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This invention relates to a navigational aid primarily intended
for high speed relatively short range aircraft s.ch as fighter interceptors.

The speed at which todey's fighter aircraft operate makes time-
proven navigational position plot of little consequence. The fighter pilot
is concerned mainly with the point to which he is going and the base which
he has left rather than with any knowledge of his instantaneous ground
position.

In the past instruments have been made which indicate to the pilot
a form of chart reference showing by the intersection of cross wires super-
impcsed cn a semi-chartlike reference the position of the point to which
the aircraft is going and by means of another indicator the aircraft's
position in relation to the crose wires. This type of indication has met
with a limited amount of success since clearly the pilot of a high speead
aircraft does not wish to concern himself with scale changes of reference
or with precision positioning of the aircraft indicator with the cross wires
or with remembering the scale to which he is working.

Accordingly the present invention provides a navigapional aid
adapted to receive as a first input the analogue of the Cartesian co-
crdinates of a selected geographical reference relative to a map grid datum;
as a second input; the analogue of aircrsft true air speed; as a third
input the anelogue of aircraft heading; and as fourth and fifth inputs the .
analogues of wind speed and wind direction, means for summing the input
analogues to produce a difference signel analogous to the instantaneous
value of the Cartesian coordinates of the selected geographical reference
relative to the aircrafts air position, means for converting the difference
signal into analogues of polar coordinastes of instantaneous range and
instantaneous bearing of the aircraft relative to the selected geographical
reference and means for utilizing the generated last signal tc position a
reference pointer to visually indicate the instantaneous bearing to the

selected geographicsl reference and to position means to visually indicate
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the instantaneous range »f the aircraft to the selected geographical
reference.

Preferably, means are provided to position compass card means to
visually indicate the heading of the aircraft, and wherein differential
means are provided to position the said bearing pointer in super imposition
on the compass card means whereby to indicate the position of the selected
geographical reference relative to the map grid datum.

Preferably a plurality of geographical references, or stations,
may be selected by means of a station selector device which provides out-
puts of analogues of Cartesian coordinates of a number of selected geo-
graphical references relative to single mep grid datum.

It is a feature of the present invention that the reference
pointer which visually indicates the instantaneous bearing and the means
which visually indicates the instantaneous range may be cut off from their
input sources, reset manually to be in accordance with the known range and
bearing to the geographical reference and then at the pilot's discretion,
the device may be caused to re ject hitherto ass.med information with regard
wind speed and wind direction and & new wind speed and direction be com-
puted by comparing the inputs to the device with the corrected presentationy
alternatively the device may be caused to reject air data information, and
by causing it to be compared with the corrected bresentation, cause the
computer to accept the corrected presentation as a new sair plot position.

The following is a description by way of example of one
embodiment of the present invention, reference being had to the accompany-
ing drawings in which:

Figure 1 is a block schematic diagram and

Figure 2 is a functional schematic diagram of the electrical
layout of the invention and comprises Figures 2A, 2B, 2C, 2D, 2E, 2F, 2G,
2H. A composite Figure 2 is obtained by considering Figures 24, 2B and 2C

one beneath the other to form the right hand side of the diagram; Figures 2D

- 3- '
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and 2E one beneath the other to the right of and in trim with Figures
2B and 2C respectively, and Figures 2F, 2G and 2H one beneath the other
to the right of Figures 2B and 2C with Figures 2G and 24 aligning
respectively with Figures 2D and 2E.

The instrument besically comprises a station selector 10,
(Figure 1), 2 wind unit 11, en air unit 12 and a panel-mounted display
unit 13.

The statlon selector 10 is a push-button panel~mounted
instrument which is cartridge loaded. The cartridge comprises a
plurality of units each comprising a resistance of pre-set value, the
reslstance value of each unit being such that operation of any one of
the selector buttons 108, 108y, 1063, 108y, 1065 serve to electrically
apply to the bridge network 25 (Figure 2D), through connectioms 16, 17,
a voltage signsl analogous to the Cartesian coordinstes of the geo-
graphical position of the selected station relative to a map grid Datum.

