is So constructed and arranged as to enable
duplicate indicators or repeaters to be operated

. theérefrom, said repeaters being located at any
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desired point or points of the eraft.

Other objects and advantages will become ap-
parent from the specification; taken in connec- "
tion with the accompanying drawings wherein
the invention is embodied in-concrete form.

In the drawings;

Fig. 1 is a schematic view illustrating the novel
flight indicator of this invention, including typi-
cal connections of other instruments-to the same.

Fig. 2 is a wiring diagram of the flight indica-
tor and control system therefor; the said diagram
iliustrating the use of electromagnetic pick-off
means from certain instruments.

Fig. 3 is a vertical, part sectional view of & di-
réctional gyro provided with an electromagnetic
pick-off that may be employed; and also show-
ing remote controlled caging and setting means
for the gyro. o )

Fig. 4 is a vertiéal, part sectional view of an
artificial ot gyro-horizen provided with an elec-
tromagnetic pick-off. _ _

Fig. 5 is a vertical, part sectional view of a turn
indicator provided with an electromagnetic pick-
off, .

Figs, 6, 7 and 8 are schematic views of the face
of the flight indicater, showing the indications
of the instrurient under varying conditions of
flight. ] )

Fig. 9 is a wiring diagram of the flight indica-
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for and somewhat modified control system there-
for, the said diagram illustrating the use of ca-
pacity pick-off means from certain instruments.

Similar characters of reference are used in all
of the above figures to indicate corresponding
parts. . :

Referring now to Fig, 1 of the drawings, the

reference numeral | designates the novel air--

craft flight indicator of this invention, which
indicator is adapted to be mounted on the pi-
lot’s instrument board or at any other conven-
ient location in the aircraft. The indicator |
comprises g front panel 2 provided with a cir-
cular aperture for accommodating the sensi-
tized end or face of a cathode ray tube or osecillo-
graph 3. The face of tube 3 is provided with an-
nularly disposed indications 4 corresponding to
degree or compass markings for Use in conjunc-
tion with the cathode beam spot 7 in determining
the bearing or course of the
.aligned horizontal lines 5 and 5 marked on the
tube face indicate the transverse axis of the air-
craft and are used in conjunction with a trans-
verse cathode beam line or artificial horizon line
'8 for indicating pitch and roll of the craft, where-
‘as vertically extending markings 6 and 6’ are
used in conjunction with a vertical cathode beam
line § in indicating turngs of the craft. The cen-
ter of the circular tube face is provided with an
opaque or black spot 0 around which extends
a circular cathode beam line i1 that cooperates
with spot 10 in indicating whether or not the
craft is properly on a radio course or landing
beam, or both. A cathode beam intensity knob {2
and a focussing knob 14 are provided on the jower
‘half of panel 2. A switch | 5 for controlling the
caging and setting of the directional gyroscope
and an off and on switch {6 are also provided
on panel 2:* ©
" The indicator 1 is connected by an electrical
cable 11, containing a number of leads, to 5 de.
‘tecting, amplifying and commutating apparatus
-18 that may be located at any convenient place
‘on the craft and breferably adjacent the instru-
ments whose indications are to he Portrayed by
‘the indicator of this invention. A branch cable
U1 is illustrated as extending from cable I
for the purpose of controlling additional or re-
‘peater indicators’ (not shown) " similay to indi-
“cator | and located in other parts of the craft,
‘Should- such additional indicators be -desired,
The apparatus 18 is connected by suitable cables
or leads, as shown, to the various conventional
‘rate and attitude instruments (see “Instrument
. Flying,” by Howard C. Stark) whose indications
-are 'to be consolidated and portrayed by the in-
dicator I. ‘These instruments are shown as in-
cluding a turn indicator | 9, a directional gyro
or compass 20, a gyro or. artificial horizon 21,
a radio course beam receiver 22, a radio landing
‘beam receiver 23 and an air speed indicator 24.
Although these instruments are shown in the
drawings as they might appear upon the pilot’s
instrument board, it is to.be understood that the

Same need not be mounteq upon the instrument -

‘beard, thereby greatly simplifying the latter, but
“m’ay be conveniently installec_l in a box or cab-

- are to be portrayed by indicator |, these instru-
ments may be skeletonized, if desired, i. e, all
non-essential parts' of the instruments may be
omitted, Including their indicating faces and op-
erating pointers or members, thereby reducing
the cost thereof. ) L

craft. Short, heavy, -
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In the wiring diagram of Fig. 2, leads 25 supply
single phase A. C. to g transformer or transformer
means 26 having a plurality of secondary wind-
ings. One secondary winding of transforiner 2§
supplies current through leads 27 to the pick-off
energizing coils 28, 29 and 30 of pick-off devices
Or means associated with the directiona] gyro,
the gyro horizon and the turn indicator, respec-
tively. These instruments together with their
pick-off devices or means are respectively shown
in Figs. 3, 4 and 5. The coil 28 (see also Fig, 3)
is mounted on the central pole of a five pole core
3( having the remaining four poles distributeg
at right angles to one another about the central
pole. The core 81 is carried by the directional

-gyro housing 38 and the central bole of this core

carries the upper bearing pivot pin 37 of the
vertical gimbal ring 38 concentrically therewith.

One pair of diametrically opposite poles of core
3l is provided with coils 32 and 32’ that are
connected in series with one another and with
the primary winding of an input transformer
33. Similarly, the remaining pair of diametri-
cally opposite poles is brovided with coils 34
and 34’ that are connectéd in series with one
another and with the primary winding of an
input transformer 35.

A circular disc 35 of magnetically conducting
material such as soft iron is fixed on top of ver-
tical ring 39 somewhat eccentrically to the pivot
pin 31 and is positioned just under the poles
of core 31. Due to the eccentric mounting of
disc 36, the magnetic coupling provided there-
by between the energized coil 28 and the respec-
tive outer coils 32, 32’,-34, 34’ varies as the cas-
ing 38 turns with respect to the vertica] ring
39, i. e., as the course of the craft changes, and"
hence the voltage outputs of the pairs of coils
32, 32’ and 34, 34’ varies as the course changes
50 that the voltage inputs to the transformers
33 and 35 correspondingly varies,

The secondaries of transformers 33 and 35
are connected to the grids of thermionic meang
disclosed as comprising detector-amplifiey or
balanced modulator tubes 40 and 4(. Each of
‘these tubes produces in its output a direct cur-
rent voltage of magnitude and polarity deter-
mined by the magnitude and phase of the input
A. C. supplied to itg respective input transform-
er. These two direct current outputs are con-
nected through synchronously driven arms 50
and 55 of commutators 42 and 43 to the verti-
cal and horizontal deflecting plateg 44, 44’ ang
45, 45’ of the oscillograph 3, so that for any po-
sition of the directional gyro a spot T (Fig. 1)
is produced near the beriphery of the face of tube
3 in the proper position to indicate the craft’s
course on the scale 4.

Thus, when relative movement takes place be-
tween the directional gyro and the craft, the
magnetic coupling between coi] 28 and coils 32,
32’ is altered and the voltage generated in the
latter coils is fed through Input transformer 33
and the grids of double triode tube 40.in push
pull to equal resistors 46 and 46’. An A C.
plate voltage is supplied from one termina] of
2 secondary winding of transformer 26 through
a lead 47 to the point of connection of resistors
46 and 46’ ang through these resistors to the
plates of tube 40, the other secondary winding
terminal being connected through ancther lead
417 to the tube cathodes.

