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The present invention relates to new and im-
proved- methods 'of and apparatus for locating
the site of an unknown position relative to one
or more fixed points, the locations. of which are
known.

The-invention is based on the retransmlssmn
fromr the fixed base point or points, of suitable
signals transmitted from the unknown position,
and observing at the latter position the registra-
tion of the retransmitted signals as upon a suit-
ably: energized cathode ray tube or. oscﬂlograph

One of the objects of the present invention:is
to provide new and improved methods of and ap-
paratus for determining the distance between an
unknown -position and one or more fixed- base
points; the locations of which are known.

Another object of the invention is to provide
new -and improved methods of and apparatus for
determining the bearing of an unknown position

relative to one or more fixed points, the loca~

tions of which are known.

A further object of the present invention is to
prov1de a new and improved method of naviga-
tion. when in communication with either one or
two fixed base points..

Anpther object of the invention is to provide

new and improved methods of and apparatus for
navigating along a given route, for approaching a

landing field, and for determining the location
of a point in space relative to two or more fixed
base points which are spaced apart at known
locatlons

. Other objects and advantages of the invention
will become apparent from the ensuing descrip-
tion; in ‘the course of which reference is had to
theaccompanying drawings, in which:

g, 1 is a diagrammatic representation of the
apparatus -located on a vessel, for instance, an
aerial or naval vessel, or the like, whose unknown
position is to be ascertained.

Fig. 2 is a front elevational view of the cathode
ray tube forming part of the apparatus illustrated
in. Fig.’ 1-and showing the cathode ray trace
formed on the screen thereof when the appa-
ratus is used in accordance with one of the meth-
ods of the present invention;

Figs. 3 and 4 are views similar to Figs. 1 and 2,
respectively, another embodiment of the appa-
ratus and g trace obtainable by itsuse;

- Fig.- 5 is another view similar to Fig. 1 of a
further embodiment of the apparatus located at
an unknown position; and

Fig. 6 is a diagrammatic representation of an
embodiment involving apparatus at the unknown
position and at -a plurality of fixed base points.
~In:Pigure 1 is illustrated diagrammatically a
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form of apparatus constituting station A, car-
ried on the airplane, boat, or the like, whose posi-
tion relative to certain fixed stations is to be
ascertained or determined. : In the followmg de-
seription- it is assumed that the apparatus at
station A is located on an airplane.

The apparatus consists, in the main, of a cath-
ode ray tube i9, a radio transmitter I, a radio
receiver 12, and a plurality of, oscillators and
phase shifters 18 to 16, inclusive. The antenna
63-0f the receiver may be either fixed or rotated
for purposes described hereinafter. Whlle a plu-
rality of oscﬂlators and phase shifters are shown,

- only one of these is utilized at any one tlme, ‘and,

as a mabter of fact, most: of the methods of this
invention may be practlced with appara.tus in-
cluding but one.

‘The cathode ray tube i is prov1ded w1th the usual
pairs of rectangular deflector. plates. 17 and. 8.
These are supplied with two sinuscidal ‘currents
oi - equal intensity and frequency but displaced
90° in phase, thereby to cause the cathode ray

‘peam to describe a cone, the trace of which is a

circle on the ﬁuorescent screen of the tube. In-
asmuch as the rotation is not mechanical in na-
ture, it may be as rapid as desired. = For instance,
the rotational velocity of the radius vector of the
circle may be 1,000 revolutions per second, ‘or as
low as 4124 cycles per second and as high as
10,000 cycles per second.. The currents are selec-
tively supplied to the deflector plates from the
phase shifters and oscillators by means of a se-
lector switch comprising the two simultaneously
movable blades 19. One of these blades is con-
nected by a conductor 20 to one of the deflector
plates 11, the other plate IT being grounded, and
the other of the switch blade is connected by a
conductor 21 to one of deflector plates 18, the
other plate 18 being grounded. In the indicated
position of the selector switch shown in Figure 1,
the deflector plates are connected to oscillator 9,
supplying a current having a frequency of 1,000
cycles per second. When the switch blades 18
are in their uppermost or first position, the de-
flector plates are connected to oscillator and
phase shifter 13, supplying a current having a
frequency of 4123 cycles per second. In' the
second position of the switch, the deflector plates
are connected to oscillator and phase shifter 14,
supplying a current having a frequency of 41633
cycles per second; and in the fourth or lowermost
position of the switch, the plates are connected
to oscillator and phase shifter 16 supplying a cur-
rent having a frequency of 10,000 cycles per
second. -