A vector adder unit 20 (Figure 2A) provides a gererated volt-
age analogous to the Certesian coordinates of any selected geographical
reference which the operstor may select and which has not been allowed
for in the station selector. The menner of operation of the unit 20 is
exactly the same as the station selector except that it, of course, is
not tied to any preset selection. Thus the vector adder may apply to

the bridge 25, through connections 18, 19 a voltage analogous to the

‘Cartesian coordinates of any geographicel reference with reference to

the map datum or alternatively the vector adder unit 2D may be utilized
to additionally indicate a vector from any selected station. That is

to say, if informetion is required with regard to a station not allowed
for on the station selector, but whose coordinstes relative to s provided
station are known, the.vector of the station not allowed for relative

to a map grid datun may be applied to the bridge merely by pushing the

button (LLOSl - 1085) corresponding to the provided station and sdding
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scereb (on bho bBeddge 25) the veckor anslome of the unallowed for
sbroion relative tu Lhe provided station.

Toe wind unit 11 is manually set up by cperation of knobs 30
and 21 (FPigures 1 and 2D) which, through mechanical connections 22, 23

vosition winers 32, 33 (Figure 2B) cn potentiometers in the wind unit

or of the resolver 34 in accordance with the meteorological

I3

and the ro
wind forecast for the flight duration. The wind direction set at knob
31 and indicated at 24 on the wind unit positions the rotor of the
restlver 34 whilst the analogue of wind speed applied to the knob 30
actu~lly mechanically positions the wipers 32, 33 to provide Cartesian
coordinetes of wind vector. Wipers 3%, 37 of potentiometers 236P and
37P are set by a clock mechanism 30 so that the Cartesian coordinates
of the wind vector taken from the wind unit on wipers 32, 33 nay be
meltiplied by time by moving the wipers 356, 37 whereby to apply
voltages analogous to the accumulated wind vector to the bridge 25
throuch connectioné 35 and 39.

4n dnput of true air speed is obtained from a true air speed
indicator 12 (Figures 1 and 2C) and the analogue signal derived there—
from is applied to a conventional servo follow-up unit 40, which
mechanically positions the ball-carriage of a ball disc integrator
41 in accordance with the applied anslogue of true air speed. 4 clock
mechanism 42 drives the integrator 41 so that a shaft rotation analogous
to distance travelled is applied to the step by step transmitter 43 from
whence it is applied as a shaft rotation to the mechanical resolver 45 :
through the step-by-step receiver 43R.

A transmitting compass 46 (Figures 1 and 2E) applies the
electrical analogue signal of aircraft magnetic heading ( it will be
appreciated that the input analogue of heading could very well be true
or grid heading if desired) to the synchro receiver L9 from whence it

is amplified in amplifier 50 and applied to drive motor 51 whereby to
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position the magnetic heeding card 13C. The input analogue signal of
heading from the compass 46 is also transmitted to e synchro differential
53 to where an additional compatable analogue input of grivation (to ve
described more fully hereinafter) is applied to the differential and

the output signel of heading plus grivation is then applied to amplifier
5 (Pigure 2C) to drive motor 52, whereby a grid heading snalogue signal
as a shaft rotation is applied to the mechanical resolver Ls,

Grid heading is measured relative to a line parallel to the
meridian through the map Datum point, or to any other arbiltary reference
line. The resolver U5 resolves the anslogue inputs of distance
travelled (from the receiver Lk3R) and grid heading into anelogues of
the Cartesisn coordinates of east-west grid miles travelled and
north-south grid miles travelled along the sircraft heading and these
anslogues are presented as outputs on shafts 55 and 56 respectively to step
by step output transmitters 58, 59, from whence through mechanical
memories 60, 61 they are applied to differentials 62, 63. The output
analogue signals from these diffeﬁgtials on their shafts 65, €6
mechanically position the wipers of potentiometers 70, 71 to convert
these analogue signals into electricel analogues and to apply them to
the bridge 25 on connections 68, 69.

The bridge 25 therefore has as & first input the analogue of
the Cartesien coordinstes of & selected geographicel reference (say =
base station) relstive to a map datum; as a second input the analogde
signal of the Carteslan cooxrdinates of aircraft diastance travelled along
heading; and, as a third input the analogues of the Cartesian coordinates
of the accumulated wind speed and direction vector. These input signals
produce en inbalance in the bridge 25 and a difference signal is

generated which is applied through switches 80 and 81 (Figure 2D), their

.contacts 80A and 80B and lines 83, 84 to a resolver 85 in which the

Carteslan coordinates are converted to polar coordinates reletive to

-6 -
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the instantaneous value of displayed bearing and applied on lines 87,
89 through switches 90 and 91 as inputs to a range amplifier 93 (Figure
2G) and a bearing amplifier 94. The range amplifier 93 transmits a
silgnal on lines 95, 96 through switches 97, 98 on lines 99 and 100 to
a8 range motor 101,whilst the bearing amplifier transmits output signals
on lines 102, 103 through switches 10k, 105 and lines 106,« 107 to a bear-
ing motor 108.