* When the signal voltage from coils 32 and 32¢
is zero, the D. C. voltage drops across resistors 4§
and 46’ are equal and opposite and the D. C. volt-
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en ‘fhe otter ‘terminals 48 and 48’ ‘of
: : s'zero. However, When the signial
‘ trom coils ‘32 ‘and 32’ “is other -than Zero,

hige HELW
e “resistors 1

Yoltdge from co ,

‘the Gutputs of the plates of tube 40 “afe‘ho 10Hger
ariced, one 'of ‘the ‘tube plate circuifs having‘a
latger current output than ‘the ‘other depending
‘tipon ‘the -direction -of tfiirning of -disc 36, so that
‘tHe “Voltages across vosistors 46 ‘and 46’ dre no
‘nger “équal ‘and a ‘met D. ‘C. ‘voltage -appéars
‘gcFoss \points ‘48 ‘and 487, -Condenser 5T-smodths
out this net D. C. voltage. ‘Point ‘48 is*connected
"By Tead ‘49 'to’'segment ‘A of° comidutator ‘42, con-
‘tact arm 50 thereof,'and lead 51 tothe upper ver-
‘tica) “déflecting plate ‘44, ‘whereas ‘point 48’ is
‘¢oninécted by leads 52 #nd 53 to theloweér vertical
“deflecting ‘plate “44’. Thus, -the ‘yoltage ~across
‘poirits 48 and ‘48’ appears across vertical deflect-
‘Irig “pldtes 44 ‘and "44’. -Resistance ‘58 is a-grid
-léak Tesistor- common-to both ‘grids of tube40.
__-Similarly, a ‘voltage “appearing ‘across’ coils® 34
“and‘34 is fed ‘to transformer-35, ‘that-appliés the
‘sanie’to the grids: of theérimionic ‘means- disclosed
“a’s “comprising “detector=amplifier "or -balanced
‘todulator tube'41 so that a'D.-C. voltage appears
‘aeros ‘the output resistors 46 -and 46" of ‘this
“tube. The plate-cathode ¢ireuit of tube#41 is sup-
‘plied*with-A.-C. from transformer 26 by ledds 82.
“Thie-ol ter terminal 62-of resistor-46 is connected
‘to'terminal 48’ ‘and by ‘leads-52 and-§3 to-one of
‘the *horiZontal “deflécting -plates, ‘whereas the
“outer ‘termirial -82' - of resistor 46" "is conneécted
By “ledd 54 “to “segmernt A of ‘commutator 43,
‘through contact arm55 and lead 56 to-the other
‘horizontal deflecting ‘plate 45. Thus, the D. C.

‘Horizontal -deflecting plates 45-and 45’ ‘and this
“Yoltage, together ‘with that across plates 44 and
~44, acts to"s0 deflect the ‘cathode ray beam when-
“ever-arms 50 and ‘55 engage: segments-A-as to
“prodiice the 'spot 1 of-Fig. 1, which®spot- moves
-around-in‘a circular’ path-adj acént' scale 4 as the
-course ‘'of the -craft is changed- so - that spot T,
‘when’ Tead upon scale 8, serves to-indicate’the
“course of the craft at any time.

“The’ commutator-arms 50 and'55-are attached to
“g,*shaft-59 driven by
“Theispeed of shaft 98 is preferably such that-the
“sipply’ ¢lirtent passes’ through a complete cycle

while 'arims*80 ‘or- 5% are in engagement with-any
iprietof -the segments A to-D ‘of the-commutator,
‘the-persistance-of vision ‘of the observer-of spot
{7 gerving’ to make this spot-appear to-be-con-
‘tintuous’ although actually it is thrown upbn the
I Aiorescent: screen: of the tube 3-at regular: rapid

“jntervals-through- the action of arms-50-and-55 :

“and commutators 42 and 43.

““The gyro or-artificial horizon is also équipped
“With-two pairs of -pick-off devices including- coils,
“érie of which- pairs serves to produce a signal de-
“pending ‘on’ whether the nose of the plane-is-up
“ or down,” and-the other ‘of which ‘serves to show
“whether-or not the wings are level. A fixed-A.-C.

signal or voltage obfained from transformer’ or
“transformer means 26 is -passed’ through -com-
- mutator 43 and applied to the horizontal deflect-
“jng-‘plates 45, 45" to: produde the straight horizon

lifie or bar'8. This A. C. voltage is‘supplied from
- phe lde of a secondary of transformer 26 through
‘orie 1ead 64, segment D of commutator 43,-arin
+5§-and lead 56 to-plate
* gide ‘of stich secondary through the other lead 64,
/jead 52-and lead 53 to the plate’ 45’ thereby-pro-
~dueing‘line 8.

"7fhe Bar or line 8 is‘moved up or ‘down-as-the:

“hose of the craft moves down or-up by ‘use- of-a

‘yoltage ‘acfoss’ points 82 and 62’ appears across -

45, and from the other-

(=]

10

15"
“similar ‘to cofe 31 and fixed to the gyro horizon

20

25

D, €. voltage applied to the “vettieal -Heflectine

 plates-through commutator 42, This D."C. voli-

age is obtained from 'the ‘rectified and ‘phase de-
tected -output ‘of ‘one -pair of gyro horizon’ pick-
off coils turning with, the-craft about ‘a“trans-
verse axis thereof. The other pair ‘of‘gyro hori-
zon pick-off coils turn with ‘the craft “about ‘a
longitudinal ‘axis ‘thereot ‘and produce an-A. C.

‘stgrial voltage-that is detected and amplified ‘and

applied ‘through-the commutator 42 to ‘the ver-

tical ‘deflecting ‘platés in Such-a way as-to’cause

the ‘horizch bdr ‘to §ilt to -sitnulate ‘the “tilting

‘of the wings of the craft from the horizontal.

Thus, ‘the ‘pick-off “energizing coil 29 of ‘the
gyro horizon is mounted on a five pole core 61
housing ‘65 as shown in Fig.'4. ‘Coils €3-and 63’
on & pair’ of opposite poles of core &1 are adapted

‘to ‘turn ‘with the craft ‘about ‘g 'transverse ‘4xis
‘thereof, i. ,
‘horizon. A’ spherical’ segment-61°of magnetically

e., the transverse “axis of ‘the gyro

“conducting material-is carried by the ‘gyro hori-

Zon rotor beéaring casing or frame ‘68 ‘concen-

‘trieally ‘with’the rotor axis theéreof #nd s posi-
‘tiohed under ‘the poles of core 61,

the- center of

' eirvature of the spherical surface of segmenit 87

30

o
B2

40

-3 synchronous motor 80.

-respect to-the other pair

60

‘former 16, léad 64, lead 52

"1at the apparent motion of

-amplifier tube means
- are’ supplied with.a D. C., 1.

béing ‘at the point of intersection of the gimbal

bearings 66 and “68 of the gyro horizon. "The
pole faces of core’61 lie in“an‘imagi‘nary-'spherical

“surface having the same center-of curvature -as

tHe surface of segment81.
The pitching of the craft shifts the ségiment 67
with respect to coils 63 and 63"-to produce a- sig-
nal voltage of reversible phase and variable'mag-
nitude that is supplied through ‘an’ input trans-

- former ‘10 to the grids of thermionic ‘mieans ‘dis--

closed as comprising detector-amplifier 6r modu-
lator tube T1, theéreby producing ‘geross points 12
and 12’ a variable magnitude, ‘reversible 'D.’ C.
voltage that is applied by lead 14 'through’ the
secondary of transformer 13, segnient ‘D, "and
arm 50 to vertical deflectirig plate 44 of “tibe '3
and by lead 15 through the secondary of trars-
and lead 53 to the
commion point- of plates 44’ and 45’ and hence 1o
plate 44’, Thus, when the nose of the “eraft
rises and-falls, the bar or line 8, acted upon by
D. C. potentials on plates 44 and 44’ derived from
tlibe T4, is caused to be lowered or raised to simu-
) ‘ the horizon.

The roll of the craft shifts the segment 67 with
of coils ‘78.and 18’-on
core 61 to produce a signal voltage of reversible
phase and variable magnitude that-is .supplied
through transformer 19 to a thermionic push pull
80. The plates of tubes 80
e., rectified-A. €.
potential by means of tube Tl-also serving:as-a
rectifier. This will be apparent when it is noted
that-the plate-cathode circuit of tube- 71 is sup-
plied with ‘A.-C. from transformer -26 through
leads 83-and that connected in this .circuit - is--a

- filter ‘consisting of condenser 84 and resistance

65

85 so that the operation of tube TI causes 3 D.-C.
potential to be supplied - through lead-36 ‘to-the

s centér point of the primary winding- of - output

-transformer 16 and thence to the plates of:tube

70

-boating™ of tube

.80. 'The grids of tube 80 are connected through
‘Jead 8T and thegrid bias resistor 88 to lead-83.
. Resistanice 89 and the condenser g0’ serves:as‘a

degenerating network to' eliminate ahy “motor-
80 -due to possible variations in

“its plate potential and grid bias.

