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riîhis invention relates to methods of and ap 
paratus for giving a direct indication of the di 
rection and/or polarisation of Waves. 
An object of the invention is the provision of 

such a device which is more simple in construc 
tion and more eii'icient in operation than those 
heretofore in use. 
According to one feature of the invention sig 

nals received by two or more wave collectors are 
modulated with different wave-forms and the 
resultant modulation envelopes and the original 
modulating Wave forms are used for operating 
an indicating device. The indicating device 
may comprise a cathode ray oscillograph or an 
electro-mechanical device such as a dynamom 
eter. 
According to a further feature of the inven 

tion three or more Wave collectors are provided 
and the signals picked up from at least two 
of them are modulated before all are combined, 
the modulation envelope of the combined sig 
nals being used together with the original mod 
ulating wave-forms for the determination 0f the 
direction and/or polarisation of the waves. 
These and other features of the invention will 

be clear from the following description taken 
in conjunction with the accompanying drawings 
Figs. 1 to 4. of which show four embodiments of 
the invention. 
Reference should ñrst be made t0 Fig. 1 

which shows schematically the arrangement ac 
cording to the invention in its most general 
form. An aerial system A.E.W. which gives op 
timum sensitivity for east-west signals picks up 
a signal the strength of which is proportional to 
cos 0 Where 0 is the bearing of the transmit 
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ting station measured anti-clockwise from east. ` 
This signal (e cos 0) is applied to a modulating 
device M.E.W. where it is modulated by a Wave 

40 form f(t) generated by the modulating gen 
erator G.E.W. the output from the modulating 
device MEW. is be cos 0f(r'). A second aerial 
system A.N.S. which gives optimum sensitivity 
for north-south signals picks up a signal the 
strength of Which is proportional to sin 0, which 
is applied to a second modulating device M.N.S., 
where it is modulated by a different Wave form 
f' (t) by a modulating generator G.N.S. The out 

45 

put from the modulating device M.N.S. is ,ce sin l 
0f’ (t). The outputs from the modulating devices 
M.E.W. and M.N.S. are combined in an ampli 
fier A with the pick-up Ke from a non-direc 
tional antenna A.N.D. After detection in a de 
tector D the output from D is the modulation 
envelope of the signal Ke produced by the mod 
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ulated outputs from the modulating devices 

The modulation envelope is applied to an in 
dicator I, of which two types are described later, 
to which is also applied the Wave forms fuí) 5 
and f’(t). 
envelope with fd) and f’(t) in the indicator 
gives the. bearing of the transmitting station as 
will be described later. 

Fig. 2 is, in principle similar to Fig. l, but the 
aerial systems A.E.W. and A.N.S. are each con 
nected to a modulator ME, MW, and lVLN, lVLS 
of the balanced type giving true north-south 
and east-west symmetry of circuit. l ' 

Fig. 3 shows a practical embodiment-of the 
invention. Heptode valves VE, VW, VN andr 
VS, respectively in balanced relation are em 
ployed in known manner as combined ̀ modula 
tors and low frequency oscillators, the inner elec 
trodes of the pairs of 
frequency oscillators. 

valves constituting low 
The plates of all the ‘four 

valves together with the output from a non-di 
rectional antenna A,N.D. are connected in paral 
lel to an input of ampliñer A. 
The resultant wave forms are indicated above 2 the various portions of the ampliñer-detector 

circuit. In the ‘ampliiier A, a symmetrically 
modulated high frequency wave is shown. AAfter 
detection and ñltering in detector D, the low 
frequency wave is amplified in a low frequency 
ampliñer L_F. and passed through a limiting de` 
vice VL which producesav square wave form, 
the vertical sides of which correspond to the 
crossing of the low frequency wave through Zero 
amplitude. The limiting device VL is of any 
suitable type and in the form shown comprises 
a valve provided with a> high value grid leak so 
that positive pulses are sharply'limited by grid 
current and negative half cycles are limited by 
the bottom bend of the anode current grid vclt- v 
age characteristic. 
The output of the valve VL is passed through 

a critically-damped transformer, in which the 
sudden changes or" current? produce alternate 
positive and negative peaks in the secondary 
Winding, which are applied to a valve VD biased 
to cut-off. Positive peaks only thus appear in 
the plate circuit and these appear in the wave 
form indicated' as sharp pulses of plate current. 
The peaky Wave form so produced gives an> 

exact indication at every other instant at which 
the outputs from VE, VW, VN, VS total zero. It 
Will be noted that every successive instant is not 
indicated since half the 
the device VD. 

