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1

This Invention relates to an air position indi-
cator for use on an aircraft for enabling the pilot
or navigator to determine at gny instant the lat-
itude and longitude of his position and the azr
miles he has flown from any speciﬁed take-0
point.

- More particularly, the invention is concerned
_with the provision of clectrical equipment for
consrolling indicators which continuously indi-
cate the aircraft position in degrees and min-
utes of latitude and longitude and the air miles
which have been flown. The utility of apparatus
-0f this character is quite evident,
vroblem of determining the ship’s position at
any instant is not difficult due te the slow speed
at wnich surface ships sail and due to the fact
that such ships always carry a navigator as a
member of the crew who has ample time to make
- celestial observations, to do the navigational plot-
ving that is necessitated from the data secured
from such observations angd to keep the neces-
sary records of course and gpeed to enable a
dead-~reckoning position to be always known,
However, aircraft and particularly airplanes

wnich higve nigh cruising speeds present a more -

difficult problem for solving navigational data to
determine positions. This is particularly true of
airplanes of the high speed type which may not
have space to accommodate a navigator as. part
of the crew, Furthermore, in aerial navigation
under war conditions evasive gction involves suich
frequent changes of course and speed that a nav-
igator cannot keep an accurate log from which
the dead-reckoning position may be obtained.
'The apparatus which is the subject of this in-
vention may be described as an automatic dead-
reckoning device. | -

Most modern airplanes are provided with g
source of 460-cycle 26-volt alternating current for
the operation of remote controlled instruments
and with a source of 20-volt direct current.
However, some types of airplanes, while having
2, source of 26-volt direct current, do not have a
cource of 400-cycle alternating current and other
types of planes which are provided with such an
alternating current source do not have g source
of adequate capacity to carry the extra load
wiiich would be imposed thereon by the installa-
tion. of air position indicator apparatus of the al-
ternating current type. It is therefore one ob-
ject of the present invention to provide apparatus
operative by direct current which will continu-
ously - indicate the latitude and longitude of the
air position of the airplane in which it is installed
and the number of air miles flown.

On ships the

2
If is a further object of the invention to pro-
vide in such an air position indicator apparatus,
remote control circuits whereby the mdwatmg in-
sbluments may be so compactly assembled that
they may be mounted on the instrument panel

of an airplane and Wh‘:‘I‘Eby the cireuits and ap-
paratus for controlling such ins ruments may be
located rﬂmotely therefrom in any location in the

. airplane where mounting space is gvailable.
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To attain these obiects, apparatus has been
demg:ned in two parts, an indicating umt and
Most rnodern airplanes are
equipped with an air mlleaﬂ"e umt and with eﬂsher
a2 remote contral earth mfluctor compass known
as a ‘‘fiux gate” compass or a remote control
magn tic compass known as a. marrnesyn com-
ss. From these units information may be se-
air speed and the true com-
pass course of the airplane flight for enabling the
control unit to control the indicator unit.  The

indicator unit may be of the type disclesed sche—

matically in the application Serial No, 527,999 of
W. H. T. Holden, filed March 24, 194_.4, or may
he Of the type disclosed in vhe application Serial

‘No 538,029 of W, H. T. HOlden filed June 2, 1944.

The indicator unit is provided with three indi-
cators of the counting wheel type, one of which
ig ,co_nt_rﬂlled to indicate _the_air miles fAown, the
second of which indicates the degrees and min-
utes of latitude of the instant position of the air-
piane and the third of which indicates the degrees

- and minutes of the longlmm of the in stant 0O
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sition of the alrplane A compass rose aud point.-
er may als¢e be pmvlded 10T mdmatmg the true
compass course of the ﬂigbt Provigion is mmda
for enabling the latltudﬂ &nd Iongftud mdmators
to be reset to mdlcate the I&tltude and longitude
of the position of thﬂ alrplane at some known

point, as for example, at the take-off of a flight

and with means for enabling the indicators to be
operated in one or the other direction dependent
on whether the flight is being c::mducted in the
north or south hemlsphele or east or west of

par tlcula,r 1efereme merldlan

In order that the indicator unit may be suffi-
ciently c_empact s0 that it may be mounted in
the usual instrument panel in front of the pilot,
each 1nd1cator is arranged to be operated by a
stepping mechanism individual thereto, the step-
ping mechanisms associated with the 1at1tude and
longitude indicators being operable to advance
the indicators step-by-step in one or the other di-
rection. The stepping mechanism associated with
the air miles indicator is effective to advance such
indicator in but one direction of rotation,
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The contro]l unit comprises g latitude impulse
cgencrator, a longitude impulse generator and a
secant variator for varying the number of 1m-
pulses delivered from the longifude impulse gen-
erator to the longitude indicator. The latitude
and -ongitude generators each comprisss a drum
having twelve {triangularly shaped conducting
seomenes embedded in the insulating surface
thereof and arranged in two clrcumiferential

crizcs as disclosed by the development of the
dium surface daisclosed in Fig. 3. These drums
are both rofated at a speed commensurate with
the air speed of the flight through a reduction
ccar ox from the air mileage unit of the air-
rlane, For engagement with each of these
arums, three brushes are provided two of which
are Nixed and engage convinhuously with the two
series of conducting segments respectively and
serve as take-off brushes and the third of which
is movable axially along the surface of the drum.

The movable brushes of the latitude and longi-
tude impu.se generators are movable axially along
fhe surfacss of the drums by Scotch yokes which
are driven by a servo-motor operable in accord-
arce with the true compass course of the flight.

areougih cne Scotch yvoke, the movable brush of
thie latitude impulse generator is advanced axially
along the drum in accordancz with the cosine of

thie true course angle and through the other .

wcotcli ycke the movable brush of the longitude
Impuise generator is advanced axially along the
suriace of the drum in accordance with the sine
cif the ftrue course angle. Interposed in the cir-
Cuivs eXvending to the movable brush of each im-
pulse gencrator is a pair of contacts operable by
2 cam driven thirough step-up gearing having a
ratio of 1 to 60 irom the associated drum driving
shaft whereby thie contacts are closed sixty times
during each revo ution of the drum. Because of
the arrangement of the conductive segments of
each drum, the movement of the movable brush
and the cam operated contacts, it is possible to
gencrate from one to sixty impulses during each
revolution of the drum, dependent upon the posi-
tion of the mecevable brush, and the generated
impilses mayv be transmitted over one or the other
he fi ependent upon

-

[ the fixed take-od brushes
whether the movable brush is advanced into en-
cagementy with one or the other series of conduct-
ing segments.

in resronse to the rotation of the drum of the
latitude impulse generator at a speed commensu-
roce with thae air speed of the airplane flicht, and
the imovement of the movable brush associated
witih such drum axially alonz the surface of the
te an amount commensurate with the
cosine of the true compass course of the flight,
tiie latifude impulse generator generates impulses
1n accordance with changes in the latitude of the
flight course and transmits such impulses to the
iatitude indicator.

