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UNITED STATES PATENT OFFICE 
2,492,354 

DPOLE ANTENNA DIRECTION FINDER 
Henri G. Busignies, Forest Hills, N. Y., assignor 
to Federal Telephone and Radio Corporation, 
New York, N. Y., a corporation of Delaware 
Application April 9, 1945, Serial No. 587,242 

(Cl. 343-113) 5 Cairns. 

This invention relates to direction-finding Sys 
tems and more especially to antenna arrays to 
produce crossed-field diagrams. 
A principal object of the invention is to pro 

vide a direction-finding system employing a di 
pole array wherein certain errors caused by un 
desired polarization effects are avoided. 

It has been proposed heretofore to employ for 
direction finding, a so-called elevated H antenna. 
system usually consisting of a pair of Substan 
tially parallel elevated dipoles. It has been found 
that in such systems there exists an error factor 
caused by the horizontal connecting member 
which extends between the dipoles. This con 
necting member has usually been of conducting 
material, and various proposals have been made 
to eliminate the effect of this conductor upon the 
desired crossed-field diagram. The present in 
vention provides a direction finder employing 
dipoles or tuned antennae and has for its object 
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20 
effectively to reduce, if not entirely eliminate, 
the above-mentioned undesired polarization ef 
fect. In achieving this object, it is proposed to 
employ a central or main receiving antenna and to 
employ in conjunction therewith a pair of later 
ally-spaced auxiliary tuned antennae, preferably 
dipoles. These auxiliary dipoles however are used 
as localized reradiators to give the desired Crossed 
diagram effect so that the array can be used to de 
termine the bearing and direction of a distant 
transmitter or radiation Source. Merely for pur 
poses of explanation, the auxiliary dipoles will 
be referred to as free dipoles in that their effect 
on the direction-finding radio receiver Which is 
connected to the main antenna, is Substantially 
entirely by reason of Space induction and radia 
tion from the auxiliary dipoles to the main an 
tenna. 

Accordingly, sit is another principal object to 
provide a direction-finding System employing a 
main direction-finding antenna in conjunction 
with a plurality of free dipole antennae for pro 
ducing a direction finder System of the crossed 
diagram type. 
A feature of the invention relates to a direction 

finder employing a main receiving antenna unit 
and a plurality of auxiliary antenna units coupled 
thereto substantially entirely by space radiation 
or induction, together with means to render Said 
auxiliary units alternately effective as reradiators 
in setting up a crossed diagram field effect. 
Another feature relates to a direction-finding 

system employing a main direction-finding an 
tenna and a plurality of spaced dipoles which 
act as auxiliary radiators to the main antenna, 
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2 
the auxiliary radiators being timed and phased 
SO as to produce an equivalent crossed diagram 
effect for direction finding. 
A further feature relates to a direction finder 

employing a main receiving dipole with a pair of 
auxiliary tuned reradiating dipoles and a receiver 
and indicating System connected to the main 
dipole. The dipoles are positioned and spaced 
apart relatively to each other so that the resultant 
effect on the direction-finding indicator corre 
sponds to the bearing and direction of a distant 
radiation Source. 
A further feature relates to an improved direc 

tion finder employing a plurality of free dipoles 
and which is substantially free from horizontal 
polarization errors. . 
A Still further feature relates to a novel method 

of controlling a cathode ray tube oscilloscope to 
produce visual signals indicating the bearing and 
direction of a distant radiation source. 
Other features and advantages not particularly 

set forth, will be apparent from the following 
descriptions and the appended drawing wherein, 

Figs. to 4 are rudimentary diagrams used in 
explaining the invention. 

Figs. 4A and 4B are vector diagrams explana 
tory of Fig. 4. 

Fig. 5 is a set of curves to illustrate the timed 
operation of the reradiating antenna units ac 
Cording to the invention. 

Fig. 6 is a resonance and phase diagram useful 
in explaining the invention. 

Figs. 7 and 8 are other schematic explanatory 
diagrams. 

Fig. 9 is a composite Schematic diagram of a 
direction-finding System embodying features of 
the invention. 

Fig. 10 is a diagrammatic plan view of a modified 
manner of Supporting the auxiliary dipole an 
tennae according to the invention. 

Fig. 11 is a schematic diagram of a further 
direction finding system embodying features of 
the invention. 

