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This invention relates to means for gen 
erating by the aid of two or more radio 
transmitters an interference observation 
field between radio waves which are of the 

5 same wave length but are out of phase. 
An object of the invention is to guide an 

aeroplane or other moving object equipped 
with a radio receiver along a fixed path 
through observation of the interference of 
radio waves transmitted from two distant 
antennae. One antenna transmits an un 
modulated wave having a constant length, 
the other antenna transmits a modulated 
wave having the same constant wave length. 
The radio observer in the aeroplane through 
observation of the interfering waves reach 
ing him is enabled to maintain his position along the fixed path. - 
In order that the invention may more 

readily be understood, the principle thereof 
will now be explained with reference to the 
drawing. Figure 1 of the drawing shows 
the two transmitters which set up an inter 
fering field. Figure 2 shows the lines of 
interference of the field from the transmit 
ters shown by Figure 1. Figures 3, 4 and 5 
are vector digit showing the field rela 
tion of the radio waves emitted by the two 
stations and received at a given point in the 
field. Figure 6 shows the field covered by 
the sweeping of a nodal axis. Figure 7 
shows the signals received at stations near 
and within the Zone swept by the nodal axis. 

Let it be supposed that there is a radiat 
ing system. A provided with an emitting sta 
tion E for sustained waves which emits 
radio waves (primary waves) and that in 
the field of the antenna there is a second 
aerial B emitting radio waves of the same 
frequency (secondary waves) out of phase 
to a constant degree with respect to the 
primary waves. 
The second aerial need not be provided 

with its own source of energy and the sec 
ondary waves may only be primary waves 
reflected by the aerial B; or again, the aerial 
B may be fed from the emission of station 
E, either with or without the insertion of an emplifier or phase changing device. . 
If the secondary emission be modulated 
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periodical variation of the field between 

by any system M, (for example, by break 
ing the circuit of the aerial B periodically, 
or varying its wave length, or by varying its 
resistance) the following phenomena, due to 
the interference between the modulated and 55 
non-modulated fields will be observed. 

1. The intensity of reception of the modul lated emission at any point C (Figure 2) 
depends on the phase displacement prevail 
ing at such point C between the primary 60 
waves and secondary waves. This phase 
displacement is a function of several para 
meters and especially of the difference 
CA. CB (CAminus CB) of the distances 
of C from the primary and secondary 65 
aerials. - 

For certain values of such difference, the intensity of reception becomes nil; for 
others it becomes maximum. When 
CA-CB varies an amount equal to a quar- 70 
ter of the wave length of the waves emitted, 
the intensity of reception passes from maxi 
mum to zero. 
Suppose now for example that the trans 

mitter aerial A (see Figure 1) sends forth 75 
an unmodulated carrier wave of a certain 
frequency and the transmitter aerial B sends 
forth a carrier wave having the same fre 
quency but modulated. Referring now to 
Figures 3, 4 and 5, the fields produced at C 80 
(Figure 2) by the emissions from A and 
B are represented one by a vector RX of 
a constant amplitude and the other by the 
vector XY of an amplitude periodically 
variable between the values XY and zero, if 
the wave emitted at B be totally modu 
lated. The resulting field varies thus peri 
odically between the values RX and R.Y. 
In a radio receiver at C (Figure 2) the 

90 
these two values produces a sound having 
the frequency of the modulation at B. No 
sound is heard when the values of the vec 
tors RX and RY are equal. The sound is 
a maximum when the difference between 
RX and RY is equal to XY. Figure 3 
shows the resultant field when the angle 
of the dephasage p is equal to Zero. Figure 
4 shows the resultant field when the angle 
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of the dephasage p is equal to 180°. In 100 
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both cases whether the angle p is equal to 
zero or to 180 the amplitude variation of 
the resultant field is equal to XY and the sound has maximum intensity. Figure 5 
shows the conditions when the vectors RX 
and RY are equal and no sound is heard 
at the receiver. The points at which the sig 
nals are not heard fall upon lines which are 
called the “nodal lines of the field' and 
the points at which the signals are heard 
with maximum intensity fall upon lines 
which are called the “ventral lines of the 
field'. These nodal and ventral lines are represented by Figure 2 as the hyperbolic 
lines HM and HN. The lines along which 
interfering waves from two similar emitters, 
such as the two prongs of a tuning fork, 
arrive to cause wave interference were first 
proved to be hyperbolic curves by the Weber 
Brothers (seepage 273 of “On Sound' by John Tyndall published by Longmans, 
Green & Company, London 1867). In the 
Weber experiments identical non-modu 
lated waves created lines of interference in 
their field. In the invention herein dis 
closed, the waves from one station are modul 
lated and the waves from the other station 
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are non-modulated. With this arrange- p 
ment zeros of sound are obtained at a re 
ceiver even though the field strength of 
the secondary station may be considerably 
less than that of the primary station. 