Also rotatable by step-up gearing from the
chait of the longitude impulse generating drum
IS a secant variator having a srecially contoured
coencaucting segment embedcded in the insulating
suriace of its drum, a fixed brush engaging the
conucting segment for connecting one termineal
of the direct current rower source to such seg-
ment and a brush movable axially along the drum
to an amount commensurate with the indicated
latitude of the instant position. The movable
brush is connected over the cam operated con-
tac:s assoclated with the longitude impulse gen-
erator with the movable brush of such generator
c0 that due to the movement of the brush and
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the rotation of the drum of the secant variator,
the rotation of the longitude impulse generator
drum at a speed commensurate with the air speed
of the agirp:ane flight and the movement of the
movable brush assoclated with the latter drum
axially along the surface thereof to an amount
cecminensurate with the sine of fhe true compass
coirse of the flight, the longitude impulse gen-
erator generates impulses in accordance with
changss in the longtiude of the fiight course and
transmits such impulses to the longitude indi-
cator.

Throuzgh an additional reduction gear box, the
air mileage unit of the airplane is alsg eifective
to cause the closure of a pair of cam-operated
cecntacts once for each nautical mile flown to
transmit impuises to the air mileage indicator.

The servo-motor for operating the Scotch yoke
i1s also eflective through telemetric control to

nerate the true compass course indicator of the
indicating instrument and is controlied from a
“fiux gate” compass control unit through a com-
rass servo amplifier and detector circuif in a well-
known manner as will hereinafter be described.

For a clearer understanding of the invention
and the mode of its operation, reference may be
had to the following detailed description thereof
when read in connection with the accompanying
grawings in which:

F'ig. 1 shows the control apparatus of the air
position indicator of the present invention and
the manner in which it is controlled from the air
mieage motor unit and the “flux gate” compass
unis of an airplane;

Irig, 2 shows schematically the apparatus and
circuits of the air position indicator unit;

g, 3 shows a development of the circuit of
the drum of either the latitude or lengitude im-
pulse generator:

Fig. 4 shows a development of the surface of
the drum of the secant variator: and

Fig, 5 Is a vecior diagram explanatory of the
theoretical aspects of the invention.

‘The indicater disclosed in Fig. 2 includes two
two-directional stepping devices STP[ and STP?
and a single directional stepping device STP3.
The stepping devices STPI and STP2 may be of
any sultable type, for example, of the type dis-
closed in Paftent No, 2,323,840, granted July 6,
1943, to T. Obszarny. The stepping device STPI
comprises a single ratchet wheel 298 with which
two stepping pawls 201 and 202 cooperate. The
pawl 201 is orerable by the stepping magnet 293
to adavance the raichet wheel 200, for example, in
a counterclockwise direction and the pawl 2082 is
operable by ths stepping magnet 204 to advance
the ratchet wheel 200 in the opposite direction.
1he ratchet wheel 200 of the s epping device
STPI is mounted upon the input shaft 205 of the
reducticn gear box 268 which is connected by
the reduction gears 207 having a reduction ratio
of 115:1 to the input shaft 208 of the latitude
counter LC. If it is assumed that the ratchet
wiheel 260 has forty teeth and is advanced one
step for each minute change in latitude, then
through the reduction gears 207, the input shaft
288 of the counter LC will ke advanced cne-
sixtieth of a revolution and thus the input wheel
of the counter, which is graduated 0 to 59 min-
utes, is rotated one revolution for each degree
of latitude. The other wheels of the latitude
counter are advanced by decimal Geneva move-
ments in the usual manner to register the units
and tens of the degrees of latitude.

Mounted on the output shaft 209 of the reduc-
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5
tion gear box 206 is a pinion {01 which meshes
with a-rack 162, To the rack (02 is attached the
movable brush (03 of the secant variator SV.

The input shaft 268 of the counter LC also
carries a bevel gear 218 which may bhe meshed
with the setting gear 211 when the settihg knob
212 is pushed inwardly against the tension of
spring 213. With the gears 210 and 21 meshed
the rotaiion of the knchb 212 is effective to set the
counter LC at a definite fix or land mark the
latitude of which is known. When the knob 212
is pushed in to reset the counter LC, the spring
213 disengages its normal contact to disconnect
bastery B from the windings of stepping mag-
nets 203 and 284 so that such magnets are in-
effective during the reSﬂttmg operation,

When a flight is being conducted in the north-
ern hemisphere, the stepping control conductors
214 and 215 are connected over the normal con-
tacts of key Ki to the windings of magnet 203

and 204, respectively, of the stepping device STPI
so that the counter L.C will increase its reading

as the flight proceeds northward and wil] de-

crease its reading if the flight proceeds south-
ward towards the equatcer, When the equator is
crossed, a reading of 00 degrees 00 minutes would

be followed by a reading of 99 degrees 59 min-.

utes as the flight proceeds inte the southern
hemisphere. In order therefore that the counter
may increase its reagding through 00 degrees 01
minuse, ete., the key Kl is provided which when
depressed directs stepping impulses incoming
over conductor 214 to magnet 294 rather than to
magnet 208 and directs stepping impulses incom-
ing over conductor 215 to magnet 283 rather than

to magnet 294 wherebhy the naviga‘or or pilot

may reverse the rotation of the counter LC as the
flight crosses the equator.

‘The stepping device STP2 is similarly provided
with a ratchet wheel 220 which is operable in a
counter-clockwice direction by the stepping pawl
221 under the control of stepping magnet 223 and
and in a clockwise direction by the stepping pawl
222 under the control of the stepping magnet 224,
The ratchet wheel is mounted on shaft 225 which
1s coupled by the reduction gears 227 which have
a reduction gear ratio of 1%:1 to the input shaft
228 of the longitude counter LoC. The input
shaft of the longitude counter is rotated through
one revolution by sixty sseps of the stepping de-
vice and thus rotates the input wheel of the
counter, which is graduated 0 to 59 minutes, che
revolution for each degree of longitude, The
other whesels of the longitude counter are ad-
vanced by decimal Geneva movements in the
usual manner to register the units, tens and hun-
dreds of the degrees of longitude.