75

-Thus‘tube 80 serves to’ supbly an amplified ver-
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slon of the reversible phase, variable magnitude
A. C. signal voltage supplied by coils 18 and 18’
* to the secondary of transformer 16. One side of
the secondary of this transformer is connected
through lead 15, point 72’ to point 72, lead 14
through the secondary of transformer 13, seg-

ment D, arm 50 and lead 5i to the vertical de-

flecting plate 44. The other side of the second-
ary of transformer 76 is connected through leads
64, 52 and 53 to the vertical deflecting plate 44’,
Since the voltage output of amplifier 80 is in
bhase with the voltage supplied through leads 64
" to produce line 8, the addition of these voltages
vectorially causes the horizon bar or line 8 to tilt
in accordance with the tilting of the wings of
the craft so that the line 8 gives all of the indi-
cations of the horizon bar of the gyro-horizon,
The vertical cathode beam line 9 (Fig. 1) is
traced by A. C. supplied from transformer means
26. A lead 91 supplies the potential at one point
of a secondary of transformer 26 through seg-
ment B, arm 5§50 and lead 51 to one vertical de-
flecting plate 44, whereas the potential of an-
other point of this transformer secondary is con-
nected through lead 64, lead 52 and lead 53 to
the other vertical deflecting’ plate 44°, thereby
causing the line 9 to be traced on the face of the
tube 3. In order to cause the line 9 to shift or
move from side to side corresponding to the turn~
ing of the plane, a suitable A, C, signal voltage
is picked off the turn indicator |9 and, after de-
tection and amplification, is applied to the hori-
zontal deflecting plates 45 and 45 as a D. C.
control potential. C
The turn indicator pick-off energizing coil 30 is
.. mounted on a three pole core 93 (see Fig. 5) hav-
ing its three poles arranged in g line with coil 30
on the center pole. Core 93 is fixed to the turn
indicator housing 94. Coils 95 and 95’ on the
remaining poles of core 93 and coil 30 are in-
ductively related to a cylindrical segment 96 of
magnetically conducting material carried by the
Ting or rotor bearing frame 97 that is Jjournaled
for oscillation about a horizontal axis 98, the
rotor 99 being journaled for rotation on ring €1
on an axis extending at right angles to axis 98,
The turning of the craft causes segment 96
to shift with respect to coils 95 and 95" to pro-
duce a signal voltage of reversible phase and

variable magnitude that -is supplied through an ’

input transformer (00 to the grids of thermionic
means disclosed as comprising detector-ampli-
fler or modulator tube | 01, thereby broducing
across points 102 and 102’ a variable magnitude,
reversible D. C. voltage. Point 102 is connected
by lead 103 through segment B, arm 55 and lead
56 to one horizontal deflecting plate 45 of tube
3, whereas point 102’ ig connected through leads
15, 64, 52 and 53 to the other horizontal deflect-
ing plate 45’, )

Thus, when the nose of the craft turns to the
right or left, the vertical line or bar 9, acted
upon by D. C. potentials on plates 45 and 45’ de-
rived from tube (01, is caused to be moved to the
right or left with respect to the central mark-
ing 6 to indicate the turn. o

In case the air speed of the craft should fall

10
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below a predetermined safe minimum, the air -

Speed indicator 24 or a Pitot tube actuated bel-
lows is employed to close a pair of contacts 104
(see Fig. 2), thereby connecting leads 27 through
a pair of leads 105 to a phase shift network 106,
10T supplying a transformer 13 having one ter-
minal of its secondary connected through lead
14, segment D, arm 50 and lead 51 to vertical

70

22,704

deflecting plate 44, while its other terminal is
connected through leads T4, 15, 64, 52 and 63 to
plate 44’, This out of phase voltage serves to
distort the bar 8 into an ellipse such as shown
at 8’ in Fig. 6, thereby serving as a warning to
the pilot to immediately increase the engine
throttle opening. It will be apparent that in-
stead of distorting the line 8 into an ellipse, the
Same may be distorted into other shapes by a
properly applied out of phase voltage of the same
or different frequency.

Sections C of the synchronously driven com-
mutators 42 and 43 serve to switch the tube 3 to
the radio course ang landing beam circuits. A
fixed voltage is obtained from transformer 26
and separated into two components 90° apart,
which, when applied to tube 3, produces the small
circle 11 surrounding the black spot 10 (see Fig.
1) in the center of the screen. ‘'Lhis circle 11 is
moved horizontally by use of a D, C. voltage add-
€d in series with the horizontal deflecting plates
to indicate departure of the craft from the radio
beam. This D, C. voltage is the rectified output
of the radio course beam receiver. The radio
beam circle is moved vertically by means of g
D. C. voltage added in series with the vertical
deflecting plates to show departure of the craft
from a radio glide landing beam, This D, C. volt-
age is obtained from the landing beam receiver
output. Thus, to produce the circle I1 alead 109
connects one end of a secondary of transformer
26 through a condenser 110, section C, arm 55,
and lead 56 to horizontal deflecting plate 45,
while the other horizontal deflecting plate 45° is
connected through lead 53, lead 52, lead 64, and
lead {11 to the center tap of the secondary, there-
by applying an A. C, potential to these plates
in phase with the supply. An equal A. C. volt-
age shifted in phase 90°, however, is provideg by
use of a condenser-resistance phase shift net-
work {i2 connected to the ends of the secondary
winding, this voltage being supplied through lead
113, condenser 114, section C, arm 50, lead 51 to
one vertical deflecting plate 44, the other vertical
defiecting plate 44’ being connectedq through lead
53, lead 52, lead 64 and lead (i1 to the center
tap of the secondary. These 90° out of phase
signal voltages by vector addition produce g
sweeping beam that describes the circle 1. ‘

When the craft departs laterally from the
radio direction beam course, the reversing D. C.
indications, normaily fed to the zero center meter
of the conventional course beam receiver 22 (Fig.
1), are fed through the D. C. amplifier tube |15
and added in series with the circle drawing volt-
age being fed the horizonta] blate 45 of tube 3,
thus deflecting the circle i1 from side to side,
indicating .the departure of the craft from the
radio course. This addition voltage is applied
across condenser 110 in lead {09, The plates of
tube 115 are supplied from g Secondary of trans-
former 26 through lead 11§ and equal resistors
HTand 11T,

Similarly, when the craft departs from .the
radio landing beam, the reversing D, C. indica-
tions normally fed to the zero center meter of
the conventional radio landing beam receiver
23 (Fig. 1) are fed through the D. C. amplifier
tube 118 and added in series with the circle draw.
Ing voltage being fed the vertical plate 44 of
tube 3, thus deflecting the circle Il up and
down, indieating the departure of the craft from
the landing beam course, ‘This addition volt-

. age is applied across condenser 114, 'The plates

of tube (I8 are supplied from g Ssecondary of
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transformer 26 through lead {19 and equal re-
sistors 120 and 120’ ‘

Figs. 6 to 8 show the indicatiens of the in-
strument under varying operating -conditions of
the craft. Thus, in Fig. 6, the craft’s course is
40°, the ship’s nose is up as when climbing, and
since the horizon bar 8 has opened up into an
oval, the craft has fallen below the predeter-
mined safe minimum air speed and ‘hence is
about to stall. The line 9 in central position
shows that the craft is moving straight ahead
and the circle i{ concentric with spot 10 shows
that the craft is on the radio beam -course .and
radio landing beam course. In Fig. 7 the nose
of the craft is down, the course is 130°, the craft
is moving straight ahead and is on both radio
beams., In Fig. 8 the nose of the craft is up in
making a climbing turn, the craft being off both
the radio course beam and the radio landing
beam, :

With the synchronous motor 60 driving the
commutators 42 and 43, there would ordinarily
be a back trace on the screen of tube 3, which
back trace is drawn by the electron beam in its
passage from one indication to the next. This
back trace is annoying and is eliminated by
cutting off the electron beam during the transi-
tion period. To do this, a commutator 122 is
employed having its segments E respectively
aligned with the gaps of commutators 42 and
43. Segments F are connected together and to
the control grid of the cathode ray tube 3 by
leads 123 and (24. Rotating arm 125 driven
from motor 60 is connected to the “out” end
of potentiometer 126 by lead 1271, so that when
arm 125 engages one of the segments E it con-
nects the tube control grid to the “out” end
of potentiometer 126, thereby so increasing ‘the
negative bias on the tube grid that the cathode
ray beam is momentarily shut off -during -each
transition period, In Fig. 2 of the drawings,
all heater connections have heen omitted for
the sake of simplicity, and the means for sup-
plying filament, plate and focussing potentials
for tube 3 have been grouped together in the
box 130, since the same are entirely -conven-
tional.