. “The oscillators and phase: shxfters are of lden-
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tical construction except for the use of proper

circuit elements to give the necessary frequencies. ,

Oscillator and phase shifter 13 is the only one
illustrated, and comprises a tube 22 and the mu-
tually coupled coils 23, 24 and 25. Coil 23 ls
shunted by a condenser 26, these two elements
being chosen to give the desired fréquency, in ac-
cordance w;th well-known practice. Coil 28§,
which may be termed an “output” coil, is shunted
by a resistor 27 and a condenser 28 connected in
series and having their junction point grounded
by conductor 28, thereby to provide the deflector
plates {7 and 8 with currents that ale displaced
90° from each other.

The cathode ray tube includes the usual anode
31, indirectly heated cathode 32, screen 33, and
grid 34. These are supplied with proper poten-
tials from a suitable source (not shown) through
conductors 85 and a potentiometer indicated gen-
erally by refererice character 36. In order to
provide for observing the appearance of a phe-
nomencn having the same period as the rotation
of the radius vector but of undetermined ‘phase,
various methods may be used. For instance, it
is possible to cause the current feeding the
cathode ray tube deflectors to be modulated by
the phenomenon. -It is possible also to feed a
system of two concentric rings with a current
which is a function of the intensity of the phe-
nomenon, the concentric deflecting rings being
positioned above the deflectors and so located
with respect thereto that the cone ‘described by
the radius vector may pass and clear the rings.
The current passing through the rings will effect
an‘exclusively radial variation of the poift of im=-
pact of the cathode rays on the -screen without
any-variation of ‘the polar angle at that moment
(é, calth'bde tube of this kind having, in particular,

‘It'is-obvious that, if the phenomenon is-a ‘con-
stant phase ‘pulse, it Will make itself manifest on
the fluorescent screen by the appearance of a
stationary toeth.

The cathode ray tube 12 of the embodiment il-
lustrated in Fig. 1 is provided with two concen-
trie rings 1 and 38. The concentric ring 38 is
stupplied: with periodic :pulses from the transmit-
ter i1 through a conductor 39. Itis glso'supplied
with pulses- retransmitted from one of ‘the fixed

base -point stations, to which further reference ;

will be had shortly, by means of ‘the reeeiver 12,
the ‘rectified output of which is connected to the
ring ‘by ¢onductor 0. A synchrehnizing signal-is
suipplied from ‘the oscillator and phase shifter to
the transmitter through a conductor 41.

Figure 2 shows diagrammatically how the cir-
cular trace of the cathode ray becomes-modified
to produce stationary teeth. A first tooth, indi-
cated by reference character 42, is'produced when
the transmitter sends out a pulse, this tooth re-
sulting from‘the supply of current to the deflzct-
ing rings.through conductor 39. A sécond tooth,
indicated by reference character 43, is produced
when the retransmitted pulse is picked up by re-
ceiver 12 and a current proportional thereto is
supplied to the deflector rings through ‘the con-
ductor 48. The angular distance betwéen the
teeth 42: and 43 indicates, as will be explained
more fully hereinafter, the distance between the
unknown position and a fixed base point. The
distance between the unknown position and a
second fixed base point is indicated by the third
tooth 44, shown by dotted lines.

The signal pulse can also be employed for
the ‘purpose -of changing. the. intensity of the
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cathode ray instead of causing its deviation.
Ii, for instance, the intensity of the cathode ray
be brought to zéro or to the neighborhood of
zero, the pulse will result in an interruption of
the continuous line of the circle traced by the
cathode ray. An arrangement of this nature is
illustiated in Fig. 3. Upon reference to this
figure it may be noted that the apparatus cor-
responds, for the most part, with that of Fig. 1.
The prmmpal dﬁTerence is that the control grid
34 is controlled by current impulses indicating
the time at which the impulse is sent out by the
transmitter ‘and the time at which the retrans-
mitted impulse is received by the receiver. The
impulse from the transmitter is applied to grid
34 through conductor 46, while the impulse from
the receiver is applied through conductor 41.
These ‘conductors are connected to the grid
through a condenser 48. The grid is connected
to the potentiometer 36 through a resistor 48,
and the grid potential is so adjusted that when
the pulses corresponding to transmission and
reception of the signal pulse are applied to the
grid through condenser 48, the intensity of the
cathode ray is brought to the neighborhood of
zero, thereby resulting in an interruption of the
trace, as illustrdted in Fig. 4 at 51 and 52, respec-
tively. 1If desired, the cathode ray tube control
could be so arranged that the pulses result in
increasing the intensity of the cathode ray so
as to produce luminous spots.