The input shaft 228 also carries a bevel gear
220 which may ke meshed with the setting gear
23! when the setting knob 232 is pushed inwardly
- agalnst the tension of spring 233, With the gears
230 and 231 meshed, the rotation of the knob 232
is effective to set the counter LoC at a definite

~ fix or land mark, the longitude of which is known.,

When the kncb 232 is pushed in to reset the
ceuntier LoC, the spring 223 disenggages its normal
contact to disconnect battery B from the wind-
ings of stepping magnets 223 and 224 so that such
magnets are ineffective during the resetting oper-
ation,

When g flight is bemg conducted in the eas*a n
hemisphere or east of tha reference meridia n, the
st'eppmg centrol conductors 234 and 225 are con-

nected over the normal contacts of key K2 to the
windings of magnet 223 and 224, respectively, of
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the stepping device STP2, so that the counter
LoC will increase its reading as the flight pro-
ceeds eastward and will decrease its reading if
the flight proceeds westward toward the refer-
ence meridian. This counter may read 00 de-
grees 00 minutes to 180 degrees 00 minutes.

When the 180 degree reference meridian 1s
crossed a reading of 180 degrees 00 minutes
would be followed by 188 degrees €1 minute as
the flight proceeds into the western hemisphere.
In order therefore that the counter may decrease
its reading through 179 degrees 59 minutes, etc.,
the key K2 is provided which when depressed
directs stepping impulses incoming over conduc-
tor 234 to magnet 224 rather than to magnet 223
and directs stepping impulses incoming over con-
ductor 235 to magnet 223 rather than to magnet
224 whereby the navigator or pilot may reverse
the rotation of the counter as the flight crosses
the reference meridians ¢ and 189.

The ratchet wheel 2386 of the stepping devwe
S TPJ is rotatable in but one direction through the
operation of the stepping pawl 237 under the con-
trol of the stepping magnet 238, This ratchet
wheel has ten teeth and is mocunted on the in-
put shait 289 of the alr miles indicator AMC, the
input wheel of which is graduated 0 to 9 and
moves step-by-step making one revolution per
each ten nautical miles of flight. The other
wheels of this counter are advanced by decimal
Geneva movements in the usual manner to reg.
ister the tens, hundreds and thousands of miles.

The compass indicator C is provided with a dial
having a compass rose thereon, a compass pointer
244 driven by the shaft 241 connected to the ro-
tor of the synchro-receiver SRi for indicating
the true compass course of the flicht and a cor-
rection pointer 242 driven by the sleeve shaft 243

through the gear 244 snd pinion 245 from the

shaft 246 whlch 1s rotatable by the correction
knob 2417.

The output shaft 1286 of the air mileage umt
AMU of the airplane is connected directly to the
Input of the reduction gear box {07 the output
shaft of which gear box is connected to shaft 108.
‘The shaft 108 drives the shaft {28 through unity
ratio bevel gears {18. Mounted on the shaft 109
and driven thereby is the drum {11 of the lat-
itude impulse generator LG with which two
fixed brushes 112 and (13 and g movable brush
{4 cooperate. The drum [il may be molded
from insulating material or have a surface of
insulating material in which are embedded twelve
triangularly-shaped conducting segments mount-
ed in two circumferentially arranged series as
best disclosed in Fig, 3, which figure shows a de-
velopment of the surface of the drum 11§. Al of
the segments have their leading edges positioned
paraliel to the axis of the drum and are of equal
length.

1t will be noted from Fig. 3 that the lowermost
segments Hi5 and 116 are positioned in the sur-
face of the drum ['lI{ with their apices spaced
apart only slightly more than the width of the
brush {14 so that if the flight course is absolutely
due north the brush 1§ will be engaged hy
neither segment {5 nor 116 but will be engaged
upon the slightest movement of the brush {14 in-
dicative of a deviation to the east or west from

a due north course of flight. If it be considered

that the length of the leading edge of each seg-
ment is equal to sixty increments of movement

of the brush (14 then the apices of the succeed-

ing segments (18, 120, 122, 124 and (25 of the
right-hafnd 'Sgries of segments, as viewed in Fig.
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3, are successively advanced toward the right end
of the drum by the width of one such increment
and similarly the apices of the succeeding seg-
ments ({7, {18, 121, {123 and {25 of the left-hand
series of segments are successively advanced to-
ward the left end of the drum by the width of
one such increment. Therefore, for example, it
the brush !4 is advanced toward the right it will
be engaged first by segment 116 gnd then as it
moves a distance equal to one increment it will
he engaged by both segments 11§ and (18 during
each revolution of the drum. If the brush is ad-
vanced g further increment it will be engaged
by segments (15, (18 ang 123 during each revo-
lution of the drum and as the brush further ad-
vances, for example, 10 a distance equal to five
increments it will be engaged by all of the seg-
ments of the right-hangd series during each rev-
olution. And, since the width of the segments
increase toward the right, the duration of en-
gagement of each segment with the brush 114
will increase as the brush moves toward the right.

The segments of each series are joined at their
wide or outer ends to form a continuous slip ring,
the fixed brush 112 engaging with the slip ring
of the right-hand series of segments and the fixed
prush i {3 engaging with the slip ring of the left-
hand seriles of sezments.

The shaft 159 also has mounted thereon a gear
121 which meshes with a pinion 128 on 3 jack
shait {29, which latter shaft also carries the gear
122 which meshes with the gear {13! on the cam
shaft 132. The gears 121, 128, 130 and 13! gre
So designed that the cam shaft {32 makes sixty
revolutions for each revolution cf the drum 1{11.
The cam shait {32 has g cam 133 secured there-
to which once during each revolution causes the
- closure of the contacv springs {24, Thedrum {11
1s 80 geared to the air mileage unit AMU that it
rotates In the dirvection indicated by the arrow
In Fig. 1 so that as it rotates the leading edges
of the conducting segments such as {18 approach
the brush {14 and the geared connection of the
camm (23 with the shaft 188 is so adiusted that
the cam operated springs {34 always close just
subsequent to the engagement of the leading edge
of any drum segnient with the brush {i4. Since
the drum segments may be made of hase metal
this arrangement insures that the impulse cir-
cult which extends from the grounded termingl
of the battery over the contact springs 134, over
brush fié& and a segment of the drum {1}, will
always be made at the precious metal contacts of
the springs (28, thus preventing arcing and nit-
ting of the drum segments.