It is known that when a vertical receiving an 
tenna such as the antenna (Fig. 1) is connected 
to any Well-known direction-finding radio re 
ceiver 2, and a length of vertical conductor 3 is 
moved around the antenna in a cylindrical path, 
negligible effect is produced upon the field affect 
ing the antenna . This is true when the con 
ductor 3 is short with respect to the wave length 
of the main field affecting antenna and when 
the conductor 3 is detuned with respect to the re 
ceived frequency. When, however, the conductor 
3 is tuned to the received frequency, the effect on 
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antenna of the auxiliary field reradiated from 
antenna 3 is a substantial percentage of the ef 
fect produced by the main or primary field on an 
tenna f. If such a tuned conductor is rotated 
around antenna f, it causes variation of the polar 
diagram 4 as shown in dotted outline in Fig. 2. 
If a similar tuned conductor 5 (Fig. 4) were also 
rotated around antenna, and tuned in timed re 
lation with respect to conductor 3 so that the two 
tunings are respectively 180 out of phase, the 
combined result would be a crossed-field diagram 
such as shown in Fig. 3. This would enable the 
combination to be used as a direction finder. 
Such an arrangement of main antenna and aux 
iliary free reradiating antennae has the advan 
tage of substantially eliminating polarizing er 
rors which would unavoidably arise if the auxil- . 
iary antennae 3 and 5 were connected by conduct 
tors to the antenna. , as is the case in so-called 
elevated H. antennae. 

Ordinarily, the conductors 3 and 5 are in the 
form of dipoles and in accordance with the inven 
tion they are tuned in any suitable way as Sche 
matically represented by the parallel inductances 
and capacities connected between their adjacent 
arms. However, one of the practical difficulties 
with such an arrangement is that of requiring a 
high degree of accuracy in the tracking of the 
tuning of the two auxiliary dipoles. Furthermore 
this tuning must be effected without using a con 
ducting shaft or beam extending between the an 
tennae 3 and 5. 

In accordance with one aspect of the invention, 
the two dipoles 3 and 5 are located at the ends 
of a non-conductive horizontal beam member. 
When the two auxiliary dipoles are tuned to the 
frequency being received by the main antenna. , 
and are located at relatively short distances 
therefrom, e.g., of the order of 2.5 meters, Suffi 
cient current will be set up in the auxiliary dipoles 
to induce in, and reradiate a field to, the main 
antenna, , which field is of the same order of 
strength as the main or primary field from the 
distant source whose direction is to be deter 
mined. In order to tune the dipoles, an in 
ductance and variable condenser can be connect 
ed, as shown in Fig. 4, in each dipole. At fre 
quencies for which each dipole is materially less 
than one-half waye length, the radiation re 
sistance of each dipole system will be very small, 
and if high quality reactance elements are used 
for tuning, the Q of the resonant circuit will be 
high. In fact, at all those frequencies for which 
there is a pronounced undesirable horizontal po 
larization effect in the equivalent elevated Han 
tenna, the Q of each of the reradiating dipoles 
according to the invention will be fairly high, 
e.g., above 20. This relatively high Q causes the 
tuning of the dipoles to be very sharp. Conse 
quently small variations in values of tuning ca 
pacitance cause comparatively large variation in 
phase angle between voltage and current. That 
is, there is a large variation in the phase of the 
primary electric field which acts on each dipole 
and the electric field reradiated therefrom. In 
the vicinity of resonance, the phase angle is the 
arctan Q--C/Co where Co is the capacitance at 
resonance. In accordance with one feature of 
the invention, the resonance of the two reradiat 
ing dipoles is controlled. So as to minimize the 
critical effect of the resonance tuning thereof. 
It is well-known that a resonant dipole located 

in an electric field has set up therein a current 
which is in phase quadrature with the primary 
electric field acting thereon. This current flown 
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ing in the dipole is itself a source of electric field 
which, for purposes of analysis, can be considered 
to be made up of two components, the reradia 
tion field and the inductance field. When the 

5 dipoles 3 and 5 are located at a distance approxi 
imating a Small fraction of a wave length, the two 
components are of substantial magnitude, and 
therefore the reradiated field must be considered 
as made up of space induction and radiation. 
Consequently the phase between the primary or 
main field acting on antenna, and the field from 
each of the dipoles will vary from 0 to 180°. 
For purposes of explanation the expression “pri 
mary field' as used herein refers to that field 
emanating from the distant source whose bear 
ing and direction is to be determined according 
to the invention. 