The range motor 101 mechanically drives a range counter 13R
(See Also Figure 1) and the bearing motor 108 mechanically drives through
differential 110 (Figure 2H) a bearing pointer 13B (see also Figure 1).
The visual presentation therefore on the display unit 13 of the instrument
is the range to the selected geographical reference or station and the
grid bearing to the selected station relative to the aircraft's air position.
The range motor 101 (Figure 2G) in addition to driving the range counter
13R, positions through a mechanical connection 112, wipers 113, 11k of
potentiometers 123 and 124 and the beering motor 108 mechanically
positions the shaft of a resolver 120. The resolver 120 is electrically
connected to the potentiometers 123, 124 and thus their wipers 113, 11k
respectively take off and transmit an additional input signsal back to
the bridge 25 on electrical connection 126, 127. Furthermore a mechaniesl
connection 130 positions the rotor of the resolver 85 (Figure 2D) in
accordance with the output from motor 108. From this arrangement it will
be Gbeerved that when the aircraft has reached its destination the range
counter will read "O" and the bearing indicator will be free to move in
any @direction.

Reference has been made hereinbefore to "grivation" (which

is applied to the synchro 53 (Figures 1 and 2E)) this being the sum of
magnetic variation plus the angle of convergence betweendatum meridian and
the meridian of present position. The pilot, by operating the knob 150

(Figure 2F) causes the analogue of the approximate lstitude in which the
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aircraft is flying to be taken off the potentiometer 152 by the wiper
151, the latitude potentiometer 152 being excited from an east-west
distance signal through transformer 158 and by operating the varietion
¥nob 153 causes the slider 154 of potentiometer 155 to be set up in
accordance with the prevalent magnetic variation. Thus the output
from the network to amplifier 160 is the analogue of grivation error.

This signal is applied to amplifier 160 to drive motor 161
vwhereby to apply a shaft rotation via mechanical connection 162 to
synchro differential 53 (Figure 2E) and at the same time to operate
the grivation index 165 (Figures 1 and 2F) on the instrument.

Referring again to Figure 2D, it will be observed that the
outputs from the amplifier 25 mey, by altering the positions of the
switches 80 and 81 to contact their terminals 80C and 80D, cause the
output from the amplifier to be applied to a fixed shaft resolver 170,
The action to cause switches 80 and 8CB ageinst contacts 80C and 80D
similarly moves the switches 90 and 91 to their contacts 90A and 914,
thus the resolver 170 is electrically connected to the amplifiers 93 and
9k. At the same time switches 97 and 98 in connections 95, 96 close to
their contacts 97A and 98A and switches th, 105 in connections 102, 103
close to their contects 104A, 105A, thus the outputs from amplifiers
93, 94 are through connections 95, 96 applied to a pair of motors 180,
181 (Figure 2F). The motors 180, 181 have mechanical connections 185,
186, with differentials 62, 63 (Figure 2C). The purpose of this ;
network will presently become apparent.

Referring again to Figure 2D, it will be observed that a
resolver 200 i1s also arranged selectively to be electrically connected
to output emplifier 25. The rotor of resolver 200 is connected to the
wind direction shaft 23. In the instance when resolver 200 is opersating,
the switches 80 and 81 are closed to their contacts 80A and 80B and