If the brush !4 is moved so that it is just
barely engaged by the tip of a segment, such as
{16, such engagement may not be of sufficient
duration to enable the completicn of an impulsing
path from greund over the contacts of spring {34,
brush |4, segment {15, brush (18, conductor 215,
the left normal contacis of key Ki and to battery
through the winding of stepping magnet 252 of
the stepping device 8TP!. If, however, the brush
i 14 moves slightly more its engagement by seg-
ment 1{8 may b2 of such duration as to enabie an
impulse to be transmitied but the brush may not
have been moved sufliciently to he engaged by
the tip of segment 118 so that only one impulse
would be transmitted during each revoluticon of
the drum ({l. As the brush !4 advances it may
become engeged not only by segment 118 but by
segment {18, but if it is engaged only by the tip
of segmentv 118 the duration of the engage-
ment may not be sufficient to cause the trans-
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mission of an impulse and consequently the only
impulse per revolution would result from the en-
gagement of segment ({6 with brush {4 but,
upon a slightly further advance of the brush 114,
the duration of engagement of brush (1§ with
segment 18 would be increased to bhecome co-
incident with the closure of contact springs {34
thereby resulting in the transmission of two im.
pulses per revolution of the drum, one at the
time of the engagement between brush ({4 and
segment [{§ and the second at the time of en-
gagement of brush {id4 and segment 1{8. Ag the
brush 114 advances further, additional impulses
per revolution will be transmitted and when the
prush has been advanced to a position such that
circuit closures at the springs 134 coincide with
the engagement between brush {4 and segments
120, 122, 124 and (26 six equally spaced impulses
will be transmitted during each revolution of the
drum. In this position of the brush {14 the trail-
ing edge of the segment {16 will leave the brush
{14 before the contact springs 134 will close a
second time during the engagement of brush
{18 with segment {16.

As the brush advances further io he engaged
by a wider portion of the segment {14 two clo-
sures of the contact springs {34 will occur while
the segment 116 is in engagement with the brush
i 14 and consequently a total of seven impulses
will be transmitted during each revolution of the
drum ii{. In this manner as the brush moves
further the number of impulzes transmitted dur-
ing each revolution wili increase until when the
brush has moved to the extreme of its movement
it will be engaged by the widest portion of each
of the segments and ten closures cof the contact
springs 134 will gecur as each segment passes the
brush (14 resulting in the transmission of sixty
impulses during each revolution. It will he ob-
vious that impulses varying from one to sixty
weould be transmitted in the same manner upon
the movement of the brush {i4 from its central
position toward the bettom end of the drum 141
as viewed in Pig. 1, over g circuit extending from
ground over the contact springs 124, brush {14,
segments HO, 1T, efc., brush ({3, conductor 24,
the right normal contacts of key K| and to bhat-
tery through stepping magnet 203 of stepping
device STPI.

It therefore follows from the arrangement of
the segments on the drum {1 that the closure of
the Interrupter contacts 134, counted 1 to 869,
during each revolution of the drum will occur as
the brush engages successive segments in the
order 1—11—21-31—41 51 and impulses will
be transmitted whereas the closure of the inter-
rupter contacts {34 which occur while the brush
engages hetween successive segments, as, for ex-
ample, closures 2 to {8 inclusive, {2 to 29, inclu-
sive, etc., will be ineffective and no impulzes will
be transmitied. This provides a more accurate
counting or integrating of impulses than would
be in the order 1—2—3—4—5—6. As the brush
{14 moves slowly toward either end of the drum
the number of effective iranulses transmitted to
actuate the stepping device during each revelu-
tion of the drum increases, impulses being trans-
mitted, for example, during cne revolution of the
arum upon the interrupter closures 1—11—21_
31—41—51 as above described, during the next
revolution upon the interrupter closures 1—2
11—21-—31—41-—b1 during the next revolution
upon the interrupter closures 1—2— 1119 __921.—
31—41—81, during the next revolution upon the
interrupter closures 1—2—131-—-12—.21__ 2931
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41—>51, etc., until when the brush has moved to
the extreme end of the drum impulses will bz sent
upon each of the sixty closures occurrmg durmg
a revolution of the drum.

Geared to the shaft 168 through the reductmn-
gear box 135 is a cam shaft (36 upon which is

secured the cam 13T for cperating the contact
springs 179. The ratios of the gear boxes 0T
and {35 are such that the cam 137 is driven from
the air mileage unit - AMU at a speed to cause
the closure of the contact springs {719 once for
each nautical mile flown.  Thus, since the output
shaft 185 of the air mileage unit AMU makes 14490
revolutions per nautical mile, the sum of the
step-down gear ratics of the gear boxes 187 and
135 should be 1440 to 1. The contact springs
119 serve to establish a stepping circuit from
ground thereover and over conductor 280 through
the winding of stepping magnet 238 of the step-

ping device STP3- and thence to battery and

ground whereby the input shaft of the air miles
counter is advanced one-tenth of a revolution up-
on each closure of the contact springs 178 to reg-

ister one nautical air mile flown.
Secured to the shaft 188 is the drum (38 of the
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longitude impulse generator LoG. This drum is

identical in construction to the drum il and has

two fixed brushes (39 and 148 and a movable
brush 14{ cooperating therewith. The . fixed
brushes are connected over conductors 234 and
239, respectively, and over normal contacts of key
K2 with the stepning magnets 223 and 224 of the
stenping device STP2. Also secured to the shaft
{08 is a gear (42 which, through gears (43, (44

and (45 drives: the shaft 146 on which is mounted

the cam 141. These gears are so chosen that the
shaft 146 and cam (47 make sixty revolutions
during each revolution of shaft 188-and drum 128
- whereby the control springs 148 are closed sixty
‘times durine each revolution of the drum 128.
The shaft 108 is rotated in the direction indicated
by the arrow and the gear train between the shaft
- 108 and the cam shaft 146 is so adjusted that

the contact springs 148 close just subsequent to
the engagement of the leading edge of any con-
ducting segment of the drum 128 W1th the brush
(41. g

Also secured to the f-rhaft (08 is a gear 149 Wthh
meshes with gear 150 secured to shaft I51.
Mounted on the shaft 151 is the drum {00 of the
secant variater SV. The drum {00 may be made
of Insulating material or may have a surface of
insulating material in which is embedded a single
conducumg segment 185 of the share disclosed
in-Fig. 4, this figure showing g development of
the surface of the drum. The curved edge of the
-segment 103 is developed in the follewing manner.