Let it be assumed for example, that the dipoles 
3 and 5 are spaced apart about five meters and 
each is tuned exactly to resonance with the fre 
quency of the primary field. Then it is possible 
to determine the total difference in phase be 
tween primary field and reradiated field by add 
ing to the actual electrical phase difference be 
tween the fields, the difference in space phase 
corresponding to the distance between each di 
pole and the main antenna, and also by adding 
the space phase corresponding to increased 
length of primary wave path to each dipole in 
excess of the length of the primary wave path 
to antenna, f when the assembly 3 and 5 is ro 
tated at an angle to the primary wave front. 
Fig. 4A shows the vector relations when the line 
joining dipoles 3 and 5 is parallel to the wave 
front of the primary field, and Fig. 4B shows the 
vector relation when it is at an angle. In each 
of these figures the vector e indicates the pri 
mary field and the vector r represents the re 
radiated field, and the angle, or is the space phase 

0 angle lag above mentioned. In Fig. 4A the am 
plitude of the demodulated signal in receiver 2 
is the sum of the two vectors e and r. In Fig. 
4B the amplitude of the demodulated signals is 
the sum of all the vectors. The resultant phase 

5 angle in Fig. 4B is given by (2ard/X) sin 0 where 
d equals the distance from antenna to each 
dipole, M is the wave length of the primary field, 
and 0 is the angle through which the antenna, 
system has been rotated. 

60. In accordance with the invention, special means 
are provided to determine and produce an indica 
tion when the phases of the two reradiated fields 
respectively from 3 and 5 are equal. The direc 
tion of the wave propagation from the distant 

55 Source can then be determined as perpendicular 
to the azimuthal angle of the line connecting 
dipoles 3 and 5 provided, of course, the dipoles 
are identical and are off resonance by exactly the 
Same amount. 

60 In order to avoid the difficulty of accurate 
tracking of the tuning of each dipole, a preferred 
arrangement such as shown in Fig. 9 is employed, 
wherein the auxiliary dipoles 3 and 5 are sup 
ported on a suitable non-conducting beam indi 

65 cated by dash line 6A and are tuned each by a 
fixed condenSer 6, and by an associated adjust 
able trimmer condenser 8, 9. The rotors or ad 
justing shafts of condensers 8 and 9 are coupled 
to a non-conductive rotatable shaft 0. The con 

70 densers 6 and are roughly adjusted near the 
tuning resonance point and the condensers 8 and 
9 are arranged to be displaced around a mean 
resonance value at a low frequency rate, e. g. 
twenty or fifty times per second under control of 

75 shaft 0 which is driven by a suitable motor , 
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In order to produce the effect of alternating 
switching in and out of the antennae 3 and 5, 
each antenna is arranged to be tuned to reso 
nance at approximately 180, lag with respect to 
the other. Fig. 5 shows graphically the rate and 
timing of the variation of the condensers 8 and 
9, curves 8A and 9A, and blocks R3 and R5 rep 
resent the effective phase periods of the two di 
poles. It will be noted from Fig. 5 that the con 
densers 8 and 9 are rotated so that their effects 
on the mean resonance frequency of the respec 
tive dipoles are 180° out of phase. The curve 2 
of Fig. 6 shows the resonance characteristic for 
each dipole, and the curve 3 shows the resultant 
phase angle change in each dipole as it is being 
tuned into and out of resonance, the resultant 
phase variation would be approximately between 
50° to 70°. 
The electrical phase variation thus produced is 

equivalent to a corresponding spacial displace 
ment of the antennae 3 and 5 as represented for 
example in Figs. 7 and 8. Fig. 7 represents dia 
grammatically the equivalent apparent displace 
ment of antennae 3 and 5, when the beam of 
the direction-finding antenna array is perpendic 
ular to the Wave front from the distant Source; 
while Fig. 8 represents the equivalent apparent 
displacement when the antenna array is parallel 
to the wave front. Near the null point this ap 
parent displacement is analogous to the displace 
ment used in an ordinary cross loop direction 
finder. It will be seen that by suitable design of 
the electric parameters, the apparent displace 
ments X to X', and Y to Y, can be larger than 
the actual physical spacing between antennae 3 
and 5. The electric spacing between antennae 
3 and 5 may be between 25 and 120'. 

