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This invention relates to thear‘t of radio 
communication, - and more speci?cally to 
radio receiving apparatus for determining 
both the magnitude and absolute direction of 
propagation of radio waves. 
The invention utilizes three separate co 

axial antennae comprising a vertical antenna 
and two identical loop antennae the planes of 
which are set at right angles. Currents 
from the three antennae are combined in 
such manner that when impressed upon two 
pairs of de?ecting plates of a cathode ray 
oscillograph, which pairs of plates are set at 
right angles, a de?ection of the electron 
stream on the screen is obtained which indi¢ . 
cates both the magnitude and ‘the absolute 
direction of propagation of the radio wave 
train impinging upon the antenna system. 
.The receiving system for accomplishing 

. the above results is best explained by refer 
ence to the drawings of which Figure 1 shows 
in perspective and in schematic form the ar- ‘ 
rangement of the antenna system; Fig. 2 
shows a plan view ‘of the antenna system 
when viewed from _above, together with cer 
tain mathematical relations‘ necessary for 
explaining the theory of operation of the 
system; Fig. 3 shows schematically the elec 
trical circuits to which the antennae are con- _ 
nected, together with certain mathematical 
relations to be explained concerning the the 
ory of circuit operation; Fig. 4 shows graph 
ically the manner in which the currents in 
the different output circuits'of Fig. ‘3 vary 
with the direction of propagation of the im 
pinging radio Wave train; and Figs. 5 to 8 
show the variation with time of ‘the currents 

‘ in the output circuits of Fig. 3 for di?erent 

.50 

_ shown. 

assumed conditions of current recti?cation. 
Referring more-speci?cally toFig. 1, loop 

antennae ‘1-2 and 3-4 are arranged coaxi 
ally with their planes at right angles to each 
other and perpendicular to the ground, as 

Coaxially with the loop'antennae 
is the vertical antenna 5. The three an 
tennae are electrically separate, as shown. 
Referring'now tov the plan view of the an 

tenna system'shown in ‘Fig. '2, assume a radio 
wave train to be traveling in the .direction 
XY. Taking the axis 0 of the antenna sys 

tem as an origin of coordinates, and the di 
rection X to Y as positive, a single frequency 
wave train impinging upon the antenna sys 
tem is given by the equation ' 

EX=EO Sill w (t—%)‘ (1) 
where E-0-=the maximum generated voltage 

- per unit length measured perpen 
dicular to the earth ; I 

Ex=the corresponding instantaneous 
voltage at a distance X from the 
line ZZ in the direction XY; ' 

'v= the velocity of propagation of the 
wave train; 

2- : 21F frequency and t= tlme. 
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I From Equation (1), the Volta e induced in - 
the vertical wires 1 (Fig. 1) 0 loop 1-2 is 

given by A E1=K1E0 sin to (HI‘SZS 9) (2) 

where K1 is a constant depending upon the 
- number and length of the vertical 

wires 1; ~ ‘ 

0 is the angle, between-the plane of ' 

'70 

75 

the loop and the direction of wave _ 
propagation ; 

h is the distance between the vertical 
leads of the loop 1—2. 

In a similar manner, the voltage 
induced in the vertical wires 2 of 
loop 1—2 is given by 

Ezv=K1E0 sin to (ti-b.0228 p v (3) 

80 

85 

' The resultant voltage Ew induced in the loop ‘ 
1—2 is given by‘ the difference of equations 

‘ (2) and (3), namely , . 

Q , h-cosl) 1' 

. a . SIMO- 2» (4) 

The right side of Equation (4) may be'ex 
‘ pressed more simply as 

_ ‘Ew"=2K,iEq_- sin [°’—h%sl:|-cos wt (5) 
_ and since wk cos 0 is'small in comparison with 
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'tenna. circuit 9. 

