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UNITED STATES PATENT OFFICE 
Henri G. Busignies, Forest Hills, N. Y., assignor 
to Federal Telephone and Radio Corporation, 
a corporation of Delaware 
Application March 12, 1942, Serial No. 434,427 

The present invention relates to directional an 
tenna, arrays and more particularly to arrays 
comprising vertical dipoles for direction finders 
and the like. 

It is an object of the present invention to 
provide an antenna, array of the vertical dipole 
type for use in direction finders. It is a further 
object to provide such an array which shall be 
comparatively free from the influence of hori 
Zontally polarized wave energy. 

It is also an object to provide such an antenna, 
array which shall be comparatively free from 
so-called "high antenna' effect. 
In general it is an object to provide a direc 

tional array comprising two vertical dipoles cou 
pled to a two-conductor transmission line and 
associated with conductive means of such form 
that said array shall deliver to said line a trans 
versecurrent (i.e., one which flows in one con 
ductor. and out the other conductor in balanced 
fashion) preferably proportional to the difference 
between the vertical polarized wave energy arriv 
ing at a given instant at each of the two dipoles 
and which shall be comparatively free from the 
production of parallel currents over the two con 
ductors of such transmission line. 

It is a further object of the invention to pro 
vide, such an array which shall be suitable for 
any desired use and which shall be adapted for 
receiving or transmitting vertical polarizations 
to the exclusion of horizontally polarized energy 
and which shall be free from “high antenna” 
effect as a transmitting or receiving antenna. 

It is a more particular object of my invention 
to improve the so-called H type Adcock an 
tenna, so as to render the same less responsive 
to horizontal polarizations and more nearly free 
from Omni-directional reception due to "high an 
tenna' effect than previously known arrays of 
this type. 
The so-called H type Adcock antenna, as 

previously constructed, usually has two shielded 
transmission lines each having one transposition 
therein, said lines extending horizontally at right 
angles to one another across the center of the 
array, and four vertical dipoles connected to the 
four ends of such shielded transmission lines. 
The output for such antenna is taken from two 
downwardly extending shielded transmission lines 
respectively connected to the centers of the two 
horizontal lines. The two outputs are usually 
applied directly or through transformers, to sta 
tors of a so-called "goniometer' or crossed-stator 
vario-coupler. Alternatively, the H type Adcock 
may comprise 'only two dipoles and only one 

10 Claims. (Cl. 250-11) 
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horizontal transmission line thus yielding Only 
one output. In such case the complete array 
is rotatable if intended to be used for direction 
finding purposes, " . . 

Briefly, the improvement contemplated by my 
invention comprises adding cross-link conductors 
to more closely interconnect the two perpendicu 
larly disposed horizontal transmission lines thus 
forming a sort of horizontal web, and preferably 
further providing conducting means extending 
beyond the ends of these horizontal transmission 
lines so that the conductive web thus formed 
extends out beyond the vertical dipoles. 
The exact nature of my invention may best be 

understood from the following detailed descrip 
tion taken in conjunction. With the attached draw 
ings in which 

Figs. 1. and 2 are three dimensional vector. 
diagrams useful in explaining the invention; . . 

Fig. 3 represents a simple H type Adcock 
array of prior art type; 

FigS. 4 and 5 are plan views of simple H 
type Adcock arrays modified in accordance with 
different forms of my invention; 
Fig.6 represents an improved isolated-dipole 

type of H. Adcock array in accordance with the 
prior art; - 

Figs. 7 and 8 are schematic diagrams useful in 
explaining the manner in which horizontally 

80 polarized energy could act upon the type of array. 
shown in Fig. 6; 

Fig. 9 is a plan view of a four-dipole array such 
as would be obtained by combining two of the 
simple arrays shown in Fig. 3, said array being 

35 modified in accordance with my invention to 
minimize sensitivity to horizontally polarized en 
ergy and “high antenna' effect; 

Fig. 10 illustrates a preferred coupling arrange 
ment to be used in the arrays of Figs. 4, 5 and 9; 

40 Fig. 11 represents a prior art Adcock array 
similar to that in Fig. 3 but modified to more 
clearly illustrate the occurrence of the “high an 
tenna' effect; . . . 

