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This invention relates to method and means for 
receiving radiant energy on special loop collectors. 
One object of this invention is to provide a 

means for receiving only one component of a 
5 transmitted electric wave, and excluding all other 

components. . i - . 

Another ‘object of the invention is toprovide a 
means for receiving simultaneously all compo. 
nents of a transmitted electric wave. ' I, 

10 Another object of the invention is to provide a 
means for detecting the true direction of travel of 
a transmitted electric wave. ' ' ‘ 

Other objects and uses will be apparent from 
the description whichlfollows: ‘ ‘ . 

15 In the accompanying drawing, forming a‘ part 
of this speci?cation, and in which like- numerals 
are used to denote like parts throughout the same: 

Fig. 1 is a perspective view of one embodiment 
of the invention, ‘consisting of a special loop" 

20 referred to hereinafter as a “binocular loop”; 
Fig. 2 is a plan view of the binocular loop, in a 

horizontal plane, with thecentral common elec 
trical path in a relatively north and south direc 
tion with respect to the paper; 

25 Fig. 3is a plan view of the binocular loop, in a 
horizontal plane, with the central‘ common elec-. 
trical path in a: relatively east and west direction 
with respect-to‘ the paper; > 

Fig. 4. represents a perspective view of the bin 
30 ocular ‘loop in ‘a'horizontal position," combined 

with a single vertical loop whose horizontal axis 
is parallel to the: central, common-electrical path 
of the binocular loop, and which is connected 
across this common path in such‘ a manner that 

35 the common path forms one side "of said vertical 
loop. - ‘ > " ' 

In the drawing wherein, for the purpose of : 
illustration, is shown one embodiment ofthe in 
vention, the numerals 1, 8, »9, and I0 indicatev the 

‘10 sides of a primary rectangular loop, whose sides 
are connected so as to form a continuous’ electrical 
path. At the ‘midpoint of sides 1 and 9 the parts 
5 and 6 are connected with electrically conductive 

45 

l l',‘ eifectively dividing the primary loop’ into. two 
equal rectangular loops, and;for_mi_ng- a central,‘ 
conducting .path parallel ‘to the sidesS and I0. 

50 This path‘ may contain one element of-a coupling‘ 
device for‘ the purpose of transferring energy, 
therefrom. ‘ The common path5,6r isinsulated 
from the terminal box H by suitable low loss 
bushings. ‘The terminal box H is supported and, 

55V grounded by the down ‘shaft l2, which extends. 

joints.“ ,The free ends of these parts me'etbut. are " 
notdirectly connected together in. a terminal'box 

from- the box perpendicular to the plane of the 
loop. ‘ Within this terminal box the parts 5, Bare 
joined‘ or coupled to the termination of a two 
wire, or, other type, non-receptive transmission 
line or Iother type of conductor which extends 
through the down shaft l2, and is shielded there- ~ 
by. The other end of this transmission line is 
connected to suitable radio receiving apparatus. 
In Fig. 4 of the drawing is shown a modi?cation 

of the invention, in simpli?ed form, in which a 
vertical loop l3,,with one side removed, is con 
nected across the points where the parts 5 and 6 
join the principal loop‘. The loop I 3 has its verti 
cal axis perpendicular tov the'plane of the binocu 
lar loop. In actual use for its-designed purpose, 
the vertical loop l3 must be shielded, or suffi 
ciently removed from the binocular loop, so that 
there is no, coupling or mutual inductance between 
them.. 

All the above-mentioned parts, except the ter 
minal box: and the transmission line, are made of 
thin walled, hard drawn copper tubing, or similar 
electrically conductive material. 
The terminal box may be made of bakelite, hard 

rubber, or' ‘the? like, or .of‘ appropriate metallic 
shielding material. The transmission line may 
be of- any‘material suitable for, the type of line 
employed. 1 
The operation of the invention is as follows, 

considering the binocular loop locatedin a hori 
zontal plane: \ i i . . 

,Each transmitted electrical wave above a cer 
tain frequency (about 6000 kcs.) may be consid 
ered astcomposed of three components, viz: the 
“A” component, which isthe ground wave, and 
which has its electric vector polarized perpendicu 
lar to and its magnetic vector polarizedhorizontal 
to the earth’s surface; the “B” component, which 
is one part of the re?ected sky‘wave, and which is 
polarized in: thesame manner as the “A” com 
ponent; and the “C” component, which is the 
other part of the re?ected sky wave, and which 
has'its electric'vector polarized‘ horizontal‘ to and. . 
its. magnetic vector polarized perpendicular to 
the earth’s'surface. ‘ 

In Figs. 2 and 3 the arrows outside the loops 
indicatethe. direction of wave travel. - 

, Any currentinduced in 5-45 will result in a 
receivedsignal. ' ' 1 ‘ 

‘Referring to Figs. 1, 2, and‘ 3, with the binocular 
loop horizontal in every case, consider the effect of 
the. “A” component. Since‘the magnetic.?eld‘of-= 
theffA’? component. is horizontal. and travels"? 
parallel ;,to theearth’s surface, and since the loop 
is ‘also horizontal I‘ and parallelto the earth, no‘ 

Oil 

10 

20 

25 

40 



20 

2 

30 

45 

50 

55 

60 

65 

75 

2 
magnetic lines are cut and no E. M. F. is induced 
in the loop, so that no signal is received. 