2 

24;, the‘ sine of the bracketed member may be 
replaced by the angle, giving 

For a given frequency, this becomes 

(7) 
where K3 is a constant. By similar processes, 
the voltage EN in loop 3-4 is 

Ew==K3-Eo cosB-coswt 

EN=K3-E0sin0-coswt (8) 
The voltage in the vertical antenna Ev is 

Ev=Kg'Eo‘Sinwt 
where K2 is a constant depending on the 
proportions of the antenna circuit. Com 
paring Equations (7), (8) and (9) ,it will be 
seen that the voltages induced in the vertical 
antenna lag in phase 90° behind the corre— 
sponding voltages induced in the loop an 
tennae. To obtain the best results in regard 
to directional effects by combiningv the volt 
ageinduced in a loop antenna with that of 
the vertical antenna, the voltages should be 
combined in like time phase relation. These 
phase relationships are cared for by the cir 
cuit of Fig. 3 in a manner now to be ex 
plained. ' _ 

, Assume the three antennae voltages of Fig. 
1 to be applied to the circuit of Fig. 3, as 
indicated. The currents are ampli?ed in am 
pli?ers 1, are combined with a heterodyne 
frequency supplied from oscillator 2 and are 
demodulated and ampli?ed in circuits 3, 4 and 
5. The output current from the beating oscil 
lator 2 is fed through the resistance 7 and ‘ca 
pacity 6connected in series. The voltage drop 
across the condenser 6 is applied to the loop 
'antennae circuits 8 and 10, while that across 

ag lied to the vertical an 
mce the voltage drop 

acrass thecondenser is 90?, out of phase ‘with 
that across the resistance, the heterodyne cur 
rent applied to circuits 8 to 10, inclusive, 
owing to the manner of connecting the beat 
ing oscillator to such circuits, is expressed 
mathematically, as indicated on Fig. 3. The 
total current input to each modulator device 
3 to 5, inclusive, is mathematically expressed 
by the expressions36 to 38” inclusive, of Fig. 

the resistance 7 is 

3. ' The output from demodulator 3 will con: ' 
tain, among other things, ‘the product term 
E7 = I 

in which' the bracketed member is equal to 
the sum and di?erence of the two/frequencies. 
Be-writing Equation (10) in this form, keep 
ing only the difference term, gives . 
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By similar treatment, the output from de 
modulator 5 is _ 

The output from demodulator 4 contains the 
product term , - 

Ev=Kz-Eo-0- 2 sinwt'cos at (13) 
which re-written, retaining only the differ 
ence term, gives . 

E; =K,-Eo - 0- Sin ea (14) 
If the ampli?er unit associated with demodu 
lator'4 is properly adjusted with respect to 
units 3 and 5, the following relation can be 
obtained 

thus giving the output currents shown at 11 
to 13, inclusive, of Fig. 3 in which 

. It will be noted here that the currents from 
the vertical and loop antennae are now all in 
like time phase relation. The main object of 
demodulation at this point, therefore, is to 
furnish a convenient method of getting the 
currents from the various antennas in like 
time phase relation. A secondary object is 
to step down the radio frequency to a value 
which can be e?iciently ampli?ed. The 
phase shifting arrangement'shpwn b resist 
ance 7 in series with condenser '6, ig. 3, is 
‘merely byway of illustration. Numerous 
other well known means could be used‘ to 
'change the phase relationship of they current 
induced in the vertical antenna with respect 
to that induced in the loop—antennae. l‘he 
outputs from the demodulator circuits 3 to 
5, inclusive, are fed into the transformer cir 
cuits 18 and 19 in the manner shown on Fig. 
3. .Owing to the manner in which current 
from‘ the vertical antenna is fed into the 
transformer circuit 18, demodulated current 
‘11 from loop. antenna 1-—2.is combined in 
transformer 14 in like time phase relation 
ship with demodulated current 12 in the ver 
tical antenna. 
11 is combined in phase opposition with cur 
rent 12. In transformer 16. current 12 is 
combined in like phase relation with current 
13, and in transformer 17 current 12 is com 
bined in phase opposition to current 13. . The 
resulting currents ?owing into recti?er cir 
cuits 24 to 27, inclusive, are given by currents 
20 to 23, respectively. ' I 
At this point it is well to consider the man 

ner in which currents 20 to 23, inclusive, vary 
with the direction of propagation of the wave 
train impinging vupon the antenna system. 
‘Fig. 4 shows a plot of currents 20 to 23, in 
clusive, at the instant when w2t=1r/2, plot 
ted against the directional angle 0 as a vari 
able. - The current designations 20 to 23, in 
clusive, are the same in Fig. 4 as in Fig. 3. 