peaks are suppressed by 

A comparison of the modulation 
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If, now, the wave form of one oscillator is ap 

plied to the X de?lector plates of a cathode ray 
oscillograph O, and the wave form of the other 
oscillator is applied to the Y deiiector plates, 

eaky wave form from the device VD 
is employed to control the brilliance of the spot, 
for example, by controlling the grid of the oscil 
lograpii and causing the spot to appear only 
at the peaks, then a straight line from the cen 
tre oi the scale, pointing in the direction of the 
transmitting station, will be indicated on the 
oscillograph will now be demonstrated. 
Referring again to Fig. 1, modulating genera 

tor G.E.W. produces a wave-form f(t). This 
wave form is applied as _i(t) to the Y deñector 
plates of the oscillograph causing a “y” or north 
deiiection of -f(t). Modulating generator 
CNS. has a wave form f’(t) which is applied to 
the X deflector plates causing an “x” or east de 

ñection of f’ (t). The input to modulator is e cos 6 from antenna A.E.W. and fd) from gen 

erator G_ELW. The output of this modulator is 
,uercos 0f(t), the product of these components. 
Similarly the output of modulator l\/I.N.S. is „c sin 
0]"(t). The outputs from the modulators 

and lVLNS. are added together with the 
pick up Ke from the non-directional antenna 
A.'N.D. If Ke is greater than 

` „EVE 

then this signal is modulated symmetrically (and 
never to Zero) by ce cos 0f(t) -l-pe sin 0f’(t) . 
The instantaneous zero-amplitude of modula 

tion of the detected and ñltered signal, which is 
indicated at the input of tube VD in Fig. 3 by 
sharp peaks, occurs when ce` cos HIGH-lie sin 
0f' (t) :0, i. e. when - 

tan 6 j@ :c 

The y axis of the oscillograph is understood to 
be represented by a line on the surface of the 
oscillographA screen perpendicular to the Y deflec 
tor plates so that the y axis will represent the 
path traced by the oscillograph spot if an alter 
nating potential is applied to the Y plates only. 
The :1: axis is then a similar line related to the 
X plates. Since the waves f, f', applied to the 
plates are different in wave form, for example in 
frequency, the pattern traced if the spot were 
effective at all times would vary so as to cover 
the face of the screen with a given pattern. 
Since the peaks occur at the time when the ratio 

w fu) 

and only at this time is a spot indicated on the 
oscillograph screen, it is clear that the screen 

' will only be illuminated at points where the par 
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ticular ratio of deiiections .r and y satisfy this 
condition. However, since the frequencies are 
different the relative ratios of deflecting poten 
tials is continuously varying and at the points 
where they satisfy'the above relationship a point 
of light will be observed. For example, at the 
time antennae AEW and ANS are at equal 
angles to the source, the ratio 

ZI 

which will satisfy the conditions as outlined with 
the structure of Fig. 3, is one in which 6=45°. 
At the same time the peaks will occur to control 
the spot of light, a line will be indicated on the 
oscillograph at 45° to the x and y axes of the 

2,213,273 
screen which corresponds to the direction of the 
source. 
Thus, if the oscillograph operates only when 

the instantaneous modulation amplitude equals 
Zero, then the diagram will be a straight line 
pointing in the direction of the transmitter. 
By the use of different modulating wave-forms 

the whole of the oscillograph screen is scanned 
and the direction is indicated by a line which ex 
tends to the edge of (or even beyond) the circular 
compass scale. 
The particular method of selection of Zero am 

plitude of modulation shown in Fig. 3 picks out 
alternate zeros, and the line drawn on the oscil 
lograph extends in one sense only from the centre 
of the screen, thus giving no ambiguity of sense 
of the signal. 

If the non-directional signal Kc is omitted the 
envelope of the high frequency wave passed 
through the ampliiier A gives twice as many 
maxima and twice as many minima as for the 
case when a non-directional antenna is used and 
Ke is added. The production of peaks by the 
same method as before does not indicate zero 
amplitude from the modulators, but a mean am 
plitude. These peaks, however, may still be used 
to indicate direction on the oscillograph.Y In 
this case, the number of peaks being doubled, di 
rection but not sense of the signal will be indi 
cated. 
As shown in Fig. 4 the coils of the low fre 