If the electric spacing between the antennae 3 
and 5 is of the order of 90°, that is a quarter wave 
length spacing, the electric equivalent motion 
Corresponding for example to displacements XX 
and YY would be of the same order of magni 
tude, namely 90'. 

For the purpose of determining the relative 
phase of the radiations from the two antennae 
3 and 5 at the antenna. , a suitable phase indi 
cating device such as a cathode-ray tube oscil 
loscope 4, having the usual horizontal deflect 
ing plates 5 and 6 and the usual vertical de 
flecting plates 7 and 8, may be employed. The 
plates 5 and 6 are energized at the desired 
horizontal sweep rate, for example by means of a 
saw-tooth wave generator 9, which is operated 
or controlled preferably at twice the rate of rota 
tion of a shaft 0. Thus, the cathode-ray beam 
will pass through one complete horizontal sweep 
cycle for each resonant tuning period (R3, R5, 
Fig. 5), corresponding to the reradiation from 
antennae 3 and 5. 
The main antenna l is excited by the resultant 

energy derived from the primary field and by the 
energies reradiated alternately from antennae 3 
and 5. A suitable radio receiver 20, such as is 
generally used in radio direction finders, is con 
nected to antenna and is preferably of the 
Superheterodyne type. The first detector 2 of 
the receiver feeds a phase discriminator 22 of any 
Well-known type such as disclosed. The discrim 
inator 22 feeds a second detector 23 whose output 
is applied across the vertical deflector plates 7 
and 8. 
When the antenna array , 3, 5, is not aligned 

perpendicularly- to the transmitting source, the 
energies reradiated by dipoles-3 and 5 will be out 
of phase with respect to each other. Accordingly, 

the signal, after passage through the discrimi 
nator 22, will vary in amplitude in accordance 
with the relative phase displacements of the re 
radiations. This difference in phase will appear 

5 on the screen of the oscilloscope 4 in the form 
of two traces T, T2. On the other hand, when 
the antenna array is adjusted perpendicularly to 
the distant source, the two traces T, T2, coin 
cide and appear as a single trace T3. It will be 
clear that the invention is not limited to the par 
ticular type of trace that is produced on the oscil 
loscope Screen. For example, instead of relying 
upon a coincidence of the two traces to indicate 
a null point, a fixed cross-point on the screen 
may correspond to the null point, and when the 
two traces pass through this point, it is an indi 
cation that the null position is reached. There 
fore, the trace can be used to show the phase 
variation of the high frequency signals from the 
distant transmitter as a function of the scanning, 
or time rotation of condensers 8 and 9; and also 
as a function of the position of the direction-find 
ing beam which carries the antenna array. 
While in the foregoing the free dipoles have 

been described as being preferably effectively 
"switched-in' under control of the 180 displaced 
resonance tunings, it will be understood that any 
other well-known switching method may be em 
ployed. For example, in Fig. 11, each dipole 3, 
5 may be provided with an individual switch 24, 
25 and the switches may be alternately opened 
and closed at the required rate. These switches 
will then be controlled from a keying control 
means 26 by a non-conducting control such as 
rotatable Bakelite rods 27, 28. Synchronized with 
the Switching mechanisms is an indicating mech 
anism which will cause the amplitudes of the de 
modulated signals to be indicated separately 
When each of the dipoles is reradiating. The 
cathode-ray tube oscilloscope 29 is provided with 
a switch 30 coupled alternately between ground 
and a potential source 3 in synchronism with 
Operation of switches 24 and 25. The length of 
these traces are determined by the signal output 
from receiver 20 proportional to the amplitudes 
of the demodulated signals when each of the di 
poles is reradiating. The signals of different am 
plitudes are converted into signals of correspond 
ing different lengths in converter 32, which may 

50 be of any known form, such as resistant capacity 
time control circuits. The switching in converter 
32 is likewise controlled by keying control. 26 
through means 33. These output voltages are ap 
plied to a control grid 34 rendering the beam vis 

55 ible for a length of time depending upon the sig 
nal duration. When the fields of the two dipoles 
are in equal phase, the primary field or the dis 
tant transmitter would have added to it, alter 
nately, two fields which are lagging by a certain 

60 angle as mentioned above. Rotating the dipole 
array about a perpendicular axis will then cause 
One reradiated field to lag by a smaller angle, and 
the other by a larger angle, resulting respective 
ly in a smaller and larger amplitude of the demod 

65 ulated signal. The effect on amplitude of the de 
modulated signal by change of phase lag is most 
pronounced when the reradiated field lags the 
primary field by approximately 90°. At fre 
quencies when the lag is too far from 90°, the two 

70 dipoles 3 and 5 can be equally detuned to change 
the phase relationship between current and volt 
age. As shown in Fig. 4B, the effect on demodul 
lated signal amplitude is greatest when the angle 
between primary and reradiated fields is near 90°. 