In transformer 15 current 
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The graph of Fig. 4 shows four cardiods ar 
ranged successively at right angles. As mat 
varies from zero to 2%, each cardiod increases 
from a point to’a maximum value of 2M1‘ 
along the symmetrical axis, and decreases 
again to zero, reverses in direction and in 
creases to —2M1, returning again to zero. 
Owing to this reversal of current at- m2t=1r, 
the four currents cannot be combined direct 
l'y to indicate the absolute direction of propa 
gation of the radio wave. The currents could 
becombined to indicate the line along which 

_ the impinging radio wave train is propagated 
but there would be an ambiguity of 180?. 
For example, it would not be known whether 
the Wave were traveling from east to west 

1 or from west to east, say. If, however, the 
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. rent in each output circuit will vary with time - 
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currents 20 to 23 3) are passed through 
rectifying devices 24 to 27, inclusive, such 
that the recti?ed direct current in the out 
put of each such circuit is proportional at 
each instant to the input alternating current, 
these recti?ed currents may be combined to 
indicate the absolute direction of propaga 
tion as well as the magnitude of the radio 
wave train. This is due to the fact, referring 
for a moment to Fig. 4, that after recti?ca 
tion the cardiods will not reverse in direc 
tion but‘will merely increase from zero to a 
maximum value, returning again to zero.v 
Referring to Fig. 3, the recti?ed currents 

28 to 31 ?ow through equal resistances 39 to 
42, inclusive, the output circuits of the irecti~ 
?ers 24 to 27. inclusive, being arranged so 

' that current 28 is poled opposite to current 
29 and current 30 opposite to 31. The po 
tential drop due to currents 28-and 29 ?ow 
ing through resistances 39 and 40.: respective 
ly, is impressed upon a pair of de?ector plates 
34 of a cathode ray oscillograph 32-, in the 
manner shown. With this connection, the 
voltage impressed across the de?ector plates‘ 
is proportional to the difference of the cur 
rents 28 and 29.. In a similar manner. the 
potential drop due to currents 30 and 31 ?ow 
ing through resistances 41 and 42, respective 
ly, is impressed upon a pair of de?ector plates 
33 associated with the oscillograph 32, which 
de?ector plates 33 are placed ‘at right angles 
to de?ector plates 34, as shown. 
Assuming full wave recti?cation in rec 

ti?ers 24 to '27 , inclusive,.the recti?ed cur 

in manner shown in Fig. ,5. Referring now 
to Fig. 4, a voltage will be impressed upon 
the de?ector plates 34 of the oscillograph 32 
which is proportional to recti?ed current 21 
subtracted from current 20. If D 4) 
indicates the direction of propagation of the 
wave train, the voltage impressed upon de 

, ?ector plates 34 will be proportional- to 

65 
Correspondingly, the voltage‘ impressed 
upon de?ector plates 33 will be proportional 

to current 23 subtracted from current 22, or 
referring to Fig. 4, the voltage is propor 
tional to ' 

'am—aeocai+ag=alc. 
Since the voltage impressed upon plates 34 
acts upon-the electron stream of the oscil 
liograph'at right. angles to the voltage im-' 
pressed upon plates 33, the electron stream 
will be. de?ected along a line determined by. 
the resultant of these two ‘voltages added, 7 
vectorially. Referring to Fig. 4, the result 
ant voltage impressed upon the electron 
stream is proportional to up, which is ob 
tained by adding 070?]?(5 at right angles to 
ad. Since the recti?ed currents 28 to 31, in 

80 

clusive, as explained above, ?uctuate between . 
zero and a maximum value proportional to 
the input ‘alternating currents 20 to 23, in 
clusive, the electron stream will periodically 
trace out a path on the screen 36 of the oscil 
lograph 32 from the center of the tube to a 
maximum value and back again along a line 
making an angle 0 with the ‘horizontal, the - 
length of the path thus traced out being pro 90 

portional to the magnitude of the voltage . 
impressed upon the antenna system by the 
‘impinging radio wave train. 

- It will thus'be seen from, the explanation 
given above that the invention covers a cir 
cuit arrangement furnishing a method of de- K 
termining both the magnitude and direction 
of propagation of a radio wave train imping- - 
ing upon the antenna'system. . 