quency oscillator modulator valves V.N.S. and 
V.E.W. may be connected as the Íield coils 
FCS-_FCíi of a dynamo-meter indicating instru 
ment. When the oscillator portions of V.N.S., 
VFW. operate at frequencies f1 and f2, then 
modulation of the signal is produced at each of 
these frequencies. 'This produces a field which 
varies with time since the potentials vary with 
time under control of f1 and f2. If, now, the out 
put from detector D is taken to a search coil S 
suspended in the iield of the coils FCl-FCIL' 
each oscillator exerts a couple on the search coil 
S according to the strength of the modulation 
at fr (for one oscillator) and f2 (for the other 
oscillator). The total effective held upon the 
search coil, varies then not only with the im 
pressed ñeld on the ñeld coils but also in propor 
tion to the current in the search coil. Thus, the 
direction is indicated by the resultant iield forces »i 
in a manner analogous to that more fully ex 
plained in connection with Fig. 3. The result is 
that the search coil S takes up a position corre 
sponding to the direction of the incoming signal. 
It will be noted that in this arrangement the . 
output from the detector D is applied directly to 
the search coil S. The deliberate distortion of 
the wave form employed for the oscillograph in 
dication described with reference to Fig. 3 is not 
necessary. It will be noted that simple modula 
tors are employed in Fig. ll. Although the sym 
metrical circuit as used in Fig. 3 is likely to give 
the best results in practice there is no theoretical 
reason why two simple modulators only should 
not be used. i _ 

The invention is of course not limited to the 
precise arrangements described and many modi 
ñcations will readily occur to be versed in the 
art. The modulation of the signals is conven 
iently carried out by heptode valves, but any ~ 
modulating device could be used including both 
electrical and mechanical methods. For electri 
cal methods, metal rectifiers, diodes, triodes, 
tetrodes, pentodes, etc., are obvious solutions. 
The modulating wave forms are most conven 
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iently provided by simple low frequency oscilla 
tors but any wave forms could be used. More 
over, Whilst two methods for the comparison of 
the “modulation envelope” with the modulating 
wave have been described numerous other meth 
ods could obviously readily be evolved. 
The directional aerials A.E.'VV., ANS. may 

be loop aerials but larger structures could be 
used, such as are employed, for example, in Ad 
cock diiection finding systems. Instead of the 
conventional north-south and east-west aerial 
systems four completely separate non-directional 
aerials may be used with individual associated 
modulators. 
The aerials ABW. and ANS. are not nec 

essarily disposed at right-angles. They have 
been described as being at right-angles only be 
cause it is more convenient to design an indi 
cating device with controlling forces operating at 
right angles.' The loops could be arranged at 
any angle provided a corresponding disposition 
were given, for example, to the field coils FCL 
FCLi in Fig. 4l. 
Any type of ampliñer and detector may be used. 

The use of a single amplifier and detector is con 
venient but two separate amplifiers and detectors 
could be used, one for the north-south signal 
and the other for the east-west signal. 
An exact balance of the two directive aerial 

systems is not necessary, nor an exact balance 
of the two modulators. A compensation for un 
balance may be eiïected by controls operating 
upon the amplitude of signals from one antenna 
system, sensitivity of a modulator, a relative 
sensitivity of north-south and east-west indica 
tions on the indicating device, or the amplitude of 
input to the indicator of either modulating wave 
forms. A Calibrating signal may be used vforI ef 
fecting a balance of the system. 
Any “site error” or error due to unbalance in 

the indicating device may be compensated for as 
described in the preceding paragraph, by me 
chanical rotation or" either of the aerial sys 
tems, or by adjustment of direction of the ñeld 
coils in Fig. «L or the deñector plates of the os 
cillograph in Fig. 3. For example, the north 
south bearing is corrected on the indicating de 
vice by rotation of the east-west aerial particu 
larly if this is a loop. Similarly the exact east 
west bearing is corrected by rotation of the 
north-south aerial. Any remaining errors which 
may be evident at NW, SVT, SE or NE may now 
be compensated by adjustment of one modulating 
wave-form input to the indicating device. When 
these adjustments have been made, a small oc 
tantal error, only, is possible. 
The broad principle of the invention as de 

ñned by the appended claims is also applicable to 
systems for automatically indicating the polari 
sation of incoming electromagnetic waves, and 
for automatically indicating the direction of 
sound waves. 
What is claimed is: 
l. Apparatus for giving a direct indication of 

the direction of waves, comprising at least two 
wave collectors, means for producing two modu 
lating waves of diiîerent wave form, means for 
modulating the signals received by one of said 
collectors with one of said modulating waves and 
the signals received bythe other of said collectors 
with the other of said modulating waves and for 
combining said modulated signals, and means 
controlled jointly by said combined modulated 
signals and said modulating Waves, and respon 
sive to the relation between said combined modu 

3 
lated signals and said modulating waves for in 
dicating the relative strengths of the signals re 
ceived by said collectors. . 