2. The zero strength hyperbola HN and 
the maximum strength hyperbola. HM and 
their asymptotes ASN and ASM with which 
they substantially coincide when the dis 
tance CA is sufficiently large are thus easily 
observable and allow certain directions to 
be marked The angular separation oz of 
two consecutive zero and maximum asymp 
totes ASN and ASM may, moreover, be ad 
justed to a selected value for example by 
varying the length of wave emitted. 
The marking may, moreover, be improved 

4 in many ways, for example: 
(a) By employing in place of a single 

aerial B two or more combined aerials whose 
modulations may be of the same or different frequencies, and displaced in or out of phase 
by a definite amount with one another. 

(b) By employing an emission of periodi 
cally varying wavelength which effectively 
periodically displaces all the nodal and ven 
tral lines from their initial position. (c) By varying the phase of the waves of 
the secondary aerial or aerials. This varia 
tion of phase may be accomplished, for ex 
ample, by varying the actual wave length of 
the secondary aerial or by modifying the 

60 transmission line from A to B in the case 
where the oscillations of B are controlled 
by those of A over such a line. 
Suppose now that the phase of the waves 

from the secondary aerial B is periodically 
65 varied, while the waves from the aerial X 

tive minima will possess 
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remain constant. Then, at any point C, the 
angle of dephasage p is the sum of two 
angles. First, the out-of-phase angle a be 
tween the Ey, and secondary currents 
the variation of which is due to the periodi 
cal variation of the phase of the secondary 
currents, and second, the angle 6, which de pends only upon the difference CACB 
and has the same value at all points where 
CA-CB has the same value, that is on the 
hyperbolae such as HM and HN (Figure 
3. The locations where the dephasage angle phas constant values at a definite time 
is thus made up of one or more hyperbole, 
the number of such hyperbolae being the 
greater as the distance AB is large with re 
E. to the length of the wave emitted. hese nodal and ventral hyperbole periodi 
cally oscillate to both E. of their mid position when the angle a is periodically 
varied. 
In particular in the case of the single sec 

onday, if the phase of the waves from such 
variable aerial is reidered variable in ac 
cordance with a determined law, the zero 
and maximum lines of the interference field 
will oscillate from side to side of their mid 
osition according to the same law. At any 

point of the field, the receiver, therefore will not detect a consistent sound but a sound 
of variable amplitude passing or not through 
Zero according as this point is or is not in 
the Zone swept by the zero line ASN. Out 
side this zone there will be a maximum and 
a zero period. In this zone there will be 
two maxima and two minima per period and 
the maxima which will follow two consecu 

greater difference 
of amplitude as the point is set further and 
further from the mid-nodal line. It is only when the point of observation is upon the 
mid-position of this line that the maxima 
will be of equal amplitude. The equality 
may therefore serve and suffice to define the 
ition of the zero line of the interference 
eC. 
It is desirable that the law of variation 

of phase is such that the passages of the 
oscillating nodal line become separated by 
two equal periods of time; for example, a 
law such that the angular speed of the dis 
placement of the nodal line remains con 
stant, or, one that may be represented by a Symmetrical graph such as a sine wave may 
be selected. The sensation of isochronism 
obtained in the axis will define this axis 
with precision. 
This phenomena can be more easily under 

stood with reference to Figures 6 and 7. 
The nodal line FG sweeps the zone in the 
Sector FG-FG. At a point H near FG, 
exterior the swept zone, the intensity of re. 
E. Will lessen without becoming null When FG approaches FG, and will increase 

when FG moves toward FG. This is rep 
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resented by curve a of Figure 7. When H. 
arrives on FG, the course of the curve re 
mains the same, but the minima are void as 
shown by curve b of Figure 7. In the in 

is terior of the swept zone at point D, the in 
tensity of the reception becomes zero twice 
at periods of unequal time. This is shown 
by curve a of Figure 7. Finally at E at the 
mid-point of the nodal axis FG the intensity 

19 becomes zero twice a period at equal inter 
vals of time, as shown by curved of Figure 
7. The intensity of the signals received is 
almost constant when the receiver is far 
from the swept zone and undergoes a peri 
odical weakening more and more clearly in 
dicated as it approaches the zone. e 
the zone is entered, there is a halving of the 
minimum periods, the two minima being 
very near at first and becoming equidistant 

29 when the receiver arrives on the mid-posi 
tion of the nodal axis. 