It was shown above that for full wave 
recti?cation the currents 28 to 31, inclusive, 
?uctuated with time in the manner'shown' in 
Fig. 5. For half wave recti?cation the cur‘ 
rents would ?uctuate with time, as-shown by 
curve 1 of Fig. 6. This same result could be 
obtained by combining full wave recti?cation 
with non-recti?ed current of the same peak 
value, as shown, by adding curve 2 to curve 
3 of Fig. 6. For observing upon sustained 
oscillations'of constant amplitude it might be 
advisable in some instances to insert low pass 
?lters in the output circuits of the recti?ers 
24 to 27, inclusive, of Fig. 3, the purpose of 
which would be to smooth out the ?uctuating 
recti?ed currents ?owing through resistances 
39 to 42, inclusive, into steady direct currents, 
as shown inv Fig. 7. The resultant ?ltered 
direct current through resistances 28 to 31, in 
clusive, would impress constant potentials 
across de?ector plates 33 and 34. The re 
sultant constant voltage acting upon the elec 
tron stream would cause it to impinge con 
stantly upon a given point of the screen, the 
distance of which point from the origin, that 
is, the center of the screen, would be propor 
tional to the magnitude of the impressed 
raido wave train, and the line through‘ the 
point and the ‘origin would make an angle 
0 with the horizontal, indicating the direction 
of propagation of said wave train, the direc 
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tion from which the wave impinged being in 
dicated by the quadrant of the circle in which 

i - the point was located. Fig. 8 shows the man 
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ner in- which the volta e impressed across 
the de?ector plates varies with time when 
?ltered recti?ed current is combined with 
non~recti?edalternating current of the same 
maximum value. 
What is claimed is: 
1. In a circuit for determining the magni 

tude and direction of propagation of radio 
waves, the combination of three coaxially 
aligned antennae comprising two identical 
loop antennae, the planes of which are set 
at right angles to each other, and a vertical 
antenna, means for separately amplifying 
and demodulating the currents induced in the 
three antennae circuits in' such manner that 
the demodulated currents are in like time 
phase relation, means for combining in a ?rst 
electrical circuit demodulated current from, 
the vertical antenna in like time phase rela 
tion with similar current from- a given loop 
antenna, means for combining in a second 
electrical circuit demodulated current from 
the vertical antenna with similar current 
from said loop antenna but in phase opposi 
tion thereto, means for similarly combining in 
a third and a fourth electrical circuit, respec 
tively, demodulated current from the vertical 
antenna with similar current ‘from the second 
loop antenna in like time vphase relation and 
.in phase opposition, rectifying means in 
dividual to said four electrical circuits adapt 
ed to impress -.upon identical resistances in 
dividual to the outputs of each of said rectify 
ing circuits, ?uctuating direct voltages pro 

> portional to the alternating voltages im 

40 
pressed upon said recti?ers, a cathode ray 
oscillograph having associated therewith two 
pairs of de?ecting plates set. at right angles 
to each other, means for impressing upon one 
pair of de?ectin plates a voltage propor 
tional ‘to the di erence of the two recti?ed 

. currents ?rst mentioned, and means for im 
pressing upon the second pair of saidide?ect 
mg plates a voltage proportional to the dif 
ference of the two recti?ed currents last men 
tioned. . _ I 

2. In a radio receiving circuit for deter 
mining the magnitude and direction of prop 
agation of radio waves, the combination of 
three coaxially aligned antennae compris 

_ ing a vertical antenna and two identical loop 

60 

‘antennae the planes of which are set at right 
angles, electrical circuits iIldlVidl13.l_tO said 
antenna‘, ampli?ers in each of said electrical 
circuits, a source of locally generated oscillat 
ing current, means for applying said locally 
generated current directly to each of the elec 
trical circuits associated with the loop an 
tenna, means for applying the locally gen 
erated oscillations through a phase shifting 
device to the vertical ,Ia‘ntenna circuit, said 
phase shifting device being adapted to cause 