In order to permit operation over a wide band 
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7 
of frequencies it will be necessary to provide some 
method of avoiding tracking errors caused by a 
difference in tuning of the two dipoles 3 and 5 
for the various frequencies. One solution for 
effecting the tracking of the condensers would 
be as follows. The condensers 8 and 9 would be 
controlled by a Bakelite rod as above described. 
After a signal is tuned-in on the receiver 20 and 
approximately tuned on the dipoles by means 
of the condensers 6 and T, the dipoles must be 
trimmed to exact resonance or , to an equai 
amount of off resonance. In order to simplify 
this adjustment, the beam which carries the two 
antennae 3 and 5 can be hinged at its cerater SC 
that the two dipoles can be swung Substantially 
adjacent to each other as represented diagra 
matically in Fig. 10. Thus, after a sigia is 
tuned-in, the two dipoles would be Swing to 
gether to cocupy approximately the same loca 
tion and space and with no phase difference be 
tween them. Then one or the other of the di 
poles can be trimmed until the suitable phase in 
dicator such as 4 showed equal phases for each 
dipole. The dipoles could then be swung apart 
to the full-line position shown in Fig. 10 pre 
paratory to taking the bearing. 

It might at first seem that the proximity of 
the two dipoles during the trimming operation. 
would so change their electrical characteristics 
that upon separating them they would fail out 
of exact resonance. While it is true that the 
setting for resonance would be different when 
the two dipoles were in very close proximity, tie 
subsequent separation of the dipoles Wolid die 
tune both of them exactly the same amount, and 
it is necessary only that they be tuned alike, not 
necessarily to exact resonance-provided oily 
that they are not so far from resonance that 
their reradiated fields are too weak to affect the 
total energy in the central antenna. Moreover, 
if the ganged tuning were performed while the 
two dipoles were still separated, and only the 
trimming were carried on while they were close 
together, the subsequent Separation would re 
turn the conditions for optimum signal reradia 
tion. 
Tracking errors may likewise be cancelled out 

by obtaining direct and reciprocal readings from 
the antenna unit, and balancing these indications 
against one another. 
While certain particular embodiments have 

been disclosed harein, it will be understood that 
various changes and modifications may be inade 
without departing from the Spirit and scope of 
the invention. 
What is claimed is: 
1. A direction-finding arrangement comprising 

a main wave pickup, at east one auxiliary pick 
up mounted for excitation by waves from a source 
whose direction is to be determined and adapted 
to reradiate waves to said main pickup, aeans 
to adjust the phasing of said pickups to produce 
a crossed diagram directional radiation chair 
acteristic, and means to obtain a determination 
of any one of a range of phase relations arriorig 
the reradiations to said main pickup and the 
waves received directly by said main wave pickup. 

2. A direction-finding arrangement comprising 
a main wave pickup, a plurality of auxiliary wave 
pickups, all said pickups arranged to be excited 
by radiations from a transmitting source whose 
direction is to be determined, Said pickups CO2 
stituting a movable array, said auxiliary pickups 
being coupled to the main pickup substantially 
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rived from said source, and a phase translating 
and indicating system coupled to said main 
pickup for producing an indication of the angus 
lar reiation between said array and said source. 

3. A direction-finding arrangement comprising 
a Again Wave pickup, a plurality of auxiliary wave 
pickups mounted in the vicinity of the main pick 
3p and arranged to be tuned to the frequency of 
the Waves from a source whose direction is to be 
deterstained whereby they act as Substantial re 
radiators to said main pickup, means to control 
alteranately the reradiation from said auxiliary 
pickups, and a translating and indicating sys 
terra contaected to said main pickup to produce an 
indications of the relative phases of the readia 
tions frog said auxiliary pickups. 