30

40

C
1

Referring to Fig. 5, if it be assumed that the dis-
tance F'E represents L degrees of longitude at the

equator, it will be seen that an &11"01&1‘16 flying
from Fto E along the equator would have to fly
60.068 nautical miles to fiy 1 degree of Iongitude
but if the airplane were to ﬂy a course parallel
. to the equator at a point nearer the earth’s pole
fewer nautical miles per degree would have to he
flown. For example, at 15 degrees latitude 58. 034
at 30 degrees latitude 52.064. at 45 degrees latl-
tude 42.546, at 60 degrees latitude 20.110 and at
5 degrees latltude 15.596 miles per deeree would
have to be flown. Since flight above 75 degrees
latitude would not crdinarily be flown, values of

miles per degree above 75 degrees la,tltude need

not be taken into consideration.

The curved edge of the segment 105 is there-
-for determmed by plottmg the- d1fference be-_

60
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tween the air miles per degree at different degrees
of latitude and the miles per degree at 75 degrees
latitude, measured down from the top edge of the
development as viewed in Fig. 4, against the
degrees of latitude. The movable brush 1863,
when positioned at the extreme left end of the
drum (00 at the time the latitude is zero or at
the equator, has the shortest duration of circuit |
closure with the segment 185 and when posi-
tioned at the right end of the drum or when the
Iatitude is 75 degrees the duration of the circuit
closure between the brush (83 and the segmenft
{05 will be continuous. As previously described

the brush (03 is moved under the control of the

latitude stepping device STPI. Under the con-
trol of the secant variator SV and longitude im-
pulse generator LoG, imvpulses are transmitted
from ground over bruch 104, segment 105 of
variater SV, brush 83, cam-actuated contact
springs (48, brush {41, segments on the drum
138 and thﬂnce over conductor 234 and over the
right normal contacts of key K2 to battery

through the winding of stenping magnet 223 of

the stepping device STP2 or over conductor 235
and over the left normal contacts of key K2 to
battery throuch the winding of stepping magnet
224 of the steoping device STP2 denendent upon
whether the brush {41 engages with the left or |
right series of serments on the drum 138, |

Thus the number of imnulces delivered to the
longitude stepping device STP? through the op-
eration of the secant variator SV and th2 longi-
tude drum (38 in ratio to the maximum number
for a given setting of the longitude brush (41
is the ratio of the metallic seement (25 of the
variator to the insulated seement of the variator
for the setting of the brush (93 of the varistor,
Alzo the counling action of the variator with re-
spect to the len~itude Arum nrovides a=n accurate
method of averaging th's ratio as amplled to all
segments of the drum (38%8; |

The brushes (14 and- 141 are connected to
Scotch yokes 182 and 153, respectively, which
are both overated by the crank nin 154 on disc
185 which disc is rotated by shaft {56 driven by
gears 157 and 158 from the outnut shaft 181 of
the reduction gear box 1688. The innut shaft of
the gear box is driven by the commvass servo-
motor SM. The shaft 158 is thus driven by the
motor SM through a rotational angle correspond-
ing to the angle of the true compass course of the
flight and through the Scotch yoke 152 the brush
114 is advanced along the surface of the drum 111
a distance commensurate with the cosine of the
true course angle and through the Scotch yoke
193 the brush (41 is advanced along the surface
of the drum (38 a distance commensurate with

the sine of the true course ancle.

The servo-motor SM is of the direct, current re-
versible svlit field series-connected type and is
controlled. by the three- nosition differential re-
lay 162, 'The armature 183 of relav 182 mayv be
operated into eneragement with either its upper
or its lower contact to establich a cireyit through
one or the other of the field windings (64 and
65 of the motor SM to cause the motor to run in
one or the other direction under the control of
the amplifier-detector 166 and thus under the

control of the output of synchro transfermer_
ST2. -

For controlling the amphﬁer-detﬂctor 186 and "

servo-motor SM the flux gate primary transmltter
FPT is connhected: over conductors (67, lﬁB and
163 with the stator windings of the differential |

genarator DG, the Y-connected rotor wmdmﬂ's of
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which are connected over cornductors {70, 71 and
172 with the corresponding stator windings of the
synchro-transformer ST2. The rotor winding R?2
cf the synchro-transformer is connected to the
input circuit of the amplifier-detector 66 and is
rosatable through the unity ratio gears ie3 and
{58 and through the deviation cam {73, repre-
sented bv the box so labeled. by the servo-motor
SM. The rotor of the differential generator DG
is rotatable by the setting knob 24T through the
gears 268 and 248 to introduce a magnetic cor-
rection for the compass C. The gears 248 angd
249 have the same gear ratio as the gears 244
and 245 so that the amount of rofation of the
rotor windings cf the generator DG is indicated
by the correction peointer 242 of the compass C.

In order that the pilot may have an indication
of the true course which he is flying the pointer
240 of the compass C is connected by shaft 24
as previousiy described to the rotor R! of the
syncirro-receiver SRI, the stator windines of
which are connected over conductors {74, 175 and
T8 with the corresnonding windings of the sec-
ondary transmitting generator STG. The roior
winding R of the generator STG is rotatable
through the gears 157 and 158 by the servo-motor
oM and the windings of rotors R and Ri are
intercoennected by conductors 177 and {78 and
energized from the source cf 400-cyele current of
the airplane. The reotation of the rotor winding
R of the secondary transmitting genervator STG
by the servo-motor SM is thus instrumental in
rotating the compass pointer 249 with the mag-
netic correction introduced by the differential
generator DG under the control of the zetting
knob 247 and the correction made by the devia-
tion cam {73, With the differential generator
DG Interposed hetween the flux gate nrimary
transmitter FPT and the synchro-transformer
ST2, the rotor of transformer ST2 will, throuch
the serve-motor SM and the amplifier-detector
1G5, follow the primary transmitter FPT but its
mmtmn will differ by the magnetic correction
angle introduced by the setting of the rotor wind-
ngs of the differential generator DG as indicated
bv the correction pointer 242,

While the invention has bheen described in con-
nection with its application to an airnlane having
g flux gate compass unit it is to be understood that
it is also applicable to gn airplane having ga
“magnesyn” tvpe comupass unit. If the airplane
were eduipped with the latter type of compass
unit the servo-motor SM would he contyolled in
the manner fully disclosed in Fig, 1B of the an-
plication Serisl No. 527,999 of W. H. T. Holden
hereinbefore referred to.

The apnaratus employed in embedying the in-
vention having now been described, the manner
in which the anparatus functions will be dis-
cussed. It will be assumed that the airrvlane in
which the air position indicator is installed starts
a 111ght from a position of 00 degrees 00 minutes
latitude and 15 degrees 20 minutes longitude in
the eastern and northern hemispheres. The pilot
knows the latitude and longitude of the position
of the take-~-ofl and therefore resets the latitude
and longitude counters LC and L.oC by the opera-
tion of the reset knobhs 262 and 222 in the manner
fully deseribed so that they indicate the position
as disclosed in Fig. 2. He also sees that keys K!
and K2 are in positions indicative of the flight
to be made in the northern and eastern hemi-
spheres. It will also be assumed that previous to
the contemplated flight, the airplane has flown
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43687 nautical air miles as indicafed by the air
miles counter AMC.