1,839,290 

said currents, applied to the vertical antenna, 
to differ in phase by 90 degrees ascompared 
to that applied to the loop antenna circuits, 
demodulating and amplifying circuits in 
dividual to the three antenna circuits, a sys 
tem of interconnected transformer asso-, 
ciated with the output circuits of the am- , 
pli?ers last mentioned, said transformer cir 
cuits being adapted to combine in a ?rst 
electrical circuit demodulated current from 
the vertical antenna circuit in like time phase 
with similar current from a given loop anten 
na circuit, said transformer circuit being 
further adapted to simultaneously combine 
in a second electrical circuit demodulated 
current from the vertical antenna circuit with 
similar current from said loop antenna cir 
cuit but in phase opposition ‘thereto, said 
transformer circuit being further a'daptedto . 
similarly combine in a third and a fourth elec 
trical circuit, respectively, demodulated cur-' 
rent ‘from the vertical antenna circuit with‘ 
similar current from the second loop an 
tenna ‘circuit in like time phase relation and 
in phase opposition thereto, respectively, 
rectifying circuits individual to each of said 
four electrical circuits adapted to furnish in 
the output circuits ?uctuating direct currents 
proportional to the alternating current im 
pressed upon the inputs, a cathode ray os 
cillograph having associated therewith two 

is set at right angles to the other, means ‘for 
impressing upon one pair of said de?ecting 
plates a voltage proportional to the difference 
of the two recti?ed currents obtained from 
the vertical and a given loop antenna, and 
means for impressing upon the second pair 
of de?ecting plates a voltage proportional 
to the difference of the two recti?ed cur 
rents obtained from the vertical and the 
second loop antenna circuits. 

3. In a radio receiving circuit for deter 
mining the magnitude and direction of prop 
agation, of radio waves, the combination of 
three coaxially aligned antennae comprising 
a vertical antenna and two identical loop an 
tennae, the planes of which vare set at right 
angles, electrical circuits individual vto said 
antenna, ampli?ers in each of said ‘electrical 
circuits, a source of locally generated oscil 
lating current, means for applying said 10 
cally generated current directly to each of 
the electrical circuits associated with the loop 
vantenna, means for. applying the; locally 
generated oscillations‘through a phase shift 
ing device to the vertical antenna circuit, 
said phase shifting device being adapted to 
cause the current applied to the verticalan 
tenna, todi?‘er in phase by 90 degrees as com 
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pairs of de?ecting plates, one pair of which . 
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pared to that applied to the loop antenna ' 
circuits, demodulating and amplifying cir-__ 
cuits individual to the three antenna circuits, 
a system of interconnected transformers as 130 
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sociated with the output circuits of the am 
pli?ers last mentioned, said transformer cir 
cuits being adapted to combine in a ?rst elec 

' trical circuit demodulated current from the 
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vertical antenna circuit in like time ‘phase 
with similar current from a given loop an 
tenna circuit, said transformer circuit being 
further adapted to simultaneously combine 
in a second electrical circuit demodulated 
current from the vertical antenna circuit in 
like time phase with similar current from a 
given loop antenna circuit, said transformer 
circuit being further adapted to simultane-p 
ously combine in a second electrical circuit 
demodulated current from the vertical an 
tenna circuit with similar current from said 
lo'op antenna circuit but in phase opposition 
thereto, said transformerv circuit being fur 
ther adapted to similarly combine in a third 
and a fourth electrical circuit demodulated 
current from the vertical antenna circuit 
with similar current from the second loop 
antenna circuit in like time phase relation 
and in phase opposition thereto, respectively, 
rectifying circuits individual to each of said 
four electrical circuits adapted to-furnish 
in the output circuits ?uctuating direct cur 
rents proportional to the alternating cur‘ 
rent impressed upon‘the inputs, low pass ?l 
ters inserted in the output circuits of sa1d 
recti?ers and individual thereto, said low 
pass ?lters being adapted to transform the 
?uctuating direct current to a steady direct 
current, a cathode ray oscillograph having 
associated therewith two pairs of de?ecting‘ 
plates, one pair of which is set at right angles 
to the other, means for impressing upon one 
pair of said de?ecting plates a voltage pro 
portional to the difference of the two recti?ed 
currents obtained from the vertical and a 
given loop antenna, and means for impress 
ing upon the second pair of de?ecting plates 
a voltage'proportional to the difference of the 
two recti?ed currents obtained from the ver~ 
tical and the second loop antenna circuits. 