It should be understood, however, that the in-
vention is not limited to ‘the use of cathode rdy
oscillographs giving circular traces. It can @lso
be put into ‘effect with any trace which ihakes
it possible to locate the moment of transmission
of the starting pulse within a constant time in-
terval serving as a basis for the moment ‘of
appearance of the corresponding return pulse.

Furthermore, the invention is not limited to
the use of a single cathode ray oscillograph used
in conjunction with either a single or ‘a plurality
of oscillators and phase shifters. It is possible
to utilize an equal number of cathode ray tubes
and oscillators. and phase shifters, ‘whereby
different oseillographs-are ‘utilized, dependingon
the frequency selected. An arrangement of this
type is illustrated -in . Fig. 5, to ‘which reference
is' now had.

The apparatus illustrated-in Pigure 5 may be
seen to include four cathode ray oscillographs,
indicated by reference ‘characters 53 to 56, ih-
clusive. These nay correspond ‘in construction
with ‘the cathode ray oscillograph ‘18 -of Fig, I,
They are connected: to individual oscillators and
phase shifters 57 :to 60, inclusive, corresponding
to those indicated by reference -characters 13 to
16, inclusive, in Fig. 1. The -cathode ray oscil-
lators and phase shifters-are-each ‘connected by
three conductors :corresponding to ‘conductors
39, 40 and 41:of Fig. 1, to a selector switch 64,
whereby ‘the conductors individual to:edch oscil~
lator and .phase shifter mdy be connected-to- the
transmitter (1 and receiver £2. In the-indicated

5 position of the selector -switch, os¢illograph ‘53

and oscillator ‘and..phase ‘shifter 57 .4re opera-
tively connected to the transmitter and-receiver,
and in the other positions, selected ones of ‘the
others so connected. Further description of
this particular embodiment is not deemed ‘neces-
sary, in view of its similarity to the apparatus
described hereinabove,

The apparatus:at the fixed base points.or §ta-

- tions. B,:C, and D includes-receivers 64, 65, -and
75 66, and transmitters<67,-68, and 69, respectively,
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In order that station A may distinguish between -

the various stations B, C, and D, the stations
are provided with suitable means for periodically
interrupting or modulating the transmission of
the stations a certain number of times per minute
according to characteristic signals, such as code.
Thus, the tooth corresponding to the refrans-
mitted signal formed on the oscillograph. at sta-
tion A will beat its own identifying. signal.

Such means at the various stations are 1ndlca,ted 3

by block diagrams 18, 74, and 72, respectively.
In a system comprising station A and a smgle

fixed base point station, such, for instance, as:

station B, both stations ‘may transmit’ on.any

wave -length whatever, that is, both ‘stations

may - transmlt either on the same wave. length
or at -different wavelengths. - However, when.a
plurahty of base.points or retransmlttmg sta-

tions, such as B, C, D, are used, it is preferable

that all -of the stations B, C, D, be permanently
tuned for reception to a common wavelength A,
being that which is transmitted by :the trans-

mitter 1§ of the station A, and that the stations

B, C, D, be tuned to retransmlt on g common
Wavelength A2.. This makes it possible to avoid
any operatmnal adjustment on the moving ob-
ject on which statmn A is located, such as an
airplane, whose set ig permanently synchromzed
with the stations. The teeth and other refer-
ence marks, corresponding respectv1ely to sta-
tions B, C and D will appear simultaneously on
thé sciéen, but will commde only in the partlcu-
lar case of a distance AB=AC. The use of
different wave lengths Al "and A2 avoids. the
possibility also of any station C retransmitting,
in addition to the pulses from A, retransmissions
of the same pulses by the other stations B, D,

which would give rise to an infinite nhmber of

reflected teeth.
In operation, the radlo transmlttmg station

A transmits a pulse of given “frequency.  The

&
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40

frequency is determined by the period of time

it takes the cathode ray of the oscillograph to -

describe its complete trace, and the pulses are .