It will be assumed that a flight is made in the
direction indicated by the line FA in Fig. b with
a true compass course of Cx degrees as indicated

Ny the coempass C, and at such a true air speed

that the distance traveled at the time an obhserva-
tion is made may be indicated by the vector FA.
‘The latitude component F'B of vector FA is there-
fore FA cos Cw and the distance BA or p along
the latitude parallel through the point A is there-
iore FA sin Cw. The air speed is measured hy
the air mileage unit AMU which drives the drums
it! and 138 at an angular velocity wo commensu-
rate with the air speed or wo=XoV: when the true
alr speed Ig expressed as Vi. As the flight pro-
gresses from the point of take-off P along the
vector direction FA, the cam 137 is driven through
the gear hoxes {87 and 135 to cause a closure of
the contact springs 179 once per nautical mile of
flight resulting in the closure of the circuit ex-
tending over conductor 258 and to battery
through the winding of stepping magnet 238 of
the stepping device STP2S of Fig. 2 to advance the
air miles counter AMC step by sten. The pilot
noting the reading of the counter at any time
and by subtracting therefrom the initial reading
may ascertain the number of air miles flown.

IT dssired, the counter AMIC could be provided
with g means for resetting it to zero similar, for
example, to the resetving knob 242 and resetting
gears 2:0 and 2f! associated with the latitude
ccunter LC s¢ that the air miles flown on any
ffight could be ascertained direcily from the
counter without the necessity of making a cal-
culation.

The drum Hi! is driven from the air mileage
unit at a rotational speed which is commensurate
with the true air speed and during each rotation
of the drum, the cam {23 causes sixty closures

f the contact springs {34, In response to the
cperation of the flux gate primarv transmitter
PRI, the synchro-transformer ST2 and the am-
nifier-detector 58, the differential relay (82 is
operated causing it to move its armaiure {83 into
engagement with cne c¢r the other of the asso-
ciated contacts thereby causing the establishment
of & cireuit irom ground thrmw'l one or tne other
of the fleld Wmdwgg of servo-motor SM, through
the armature winding of the motor and to bat-
tery B.

The motor SM is thereuvon o
through the reduction gear box {89 rotates the
shaft 5! vntil, through the gears {38 and 159,
the rotor R2 c¢f the synchro-transformer ST? is
$0 positiorned thal it receives no npotential and
the outnut of the amplifier-detector 155 is there-
upen reduced to zero and relay {82 will therefore
receive no current. At that time the armature
t63 of relay 162 will assume its mid-position
thereby opening the cireuit of motor SM.

Shatt 156 has now, through the gears {83 and
{27, been retated to gssume an ansular position
corresponding to the true course angle Cx and
through the disc 135 and crank pin 154 has moved
the Scofch yoke {52 to advance the brush {14 in
one or the other dirvecticn along the surface of
the drum to he engaged by the conducting seg-
ments of the drum as it rotates. As previously
described, as the hrush { {4 moves in one direction
towards the uprer end of the drum, the number
of impulses transmiftted over COI‘lduC’[}f“‘l 215 will
increase and such increase will vary in accord-
ance with the cosine of the angle of the true
course 1ilight, or if the brush moves in the other

onerated and



direction towards the lower end of the drum, the
number of impulses transmitted over conductor
214 will similarly increase. When the crank pin
54 is vertically above the center of the disc 155,
the true flight angle Cw is zero and, consequently,
the flight course would be due north and the
cosine of the true flight course angle would have
a maximum value. Therefore, in. this position
of the crank pin, the brush 114 will be at. the
upper end of the drum I{l and impulses. at the
maximum rate per revolution of the drum will
be transmitted to the magnet 204 of the stepping
device STPI thereby causing the advance of the
input wheel of the counter LC. | |

It has been assumed, however, that the true
flight course is in the vector direction FA, as
illustrated in Fig. 5, and the course angle is Cn
and that therefore the crank pin (54 has been
rotated threugh: the angle Cwn to the position illus-
trated in Fig. 1, thereby moving the brush ({4
to the pesition illustrated. As a consequence the
stepping device STPI advances the latitude
counter LC at a rate commensurate with the air
‘speed AS and the change in the angle Cnx of the
flight course with respect to north. By reference
to the vector diagram of Fig. 5 it will be seen
that the vector FB has the value of PA cos Cx
but since FA=AS:, then FB=AS: cos Cy or

L==A8t cos Cn. The counter LC is thus overated

at such a speed that at any instant it indicates
the value of vector FB or the degrees of latitude.

At the same time the drum (38 has also been
rotated at a speed commensurate with the true
air speed AS and by the Scotch yoke 153 the brush

14| has been advanced toward the right end of

the drum (238 so that the number of impulses
generated through the closure of the cam oper-
ated contacts (48 and the engagement of seg-
ments of the drum 38 with the brush {41, will
be in accerdance with the air speed and also in
accoreance with the sine of the flight course angle
Cn, and may be expressed as AS sin Cn. With
the brush in the position illustrated impulses are
transmitted over conductor 235 and through mag-
net 224 of stepping device STP2 wherehy the
longitude counter L:oC is advanced in a positive
direction indicative of an eastward flight.
- It is to be noted that when the crank pin 154
moves to a position exactly to the right of the
center of disc {23 at which position the angle Cx
is 90 degrees, it moves the brush 14{ to the ex-
reme right end of the drum 128 in which position
the maximum number of impulses are generated
0y the cam operated contacts (48 and drum seg-
ments for each revolution of the drum indicative
of a due east flight course, |
It 15 a well-known rule of geography that the
change in longitude equivalent to a given de-
parture varies in aceordance with the secant of
the average latitude angle. The basis for this
assertien will be apparent from the following
discussion considered in connection with the dia-
gram of Fig. 5. Tt will be assumed that the lonoi-
t1ide of point A with respect to point F is to hea
determined. BA and FRE are similar arcs of two
eircles and are pr o*mrt*ronal ‘re th.ﬂ radil ¢f such
circles. Therefore if PA be designated p and FE
he designated Lo or the 10 gf‘ 1de of the point
A, then B

v’

Fr Lo R
rl0

" ()

P = Iz
1= T

I‘JGW the lagitude of point A is the a,ﬂgh ROT
which is equal to the angle AOR, but angle AOR

or
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is. equal to the angle OAC of the right angle trl-
angle OAC. If now the angle OAC he designated
A we have in the triangle QAC,

AC=AO0 cos A or

AC r

Substituting Equation 2in E‘qu_ation' 1 we have
p=2XL0 cos \ or

e
COS A

Lo=p secant A
A Is the latitude angle so it follows that

Lo=

cog =P secant L (3)

Now p=FA sin Cy but since as previously stated
FA=AS: then p=AS: gin CN and as the drum (38
rotates at a speed commensurate with the air
speed, the impulses generated by the rotation of
the drum and the operation of the cam operated
contacts 148 will be in accordance with the value

| of p. Now to convert tnis impulse value of p intc

the true longitude, the variator SV is provided.