In the event that the several instruments
whose indications are portrayed by the instru-
ment of this invention are located at a point
remote from the pilot’s dash, such as in a box
or cabinet at another point of the craft, then
remote control means must be provided for cag-
ing and setting the directional gyroscope from
the pilot’s position. To accomplish  this, the
panel! 2 is provided with the switch 5. When
switch 15 is turned one notch from off position,
it completes a circuit through leads 133 for g
suitable motive means, such as a solenoid 131
(see Fig. 3), thereby causing this solenoid to
move its core 132 to the right in Fig. 3 against
the tension of spring {34 into the position shown
in this fizure. Such inward movement of the
core 132 moves a gear 135 into mesh with a gear
136 on the base of the verfical ring 89. At the
same time a conica] recess 137 in gear 135 serves
to centralize a pin {38, thereby raising a collar
139 and lifting pin 149 and locking arm i to
effect the caging of the gyro.

Switch 15 is now turned another notch, there-
by completing a circuit through leads {42 to a
motor 143, causing this motor to operate through
gearing 44 to turn core 132 and gear 135, and
hence gear 136, thereby turning the vertical ring
and gyroscope in azimuth. The fturning 'of the
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gyroscope will cause spot 7 to move around in &
circular path adjacent scale 4 of the flight indi-
cator on the pilet’s dash, so that when the read-
ing -of spot T on scale 4 corresponds to the read-
ing of the magnetic compass, the pilot turns
switch 15 off, thereby stopping the motor 142,
deenergizing solenocid 131 and uncaging the gyro
due to the action of sprinz 184 in retracting
gear 135. Patent #1,946,6567 to Zand shows
a. manual caging and setting means using the
mechanism shown within the lewer part of
housing 38.

‘In the form of the invention shown in Fig, 9,
electrostatic pick-off or pick-off means from
the directional gyro, the gyro horizon, and the
turn indicator are employed in lieu of the elec-
tro-magnetic piek-offs shown in the preceding.
figures, thereby minimizing the possibility of co-

- ercion. Similar parts of Figs. 9 and 2 are simi-
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larly numbered and some parts, such as the
drive for the commutators, have been omitted to
simplify the drawings. In Fig. 9 the directional
gyroscope is provided with an  eccentrically
mounted grounded condenser plate disc 3§’ in-
stead -of the magnetic dise 36 of Figs. 2 and 3.
Disc 38" cooperates with diametrically arranged
pairs of segmental condenser plates 146, 146" and
147, {47’ that are carried by the gyro housing
and are disposed about the disc 36’ in the same
manner as the poles-of core 31 in Fig. 3.

Condenser plates (46 and 146’ are connected
to input coils 148 and 148’ in circuit with trim-’
mer condensers 151 that are in turn connected -
to the grids of thermionic means -disclosed as
comprising a detecter-amplifier or balanced
modulator tube 149. A coupling coil (50 is in-
ductively related to coils 148 and 148’ and is.
supplied -with a high frequency alternating cur-
rent from an oscillator 51 through leads 152,
the oscillator being supplied in turn from the
transformer 28’ energized from leads 25. Coil
{50 induces current in coils 148 and 148’ and
the voltage across either of these coils may be
varied at will by tuning them toward or away
from resonance either by varying the capacity
between condenser disc 36’ and plates {46, 146"
or by adjustment of the trimmer condensers 151..
Preferably, the condensers 151 are so adjusted
that when the capacity between disc 36’ and
plate 146 is equal to that between disc 36’ and
plate {46’, then the voltage across each of the
coils 148 and 148’ is half way down its res-
onance curve, Thus when disc 36’ turns in re-
sponse to the turning of the craft so as to cause
disc 36’ to cover a greater portion of plate 146,
for example, and hence a lesser portion of plate
{46, then coil 148 will be brought nearer to
resonance while coil 148’ will be turned further
from resonance. Hence, the voltage applied
to the upper grid of tube 149 will increase while
that applied to the lower grid of this tube will
decrease, :

Alternating current of commercial frequency
is supplied to the plate-cathode circuits of tube
149 through external leads 158 connected, pref-
erably, to a secondary (not shown) of transform-
er 26’. A resistor 153 connected between a lead
{58 and the tube cathodes serves to bias tube
149 as a detector and, hence, as the voltages
applied to the grids of tube 149 are oppositely
varied, the plate currents drawn through out-
put resistors 154 and 154’ will be unequal, so
that with the aid of smoothing condenser 155 a

- net D. C. voltage will appear across points 156

%

~and [96’.

This D. C. voltage is applied through
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one vertlcal plate 44 of oscillograph 3, and
through lead 53 to the other vertical plate 44’
of tube 3 just as described in connection with
Fig. 2 of the drawings. A bias filter condenser
189 is used in conjunction with bias resistor 153
and a blocking condenser 160 is inserted between
ground and the points of connection of condenser
159 and resistor 153.

Condenser plates 147 and I41’ of the direc-
tional gyro are similarly connected to a detector-
amplifier tube or thermionic means 161, the out-
put of which provides variable magnitude D, C.
voltages across points 156’ and 162. Point 162
is connected through lead 54, commutator 43,
arm 55 and lead 56 to horlzontal deflecting plate
45, whereas point 156’ is connected through lead
53 to the other horizontal deflecting plate 45’
As the craft moves relative the directional gyro
due to a change of course, the output voltages
of the detector-amphﬁers appearing across
points 156, 156’ and 162 are proportional to the
deflection of the ship from course, and these
voltages applied to the four deflecting plates of
tube 3 act to deflect the beam by the vector sum
of these voltage components, thereby producing
the spot T (Fig. 1) which, when read on scale 4,
accurately indicates the shlps course just as 1n
the previous form of the invention,

The gyro horizon is fitted with a condenser
plate having the form of a grounded spherical
segment 61’ that cooperates with pairs of dia-
metrically arranged segmental condenser plates
163, 163’ and 164, 164’, so carried by the gyro
housing that as the craft pitches or rolls, oppo-
site sets of plates are energized to unbalance the
output of the amplifiers associated therewith.
Thus, if plates 163, 163’ are on a longitudinal
axis of the craft, the pitching of the craft will
cause these plates to be differentially affected
and the output of the connected thermionic de-
tector-amplifier 165 unbalanced, thus producing
a D. C. voltage across points IES and 168’, which
voltage is communicated from point 166 through
section D of commutator 42 to the vertical axis
or plate 44 of oscillograph tube 3, and from point
166” through the secondaries of transformers 167
and 168 and leads 169 and 53 to the vertical plate
44’. Thus, this D. C. voltage applied to the ver-

tical axis of the tube will raise and lower what- 5

ever indication is present on the horizontal axis.
This indication is a straight transverse line pro-
duced by an A. C. voltage on horizontal deflect-
Ing plates 45 and 45" so that as the nose of the
craft rises, the transverse line corresponding to
the horizon falls, and vice versa. The A. C. volt-
age producing the artificial horizon line 8 (sce
Fig. 1) is supplied from a secondary of trans-
former 26’, one side of this secondary being con-
nected through lead 170 and section D of com-
mutator 43 to plate 45, the other side of the
secondary being connected through leads ITI, 169
and 53 to the plate 45’.

When the wings of the craft are tilted, plates
1864 and 164’ are differentially affected, thereby
causing the plate circuits of thermionic detector-~
amplifier 172 to draw unhequal currents through
the equal halves of the primary of transformer
187, across which a condenser 113 is connected to
bypass R. F. An A. C. voltage is thus produced

in the secondary of transformer 167, which volt- .

age Is connected to add in series with the D. C.
voltage applied to the vertical axis of tube 3
from detector-amplifier 185. This A. C. voltage
is arranged to be directly in phase with the A, C,
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lead 49, commutator 42, arm 50 and lead 51 to

voltage producing. the horizon line 8 and hence
adds vectorially with the latter to produce a tilt
in the horizon line or bar proportional to the
departure of the wings or transverse axis of the
craft from the horizontal.