swiltches 190 and 191, 201 and 202 asre switched tb-their contacts 190A,

-8 -
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1704, 2004, 2024 respectively to bring the resolver 200 into the circuit.
The -mtprt Trom bhe resolver 200 is applied on connections 87, 89 to
emplifiers 93 and 94 (Figure 2G) and through switches 125, 126, 127
and 122 which have been moved to contact their terminsls 1254, 1264,
1274 and 1234 respectively to bring motors 210 and 211 into the
circuit, Tne sign:l from amplifier 93, 94 causes the motors 210,
211 to drive their shafts 212, 213 which are mechanically connected
to the shafbs 22, 23 (Figure 2D). 4gain the purpose of this network
will presently become apparent.
tn the panel of the instrument 13 there is a selector
switch 135 which moy select the mode of operation of the instrument,
thet is to say, the pilot mey operate the switch to select a
computing mode in which the circuits as described above are utilized
to indicete range and bearing to a selected base, or the device may be switched
tc operate as a repeater for a radio compass (4DF) or from a TACAN.
When the ADF mode or the TACAN mode is selected for the instrument
the information from the computor is dored in the memories 60, 61.
TACAN is a radio navigation system of the polar coordinate
type. That is, it has a bearing fécility which provides the aircraft
with a meter indication of its direction in degrees of bearing
with respect to the geographic location of the ground beacon
selected by the pilot. It also has a distance facility which provides
the aircraft with a meter indication in nautical miles of its bearing
from the said zround beacon. Thus, knowing the bearing and distance
of the aircraft from a specific geographic point, the navigator
can fix his position con a chart.
If the ADF position is selected fhe pointer 13B becomes a
repeater for the ADF signal as follows:
An ADF compass repeater 23¢ (Figure 2E)vis electrically connected
by connections 244, 245 through switches 241, 242 to a synchro 231(Figure 2H).

The synchro 231 trensmits a signel on line 246 through switch 247 which

_9~igﬁ
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Ling, cn selection of ADF mode, besn switched Lo its contact
2474 to cause the amplifier 34 to send a signal to motor 103 to
mechanically drive thriugh connections 2L8 and differential
110 to pesition the pointer 13B in accordance with the. ADF
signal. The pointer 13B therefore in this mode aclbs as a radio
compass repeater.

If the TACAN mode is selected bearing signals from the
TaCaN bearing unit 240B (Figure 2C) are applied on lines 254,

255 through switches 242, 241 (Figure 2B) to synchro ' 231.

Synchro 231 drives the

~0g
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bearing indicator pointer 13B as before through amplifier 94 and motor
108. The range information is obtained from the TACAN unit 240R (Figure
2H). The signal from the unit 24OR is applied to a range follow-up
circuit consisting of a potenticmeter 270 and summing resistors 271, 272.
The difference signal from this network is applied on line 272 through
switch 274 (Figure 2G) to amplifier 93 to cause motor 101 to drive the
range counter 13R., Thus a TACAN range and bearing is displayed on the
face of the instrument.

Throughout the operation of the instrument as a repeater for
a radio compass or TACAN, the position computetion continues and by
altering the knob 135 to select the computing homing mode the display
can revert to a position display at any time.

OPERATION OF THE UNIT

Let it be assumed that the pilot has set off from base and
has selected on his selector 10 a particular station to which to fly,
set the wind speed and direction on knobs 30 and 31 in accordance
vith the meteorological report and is utilizing his air speed and
heading inputs from his true sirspeed computer 12 ond his transmitting
compass 46, During the flight the pilot observes a ground location
known to him and by reference to o map finds that either his indicated
bearing, his range, or both (as shown in his display unit 13) to his
selected station is incorrect. Now it is open to the pilot to assume
that either his meteorological wind information or his air data
information is incorrect, in which case he may selectively decide to
correct his air plot position or his wind informetion input.

In order to mnke the correction the pilot moves the selector
button 138 (Figure 1) on the panel of the instrument to 2 "hold" position
thereby cutting off the range ond besring amplifiers 93, 94 (Figure 2G)
from the diéplay. During this time input informntion with regerd to air

speed and heading are stored in the mechanicol memories 60, 61 (Figure 2C)

- 10 -




10

15

20

25

30

653485

The pilot then by means of the range knob 112A and the bearing knob 110A
(see Figure 2G) mechanically positions the range counter 13R and the
bearing indicator 13B (Figures 1 and 2H) to set up the presentation of
what he knows to be the correct range and bearing to his selected station.
The movement of the range knob 112A and the bearing knob 110A of course
mechanically positions the wipers 113 and 114 with the potentiometers 123,
12h and through the mechanical connection 130 (Figure 2G). The bearing
knob 110A positions the shaft of the resolver 120. Although the pilot
has corrected his presentation in polar coordinates it will be observed
thet the signal to the bridge 25 on lines 126, 127 will be in Cartesian
coordinates and thus compatible with the other analogue inputs to the
bridge.