The brusii (#3. cof this variator is sdvanced
aiong the drum 198 in accordance with . the

change in the Value of the latitude angle A, being
positioned at the xtreme lelt end of the drum
wien the layi LU.QF‘ &nglﬁ is. zero and the extreme
right end. Whtll;. the latitude angle is 78 degrees.
A filgnt would not be conducted nearer either
of the eartit’s poles than 75 degrees norith or
south so thag. values of the latitude angle gr eatm"-
than 75 degrees need not be considsred. The
secant Gi‘_.’rhn_. angle L. will vary from one to in-
finity as L increases frorm 0 to 80 degrees gnd
saerefore Lo will vary from thie valus p to__mr
finity as the latitude angle increasss from 0 to 99
degrees. | |

From the f&regomg,_it will be apparent that
theoretically the rate abt which. stepping  in-
pulses shiould, be transmitted to the stepping de-
vice 8TP«, shoeuld be varied from a stepping rate
wiich would advance the longitude counter one
degree for every 60.068 air miles flown eastward
at thie equator to an -unmta STEPPRINg rave af the
poles.. This variation in the stepping rate is
made by the secant variator SV, the widith of
the segment 105 of which follows the secant func-
tion of the angle of latitude N whereby when the
angle of latitude is zero and the brush i is po-
sitioned at the left end of the drum 189, the num-
per-of impulses which will be transmiftted during
each revolution of the drum 138 will be zero
since at the same tine the hrush 1410 wﬂl be po-
sitloned on the drum {38 so that no segment of
the drum will engagse it ag the drum v ‘otates, As
the angle Cn increases slightly from § so that
the brush 41 is engaged by one segment during
cach revolution of the drum, the brush §3 wiil
be positioned near the left end of drum {49
and since thﬂ druin 80 due to the siep-up gear
ratio 1 to 6.1 m akes a'boub 1 “evomtmu during thne
rassage oi cach segment of drum 4§38 past the

L) TR W

THO ]"li |

brush {44 only onﬂ or two impulses Wﬂ] be trans-

mitted to the stepping device STPZ {o advancs
the counter LoC durmﬂ' each remlu&i—:‘-}'n of
drum 138. S |

As the flight pmﬁreases from the point B to-
ward the point A, the value of p will'increase and
the value of the latitude angle L will incraase
and consequently the brush (41 will move toward
the right end. of the drum (38 {0 an amount
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commensurate with the change of value of p or
ASt sin Cx and the brush 183 will move toward
the right end of drum £33 to an amount coig-
mensurate with thie changs in the value of tiie
latitude angla A or the laftitude L and the dura-
tion of the engagement of brush (&8 with the
segment 85 of drum 199 will vary in accordance
with the change in the function (gscant L.).
Thus when the fiight reaches the point A ag
which the airplane would be required to fly in
an eastward direction 52.064 nautical milss for
eachl degree ¢f longitude, the brushes i1d4i anud
{G3 will be positioned as indicated in Fig, 1. Wit
brush {53 thus positioned it will be engaged by
the segment {85 during each ravoiution while
the brush {41! is being engaged by three of the
segments of drum (&8 and consequently & number
of impulses will bhe transmitted to advance the
counter L.oC which is commensurate withh the
function p secant L or impulses generaved Dy the
position cf birush {4! with respect to the drum
|38 as modified by the positicn of brush (&3 on
the segment (069, .

If the flight course had been flown from point
F' to point G, the value of p would further de-
crease and the value of the latitude angle L
would increase from 0 fto 7o degrees and con-
sequently the brush {41 would have moved nearly
to the extreme right end of the drum {38 to an
almount commensurate with the value of p or
ASt sin Cx and the brush (82 weuld have moved
to the extreme right end of drum 168 com-
mensurate with the latitude angle A or the lati-
tude L and the engagement of brush 183 with
the segment 165 of drum (69 would have lasted
during each entire revolution of drum 188 and
while the drum 138 and associated contact springs
148 were generating 2 number of impulses per
revolution of drum 138 somewhat less than sixty
impulses per revolution. Thus a larger number
of impulses would have been transmitied to the
stepping device STP2 during the time that the
flight is proceeding from A to G. It will thus
be apparent that the nearer the pole the flight

proceeds, the faster will be the stepping speed .

of the stepning device STP2.

While the functicning of the invention for
a, horth eastward flight has been discussed, it is
believed that its operation on a flight southward
above the equator and in the east hemisphere
will be apparent. On a flight into the western
hemisphere either after flying eastwardly across
the 180-degree reference meridian or westerly
across the 0-degree reference meridian the pilot
will operate the key K2 when the flight crosses
either reference meridian. On a flight eastward
of the reference meridian but south of the equa-
tor, he will onerate the Key K{ when the equator
is crossed and on a flight in the southern hemi-
sphere but westward, from the 0-degree refer-
ence meridian or eastwardly across the 180-
degree reference meridian, he will also operate
key X2 when the reference meridians are crossed.
Conversely, if a flight is conducted from the
western hemisphere easterly across the 0-degree
reference meridian or westerly across the 180-
degree reference meridian into the eastern hemi-
sphere, the pilot will restore the key K2 to its
normal position,

What is claimed is:

1. In an automatic dead-reckoning device for

a craft, a latitude indicator, a drum, means for

rotating said drum at a speed commensurate with
the speed of travel of said craft, two groups of
conducting segments extending respectively from
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the central portion cf said drum axially toward
the ends of said drum and insulatedly mounted
on said drum with the apices of the seginents of
one group positioned spirally around said drum
and with the apices cf the segments of the other
sroup poczitioned 2long a reversed spiral around
said drum whereby the apices ¢f successive cor-
responding segments of said grouns are axlally
spaced at equally increasing distances from each
other, a brush engageable with either grcocup of
said segments and movable axially along tie sur-
face of said drum in accordance with the cosine
of the true course angle of the travel of said
craft to calse the generation of a varying num-
her of impulses during each revelution of said
drum, and a two-way stepping device responsive
to impulses generated by the engagement cf sald
brush with one or the cther of said groups oI
segments for coperating said latitude indicator
in one or the other direction.