The electrostatic or capacity pick-off from the
turn indicator is accomplished by use of a
grounded semicircular condenser plate (74 at-
tached to ring 97 on axis 98 (see Fig. 5) and

“cooperating with diametrically disposed seg-

mental condenser blates 175, (15’ carried by the
gyro housing, which plates are connected as in
the previous pick-off to the grids of thermionic
detector-amplifier 1716. As the turn indicator

- operates, tube 176 produces at points 177 and 11T

variable magnitude, reversible D. C. voltages that
are communicated from point (71 through lead
118 and commutator 43 to horizontal deflecting
plate 45 and from point {71’ through leads 169
and 53 to plate 45’. Thus, a D. C. voltage is
present in the horizontal axis of the tube 3 which
will deflect whatever image is being placed on
the tube face by the vertical plates by an amount
proportional to the rate of turn. The vertical
axis of the tube 3 is synchronously supplied with
an A. C. voltage from a secondary winding of
transformer 26°. This A. C. supply is by way
of lead 179 through commutator 42 to vertical
plate 44 and by way of leads I7f, 169 and 53 to
vertical plate 44°, thereby producing the vertical
line 8 of Fig. 1. Hence line 9 will be deflected
transversely in one direction or the other as the
craft turns. When a turn is completed, the turn
indicator will return to normal, the detector-
amplifier 178 will be balanced so that no deflect-

" ing voltage is supplied to the horizontal axis of
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the tube 3, and the A. C. voltage across the ver-
tical plates will return to its central position on
the tube face or screen.

Means similar to that shown in Fig. 2 is pro-
vided for distorting the artificial horizon line or
bar when the air speed falls below a predeter-
mined value. Thus, in Fig. 9, the bellows 1880
connected to a Pitot tube is fitted with contacts
181 in circuit with an A. C. source, such as a
secondary of transformer 26’, and a phase shift-
ing condenser and resistance combination or net-
work 182, the out of phase output of which .is
fed through transformer 188 for application to

-the vertical plates of tubes 3 synchronously with

the application of the remaining horizon bar
voltages.

From the foregoing description it will be seen
that I have provided a showing on the face of a
cathode ray tube of indications of the attitude or
orientation of the craff, about climb and bank
axes, as furnished by the gyroscopic horizon, an
indication of heading or orientation in azimuth
from the directional gyroscope, an indication of
direction and rate of turn from a rate of turn
gyroscope, and an air speed indication, all of

‘which indications are actuated from instruments

on the craft. In addition, I prefer to show on
the same cathode ray tube an indication or indi-
cations of the position in space of the craft in
azimuth and elevation with respect to a radio
landing beam or beams.

To this end, means is provided in Fig. 9 for
producing the small circle 1! surrounding the
black spot {0 (see Fig. 1) in the center of the
screen. This means is similar to that of Fig. 2
and hence will require but a brief description.
The center tap of a secondary winding of trans-
former 26’ is connected through leads 183, ITI,:
169 and 53 to the common of the honzontal and .




- 22,704

vertical deflecting plates of fube 3. An end of
the secondary winding is connected through lead
184; in series with the output of the course beam
receiver, lead 185, commutator 43 to the other
horizontal plate 45, so that the horizontal plates
are supplied with a fixed A. C. voltage equal to
one half the output of the transformer second-
ary. At the same time the vertical plates of
tube 3 are supplied with an A. C. voltage of
equal magnitude but shifted in phase -90°, this
supply being through lead 186 in series with the
output of the landing beam receiver, lead 187,
potentiometer 188, lead {89 and commutator 42
t0 one vertical plate, and also through leads 183,
1714, 169 and 53 to the other vertical plate there-
by producmg the circle 1.

If the craft departs from its course, the re-
versible D. C. output of the course beam receiver
supplied through terminals {80 will cause the

circle |l to imove transversely to indicate such o

departure. In a similar manner, the radio circle
Il could be moved vertically across the face of
the indicator tube by means of reversible D. C.
voltages from the output of a landing beam re-

ceiver as described in connection with Fig. 2, the ;

receiver operating in response to a directional
slanting beam received by a directional loop oper-
ating in a vertical plane. If, however, the fleld
is fitted with a landing beam transmitter ar-

ranged to supply the Department of Commerce :

“bent beam,” a different arrangement of voltage
supply to the vertical axis of the indicator tube 3
is necessary and such an arrangement is illus-
trated in Fig. 9. This bent type of beam is fol-

lowed on a constant intensity basis and hence the :

- rectifled output of the landing beam receiver is
shown supplied through terminals 194, potenti-
ometer 188 and battery 197 to the vertical de-
flecting plates of tube 3. Potentiometer 188 is so
adjusted as to place the radio circle 11 in the
exact center of the screen when the outpui of the
landing beam receiver is at its reference level.
If the craft should then start to fly too high, for
example, it will move nearer the center of the
beam and the signal strength will increase, thus
driving the circle {1 downwardly on the screen of
tube 3. On the other hand, should the craft
start to fly too low, the received signal will de-
crease and the bucking voltage supplied by bat-
tery 187’ through potenticmeter 188 will drive
the indicating circle | | upwardly.

Rectifier tube 193 and condenser {94 serve as
rectifier and filter, respectively, for the plate and
focussing potentials of tube 3. Leads 208 supply
filament current to the cathode of tube 3. The
control grid 195 of tube 3 is shown connected
through resistor 198 to potentiometer 197. Ad-
justment of this potentiometer conirols the bril-
liance of the cathode ray trace spot. Commu-
tator 122 is also provided in this form of the
invention and serves to increase the value of the
negative potential applied to the control grid 195
at the instant when commutators 42 and 43 are
switching from one indication -to another. By
this means the electron beam is cuf off durme
commutation and the back trace, or unwanted
lines connecting the several indications, is-elimi-
nated. Focussing grid 198 is supplied with the
proper potential and controlled from potentiom-
eter 199.

Although the novel flight indicator is shown
as adapted to simultaneously portray the indica-
tions of some half dozen instruments, it is to be
understood that the .indications of a lesser or
greater number of instruments may be so por-

7 8

trayed, if desired, by use of suitable pick-offs
similar to those illustrated and by the proper
detection, amplification .and application of the
desired voltages through the commutating means
to the deflecting plates of the cathode ray tube 3.

As many changes could be made in the above

. construction and many apparently widely dif-
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ferent embodiments of this invention could be
made without departing from the scope thereof,
it 'is intended that all matter contained in the
above description or shown in the accompanying
drawings shall be interpreted as illustrative and
not in a limiting sense.

It will be apparent that the cathode ray tube
may bhe provided with deflecting coils instead of
deflecting plates, as is well known to those skilled
in the art, and the expression ‘“deflecting plates”
in the following claims is to be understood as also
covering deflecting coils.

What is claimed is:

1. In an aircraft flight indicator ada.pted to
indicate the readings of a plurality of instru-
ments on a single face, a plurality of instruments,
electric pick-off means associated with said in-
struments for producing variable magnitude, re-
versible phase potentials in accordance with the
indications of said instruments, means for sup-
plying said pick-off means with A. C., thermionic
detector-amplifiers for receiving the reversible
phase and variable magnitude potential outputs
of said pick-up means and for producing D. C.
output control potentials, a cathode ray tube, and
‘commutator means for applying said D, C. control
potentials in desired sequence to the deflecting
plates of said tube.

2. In an aircraft indicator of the character de-
scribed, a cathode ray tube having vertical and
horizontal deflecting plates and a fluorescent face,
means for intermittently applying an alternat-
ing potential to said vertical plates and for
synchronously applying an alternating potential
of the same magnitude but displaced 90° in phase
to said horizontal plates to thereby produce a
circle at the center of said fluorescent face, means

5 for intermittently applying an alternating po-

tential to said vertical plates to produce a straight
vertical line at the center of said face, means
for intermittently applying an alternating poten-
tial to said horizontal plates to produce a straight
horizontal line ‘at the center of said face, said
straight lines intersecting one another and said
circle at the center of said face, and means for
applying additional potentials to said plates to
cause said circle and lines to move over said face
in accordance with the attitude of the aircraft.