transmitted at the moment when the cathode ray
passes over a given point of its trace as the
beginning of the phases. The station B receives,
and after detection, amplification and modula-
tion, retransmits the pulses it receives. The re-
transmitted pulse is received at station A and
directed- to the control system of the cathode

ray oscillograph. The result is interpreted- on
the screen of tube 10 at station A by a discon-

tinuity of the trace, that is, in the-case of appa-
ratus corresponding to that of Figure 1, the-dis-
continuity is in the form of a tooth; in the case
of the-apparatus of Figure 3, a -dark interval;
and also in ‘the case of the apparatus of Figure 3,
the discontinuity may be: in-the -form of a more
brilliant spot.

continuity and that resulting from the reception
of .the retransmitted signal thus measures an
interval of time. This interval of time includes
a period of delay inherent in the operation of
stations- A and B, which is a fixed period of
time, and the variable time required, -for the
jnitial transmission and reception of the trans-
mitted pulse.  If the distance from A to B is 10
kilometers, for example, the interval corresponds
to-a-period of travel of 1/15,000 0f a second meas-
ured; in the. case of the circular trace, by 1/15 of
the distance around the circle or a lag of 24°,

45

50
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.60
The ‘interval between the initial pomt of dis- -

65

70

assuming that the rotation of the radlus vector -

is 1,000 revolutions per-second, = - -

(3
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Consequently, by. observing the - positionis of :
the teeth or other marks produced on the Screen
by retransmission by station B, the distance be-
tween stations A and B can be deduced.” By

- similarly observing on the screen the actions. of

marks characteristic of station C, the position -
of which is fixed like that of B, the position of -
station A relative to stations B and C can be:
deduced- from the two observations by -conven- :

tional means.

As already pointed out, the different statmns -
B, C, and D can be arranged so that their trans-
mission is interrupted periodically a certain num-
ber of times per minute according to character- -
istic sighals such a$.code. In this way the ob-"
server at station A can readily identify the tooth
or other marks on the screen as produced by a -
particular station. o

From the foregoing it is evident that the
present invention provides an arrangement such ‘
that: :
(1) The distances from the statlon A to the»
fixed points B, C,D'. . . can be read 1mmed1ate1y :
and without adJustment -

(2) The operation is not liable to being Jammed
because no periodic signal transmitted on the
wave length of A will appear on the observation
screen unless it is exactly synchronized for the -
transmission frequency of the- pulses.. Indeed, -
a lag of one:revolution in.three hundred and
sixty thousand revolutions would become appar- .
ent on the viewing screen, assuming the rota-"-
tional velocity of the.cathode ray 'is one thou- '
sand revolutions per second, by reason-of a-rota- -

“tion..of the para51te tooth of one degree per, g

second.

If several transmltters sueh as A are to func-
tion simultaneously (as in the case of aircraft )
flying in formation)- mutual jamming can- ‘be

-avoided by providing each of them with a char-

acteristic frequency of signal transmlssxon (fre-
quency of the pulses). -

(3) In contradistinetion to certain other de- *
vices, the device of the invention will give indi- °
cations only so long as the 1nd1cat1ons have
significance.

The accuracy of the measurements of the ‘de-
vice of the invention is a function of the factors -
of precision of measurement of a distance by
an electromagnetic wave and of the stability of ~
the time delay in the retransmission of the pulse- .
energy through the stations involved, which are -
substantially absolute,

The accuracy of the readings being dependent
only on a minimum duration of the pulses.. con-~ -
sistent " with the energy to be transmitted; it~
would appear that distances can-be determlned
to within a hundred meters or so.

The invention makes it possible to determme’ f
not only the distance to the reference point B,
but also the bearing of B relative to-A. Accord-
ing ‘to a first method, the receiving aerial at
station A is of the directional and rotatable type,
a loop aerial, for instance. By rotating the loop
aerial, the disappearance or maximum flatten-
ing out of a given tooth corresponding to station -
B will be obtained, and this will give the bearing
of station B. The distance to B from A is de- "
duced from the angular position on the screen -
of the corresponding tooth. In this case a single -
retransmitting station is sufficient to determine
the location of point A. : :

When point A represents a moving object, an - ..

aircraft, for instance, its directional receiving ™
gerial- can, according -to- the invention, be im-: ¥
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movable on the Mmoving object. The moving ob-
ject will then have to be orientated as a whole
in. order to determine the azimuth of point B.
This arrangement is particularly convenient ow-
ing to the fact that it reduces the operation of
correcting course to a simple navigational maneu-
ver, thereby considerably facilitating the navi-
gation of the aircraft when the duty of navi-
gating and piloting is assumed by the pilot alone,