Referring to Fig. 2, consider the “B” com 
ponent’s effect on the binocular loop. “B” com 
ponent also has a horizontal magnetic ?eld, but 
its travel instead of being parallel to the earth’s 
surface, is downward from the heaviside layer. 
Consequently, the magnetic ?eld would cut the 
opposite loop members simultaneously. 

Thus, the ?eld will cut the members 5—6, 8, and 
i0 simultaneously inducing exactly equal E. M.-F.’s 
in these members. ' Since no E. M. F. is induced 
in ‘I and 9, the E. M. F.’s are exactly balanced and 
no current will flow in any member; therefore, no 
signal will be received. 
Referring to Fig. 3, the same reasoning as above 

applies except that different members are cut; 
viz., ‘E and 9. In intermediate positions, between 
that shown in Fig. 2 and that shown in Fig. 3, a 
similar balance exists. 
Consider the “C” component, referring to Fig. 2. 

The magnetic ?eld, being vertically polarized, cuts 
the near side 1 and, a fraction of an instant later, 
the far side 9. The effective voltages on the op 
posite sides of both secondary loops are equal, but 
slightly different in phase. A resulting round 
the-loop voltage exists in each half, as shown by 
arrows. The current ?ow is around the loop but 
there is no How in 5—-6 because the two individual 
loop voltages are in direct phase opposition and 
produce cancellation in the common electrical 
path. Hence, there is no signal received. 
Now let us rotate the loop 90 degrees in the 

horizontal plane (Fig. 3), so as to receive the 
signal upon the end of the loop. The wave mo— 
tion is no longer parallel to 5-6 but has a com 
ponent parallel to l and 9. This results in a 
slight departure from perfect phase opposition in 
the two round-the-loop voltages, proportional to 
the time required for the wave to pass from the 
center of the first secondary loop to the center 
of the second secondary loop. This time inter 
val is proportional to the sine of the angle of 
rotation from the ‘position of Fig. 2, and is a 
maximum in‘ the position of Fig. 3. This repre— 
sents a maximum phase difference (from oppo 
sition) of the E. M. F.’s-in 5-6, and a maximum 
of current ?ows, producing a maximum signal. 
This device, therefore, gives the same type of 

bi-lateral directional characteristics on the “C” 
component alone as the ordinary vertical direc 
tion ?nder loop gives on the combined “A” and 
“B” components. Since the “A” and “B” com 
ponents do not produce a signal with the binocu 
lar loop horizontal, the true direction of wave 
travel will be indicated, regardless of the vary 
ing proportions or phases of the wave compo 
nents, failing only when the “C” component is too 
weak to be detected. 
In order to increaselthe phase differential and, 

as a result, the magnitude of the current ?owing 
in the common path5—6, the dimensions of the 
sides 7 and 9 may be greatly extended. This has 
the effect of increasing the time interval between 
passage of an electric wave at the centers of the 
two loops. (See Fig. 3.) 
Referring to Fig. 4, with the principal loop 

horizontal as before, the horizontal portion will 
respond only to the “C” component as previously 
described. The vertical loop I3 will however re 
spond only to the “A” and “B” components, ac 
cording to the theory herein previously discussed.v 
The composite loop‘will therefore respond'simul 
taneously to and give bilateral bearings upon all 
the components of an electric wave. As previous 

2,082,812 
ly stated the vertical loop must be so shielded or 
removed from the principal loop that no coupling 
nor mutual inductance shall exist between them. 
The purpose of the composite loop is to obtain a 
bearing on the direction of an electric wave un 
der any and all circumstances. This arrange 
ment is based on the fundamental direction ?nder 
theory that refraction, commonly known as night 
effect, is caused by interference at the point of 
reception between the “A” and “C” components, 
and that ordinary fading is caused by like inter 
ference between the “A” and “B” components. 
Unless these two phenomena occur simultaneous 
ly, the composite loop will always give an indica 
tion of the direction of travel of an electric wave, 
through use of the portion which is responsive to 
the component or components unaffected by the 
refraction or fading. 
The invention described herein may be manu 

factured and used by or for the Government of 
the United States of America for governmental 
purposes without the payment of any royalties 
thereon or therefor. 
Having thus described my invention, I claim: 
1. A directional receiving antenna system re 

sponsive to wave energy of a single polarization 
only, comprising a closed loop in a horizontal 
plane, a pair of conductors lying within the plane 
of said loop connected to and extending from 
the center of opposite sides thereof toward the 
center of said system, and a non-receptive trans 
mission line or other type of conductor, adapted 
to be connected to a radio apparatus, extending 
to the center of said antenna system and having 
the wires thereof connected or coupled to said 
pair of conductors. 