3. An aircraft indicator as defined in claim 2,
wherein means is provided to apply an out of
phase A. C. potential to said vertical plates syn-
chronously with the application of said hoeri-
zontal line producing A. C. potentials to said
horizontal plates when said craft falls below a
predetermined air speed, whereby said straight
horizontal line is distorted to indicate such mss
in air speed.

4. In an aircraft indicator of the character de~
scribed, an aircraft compass, electrical pick-offs
from said compass, on.two mutually perpendicular
axes, a .cathode ray tube having vertical and
horizontal deflecting plates and a fuorescent
face, compass markings disposed around said
face, and means connected to said pick-off for
intermittently applying D. C. control potentials
to said vertical plates and for synchronously ap-
plying D. C. control potentials to said horizontal
plates, whereby a.spot having an annular path
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of motion throughout 360° adjacent said com=
pass markings is caused to appear on said face,
said means being controlled so-that said spot
at any time, when read upon said compass mark-
ings, corresponds to the bearing of the aircraft.

5. An aircraft flight instrument, the combina-
tion with a radio receiver and an attitude indi-~
cating device showing both roll and pitch atti-
tude, of a single instrument face, cathode ray
means for indicating upon said face a plurality
of separate aircraft indications, one of said indi-
cations having the appearance of a circle for
indicating a radio beam path, and a second indi-
cation having the appearance of a horizon line
for indicating both pitch and roll of the craft,
said one indication being derived from said radio
receiver and the second from said attitude indi-
cating device, and means for independently mov-
ing said indications in accordance with the in-
dications of said corresponding instruments. ..

6. An aircraft flight instrument, the combina-
tion with a radio receiver and a rate of turn
indicating device, of a single cathode ray tulpe
and means for indicating upon the face of said
tube a plurality of separate aircraft indications,
said indications being movable with respect to
‘a common center cn said face, one of said indi-
cations being derived from said radio receiver
and another from said rate indicating device.

7. In combination, a plurality of aircraft indi-
cating instruments, electrical pick-off means as-
sociated with said instruments, a circular screen,
means for projecting a luminous pattern on said’
screen constructed of elements normally sym-
metrical with respect.to the center thereof, said
elements corresponding respectively to and being
distinctive of the indications of said several in-
struments, means for projecting said elements
sequentially at a rate which causes them to be
simultaneously and continuously visible, and
mearis responsive to the potentials generated by
said electrical pick-offs for causing said pattern
elements individually or in combination to move
in accordance with change of the indications of
said instruments from their normal values,
whereby said pattern is caused to become unsym-
metrical with respect to the center of said screen.

8. In an aircraft flight. indicator adapted to
indicate the readings of a plurality of instru-
ments on a single face, a plurality of instru-
ments, electric pick-off means associated with
said instruments for producing variable magni-
ture reversible phase potentials in accordance’
with the indications of said instruments, means
for supplying said pick-off means with A, C,
thermionic detector-amplifiers for receiving the
reversible phase variable magnitude potential
-outputs of said several pick-off means and for
producing D. C. control potentials, a cathode ray
tube having fixed markings on its face, commu-
tator means for applying said D. C. control po-
tentials in predetermined, sequence to the de-
flecting plates of said tube, means for applying
A. C. potentials to said commutating meang for
application in predetermined sequence to the de-~
flecting plates of said tube to produce continu-
ously visible luminous markings on the face
thereof corresponding to and distinctive of the
indications of said instruments, and means for
applying certain of said D. C. control potentials
to change the position of said luminous markings
with respect to said fixed markings.

. 9. In an aircraft flicht indicator adapted to
indicate the readings of & plurality of Instru-
ments on a single face, a plurality of instru-.
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ments, electric pick-off means associated with
said instruments for producing variable magni-
tude reversible phase potentials in accordance
with the indications of said instruments, an A. C.
supply, means for exciting said pick-offs there-
from, thermionic detector-amplifiers for receiv-
ing the reversible phase variable magnitude po-
tential outputs of said pick-off means and for
producing D. C. control potentials therefrom, a
cathode ray tube, commutator means for apply-
ing said D. C. control potentials in desired se-
quence to the deflecting plates of said cathode
ray tube, means for supplying A. C. potentials
derived from said supply to the deflecting plates
of said tube in proper phase relationships to
cause distinctive markings to be traced on the
face of said tube, and means for applying certain
of said D. C. potentials to the deflecting plates
of said tube to position said distinctive markings
in accordance with the indications of said several
instruments. :

10. An aircraft flight instrument for simulta-
neously and continuously indicating rate of turn
and attitude, comprising the combination with
a rate of turn indicating device, an attitude indi-
cating device, a cathode ray tube, and common
means for indicating upon the face of said tube
a plurality of separate indications without inter-
ference therebetween; one of said indications be-
ing derived from said rate indicating device and
another being derived from said attitude indi-
cating device.

11. An aircraft flight instrument responsive to
attitude sensitive devices providing as simulta-
neously and continuously visible luminous mark-
ings on the face of a cathode ray tube indi-
cations of the attitude of the aircraft with respect
to three mutually perpendicular axes of rotation.

12. The combination with an aircraft horizon
instrument having a horizon bar indicator and
pick-off means on two mutually perpendicular
axes, of a cathode ray tube, a pair of plates for
deflecting the electron-beam thereof in a hori-
zontal direction, a pair of plates for deflecting
said beam in a vertical direction, a source of
A. C., means for applying an A. C. potential
derived from said source to said pair of hori-
zontally directed deflecting plates to produce a
luminous line on the face of said cathode ray
tube representing the horizon bar of said hori-
Zon instrument, means for exciting said pick-
offs from said A. C. source, means for deriving
a variable magnitude, reversible polarity D. C.
control potential from the output of the said
pick-off on one of said axes, means for ‘applying
said D. C. potential to said vertically deflecting
plates to position said horizontal line in accord-
ance with the position of the horizon bar on said
horizon instrument,

13. The cormbination with an aircraft horizon
instrument having pick-offs on two mutually per-
pendicular axes thereof, of a cathode ray tube, a
pair of plates for deflecting the electron beam
thereof in a horizontal direction, a pair of plates
for deflecting said beam in a vertical direction,
a source of A. C., means for applying an A. C.
potential derived from said source to said pair of
horizontally deflecting plates to produce a nor-
mally horizontal luminous line on the face of
said cathode ray tube, means for exciting said
pick-offs from said A. C. source, means for ap-
plying an A. C. potential proportional to the out-
put of the said pick-off on one of said axes to said
vertically deflecting plates in phase with the po-
tential applied to said horizontally deflecting:
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pldtes, whereby said horizontal line is caused to
tilt to a position determined by the vector sum
of the potentials applied to said two pairs of de-
flecting plates.

14, An aircraft navigational instrument com-
prising in combination, a cathode ray tube hav-
ing a circular face, means for causing the elec-
tron beam of said tube to trace a luminous circle
normally concentric with the face of said tube,
means for causing said circle to be displaced from
its central position to the right or left in accord-
ance with the departure of the craft from the
center of a radio directional beam, means for
causing said circle to be displaced from its cen-
tral position upwardly or downwardly in accord-
ance with the departure of the craft from the
center of an inclined radio landing beam, means
for causing said beam to trace a luminous straight
line visible simultaneously with said circle, said
line being normally substantially coincident with
horizontal diameters of said tube face and of said
concentric circle, thereby forming a distinctive
pattern normally centralized on said face, and
means responsive to change of attitude of the
craft for displacing said line from said position of
coincidence with said horizontal face diameter.