4. The method for determining the mag- 
nitude and direction of propagation of radio 
waves, which comprises, detecting compo 
nents thereof which vary in accordance with 
said direction of propagation, detecting 
other components which are independent of 
said direction, combining said dependent 
with said independent components and recti-v 
fying the same,v ‘de?ecting an electronic 
stream in accordance with said recti?ed com; 
‘ponents to give an indication of the magni 
tude and also the absolute direction of prop 
agation of said waves. . i 

5. The method for determining the magni 
tude'and direction of propagation of radio 
waves, which comprises detecting compo 
nents thereof which areindependent of said 
propagation direction: and detecting other 

components which are dependent thereupon, 
combining said dependent with said inde 
pendent components and rectifying the same, 
de?ecting an electronic stream in accordance 
with said recti?ed components to give an in 
dication of the magnitude of said waves and 
the direction of the source thereof. ' 

6. The method for determining the mag— 
nitude and absolute direction of propagation 
of a radio wave train, which comprises, de 75 
tecting a ?rst component thereof which varies ' 
in a certain manner in accordance with said 
d1rect1on of propagation, detecting a second 
component thereof which varies .in a differ- 
ent manner in accordance with said direc 
tion, detecting a third com onent thereof 
which is independent of said irection, inde 
pendently combining said ?rst and third and 
said second and third components, rectifying 
said combinations, de?ecting an electronic 
stream in accordance with said recti?ed com 
binations, and causing said-de?ected stream 
to indicate the magnitude and absolute propa 
gation direction of said wave train. 

7. The method for determining the magni 

80 

85 

90 

tude and absolute propagation direction of a I 
radio wave train, which comprises, detecting 
a ?rst component thereof which varies in a 
certain manner in accordance with the di 
rection of said propagation, detecting a sec 
ond component which varies in a different 
manner in accordance with said direction, de 
tectmg a third component which is independ- ' 
ent of said direction, combining said ?rst and 
third components in like phase relation and in 
phase opposition, similarly combining said 
second'and third components, rectifying said 
combinations, de?ecting an electronic beam in 
accordance with the'dl?'erence of said ?rst 
two recti?ed combinations and atan angle 

95 
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thereto de?ecting 'said beam in accordance ' 
with the difference of said last two recti?ed 
combinations, and causing said de?ected 
beam to indicate the magnitude and absolute 
direction of propagation of said wave train. , ~ 

8. The method for determining the magni 
tude and absolute direction of propagation 

110 

of a radio wave train, which comprises, inde- . ' 
pendently detecting components of said 
wave train which are proportional to the sine 
and also to the cosine of the angle between 
said propagation direction and an arbitrari 
ly chosen direction. as well as a component 
thereof which is independent of said propa-_ 
gation direction, combining said independent 
component in like phase relation and also in 
phase opposition with. said sine component, 
similarly combining said independent com 
ponent in like phase relation and inlphase op 
position with said cosine component, recti 
fying said combinations, de?ecting a concen 
trated electronic beam in accordance with the 
difference of said ?rst two recti?ed combina-' 
tions,>and at right angles thereto de?ecting 
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6 

said beam in accordance with the difference of 
said last two recti?ed combinations, and 
causing said de?ected beam to indicate the 
magnitude-of said wave train and also the 
direction from whence it issues. 

9. The method for determining the magni 
tude and absolute direction of propagation of 
a radio wave train, which comprises, inde 
pendently detecting components of said wave 
train proportional-to the sine and also to the 
cosine of the angle which the propagation 
direction makes with an arbitrarily chosen di 
rection, and also a component independent of 
said propagation direction, independently 
combining said sine component in like'phase 
relation with said independent component 
and also in phase opposition thereto, similarly 
combining said cosine component with said 
independent component, separately rectify 
ing the four combinations thus obtained, de 
?ecting a concentrated electronic beam with a 
voltage proportional to the di?'erence of said 
two recti?ed currents containing said sine 
components, and at right angles thereto de 
?ecting said beam with a voltage proportional 
to the di?i'erence of the two recti?ed currents 
containing said cosine components and causq 
ing said de?ected beam to visibly indicate the 
magnitude of said wave train as well as the 
‘direction from whence'it issues. 