2. In an automatic dead-reckoning device for
a craft, a latitude indicator, a drum, means for
rotating said drum at a speed commensurate with
the speed of travel cf said craft, a plurality of
substantially similar tapering conducting seg-
menits insulatedly mounted on the suriace of
said drum with their apices pocsitioned spirally
around said drum and their widest portions po-
sitioned adjacent to one end of said drum, a
brush engageable with said segments and mov-
able axially slong the surface of said drum in
accordance with the ccsine of the true course
angle of the travel of sz2id craft whereby sald
brush is engsged by varying numbers of said
ssgments and for varying duraticns during each
revolution of said drum, an interrupter driven
by said drum and operable to render said brush
effective a plurality of times during each revo-
lution of said drum, a stepping device {or oper-
ating said latitude Indicator and an operating
circuit for said stepping device controiled jointly
by sald iaterrupter and by the engagement of
said brush with the segments of said drum.

3. In an automatic dead-reckoning device for
a craft, a longitude indicator, an impulse gener-
ator, means for driving sald generator at a speed
commensurate with the spzed of fravel of saild
craft, means for varving the number of impulses
generated during each revolution of said gener-
ator in accordance with the sine of the true
cocurse angle of the travel of said craft, means

for further varying the number of impulses

transmitied from sald generator in accordance
with the secant of the gngle of latitude of the
course ¢of said craft, and a stepping device re-
sponsive o said generated impulses as thius trans-
mitted for operating said longitude indicator.

4. In an automatlic dead-reckoning device for
a craft, a longitude indicator, a drum, means for
rotaving zaid drum at a speed commensurate with
the speed of travel of said crait, two groups of
congucring segiments extending respectively frem
the central porticn of said drum aXisily toward
the end of said drum and insulatedl!y mounted on
said drum with the apices of the segments of
one group posivioned spirally around said drum
and with the apices of the segments of the other
group rositioned alcng o reverse spiral around
said drum whereby the anices of successive cor-
responding segments oi sald groups are axially
spaced &t equally increasing distances from each
other, a brush engageable with either group of

said segments and movable axially along the sur-

face of said drum in accordance with the sine of
the true course angle of the travel of said craft
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to enable the generation of a varying number
of impulses during each revolution of said
drum, means for further varying the number of
said impulses in accordance with the secant of
the angle of latitude of the course of said craft,
and a two-way stepping device responsive to the

impulses generated by the engagement of said

brush with one or the other of sald groups of
segments and
. ter means for operating said longitude indicator
in one or the other direction. |

5. In an automatic dead-reckoning device for

a craft, o longitude indicator, a drum, means for
rotating said drum at a speed commensurate
with the speed of travel of said craft, a plural.
ity of substantially similar tapering conducting
segments insulatedly mounted on the surface of
said drum with their apices positioned spirally
around said drum and their widest portions po-
sitioned adjacent to one end of said drum, &
brush engageable with sald segments and mov-
able axially along the surface of said drum in
accordance with the sine of the true course angle
of the travel of said craft whereby said brush
is engaged by varying members of said segments
and for varying durations during each revolu-
tion of said drum, an interrupter driven by said
drum and operable to render said brush effective
a plurality of times during each revolution of
said drum, means for further rendering said
brush effective for intervals varying in accord-
ance with the secant of the latitude of the course
of said craft, a stepping device for operating said
longitude indicator, and an operating circuit for
said stepping device controlled jointly by said
interrupter, by said latter means and by the en-
gagement of said brush with the segments of said
drum.
6. In an automatic dead-reckoning device for
a craft, a longitude indicator, a drum, means for
rotating said drum at a speed commensurate
with the speed of travel of said craft, a plural-

ity of conducting segments extending axially

along the surface of said drum and insulatedly
mounted thereon with their apices positioned
spirally around said drum, a brush engageable
with said segments and movable axially along
the surface of said drum in accordance with the
sine of the sourse angle of the travel of said
shaft to enable the generation of a varying num-
- ber of impulses during each revolution of said
drum, a second drum driven from the shaft of
said first drum at a speed greater than the speed
of said first drum, a conducting segment on said
latter drum contoured in accordance with a se-
cant function, a brush movable axially over the
surface of said second drum in accordance with
the latitude of the course of said craft whereby
the circuit closure between said drum segment
and said brush is caused to vary in accordance
with the secant of the latitude, a stepping device
for operating said longitude indicator, and a cir-
cuit for said stepping device jointly controlled by

as further modified by said lat-
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the engagement of the brushes with the seg-

ments of their respective drums whereby said
longitude indicator is advanced at a rate deter-

mined by the course angle modified by the sine of

the course speed and further modified by the
secant of the angle of latitude. |

7. In an automatic dead-reckoning device for
a craft, a longitude indicator, a drum, means
for rotating said drum at a speed commensurate
with the speed of travel of said craft, a plural-
ity of identical tapering conductive segments in-
sulatedly mounted on the surface of said drum
with their apices positioned spirally around said
drum and their widest portions positioned ad-
jacent to one end of said drum, a brush engage-

able with said segments and movable axially

along the surface of said drum in accordance
with the sine of the true course angle of the
travel of said craft whereby said brush is en-
gaged by varying numbers of said segments and
for varying durations during each revolution of

said drum, an interrupter driven by said drum
and operable to render said brush effective a
plurality of times during each revolution of said
drum, a second drum driven from the shaft of
said first drum at a speed such that said drum
makes substantially as many revolutions during
one revolution of said first drum as there are
segments on said first drum, a conducting seg-
ment on said second drum contoured in accord-
ance with a secant funection, a bhrush movable ax-
ially over the surface of said second drum in ac-
cordance with the latitude of the course of said

- craft whereby the circuit closure bhetween said
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drum segment and said brush is caused to vary
in accordance with the secant of the latitude, a
stepping device for operating said longitude in-
dicator, and g circuit for said stepping device
jointly controlled by the engagement of the
brushes with the segments of their respective
drums and by said interrupter whereby said lon-
gitude indicator is advanced at a rate determined
by the course speed modified by the sine of the
course angle and further m0d1ﬁed by the secant
of the angle of latitude.
| - WALTER P. ALBERT.
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