Now if the pilot decides that his eir data information is
incorrect and he wishes to correct the computer he may, by selecting
the PHI (Position Homing Indicator) position (hereinbefore referred to
as the computing mode) for knob 138 and by pressing the range button
112A to momentarily operate a switch (not shown) alter the switches 80,
81 (Figure 2D), switch the fixed shaft resolver 170 to accept data from
the bridge 25 vhich it will be observed has been unbalanced by the in-
put signals of the correction via lines 126, 127. Wind potentiometers
36, 37 are reset to zero and this causes further unbalance of the bridge
and thus the resolver 170 receives the difference signsal from the bridge
25, applies a phase correction and applies the signals to the range and
bearing emplifiers 93, 9% which through connections 95, 96 and 102, 103
operate the reset motors 180, 181 (Figure 2F) the motors 180, 181 in their
turn apply on mechanical connections 185, 186 the corrected analogues to
the differentials 62, 63 (Figure 2C) whereby to reposition the wipers 70,
Tl thereby balancing the bridge 25.

This facility of enabling the pilot to correct his presentation

and have the computer "look at" the corrected presentation and correct

- 11 -




10

15

25

30

653435

itself to the presentation is extremely useful since the pilot of & high
speed airecraft cannot be expected to have the time to Juggle slewing
switches to correct a Cartesian coordinate computer where the presentation
is in polar cocordinates.

In the event that the pilot decides that his eir plot information
is good and that the wind information is erroneous he mey elect by pressing
either of the buttons 30, 31 to close contacts 30A, 31A to operate switches
190, 191 (Figure 2D). Wind potentiometers 36, 37 are not reset to zero and
the bridge unbalance due to the change in the indicator range and bearing
is corrected by bringing the resolver 200 on the wind direction shaft 23
into connection with the output signal from the bridge 25. The resolver
200, through switches 201, 202, applies the analogues converted to polar
values through the amplifiers 93 and 94 (Figure 2G) to the wind motors
210, 211 which through mechanical connections 212, 213 reposition the
shaft of the wind resolver 34 (Figure 2B) and the wipers 32, 33 whereby
to provide a different wind output signal at the potentiometers 36, 37.

The correction having been mede the wind lamp (Figure 2B) will
g0 on. If the value of wind found, and displayed at the wind bearing and
velocity indicators (Figure 2D) is not a reasonable one, the pilot now has
the option, since at this stage the bridge is "looking at" the indicated
vwind values, of restoring the previous wind or inserting any ressonsble wing
values by altering the wind knobs 30, 31. The alteration made will now be
reflected in a change in the indicator range end bearing. That is td say
that the wind which has been selected as the most likely value causes an
unbalance in the bridge 25, which in its turn causes amplifiers 93 and 94
to operate motors 101, 108 to position the range and bearing indicators 13R
and 13B. The air date potentiometers 70 and 71 are not changed and the
nev wind epplies over the time elapsed since the previous fix. When
knob 135 is returned to PHI position the information stored in the

memories 60, 61 is fed back into the bridge 25 s0 no loss of air dats

- 12 -
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is experienced.

Let it be assumed that the pilot wishes to set in a wind value,
possibly due to a change in altitude, he accomplishes this by pressing
buttons 30 and 31 and adjusting wind potentiometers 32, 33 accordingly.
BEither switch 30A or 31A is thereby closed; the wind potentiometers 36,
37 are not reset to zero but the bridge 25 is now rebalanced by the
reset motors 180, 181 which alter the setting of the potentiometers 70,
71 to correct the unbalasnce caused by the alteration of the wind vector.

If the pilot has tasken off without a knowledge of the wind, he
may wish at a later time, when a good wind value has been given to him,
to set it into the unit so that his plot may be corrected for wind. In
order to have his plot corrected for wind the wind value needs to be
applied for the elapsed flight time rather than from the instant of
obtaining the wind value, as in the immediately aforegoing case. 1In
order therefore that the computer may "look at" the wind setting, the
pilot proceeds as if he vwere attempting to find a wind but he presses
the indicator range button 112A without altering the range value. In
this cagse there is no bridge unbalence and therefore no movement of the
wind speed and wind direction wipers 32, 33. When the sequence has been
completed as indicated by the wind lamp coming on, that is to say vwhen
the condition exists that the device is "looking at" the wind indication
the desired wind values are inserted. The position change due to the

changed wind will now be shown on the indicator.