15. An aircraft navigational instrument com-
prising in combination, a cathode ray fube, an
anniular scale on the face thereof, means for
causing the electron beam of said tube to pro-
duce a luminous spot as an index readable on
said scale, means for positioning said spot rela-
tive to said scale in accordance with the course of
the craft, means for causing the electron beam
of said tube to trace a normally straight hori-
zontal luminous line normally centered on .the
face of said tube, means for displacing said hori-
zontal line upwardly or downwardly from its cen-
tral position responsive to pitch of the craft,
means for rotating said line from the horizontal
responsive to roll of the craft, means for distort-
ing said line when the air speed of the craftfalls
below a predetermined value, means for causing
the electron beam of said tube to trace a normal-
ly vertical luminous line, normally centered on
the face of said tube, means for displacing said
vertical line to the right or left of its.central po-
sition in accordance with the rate of turning of
the craft, means for causing the electron beam of
said tube to trace a luminous circle normally con-
centric with the face of said tube, means for caus-
ing said eircle to be displaced from its central po-
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sition to the right or left in accordance with de- -

parture of the craft from the center of a radio
directional beam, means for causing said circle to
be displaced from its central position upwardly
or-downwardly in accordance with the departure
of the craft from the center of an inclined radio
landing beam, and means for causing said several
luminous markings to be flashed in rapid sue-
cession on the face of said tube, whereby the
persistence of vision of an observer renders said
markings simultaneously and .continuously. vis-
ible.

16. In combination, mounted on an aircraft,
a plurality of aircraft flight instruments, means
cooperating with said instruments for producing
potentials corresponding to and varying with the
indications of said instruments, and a single indi-
cator for simultaneously and continuously indi-
cating the information provided by all of said
instruments on a single face, said indicator com-
prising a cathode ray tube having beam deflect-
ing means, and means for successively applying
said potentials in rapidly repeated sequences to
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said deflecting means for producing continuously
visible luminous ma.rkmgs on the face of ‘said
tube, each movable in accordance w1th the indi-
cations of its respective instrument, distinctive
markings being produced for simultaneously por-
traying on one faee the information supplied by
each of said several instruments.

17. In combination, mounted on‘a coramon air-
craft, a plurality of aircraft instruments and a
single aircraft flight indicator for furmshmg in-
dications of said instruments, said mdlcator com-
prising a cathode ray tube having beéam deflect-
ing means, means for applying potentials in rapid
succession to said deflecting means for causing
the cathode ray beam to produce continuously
visible markings on the face of said tube corre-
sponding to and simulating the various movable
indicating members of said instruments, individ-
ual electrical pick-off devices connected wn;h saxd
instruments sensitive to changes of inchcatlon
thereof, individual electrical transmission cn'cults
connected therewith, and thermionic means con-
nected with said pick-off transmission circuits and
responsive to the outputs of said plck-oﬁ‘s for-sup-
plying ¢ontrol potentials to sald deflecting means
for actuating said markings in accordance
changes in the indications of ‘said instruments.

18. In combination, a course indicating air-
craft instrument, electrical pick-offs .on tWO mu—
tually perpendicular axes thereof commuta,ting
means, thermionic amplifying and rectifying
means for receiving the outputs of said’ elecf, cal
pick-offs and for producing D. C. control’ poten—
tials for delivery to said commuitating means,
a cathdde ray tube havmg two pairs of' deﬁec ng
plates conriected to said commutating means,. sa.id
pairs being mutually perpendicular, whereby the
control potential derived from one of said pick-
offs due to operation of said instrument is suc-
cessively and rapidly applied to one pair of said
plates and the ‘control potentidal derived from the
other pick-off is similarly applied to .the other
pair of said plates, said intermittent .operation
oceurring at a rate which causes -an apparently
continuous indication to be produced -by sald
éathode ray tube positioned on the face thereof in
accordance with the relative magnitudes of said
two potentials. )

19, In an aircraft flight indicator adapted to
indicate the readings of a plurality of instruments
on a single face, a plurality of instruments, elec-
trical pick-off means associated with each of said
instruments for producing variable magnitude re-
versible phase potentials in accordance with the
indications of said instruments, an A. C. \sup_ply‘
means for exciting: said pick-offs. therefrom, ther-
mionic detector amplifiers for receiving .the-.re-
versible phase and variable magnitude potential
outputs .of said several pick-off means .and .for
producing D. C. variable magnitude reversible po-
larity coxntrol potentials therefrom,.a.cathode.ray
tube, commutator means for applymg one:of said
D. C. control potentials and an A. C. potential
proportional to the eutput of one of-said pick-offs
through said commutator means to -one pair.of
defiecting plates, and means for applymg the A.C.
supply simultaneously through said. commutator
means to other plates of said tube.

20. An aircraft navigational instrument com-
prising in combination a cathode.ray tube, means
for .causing the electron beam of said tube.to
trace .a normally straight horizontal luminous
line, means for causing said beéam: to trace a. ver-
tical line visible simultaneously with said first
line, said two lines normally intersecting perpen-
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dicularly at the center of the face of said tube to
form a cross, and means for altering said cen-

tralized cruciform pattern as to form and posi- .

tion responsive to change of attitude and to turn-
ing of the craft including means for displacing
said horizontal line upwardly or downwardly
from its central position responsive to pitch of
the craft, means for laterally tilting saidline
about its center responsive to roll of the craft,
and means for displacing said vertical line to the
right or left of its normally central position re-
sponsive to the rate of turning of the craft about
a vertical axis.

.21, In combination, a plurality of mdlcat-
ing instruments, means for producing revers-
ible polarity D. C. potentials proportional to the

several indications thereof, a cathode ray tube,

means including a commutator for applying said
D. C. potentials in rapid succession to deflecting
plates of said tube, an A. C. supply, means for
supplying 'potentials derived from said supply to
deflecting plates of said tube in rapid succession
through said commutator, and means for gen.
erating and applying through said commutator
potentials to render said tube inoperative in the
intervals between the application of said A. C.
and D. C. deflecting potentials.

22. An aircraft navigational instrument as
claimed in claim 20, having means for distorting
said horizontal line responsive to loss of the criti-
cal air speed of the craft.
© 23. In combination, aircraft instruments re-
sponsive to attitude, rate of turn and position of a
craft relative to a radio beam, means for gen-
erating potentials responsive to the indications
thereof, a circular screen, means for projecting a
luminous pattern on said screen normally sym-
metrical with respect to the center thereof, said
pattern including as elements an internal cross
having vertical and horizontal limbs and an ex-
ternal circle concentric therewith, means for pro-
jecting said pattern elements sequentially at a
rate which causes them to be simultaneously and

continuously visible, means for displacing said:

cross responsive to said attitude and rate of turn
potentials, and means for displacing said circle
responsive to said radio indication potentials
whereby said pattern is caused to become un-
symmetrical with respect to the center of said
screen with changes of indication of said in-
struments.
"-24. As a navigational aid, mounted on a com-
mon aircraft, in combination, a plurality of flight
instruments indicating attitude of the craft and
direction of flisht, means for obtaining potentials
proportional to the indications of said several
instruments, a cathode ray tube having a beam
controlling element -and beam deflecting means,
and A. C. supply, a plurality of segmental com-
mutators, a beam controlling commutator having
its segments aligned with gaps between segments
of said first named commutators, said several
. commutators being synchronously d¢riven by com-
mon means, meahs for applying said instrument
potentials and potentials derived from said sup-
ply to the deflecting means of said tube in de-
sired sequence through at least one of said first

named commutators to draw patterns on the face -

of said tube distinctive of said several instru-
ments and to move each of said patterns from a
reference position, and means for applying poten-
tials to the control element of said tube through

said beam controlling commutator to prevent dis-
fortion of or undesired 1nterconnect10n between
said pa,tterns
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25. Apparatus mounted on an aireraft for aids
ing in piloting the craft comprising in combi-
nation, a plurality of instruments having elec-
trical outputs altered by departure from normal
flight conditions, a single cathode ray tube, means
for applying potentials to said tube adapted to
deflect the beam therein in a manner causing in-
dividually distinctive patterns to be traced on the
face of said tube representative of said several in-
struments, commutating means for causing said
several patterns to be flashed on said face in suf-
ficiently rapid sequence to be simultaneously vis-
ible as distinctive indications, fixed indexes de-
fining the normal positions of said patterns un-
der normal flight conditions, said first named
means including means for independently de-
flecting each of said patterns from its normal
position with respect to its index in accordance
with and responsive to changes in the respective
outputs of said instruments, whereby departure
from a desired condition to which any of said
instruments is sensitive is immediately indicated.
' 26. Apparatus mounted on an aircraft as a
navigational aid comprising in combination, a
plurality of instruments responsive to and having
electrical outputs variable with departure from
normal flight conditions, a single cathode ray
tube, means for applying potentials to said tube
to deflect the beam therein in a manner causing
individually distinctive patterns to be traced on
the face of said tube representative of said several
instruments, commutating means for applying
said potentials in rapidly repeated sequences to

_ cause said patterns to be simultaneously visible,
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said several patferns collectively constituting an
assembly formed and positioned under normal
flight conditions for symmetry about horizontal
and vertical lines passing through the center of
the face of said tube, and means for causing the
outputs of said instruments under abnormal flight
conditions to displace said patterns and thereby
destroy the symmetry of said assembly relative
to said lines.