The invention includes another method: of de-
termining the azimuth of reference point B by a
simple piloting maneuver, without the necessity
of -employing any directional receiving aerial.
The spacing of the tooth which indicates the dis-
tance to point B varies according to the distance
between: A and B. In other words, the tooth
moves in proportion as A comes nearer to B,
and faster in proportion as the rotative or trans-
lative velocity of the cathode ray is greater. A
simple calculation shows, for instance; that for
a speed of 1,000 rotations per second of the cath-
ode ray the tooth, of the circular trace, rotates
at the rate of ahout 2.4 degrees in 10 seconds for
a variation of one kilometer in the distance AB
in' a corresponding period of time, which corre-
sponds-to the speed of an-aircraft traveling at 360
kilometers per hour. If the speed of the cathode
trace was 10,000 revolutions per second, then the:
tooth would rotate at the rate of 24 degrees un-
der the same conditions.
vention, the determination of the bearing is ef-
fected by the immobilization of the tooth on the
oscillograph screen by a. momentary variation of
the path of flight of the aircraft. The course
which procures.said immobilization forms an an-
gle of 90° with the bearing of point B.

From the foregoing it will be seen -that it is-de=
sirable to have definite frequencies determining
the rate of travel of the indicating traece on the
screen. Four frequencies are obtainable with the
embodiments. of the invention. described above.
A lesser number can be used if desired, and as a
matter of fact, three frequencies; such as the
frequencies of 4124, 41624, and 10,000 revolutions
per second are sufficient. The lowest frequency
of 4124 revolutions per second is intended for
long distance navigation. The tooth, assuming a
circular trace, then moves 360° for 3600 kilom-
eters. The second mentioned frequency, namely,
that of 41625 revolutions per second, is intended
for more accurate navigation and the tooth moves-
360° for 360 kilometers. The third mentioned
frequency, namely, that of 10,000 revolutions- per
second, is intended to enable solution of problems
involving the highest possibie sensitivity of dif-
ferential measurements. In. the last case, the
cathode ray rotates at a miximum speed con-
sistent with technique or at about 10,000 revolu-
tions. per second for an angular displacement of
1° for 41245 meters.

The. present invention enables carrying out
various: navigational methods other than those:
described above.

One method concerns navigation with the help
of any two stations of a network of fixed stations
B,C,and D.

The distances to the twe fixed points being
known,. the - position of station A can be deduced
directly by the intersection of two circles where
short distances are concerned. If long distances
are involved, the method used is that of ordinary
celestial navigation, wherein the fixed stations.
represent fixed heavenly bodies, and the distances
read: on.the screen represent the radii of the cir-
cleg of height, and wherein resolution of spherical-

According to the in- :
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8
triangles is merely a question of elementary
graphs. This method which is applicable not only
to aviation, but also to maritime navigation, is
not subject either to visibility of actual heavenly
bodies, or to the lack of precision, which in-
creases in proportion. to the distance involved, of
goniometrical bearings.

Another method relates to navigation by means
of a single fixed station B, and eliminates need:
for manipulation of a directiona] aerial.

It has already been described herein how to ob-
tain. the bearing of a single station B, and the
angle: and distance defining the position of sta-
tion A. But, in cases where the pilot is flying:
alone, it is difficult for him to manipulate a di-
rectional aerial. The oscillograph being set to
operate on the highest frequency of 10,000 revo-
lutions: per second, the tooth of the resultant
trace on the sereen will be subject to appre-
ciable: displacement if the pilot navigates in:
the direction of station B. It will become sta-
tionary (momentarily) in the perpendicular di-
rection. By making simple turns, the pilot- will
seek for the course which renders the tooth sta-
tionary. The bearing is, obviously, at right angles
to said course. (The indetermination is removed:
by the direction of the variation in the distance
to station B.)

A- third method relates to navigation along a
given course.

Certain countries, the United States for in-
stance, prefer navigational methods which fix the
pilot on his course, the sole object of this being
to keep him advised as to his position. Now, in
addition to position, the present device makeg it
possible to define the route or course itself with
more accuracy and convenience than by such
methods.