4. A direction-finding arrangement collaprising 
a giais directional antenna, a plurality of aux 
iiary as atter: ae coupled to Said main antenna 
Substaatially entirely by Space induction and re 
radiation derived from a distant source whose 
directicii is to be determined, means to control 
said agiliary anterinae so that they effectively 
reradiate ic said main antenna alternately at a 
predeterazaired rate, a translating system con 
Elected to said air antenna and including reas 
to provide a siglia whose anpitude corresponds 
to tie giase difference between the waves act 
ing directly c2k said again pickup and the waves 
reradiate theretic from said auxiliary pickups. 

5. A direction-finding arrangement according 
to scaiaza is which the last mentioned Eleans 
inciades a gigase discriminator which converts 
paase differezices in the wafes impressed there 
of it coastaSoRiding voltage anpittidie Waria 
tions. 

6. A direction -finding arrangement according 
to clair, it ig which said auxiliary antennae are 
titled dipoies. 

. A direction-finding arrangement according 
to caissa in which said auxiliary antennae are 
dipcies each having a turning unit, and means for 
adjusting said units at a predetermined rate to 
Wary the resota tee of each dipole around a nean 
Yate 

8. A direction-finding arrangement compris 
is g a dipole antenna array consisting of a central 
fair dipoie and a pair of auxiliary dipoles, means 

to Stapport Said array for angular adjustment 
with respect to a source whose direction is to be 
deterrained, said means including a non-conduc 
tive bean extending between said auxiliary di 
poies, 2 seats to tune said auxiliary dipoles, means 
to reside Said axiliary dipoles alternately effec 
tive as reradiators to said main dipole, a wave 
detector connected to said main dipole, a cathode 
ray tube oscilloscope having a plurality of co 
ordinate bean deflector controls, a phase dis 
cirrigator connected to said detector, a sweep 
circuit for One of said controls, means to energize 
the other of said eontrols by the output of said 
phase discriminator, and means to control said 
Sweep circuit is timed relation with the said 
aiterate effectiveness of said auxiliary dipoles. 

9. A direction-finding arrangement according 
to claii. 8 in which the Said Ileans to tune the 
auxiliary dipoles includes a tuning condenser for 
each digee aden-coreductive means for adjust 
iag said condenses from a central point to reso 
gate the associated dipoles approximately in op 
posite piaase 

it. A direction-finding arrangement according 
to claii. 8 in which each of the said auxiliary 
dipoles has a pair of tuning condensers one con 

entirely by space induction and reradiation de- is denser of each pair being an adjustable trimmer, 
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and non-conductive means for operating the 
trimmers in unison so as to tune the associated 
dipoles approximately in opposite phase a pre 
determined amount on either side of a mean 
resonance value. 

11. The method of determining the direction 
from a point of observation to a source of energy 
radiation which comprises directly receiving en 
ergy from said source, setting up a source of 
energy reradiation in a direction other than that 
of said first named source, and comparing the 
effect produced at said point of observation by 
phasal relations between the direct received ten 
ergy radiated from said first source with that 
produced by the energy reradiated from said sec 
ond source. 

12. The method of determining the direction 
of a source of Wave radiation which comprises 
collecting at a given location directly waves from 
said source, reradiating at one or more points 
adjacent said locatipn and mixing with said col 
lected waves waves received also from said source, 
adjusting the phase relation between the directly 
collected waves and the reradiated waves, and 
producing therefrom a determination of any 
phase relation in a given range between said 
Waves as indicative of direction. 

13. The method according to claim 12, where 
in the reradiation takes place at two points and 
the reradiated waves are oppositely phased. 

14. The method according to claim 12, where 
in the phase relations between the mixed waves 
is intermittently controlled, 

S 

O 
15. The method of determining the direction 

of a source of wave radiation which comprises 
collecting at a given location directly waves from 
said Source, reradiating at one or more points 
adjacent said location and mixing with said col 
lected waves waves received also from said 
Source, adjusting the phase relation between the 
directly collected waves and the reradiated waves, 
and producing therefrom a determination of any 
phase relation in a given range between said 
waves as indicative of direction, the reradiation 
taking place at two points and the reradiated 
waves being oppositely phased, and the phase 
determination taking place when the phase be 
tween waves directly collected and those received 
for reradiation is equal. 

NRI G. BUSIGNES. 
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