-13 -
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THi, TMNBODIMENTS OF THE INVENTION IN WHICH AN BXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A navigotional computer adapted to receive as a first input

the snalogue of the Cartesian coordinates of a selected geographical
reference relative to & map grid datum; as a second input the anclogue

of aircraft truve air speed; as a third input the analogue of aircrarft
heading; ond as fourth and fifth inputs the analogue of wind speed and
wind direction, and comprising means for summing the input analogues

to produce aigggzgrsignal cnalogous to the instantaneous volue of the
Cartesian cocrdinstes of the selected geographical reference relative to
the aircraft air position, meons for converting the output signal intopolar
coordinates and generating anologues of instantaneous range and
instantaneous bearing of the aircraft relative to the selected geo-
grophical reference and means for utilizing the generated signal of
instentaneous bearing to position a reference pointer to visually

indicate the instantoneous bearing to the selected geographical

reference and means adopted to utilize the generated signai of in-
stantaneous raﬁge to position means to visually indicate the instantaneous

range of the aircraft to the selected geogrophical reference,

2. Apparatus as claimed in claim 1 further comprising meons to
position compass cord means to visually indicate the heading of the
aircraft and differentinl means sdapted to position the said bearing
pointer in super imposition on the compass card means whereby to indicate

the position of the selected geographical reference relative to the map

grid datum.

3. Apparatus as claimed in claim 1 in which a plurality of means
are provided, to produce analogue signals of the Cartesian coordinstes

of a plurality of selectoble geographicol references relative to a common

14
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map grid datum which means provide, on selection, the gaid first input

anclogue to the computer.

L, A navigatinnal computor comprising bridge means adapted to receive
as a first input the analogue of Certesian coordinates of a selected
geographical reference relative to a map grid detum; as a second input

the analogue signal of the Cartesian coordinates of distance travelled
along the aircraft heading and as & third input the analogue of the
Cartesian coordinates of the accumulated wind speed and direction vector
for the duration of the aircraft's flight, said bridge means being adapted
to0 sum these input analogues and to produce an output signal enalogous to
the instantaneous value of the Cartesian coordinates of the selected
geographical reference relative to the aircraft's direction position,
resolving means adepted to receive the said output signnl and convert

it into analogues of polar coordinates of instantaneous range and
instantaneous bearing of the aircroft relative to the selected geographical
- peference, means utilizing said analogue signal of the polar coordinates

of instantaneous bearing to drive the reference pointer to visually
indicate the instantaneous bearing to the selected geographical reference,
means odapted to uvtilize as o commond signal the anclogue signal of

polar coordingte of instaontaneous ronge to drive means to position range
counter means whereby to visuclly indicate the instantaneous range of the.

sircraft to the selected geographical reference.

5. A nevigotional computor adopted to receive an input of ;ircraft
true air speed; resolving meens adapted to receive sold analogue, means

for generating an input anclogue of grivation compatoble with soid analogue
of true air speed and applying the soame to said resolving means; means
opercble on a time base to provide an analogue of elapsed time to said
resolving means whereby to produce analogue signols therefrom of the
Cartesion coordinates of uirqraft distance travel along heading; memory

meeans adopted to receive, and'qn selection to store, said analogue and

15
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to apply said analogue to differential means; bridge means adapted to
receive the analogue as an input from sald differential means; means for
setting manually into a second resolving means the analogue signals of
wind speed and wind direction whereby said resolving.means provides oute
puts of the Cartesian coordinates of wind vector; means operable on a

time base for providing a multipliable factor of elapsed time whereby to
produce an analogue 6f accumulated wind vector during flight duration; means
for applying said last mentioned analogue as an input to said bridge means;
means for generating an analogue signal of the Cartesian coordinates of a
selected geographical reference relative to a map grid datum and for
applying said analogue as an input to said bridge means; visual indicator
means for indicating the instantaneous bearing of the aircraft relative to
said selected geographical reference; feed back servo means adapted to
apply to said bridge means the analogue signal of indicated bearing; visual
means adapted to indicate the instantaneous range of the aircraft relative
to said geographical reference; feed back servo means. adapted to apply to
said bridge means the analogue signal of indiéated'range, whereby said
bridge means produces a difference signalbanalogous to the instantaneous
value of the Cartesian coordinates of the selected geographical references
relative to the aircraft air position; third, fourth and fifth resolving
means; switching means adapted to apply the differénéeksignél to one of
said third fourth or fifth resolving means whereby to convert sald signal
into polar coordinates; amplifying means adapted to receive the output
signal of polar coordinates from one of said tﬁird, fourth or fifth
resolving means whereby to transmit command analogue signals of range