27. Apparatus mounted on an aircraft as a
navigational aid comprising in combination a
plurality of instruments responsive to flight con-
ditions, a single cathode ray tube, and means for
transferring the indications of said instruments
to the face of said tube as simultaneously visible
individually distinctive patterns, said means com-
prising means for deriving and applying to said

-tube control potentials suitable for tracing said

patterns, pick-offs associated with said instru-
ments for translating the indications thereof into
electrical potentials, each of said pick-offs includ-
ing a pair of non-contacting cooperative members
relatively displaceable in accordance with the in-~
dication of the instrument with which said pick-
off is associated, means for exciting said pick-offs
for obtaining therefrom control potentials suit-
able for controlling the positions of said patterns
on the face of said tube in accordance with the
displacements of said members, and commutating
means for applying said several control potentials
to said cathode ray tube in rapidly repeated se-
quences for causing said patterns to be simultane-
ously visible and independently positionable.

28. Apparatus mounted on an aircraft as a
navigational aid comprising in combination a
plurality of instruments responsive to flight con-
ditions, a single cathode ray tube, and means for
transferring the indications of said instruments
to the face of said tube as simultaneously visible
individually distinctive patterns, said means com-
prising means for deriving and applying to said
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tube. control: potentials.suitable.for tracing. said::

patterns, pick-offs: associated witls said:instru~-. .

ments, each: of said pick-offs including.a. pair of:
electrical - circuits : having: potentials. induced.;
therein by.an-exciting: source; and means.for. dif+.
ferentially varying said :induced. potentials.in ae=.
cordance,: with - the . indication:of ; the: instrument .
with: which: said pick-ofl ;is:associated;; means:for::
~ obtaining from said dnduced. potentials.a:.control..

potential suitable for:positioning on the face of
said tube the pattern distinctive of the instru-
ment with which said pick-~off is associated, and
commutating means for applying said several con-
" trol potentials to said cathode ray tube in rapidly
repeated sequences for causing said patterns to
be simultaneously visible and independently posi-
tionable. )

29. In the guiding of an aircraft to a landing
field, the method which comprises producing on
the aircraft a plurality of visual images indica-
tive by their positions with respect to each other
of the position and attitude of the aircraft, and
substantially simultaneously controlling the posi-
tions of said plurality of visual images in accord-
ance with energy radiated from the landing field
and with energy developed on the aircraft to in-
dicate the position of the aircraft with reference
to a preselected approach path and the orienta-
tion of the aircraft with respect to a plurality
of its axes, )

30. In the radio-aided guiding of an aircraft
carrying a gyroscopic device indicative .of an
orientation factor, the method which comprises
producing on the aircraft a plurality of visual

images indicative by their positions with respect:

to each other of the position and the orienta-
tion of the aircraft about a plurality of axes, and
controlling the positions of said visual images in
accordance with said gyroscopic device and with
energy radiated from the landing field.

31, In the operation on an aircraft of guiding
apparatus including an electronic tube having
a screen and voltage-controlled means for pro-
ducing images on the screen, the method which
comprises forming first, second and third images
on the tube screen, moving the first image verti-
cally in accordance with the pitch of the aircraft
and angularly in accordance with bank of the

craft, moving the second image laterally in ‘ac-.

cordance with the turn or yaw of the aircraft,
and moving the third image vertically and lat-
erally in accordance with the location of the air-
craft with respect to a preselected path of travel.

32. In apparatus for guiding an aircraft to a
landing field, the combination with a cathode ray
tube, and means for producing a plurality of vis-
ual images substantially simultaneously on the
screen of said tube, of means responsive to en-
ergy radiated from the landing field for displac-
ing at least one of said images vertically and
laterally from a predetermined location to indi-
cate the location in space of the aircraft with
respect to a predetermined flight path, and means
responsive to an attitude-indicating device on
the aircraft for controlling the displacement of
another of said images to indicate the orienta-
tion of the aircraft.

33. Guiding apparatus for use on aircraft com-
prising a cathode ray tube, means for producing
a plurality of continuously visible images on the
screen of the tube, means including a radiant
energy receiver for displacing one of said images
in accordance with the position of the aircraft
with respect to a preselected course of flight, and
means including a gyroscopic device for displac-

1]

ing-another image.in:-accordance:with therattis.
tude:of :the aircraft:

34. Guiding:apparatus.as-claimed:in-claim:33;
wherein said]ast:means:includes means :for:-de=-

. veloping.a:voltage.that varies: with the piteh:of:

" the.aircraft:.
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35: Guiding apparatus.as.claimed-in iclaim:33;:
wherein :said::last:means:includes.:means:forvdes ..
veloping a voltage:that:varies.with:the-yaw:of*
the aircraft.

36. Guiding apparatus for use on an’ aircraft
comprising a cathode ray tube having vertical
deflecting means and horizontal deflecting
means, means including a receiver responsive to
energy radiated from a landing field and a gyro-
scopic bank-and-climb indicator for producing
a plurality of sets of control voltages proportional
respectively to factors indicative of the position
and the attitude of the aircraft, and commutat-
ing means for impressing said sets of control volt-
ages in sequence on said deflecting means at a
rate resulting in the production of a plurality
of continuously visible images by the tube.

37. Guiding apparatus for use on aircraft
comprising a cathode ray tube having vertical
and horizontal deflecting means, means for im-
pressing on said deflecting means control volt-
ages proportional to the displacement of the air-
craft from a preselected course of travel, means
for impressing on said deflecting means a con-
trol voltage proportional to the departure of the
direction of travel of the aircraft from a pre-
selected course, and means for impressing on
said deflecting means control voltages propor-
tional to the bank and the climb attitude of the
aircraft.

38. In apparatus for guiding an aircraft hav-
ing gyroscopic orientation indicating devices,
meang controlled by said devices for producing
voltages varying with the orientation of the air-
craft with respect to a plurality of its major axes,
and means responsive to radiations emanated
from a landing field to produce voltages varying
respectively with the vertical and the horizontal
displacements of the aircraft from a preselected
path of travel.

39. In the operation on an aircraft of guiding
apparatus including an electronic tube having a
screen and voltage-controlled means for pro-
ducing images on the screen, a receiver respon-
gsive to radiant energy reaching the aircraft
from a landing field, and an orientation indicat-
ing device; the method which comprises pro-
ducing on the screen of the tube a plurality of
continuously visible images, producing by said
receiver and said indicating device control volt-
ages that vary with the location and the orienta-
tion, respectively, of the aircraft, and controlling
the position of each of the continuously visible
images on the tube screen by said control volt-
ages. : :

40. In the guiding of an aircraft to a landing
field, the method which comprises producing on
a fluorescent screen on the aircraft a plurality
of continuously visible images indicative by their
positions on the screen of the position and at-
titude of the aircraft in space, and controiling
the positions of said images in accordance with
energy radiated from the landing field and in
accordance with energy developed on the air-
craft, to indicate the position of the craft with
respect to a predetermined approach path and
the attitude of the craft with respect to a plu-
rality of reference axes.

41, In the guiding of an aircraft carrying a
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gyroscopic device indicative of an orientation
factor, the method which comprises producing
on a fluorescent screen on the craft a plurality
of continuously visible images indicative by their
locations on the screen of the position and
orientation of the aircraft, and controlling the
location of said images in accordance with said
gyroscopic device and in accordance with en-
ergy radiated from the landing field.

42. In the operation on an aircraft of guid- jq

22,704

ing apparatus including a. cathode ray tube, &
receiver for crossed beams radiated from a land-
ing fleld, and a gyroscopic device; the method
which comprises producing on the cathode ray
tube a plurality of continuously visible images,
and selectively controlling the displacements of
the several images in accordance with electrical
voltages developed respectively by said receiver
and by said gyroscopic device.
FRANCIS L. MOSELEY.