2. A device for giving a direct indication oi the 
direction of incident electromagnetic waves, com 
prising two directional wave collectors the direc 
tions of maximum pick-up of which are arranged 
at an angle, means for producing two modulating 
waves of different wave forms, means for modu 
lating the signals received by one of said wave 
collectors with one of said modulating waves and 
the signals received by the other of said wave 
collectors with the other of said modulating waves 
and for combining said modulated signals, and 
means controlled jointly by said combined modu 
lated signals and said modulating waves, and re 
sponsive to the relation between said. modulated 
signals and said modulating waves for indicating 
the relative strengths of the signals received by 
said wave collectors. 

3. Apparatus for giving a direct indication of 
the direction of incident electromagnetic waves, 
comprising two directional wave collectors the 
directions of maximum pick-up of which are ar 
ranged at an angle, means for producing two 
modulating waves of different wave form, means 
for modulating‘the signals received by one of 
said wave collectors with one of said modulating 
waves and the signals received by the other of 
said collectors with the signals of the other of 
said modulating waves and for combining said 
modulated signals, means for deriving a control 
signal from said combined modulated signals, a 
cathode ray oscillograph for producing Va spot of 
variable brilliancy and controllable position, 
means for controlling the brilliancy of said spot 
by said control signal, and means for controlling 
the position of said spot by said modulating 
waves. 

4. Apparatus for giving a direct indication of 
the direction of incident electromagnetic waves, 
comprising at least two directional wave collec 
tors the directions of maximum pick-up of which 
are arranged at an angle, means for producing 
two modulating waves of diiferent wave form, 
means for modulating the signals received by 
one of said wave collectors with one of said 
modulating waves and 4the signals received by 
the other of said wave collectors with the other 
of said modulating waves and for combining said 
modulated signals, means for deriving a control 
signal from said combined modulated signals, a 
dynamometer having field coils and a search coil 
movable relative thereto, means for energizing 
said search coil with said control signal, and 
means for energizing said iìeld coils with said 
modulating waves. 

5. Apparatus as claimed in claim 2, further 
comprising a non-directional wave collector and 
means for combining the signals received by said 
non-directional collector with said modulated signals. 

6. Apparatus as claimed in claim 2, wherein 
said means for modulating the signals received 
by one of said collectors with one of said modu 
lating waves and the signals received by the other 
of said wave collectors with the other of said 
modulating waves and for combining said modu 
lated signa-ls, comprises a balanced thermionic 
modulator for each of said signals to be modu 
lated, and means for combining the outputs of 
said modulators. 

7. Apparatus as claimed in claim 2, wherein 
said means for modulating the signals received 
by one of saidcollectors with one of said modu 
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lating waves and the signals received by the 
other of said wave collectors with the other of 
said modulating waves and for combining said 
modulated signals, comprises a thermionic valve: 
for each of said signals to be modulated, con 
nections whereby each of said valves operates as 
a combined oscillator and modulator, and means 
for combining the outputs of said valves. 

8. Apparatus as claimed in claim 3, wherein 
said means for deriving a control signal from said 
combined modulated signals comprises means for 
detecting said combined modulated signals, and 
means for producing from said detected signals 
a peaky wave form having peaks corresponding 
to alternate instants of zero amplitude of the 
envelope of the combined modulated signals. 

9. Apparatus as claimed in claim 3, wherein 
said means for deriving a control signal from 
said combined modulated signals, comprise 
means for detecting said combined modulated 
signals, means for modifying said detected sig~ 
nais to produce a square wave form, means for 

2,213,273 
converting said square wave form into a peaky 
wave form, and means for passing alternate ones 
only of said peaks. 

l0. Apparatus for giving a direct indication 
of the direction of incident electromagnetic 
waves, comprising two directional wave collectors 
and a non-directional wave collector, means for 
producing two modulating waves of different 
frequency, means for modulating the signals re 
ceived by one of said wave collectors with one 
of said modulating waves and the signals re 
ceived by the other of said wave collectors with 
the other of said modulating waves and for com 
bining said modulated signals, means for com 
bining both of said modulated waves with each 
other and with the signals received by said non 
directional collector, and means responsive to the 
rela-tion between said combined signals and said 
modulating waves for indicating the relative 
strengths of the signals received by said direc 
tional wave collectors. 

CHARLES WILLIAM EARP. 
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