For iliustration, let XY be the course, and B’
and. C the positions of two fixed retransmitting
stations symmetrically located relative to said
course. For greater convenience it is provided
that said stations shall operate with complemen-
tary identification signals, such asthe Morse code
letters a and n. _

So long as moving station A travels along route
XY, and therefore at equal distances from the
two fixed stations, the teeth corresponding to the.
retransmissions of stations B and C will be super-
imposed on the screen and the new tooth thus
formed.- will no longer pulsate since ¢ and n are
complementary. In this way immediate warning
will be available of any failure of one of the sta-
tions B -and C by the appearance of pulsations,
s0 that there is no risk of relying on the presence
of a single tooth after it has lost its-sighificance
due to failure of one of the fixed stations.

Whenever the aircraft deviates from its course,
the two teeth move apart and the phenomenon-
will: be rendered- still more conspicuous. by the
appearance of pulsations,

If, once the aircraft has been set on its course,
the highest frequency of 10,000 revolutions per

~. second- be introduced, the very slightest devia-
tion will be perceptible whereas, according: to

pbresent- methods, the minimum deviation capa--
ble of warning the navigator may amount to some
kilometers. when midway along a marked out:

. route,

In addition, it will always be possible to ascer-
tain the mileage covered along the route (hence:
the speed) either by deducing it from distances
B or C, or by the reading of a third tooth issuing
from an axially located station.
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9 ,
. A fourth method relates to guiding an airplane
toward a landing field.

‘If a landing field. be defined by fixed stations
"B and C located on either side of the landing
- strip, and if XY represents the line of approach
_perpendicular to base BC at its middle and if,
“on the plane’s nearing the landing field the high-

est frequency of 10,000 revolutions per second is
introduced to render perceptible small variations
in distance, course XY can be followed by navi-
gating with the teeth superimposed. Warning
- of passing the beginning of the landing strip will
“be given when the teeth pass through a minimum
on the trace corresponding to ¥% BC. The read-
“ing of minimum lacking precision, an axially lo-
- cated station may be employed also.

The last described method can be used for
-guiding an airplane in landing on an airfield.

In this case the moving station A is not far
“distant from the fixed stations B and C, so that
‘1nstead of ‘installing retransmission stations at
-B-and C, the reflective effect of the waves trans-
~mitted by A on conductors or metallic masses

posmoned at B and ¢ may be utilized.

*‘Control of the correct location of A along axis
XY perpendlcular to the center of segment B, C
“is‘obtained by mamtalmng coincidence, on the
ftrace,Aof the teeth corresponding to the reflec-

“tions by B and C of the pulses transmifted by A.

rAny ‘deviation of A relative to XY will cause sepa~-

ration of the teeth. THe passing of A in front
_of the 1iné" B, C will appear as a minimum or
‘minor dlvergence or separatlon of the reflected
‘teeth.

- 'The: last described arrangement can be com- 3

bined with the use of an axial reference station,
-acting as a retransmitter or merely as a reflector,
for measuring the distance along the landing axis.

A fifth method provides for guiding such as an
“airplane along a selected course toward a target
.for:such as aerial bombing operations.

. The objective or target is flanked by two suiit-
+ably located retransmitting stations B and C
placed equidistant from the objective, so that co-
:incidence of the teeth produced by the two sta-
tions.and a reading of the distance BA will place
-the airplane relative to the target. The method
-of .approach to the target then consists in navi-
gating the airplane with the teeth joined along
XY as in the fourth described method, until the

.reading of the distance from the target is ob--

tained.

.. But, as the course followed is not BA but one
‘perpendlcular from the center of B, C, the dis-
tance.read along BA is not suitable for the rapid
_computatlon of the speed of approach to  the

.target. - The use of a third axial station D will

‘faclhtate the:last.

If the highest frequency be used when in prox-
Aimity to the target, a study of the movement of
tooth. D will permit not only observing with pre-
cision the moment of flying over the target, but
also. anticipating said moment with increasing
accuracy, which will make it possible to deter-
mine:the parameters of. virtual bombing aim.

Errors made in dead-reckoning of -the position
of moving station A will not increase in propor-
tion . with the distance from the target, and if
the dimension of base BC has been chosen suffi-
ciently large the sighting error will be negligible.

Here again, the accuracy of the method depends
only. on the stability of inertia of the radio sta-
tlons and.on the separating power of the h1ghest
frequency '

It will be understood that the 1nvent1on per-
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mits of numerous var1ants in constructlon and
methods of use within the scope of the invention.