(d). By the variation of the characteris 
tics of the secondary waves and in particu 
lar the modulation note so as to allow the 

25 two zones situated along the mid-nodal line 
to be differentiated. 
As an example, if the modulation note of 

the secondary antenna be so varied that with 
phase displacement in front of the mid 

30 phase, there corresponds a note N, and with 
phase displacement lag there corresponds a 
note N the consecutive maxima will alter 
nately be of the note N then of the note 
N. On one side of the mid minimum line 

35 the note N will be predominant, on the 
other side the note N will be predominant, 
the listener, therefore, will be able to tell on 
which side of the line he is. All the com 
binations based upon these principles of the 

40 variation of one or more characteristics of 
the secondary emission in connection with 
the variation of phase will be considered as 
coming within the scope of the present in 
vention. 

45. Of course, what has been set out for an 
acoustic note may be repeated for optical, 
mechanical, or telemechanical phenomena. 
The number of lines of zero intensity de 

pend on the relation of the wave length of 
50 the emitting waves to the distance between 

the two antennae. The larger this relation 
is, the fewer nodal lines there are and the 
more widely separated they are. The wave 
length is chosen to be such that the axes are 

55 few and easily identified, and this condition 
is reached when the length AB is near the 
length of the wave utilized. The two emit 
ting stations are disposed on each side of the 
fixed path in such a way that the nodal axis 

60 coincides with the fixed path along which 
it is intended that the airplane shall fly. 
The chosen nodal axis is made to oscillate 
periodically to either side of its mid-posi 
tion, and, in so oscillating, it sweeps over a 

65 comparatively narrow zone. The airplane 

crossing this zone will notice the intensity of 
the signal becoming zero at first, once at in 
tervals of time equal to the period of sweep 
E. then twice a period at unequal inter 
vals, and, finally, when it is at the mid-posi 
tion of the nodal axis, the signal will become 
maximum and zero at equal intervals of 
time. A modification of the modulation fre 
yegy to give the distinctive notes N and 

a described above concomitant with the 
phase variation enables it to be known at the 
airplane on which side of the mid-nodal line 
the airplane is traveling. It is thus possible 
to guide the airplane over the fixed path 
by observation of the signals heard. 
If reception takes place at A or very near 

to A with respect to the distance AB, the in 
tensity of reception will vary with the dis 
tance AB. It will pass through the maxima 
and minima every time the distance AB va 
ries a one-quarter of the wave length of the 
wave emitted at A. By counting the num 
ber of maxima and minima in a predeter 
mined time, the speed of movement of B 
with respect to A (approaching or reced 
ing), will be known. 

If the emission at A is directive bearings 
can be ascertained at the same time. 
This measure is also possible even if the 

aerial B is not modulated. In this case it 
will be sufficient to arrange for example, 
in the neighborhood of the primary emis 
sion a modulated aerial tuned to the wave 
length of emission and so arranged that 
unless there be another aerial in the field, 
its modulation is not perceptible. This al 
lows one to note at A anybody which can 
act as a secondary antenna without it being 
necessary for such body to participate in the 
observation and, therefore, without the ne 
cessity for an observer thereat knowing that 
such observation is being made (ships, aero 
planes, etc.). .. 
In place of E. an auxiliary modulated 

antenna it is possible to perceive waves re 
flected by a non-modulated aerial either by heterodyning at reception or by employing 
as emitter a group of two aerials (loops, for 
example) the resultant strength of recep 
tion at the receiver being rendered percepti 
ble by modulation of the output of one of 
the aerials, the arrangement being such that this resultant strength of reception is zero 
unless a non-modulated aerial be present. 
The distance AB may further be measured 
by observing the difference or variation in 
wave length required to give two succes 
sive maxima of reception when the length of 
emission is varied. 

Finally an appreciation of the distance 
AB may be obtained from a knowledge of 
the displacement of the nodal and ventral 
lines as above explained. With these indica 
tion and for a given station it is possible to 
draw up in advance a true hertzian chart 
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which allows to be noted the position in di 
rection, distance, speed and direction of 
movement of objects adapted to act as sec 
ondary vibrators. All this requires the operation o of the 
primary emitter under control. The sec 
ondary vibrator has no active role and an 
observer there is unaware of the observation 
to which he is subjected. This is a process 

20 of upon the ground fixed or movin 
objects, of geodetic points, nautical or aeri 
navigating bodies etc. 

en referring to the changing or varya 

''S 

ing of the phase relation in the claims, it is 
understood that any method (such as periodically breaking one of the circuits or 

varying its wavelengthor its resistance) 
which will have the result of changing the 
interference pattern, is to be included with 
in such phase. 
I claim: O 
1. The method of determining the posi 

tion of an object which comprises emitting 
sustained radio waves of the same wave 
length from two spaced points, and modulat 
ingradio waves emitted from only one of 
said points to form a special interference 
pattern having at least one nodal axis. 