and of bearing; motor means responsive to said command signals to position
said visual bearing indicator and said visual range indicator means to
indicate visually the instantaneous value of bearing and range of the
aircraft to said selected geographical reference; switching means adapted
to selectively operate one of the third or fourth resolving means and to
operate said memory to store the incoming analogues thereto and to, on

selection of said third resolving means, permit of a manual correction of wind
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direction at said third resolving means, and on selection of soid fourth
resolving means to permit of o monual correction of air position; and
motor driven feed back servo loops for said third cnd fourth resolving
means adapted to relay the corrected anclogue signalg, respectively,

on selection to said second resolving means and to said differentinl

meons.

6. Apparotus as claimed in claim 5 in which said meons for
generating an annlogue signol of the Cartesion coordinates of the
selected geographical reference include a plurolity of selectable means
adapted to generate onalogue signals of the Cortesian coordinates of o

plurality of geogrephical references relative to a common mop grid datum.

T Apparotus as claimed in claim 5 in which switch means is

provided to energize the memory means and to drive said wvisual bearing
deviyed

indicator means in response to a éer%%pé signel from o radio compass means,

8. Apparatus as cloimed in claim 5 in which switch means is pro-

vided to energize the memory meens and to drive saoid visual bearing and

range indicator means in response to a derived signal from o TACAN

receiver.

17
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9. A navigational computer comprising bridge means adapted to
receive as a first input the analogue of Cartesien coordinates of a se-
lected geographical reference relative to a map grid datum; as a second
input the analogue signal of the Cartesian coordinates of alr distance
travelled along the aircraft heading and as & third input the analogue

of the Cartesian coordinates of the accumulated wind speed and direction
vector for the duration of the sircraft's flight, said bridge means being
adapted to sum these input analogues and to produce an output signal
analogous to the instantaneous value of the Cartesian coordinates of the
selected geographicel reference relative to the sircraft's position,
resolving means adapted to receive the said output signal and convert

it into analogues of polar coordinates of instantaneous range and
instantaneous bearing of the aircraft relative to the selected geo-
graphical reference, mesns utilizing said analogue signal of the polar
coordinates of instantaneous bearing to drive the reference pointer to
visually indicate the instantaneous bearing to the selected geographical
reference, means adapted to utilize as a command signal the analogue
signel of polar coordinatg of instanteneous range to drive means to
position range counter means whereby to visually indicate the instanten-
eous range of the aircraft to the selected geographical reference, memory
means selectable to store the said second input, mesnual means operable to
position the reference pointer, manual meens operable to position the
said range counter means and resolver means operetively connected fo

sald reference pointer énd to said range counter adapted to generate an
analogue signal of the Cartesian coordinates of manual setting of range
and bearing and means for epplying said last-mentioned analogue signal
o said bridge means whereby the computer operator may cause the computer
to compesre with a menually corrected range and bearing presentation and
selectively correct either of said second input or said third input to

balance sald bridge.
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10. An aircraft navigational computer comprising bridge means
adapted to receive as a first input the analogue of the Cartesian coordinates
of a selected geographical reference relative to a map grid datum; as

a second input the analogue signal of the Cartesian coordinates of
distance travelled along the aircraft heading, and as a third input the
anslogue of the Cartesian coordinates of the accumulated wind speed and
direction vector for the duration of the aircraft's flight, means for
generating said third input, said means including e manual control means
for setting into the computer a signal snelogous to wind speed, means for
indicating the value of saild wind speed and menual means for setting into
said computer a signal anaslogous with wind direction, means for indicating
said wind direction resolving means for resolving the input analogues of
wind speed and wind direction into Cartesian coordinates of wind vector,
and time base means supplying a time multiplication factor to said vector
whereby to generate said third input to sald bridge means; said bridge
means being adapted to sum these input analogues and to produce an output
signal analogous to the instantaneous value of the Cartesian coordinates
of the selected geographical reference relative to the aircraft's position,
resolving means adapted to receive the sald output signal and convert

it into analogues of polar coordinstes of instantaneous range and
instantaneous bearing of the aircraft relative to the selectnd geographical
reference, means utilizing said analogue signal of the polar coordinates
of instantaneous bearing to drive the reference pointer to visually |
indicate the instantaneous bearing to the selected geographical reference,
means adapted to utilize as s command signal the analogue signal of