2. A bi-directional receiving antenna system 
responsive to wave energy of a single polarization 
only, comprising a horizontally disposed closed 
loop, a pair of conductors lying within the plane 
of said loop connected to and extending from the 
center of opposite sides thereof toward the cen 
ter of said system and a non-receptive, balanced 
transmission line or other type of conductor, 
adapted to be connected or coupled to a radio ap 
paratus, extending to the center of said antenna 
system and having the wires thereof connected 
to the termination of said pair of conductors. 

3. A directional receiving antenna system re 
sponsive only to the vertically polarized magnetic 
vectors of electro-magnetic wave energy compris 
ing a closed horizontal loop, a pair of conductors 
lying within the plane of said loop connected to 
and extending from the center of opposite sides 
thereof toward the center of said system, a non 
receptive transmission line or other type of con 
ductor, adapted to be connected to a radio appara 
tus, extending to the center of said antenna sys 
tem and having the wires thereof connected or 
coupled to the termination of said pair of conduc 
tors, and means for shielding said transmission 
line or conductor. 

4. A bi-directional antenna system responsive 
to wave energy of a single polarization only, com 
prising a pair of oppositely disposed symmetrical 
half loop sections occupying a single horizontal 
plane, said half loop sections being joined to 
gether to form a closed loop, conductors joined 
to and extending from both of the points of 
juncture of said half loops into a terminal box 
or other type of junction at the center of said 
system, and a balanced transmission line or other 
type of non-receptive conductor having the wires 
thereof connected or coupled to the termination 
of said conductors. 
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5. A directional antenna system responsive to 

wave energy of a single polarization only, com 
prising a pair of oppositely disposedv symmetrical 
half loop sections occupying a single horizontal 
plane, said half loop sections being joined to 
gether to form a closed loop, symmetrical con 
ductors joined to and extending from both of the 
points of juncture of said half loops into a termi 

, nal box or other type of junction at the center of 
said system, a non-receptive balanced transmis 
sion line or other type of conductor having the 
wires thereof connected or coupled to the termi 
nation of said conductors, and means for shield 
ing said transmission line or conductor. 

6. A directional antenna system responsive only 
to sky wave energy with magnetic vectorsverti 

_ cally polarized, comprising a pair of oppositely 
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disposed half loop sections occupying a horizon 
tal plane, said half loop sections being connected 
together to form an electrically closed loop, con 
ductors joined to and extending from the elec 
trical centers of two opposite sides of said 
closedv loop into a terminal box or other type 
of junction at the electrical center of said sys 
tem, and a balanced transmission line or other 
type of conductor connected or coupled to the 
termination of said conductors. - 

'7. An apparatus consisting of a horizontally 
disposed, rotatable, primary loop of electrically 
conducting material, subdivided by a common 
electrical path into two similar secondary loops, 
having the terminals of said common electrical 
path connected at the outerends to opposite sides 
of the primary loop and at the inner ends, 
through a terminal box or other type of junction, 
to a non-receptive transmission line or other type 
of conductor leading to any convenient form of 
receiving apparatus, in combination with a ro 
tatable vertical half loop connected across the 
outer terminals, of the common electrical path, 
but shielded or separated therefrom, for the pur 
pose of receiving all components of an electric 
Wave, and determining therefrom the direction 
of travel of the electric wave in space. 

8. An apparatus consisting of a horizontally 

3 
disposed, rotatable, primary loop of electrically 
conducting material, subdivided by a common 
electrical path into two similar secondary loops, , 
having the terminals of said common electrical 
path connected at the outer ends to opposite 
sides of the primary loop and at the inner ends, 
through a terminal box or other type of junction, 
to a balanced transmission line or other type of 
conductor leading to any convenient form of 
receiving apparatus; forthe purpose of receiving 
only the component of electro-magnetic wave 
energy whose magnetic vectors are polarized ver 
tically, and determining therefrom the direction 
of travel, of the electric wave in space. 

' 9. A directional antenna system responsive to 
wave energy of a single polarization only, com 
prising a pair of oppositely disposed part loop 
sections occupying a single horizontal plane, said 
sections being joined together to form an electri 
cally closed loop, conductors joined to and ex 
tending from opposite sides of said closed loop, r 
connected or coupled to a transmission line or 
other type of conductor adapted to be connected 
or coupled to a radio apparatus, and forming 
with said line and apparatus an electrical path 
common to both said part loops, and means for 
shielding all connecting means so as to render 
them non-receptive. 

10. A directional antenna system responsive to 
‘all components of electro-magnetic wave en 
ergy, comprising a pair of oppositely disposed 
part loop sections occupying a single horizontal 
plane, and connected together to form an elec 
trically closed primary loop, conductors joined 
to and extending from opposite sides of said 
primary loop connected or coupled to a trans 
mission line or suitable conductor adapted to be 
connected or coupled to a radio apparatus, a 
vertical part loop widely separated or shielded 
from said primary loop, whose extremities are 
connected to the points of juncture of aforesaid 
conductors with said primary loop, and means 
for shielding all connecting means so asto render 
them non-receptive. 

' ROBERT H. WORRALL. 
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