10. Means for determining the magnitude 
and absolute direction of propagation of ra 
dio waves, comprising in combination, a verti 
cal antenna and coaxial therewith two loop 
antennae set at an angle to each other, means 
for combining in like phase relation and also 
in phase opposition, currents from said ver 
tical and a ?rst loop antenna, means for simi 
larly combining currents from said vertical " 
and said second loop antenna, means for recti 
fying said'current combinations, a cathodev 
ray oscillograph having one pair of de?ecting 
plates set at an angle to the second pair, means‘ 
for applying to said ?rst pair of plates a volt 
age proportional to the difference of said two 
recti?ed currents ?rst mentioned, ‘and means 
for applying to said second pair of plates a 
voltage proportional to the difference of said, 
two recti?ed currents last mentioned, where-' 
by said oscillograph indicates both the magni; 
tude and the absolute direction ofpropaga 
tion of said wave train. ' - 

11. Means for determining the magnitude 
and_ absolute direction .of propagation of" 

, radlo waves, whlch comprises in combination, 
a vertical antenna and coaxial therewith two J 
loop antennae the planes of which are set at 
right angles to each other, ‘means for com 
bining in like phase relation and also in phase 
opposition currents from said vertical and 
a ?rst loop antenna, means 'for similarly com 
bining currents from said vertical and said 
second loop antenna, means for rectifying‘ 
said. combined currents, a cathode ray oscillo 

graph having a ?rst pair of de?ectin plates 
set at right angles to a second Sui] air, 
means for applying to said ?rst pair of p ates 
a voltage proportional to the di?erence of 
said two recti?ed currents ?rst mentioned, 
and similar means for applying to said sec 
ond pair of plates a voltage pro ortional to 
the di?'erence of said two recti ed currents 
last mentioned. _ 

12. Means for-determining the magnitude 
and absolute direction of propagation of_ 
radio waves, which comprisesin combination, 
a vertical antenna and coaxial therewith a 
?rst loop antenna set at right angles to a sec 
ond identical loop antenna, amplifying and 
heterodyne detecting means individual to 
said antennae for adjusting the magnitudes 
of the detected currents therein to the same 
value and also for adjusting said currents in 
like phase relation,lmeans for combining in 
like phase relation and also in base opposi 
tion detected currents from-saidJ vertical and 
a ?rst loop antenna, means for similarly com 
bining currents from said vertical and said 
second loop antenna, means for independent~ 
ly rectifying said current combinations, a 
cathode ray oscillograph having one pair of 
de?ecting plates set at right angles to a sec 
ondpair, means for applying to said ?rst air 
of plates a voltage proportional to the di er 
ence of said two recti?ed current combina 
tions ‘?rst vmentioned, and means for apply 
ing to'said second pair of plates a voltage 
proportional to the difference of said two rec 
ti?ed °current combinations lastmentioned, 
whereby said oscillograph indicates both the - 
magnitude and the absolute direction of 
propagation of said wave train. ' 

13. The methodeof determining the magni 
tude and absolute direction of propagation of 
radio waves, which consists in detecting com 
ponents thereof, combining one of 'said com 
poncnts with a second one of said com o 
nents and a third one of said components with 
said second one, rectifying said combinations, 
de?ecting an electronic beam in accordance 
with the difference of said ?rst two recti?ed 
combinations, de?ecting said beam at an 
angle thereto in accordance with the di?'er 
enceof said last two recti?ed combinations 
and causing said de?ected beam to indicate 
the magnitude and absolute direction of prop 
agation of said waves. 

14. Means for determining the magnitude 
and absolute direction of propagation of 
radio waves comprising in combination a ver 
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tical antenna, two loop antennae set’at an ' 
angle to each other, means for combining 'cur 
rents from, said vertical and a ?rst loop an 
tenna and currents from said vertical and 
second loop antenna, means for rectifying 
said current combinations, means for produc? 
ing an electronic beam, and. means for apply; 
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ing said recti?ed current combinations to said - 
latter means to de?ect said beam and cause 
it to‘ indicate the magnitude and absolute di 
rection of propagation of said waves. 
In testimony whereof, I have signed my 

name to this speci?cation this 23rd day of 
April, 1928. 

' AUSTIN BAILEY. 
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