Having described my invention, what I claim
as new and useful and desire to secure by United
States Letters Patent is:

1. A system of position-finding and nav1gat1ng
by means of electromagnetic waves, including in

‘combination, means including a cathode ray tube

and its beam for periodically describing the same
path to define a continuous trace and located at
a point it is desired to orientate, means for trans-
mitting pulses from said point by .electromag-
netic waves, means at a pair of spaced apart
points serving as reference bases for. receiving
and retransmitting said pulses, means at said
base points for interrupting the retransmission

“of the pulses in a manner to define complemen-

tary code signals, and means for receiving the
retransmitted pulses at said first point in a man-
ner to modify said beam to produce discontinui-
ties in said trace, whereby said discontinuities
merge as long as the body remains on & course
equidistant from the two base¢ points and mgve
apart when the body departs frem said course. -

2. A method of navigating a moving body along

‘2 fixed course, which includes rotating an elec-

tron beam on. said body.in a manner to produce

" continuous trace, periodically transmitting im-

pulses from said body by means of electromag-
netic. waves in a manner to prcduce & first dis-
continuity in said trace in synchronism with the
pulse, receiving the pulses at fixed bases of known
location on opposite sides of the course, retrans-
mitting the pulses from the bases, interrupting
the retransmission of the pulses in a manner to
define complementary code signals identifying
the individual bases, and receiving the retrans-
mitted and interrupted pulses at said body in a

manner to preduce discontinuities in said frace
‘corresponding in number to the bases. and beat~

ing according to the code signals imposed there-

.on, whereby merging of the _discontinuities ob-

tains while the moving body.remains on the sa sid
course and the beats of the discontinuities nullify
each other and said discontinuities' move apart
when said bcdy. departs ‘from the course and be-
come identifiable. )

.3. A method according to claim 2 wherein the

,1mpulses transmitted from the moving body are

received by another fixed base located on the

‘course and retransmitted to produce a further
discontinuity of said trace which is angularly

spaced from one of the other discontinuities in

‘said, trace while the moving bedy is still distant

from.the last mentioned base, whereby the dis-
tance of the moving body from said last men-

tioned base can be computed from the angular
_'dlsplacement of the-related discontinuities.

4. A method according to claim 2 wherein close

‘approach of the merged discontinuities together
boward-said first discentinuity is achieved by ar-
rival of saxd body along the fixed course at a pre-
‘determined destination on said course.

5. A system of position-finding and navigating

combination, means comprising a plurality of

cathode ray tubes having beams arranged for
‘periodically describing the same traces at differ-

ent frequencies and located at a point it is “de-
sired to orientate, means for transmitting from
said point ‘a brief signal by means of electro-
magnetic-waves of one frequency, means includ=
ing a divect connection between said transmitting
means and the cathode ray tubes for creating a
first dlscontmulty in their traces when said sig-
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nal is transmitted, means at another point serv-
ing as a reference base for receiving and retrans-
mitiing said signal at a second frequency, means
at the first mentioned point for receiving said
retransmitted signal, and means including a di-
rect connection between said receiving means
and any of said cathode ray tubes at said first
mentioned point controlling said beams in re~
sponse to said retransmitted signal for creating
a second discontinuity in said traces.

6. In a radio orienting device for an airplane
or other moving body, said device being of the
type involving a transmitter-receiver and an os-
cilloscope on the airplane, said transmitter being
energized to emit pulses intermittently, said
oscilloscope comprising a cathode ray tube, means
energizing the same to produce a continuous
cathode ray trace of circular form on a target,
said cathode ray tube having opposed pairs of
deflector plates energized from the transmitter
and receiver respectively, and at least two fixed
distant stations each having a receiver-trans-
mitter for receiving and retransmitting the pulses
emitted from the transmitter on the airplane;
c¢haracterized by the fact that the cathode ray
tube is provided with ray deflecting means con-
sisting of conducting rings surrounding the cath-
ode ray tube between the deflecting plates and
target and in axially spaced pesitions and ener-
gized from the transmitter and receiver respec~
tively in such manner that a first visible discon-
tinuity is produced in the trace when the air-
plane transmitter emits a pulse, and second and
third discontinuities are produced in the trace,
angularly spaced from each other and from the
first trace in accordance with the distances and
the direction of the airplane from the fixed sta-
tions as the pulse retransmitted from the fixed
stations reach the airplane receiver.