polar coordinate of instantaneous range to drive means to yosition range
counter means whereby to visually indicate the instantaneous range

of the aircraft to the selected geographical reference, memory means
selectable to store the second input, manuael means operable to position
the reference pointer, menuasl means operable to position the said range
counter means, and resolver means operatively connected to said reference

pointer and to said wind counter adépted to generate an anslogue signal
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of the Cartesian coordinates of manual setting or range and bearing
and means for spplylng said last-mentioned analogue signal t5 said
bridge means to unbalance said bridge, and means responsive to the

out of balance signal from said bridge to alter said input analogue of
wind vector value to balance said bridge and to indicate the value of

the wind speed and direction thus found.

1. An aircraft navigational computer comprising bridge means
adaepted to receive as a first input the analogue of the Cartesian co-
ordinates of a selected geographical reference relative to a map grid
datum; as a second input the analogue signel of the Cartesian coordinates
of distance travelled along the aircraft heading, and as & third input the
analogue of the Cartesian coordinates of the accumulated wind speed and
direction vector for the duration of the aircraft's flight, means for
generating said third input, sald means including a manual control means
for setting into the computer a signal analogous to wind spezd, means for
indicating the value of said wind speed and manuel meens for sebtting into
said computer a signal analogous with wind direction, means for indicating
said wind direction resolving means for resolving the input analogues of
wind speed and wind direction into Cartesian coordinates of wind vector,
and time base meanssupplying a time multiplication factor to said wvector
whereby to generate said third input to said bridge means; sald bridge
mesns being adapted to sum these input analogues and to produce an oubput
signal analogous to the instantaneous value of the Cartesian coordinates
of the selected geographical reference relative to the aircraft's position,
resolving means adapted to receive the said output signal and convert

it into analogues of polar coordinates of instantaneous range and
instantaneous bearing of the aircraft relative to the selected geographical
reference, means utilizing said analogue signal of the polar coordinates
of instantaneous bearing to drive the reference pointer to visually
indicate the instantaneous bearing to the selected geographical reference,

means adapted to utilize as a command signael the analogue signal of

<0




653435

polar coordinate of instantaneous range to drive means to position range
counter means vhereby to visually indicate the instantaneous range

of the aircraft to the selected geographical reference, means responsive
to a differenCe signel from said bridge to drive means to alter the
value of the second input to said bridge, whereby the manual operation
of the means for setting into the computer the signal analogues to

wind speed and wind direction unbalences the bridge which is rebalanced

by the alteration of the second input anelogue signal thereto.
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12. An eircraft navigationsl computer comprising bridge means adapted

to receive as a first input the analogue of the Cartesien coordinates of a
selected geographical reference relative to a map grid datum; as a second

input the anelogue signal of the Cartesisn coordinates of distance travelled
along the sircraft heading, and as & third input the analogue of the Cartesian
coordinates of the accumulated wind speed and direction vector for the duration
of the aircraft's flight, means for generating said third input, seid means in-
¢ luvding & manual control means for setting into the computer a signal analogous
to wind speed, means for indicating the value of said wind speed and manual means
for setting into said computer a signel anslogous with wind direction, means for
indiceting said wind direction, resolving means for resolving the input analogugs
of wind speed and wind direction into Cartesian coordinates of wind vector, and
time base mesns supplying a time multiplication factor to said vector whereby

to generate said third input to said bridge means; said bridge means being
sdapted to sum these input analogues and to produce an output signal analogous
to the instentanecus value of the Cartesian coordinates of the éelected geo-
grephical reference relative to the aircraft's position, resolving means adapt-
ed to receive the said output signal and convert it into analogues of polar
coordinates of instentaneous range and instanteneous bearing of the aircraft
relative to the selected geographical reference, means utilizing said analogue
signal of the polar coordinates of instantaneous bearing to drive the reference
pointer to visuelly indicate the instantaneous bearing to the selected geo-
graphical reference, means adapted to utilize aé a command signal the dnélogue
signel of polar coordinate of instantanecus range to drive means to position
range counter means whereby to visually indicate the instantaneous range of the
aircraft to the selected geographical reference, whereby said wind vector value
may be altered during flight and caused, by said time multiplication factor, to
apply throughout the flight duration thus permitting of the correction of the
indicated instantaneous renge snd bearing to the selected geographicel reference

by the insertion of the wind vector at any time during the flight.
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