2. The method of determining the posi 
30 tion of an object which comprises emitting 

sustained E. waves of the same wave 
length from two spaced points, modulatin 
radio waves emitted from only one of sai 
points to form a special interference pattern 
having at least one nodal axis, and chang 
ing the phase relation of said waves between predetermined limits to sweep said axis 
across a predetermined field. 

3. The method of determining the posi 
tion of an object which comprises emitting 
sustained radio waves of the same wave 
length from two spaced points, modulati 
radio waves emitted from only one o 
said points to form a special interference 
pattern having at least one nodal axis, 
changing the phase relation of said waves 
between predetermined limits to sweep said 
axis across a predetermined field, and modi 
Eg; a certain amount for a definite time 
the frequency of modulation of the mod 
ulated radio waves emitted from said one 
oint to differentiate the two sides of the 
eld from one another. 
4. The method of determining the posi 

55 tion of an object which comprises emitting 
radio waves of the same wave length from 
two spaced points to form an interference 
pattern having a nodal axis, changing the 
phase relation of the said waves between 

60 predetermined limits to sweep said axis 
across a predetermined field, and impressing 
a distinctive modulated note on the waves 
emitted from one of said points to indicate 
the position of said object relative to a pre 

85; determined position of said axis. 
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5. The method of determining the posi 
tion of an object which comprises emitting 
radio waves of the same wave length from 
two spaced points to form, an interference pattern having a nodal axis, changing the 
E. relation of said waves between pre 
etermined limits to sweep said axis across 

said field, and impressing distinctive con 
trasti it notes on the waves 
emitted from one of said points to indicate 
the position of said object relative to a 
predetermined position of said axis. . . 

6. The method of determining the posi 
tion of an object which comprises emitting 
from two spaced points radio waves of the 
same wave length to form an interference 
pattern having a nodal axis, the mid-posi 
tion of which corresponds to the mean dif 
ference of phase of the emitted waves, 
changing the phase relation of said waves 
to sweep said axis across said object, and 
impressing a distinctive modulated note on 
the waves emitted from one of said points 
to indicate the position of said object rela 
tive to the mid-position of said axis. 

7. The method of determining the posi 
tion of an object which comprises emitting 
from two spaced points radio waves of the 
same wave length to form an interference 
pattern having a nodal axis, the mid-posi 
tion of which corresponds to the mean dif 
ference of phase of the emitted waves, 
changing the phase relation of said waves 
to sweep said axis across said object, and impressing distinctive contrasting modulat 
ed notes on the waves emitted from one of 
said points to indicate the position of said 
object, relative to the mid-position of said 
axis, the waves emitted from the other point 
being unmodulated. 

8. The method of guiding a moving ob 
ject along a fixed path which comprises 
emitting on each i of said path radio 
waves of the same wave length and form 
ing an interference t having a nodal axis along said path, the mid-position of 
which axis corresponds to the mean differ 
ence of phase of the emitted waves, changing 
the phase relation of said waves to sweep 
said axis across said path and said object, 
and impressing a distinctive modulated note 
on the waves emitted from one side of said 
path to indicate the position of said object 
relative to the position of said axis. 

9. The method of guiding a moving ob 
ject along a fixed path which comprises 
emitting on each side of said path radio 
waves of the same wave length to form an 
interference pattern having a nodal axis 
along said path, the mid-position of which 
axis corresponds to the mean difference of 
phase of the emitted waves, changing the 
phase relation of said waves to sweep said 
axis across said path and said object, and 
impressing distinctive contrasting modulat 
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ed notes on the waves emitted from only one 
side of said path to indicate the position of 
said object relative to the mid-position of 
said axis, the waves emitted from the other 
side of the path being unmodulated. 

10. The method of determining the posi 
tion of an object which comprises emitting 
from two spaced points radio waves of the 
same wave length to form an interference 
pattern having a nodal axis the mid-posi 
tion of which axis corresponds to the mean 

difference of phase of the emitted waves, 
and changing the phase relation of sai 
waves to sweep said axis across said object 
from one side to the other of the mid-posi 
tion of said axis to indicate, the position of 70 the said object relative to the mid-position 
of said axis. 
In testimony whereof, I have signed my 

name to this specification this 13th day of May 1932. 5 
FRANCOIS LOUIS EDOUARD JACQUEMIN. 
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