7. In a radio orientating device for an airplane
or other moving body, said device being of the
type involving a transmitter-receiver and an oscil-
loscope on the airplane, said transmitter being
energized to emit pulses intermittently, said oscil-
loscope comprising a cathode ray tube, means en-
ergizing the same to produce a continuous cathode
ray trace of circular form, said cathode ray tube
having opposed pairs of deflector plates energized
from the transmitter and receiver respectively,
and at least two fixed distant stations each having
a receiver-transmitter for receiving and retrans-
mitting the pulses emitted from the transmitter
on the airplane; characterized by the fact that
the cathode ray tube is provided with ray de-
flecting means energized from the transmitter
and receiver respectively in such manner that a
first visible discontinuity is produced in the trace
when-the airplane transmitter emits a pulse, and
second and third discontinuities are produced in
the frace, angularly spaced from each other and
from the first trace in accordance with the dis-
tances and the direction of the airplane from the
fixed stations as the pulses retransmitted from
the fixed stations reach the airplane receiver,
and further characterized by the fact that the
transmitters of the fixed stations are provided
with means operating to interrupt the retrans-~
mission of the pulses in a different manner at
each such station so as to produce identifying
visible beats in the corresponding visible ‘discon-
tinuities of the cathode ray tube trace.

8. An orientating device according to claim 7
wherein the-means operating to interrupt the re-
transmission of the pulses at at least two of said
fixed ‘stations produce interruptions at one sta-
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tion concurrent with transmission at another
station wherehy such interruptions are not indi-
cated when the airplane is equidistant from both
stations and said beats are fully visible and iden-
tifiable when the airplane is not equidistant from
said stations.

9. A direction and distance finding equipment
comprising a radio pulse generating and. trans-
mitting arrangement, a manually rotatable wave
directive collector, a pulse receiving arrangement
coupled. with said. collector for receiving pulses
which are reflected hack from obstacles situated
within the field of said pulse transmitter, an oscil-
lograph indicator, means synchronized with the
pulses of said transmitter for controlling the
sweep of said indicator, means for applying said
received pulses to said indicator to provide, in co-
operation with said sweep, simultaneous indica-
tions of the distances of said obstacles on said
indicator and means for obtaining a supplemen-
tary indication of direction on said distance indi-
cator itself by adjustment of said wave. collector
to a position of zero reception.

10. A direction and distance finding equipment
comprising s radio pulse generating and trans-
mitting arrangement, a rotatable wave directive
collector, a pulse receiving arrangement coupled
with said collector for receiving pulses which are
reflected back from obstacles situated within the
field of said pulse transmitter, an oscillograph
indicator, means synchronized with the pulses of
said transmitter for controlling the sweep of the
indicator and means for applying said received
pulses to said indicator to provide, in cooperation
with said sweep, simultaneous indications of the
distances of said obstacles on- said indicator and
to obtain an indication of direction by adjust-
ment of said wave collector to a position of zero
reception as shown on said indicator.:

11. A direction and distance finding equipment
comprising a radio pulse generating and trans-
mitting arrangement, a manually rotatable wave
directive collector, a pulse receiving arrangement
coupled with said collector for receiving pulses

“ which are reflected back from obstacles situated

within the field of said pulse transmitter, an
oscillograph indicator comprising s fluorescent
screen means for producing a cathode ray and
sweep producing means for causing said ray to
describe a continuous trace on said sereen, means
synchronized with the pulses of said transmitter
for controlling the sweep of said indicator, means
for applying said received pulses to said indicator
to produce discontinuities in said trace to provide
simultaneous indications of the distances of said
obstacles, and means for obtaining a supplemen-
tary indication of direction on said indicator itself
by adjustment of said wave collector to a posi-
tion of zero reception.

12. A direction and distance finding equipment .
comprising a radio pulse generating and trans-
mitting arrangement, g rotatable wave directive
collector, a pulse receiving arrangement coupled
with said collector for receiving pulses which are
refiected back from obstacles situated within the
field of said pulse transmitter, an oscillograph
indicator comprising a fluorescent screen, means
for producing a cathode ray and sweep producing
means for causing said ray to describe a con-
tinuous trace on said screen, means synchronized
with the pulses of the transmitter for controlling
the sweep of the indicator and means for applying
said received impulses to said indicator to pro-
duce discontinuities of said trace to provide simul-
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