Fig. 12 represents an imaginary structure use 
45 ful in explaining the action of my invention; 

Fig. 13 represents the voltage distribution along 
the shields of the structures of Fig.11 and Fig. 12; 

Fig.14 represents a conductive network which 
is of a somewhat different shape from that shown 

50 in Fig. 9. 
In order to clearly understand the nature of 

my invention it is desirable to consider in detail 
the nature of the errors which occur with the 
H type Adcock antenna, as hitherto constructed. 
In general, the errors observed in connection with 
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such H type Adcock antenna are produced by 
two causes: the reception of horizontally polar 
ized energy and the omni-directional reception 
of Wertically polarized energy in a non-differen 
tial manner by virtue of the so-called “high an 
tenna' effect. Both Such forms of reception would 
theoretically be cancelled if there were absolutely 
perfect balance between the two dipoles of a pair, 
the two halves of each dipole, both sides of each 
transmission line and the shield, and the two 
sides of the receiving apparatus, such as trans 
formers, goniometer, stators, etc. As a practical 
matter, a very small degree of unbalance is un 
avoidable in respect to each of these supposedly 
Symmetrical arrangements and, as a result of 
such unbalance, very substantial errors in the 
direction observed may take place. 

It is an object of the present invention to re 
duce the magnitude of such errors for a given ac 
curacy of balance of the Several parts of the Sys 
ten. 

For a better understanding of the manner in 
which such errors are reduced, in accordance with 
my invention, a detailed analysis of the produc 
tion and reception of horizontally polarized en 
ergy, as Well as an analysis of the "high antenna,' 
effect, Will be useful. Fig. shows the manner in 
Which horizontally polarized energy occurs in a 
Wave. Which Was Originally transmitted. With ver 
tical polarization but which has been reflected 
from the HeaViside layer so as to arrive in a 
down Ward direction with a partially rotated di 
rection of polarization. The line PO represents 
the direction of propagation of the arriving wave, 
this line being inclined at an angle g with respect 
to the horizontal. The line QO is the projec 
tion of PO On the horizontal or ground plane 
B-C. The vector ON represents the magnitude 
and direction of the electro-static Vector E, 
ON being the projection of this Wector upon 
horizontal plane B-C and ON' being the projec 
tion of this vector upon the line FG which is 
normal to QO and is the line of intersection of 
the plane B-C and the plane F-L, which lat 
ter is normal to the direction PO at the point O. 

In Similar manner the vector OM representS 
the electro-magnetic vector H, its projection on 
the horizontal plane B-C being OM and its 
projection on the line FG being OM. The Wec 
tors ON and OM lie in the plane F-L since both 
the electro-magnetic and electro-static vectors 
are perpendicular to the direction of propagation, 
as is well known. The line OK represents the 
trace which would be made in oblique plane F-L, 
by passing a vertical plane through the point O 
so as to contain the lines QO and PO. 
The angle a represents the angular deviation 

of the electro-static vector ON from the line OK. 
If this angle a were Zero so that vector ON coin 
cided with the line OK the polarization would be 
Spoken of as vertical polarization, in spite of the 
fact that the Vector ON would still not be per 
pendicular to the plane B-C. If the angle a is 
45 the polarization of the Wave is said to have 
45-degree polarization, although again the incli 
nation of the vector ON with respect to the hori 
Zontal (i.e., the angle NON') would be different 
from 45. 
AS is clear from an inspection of Fig. 1 the 

electro-static Vector ON may be resolved into 

10 

4. 
nent thereof. The vertical component N'N has, 
for convenience, been redrawn as OW extending 
upward from the center of the diagram. The 
magnitude of the horizontal component ON can be 
readily shown to be Ecossing--sin2 a while the 
magnitude of the vertical component NN or ov 
can be shown to be E cos a 'cos g. The angle w 
of the horizontal component ON' with respect to 
the line FG is arc tan (cot a sing). 

In similar fashion, for the magnetic vector H 
it can be shown that the horizontal component 
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two vectors ON and NN, the first of these being 
the horizontal component of the electro-static 
force and the second being the vertical compo 75 

OM' is Hsin a sing--cos a, that the vertical 
Component MM is Hsin a cos g, and that the 
angle at of OM' with respect to the line FG is arc 
tan (tan d'Sing). 

Referring now more particularly to Fig. 2 
Which represents the manner in which the dif 
ferent components of the electro-static vector E 
affect an Adcock antenna, it will be noted that 
the ground plane B-C, the direction of propa 
tion PO, and the vertical and horizontal compo 
nentS OW and ON' of the electro-static vector are 
illustrated exactly as in the case of Fig. 1, the 
reference characters employed being the same to 
facilitate comparison. For clarity of illustration, 
however, the electro-magnetic vector H. With its 
SeVeral Components, as Well as the inclined ref 
erence plane F-L have been omitted from Fig. 
2 and a vertical plane F-D has instead been 
passed through the line FG so as to contain the 
vector OW. 
In addition, a second ray of the arriving elec 

tro-magnetic wave has been represented by the 
VectorS P2O2, O2N2 and O2W2 Which represent re 
Spectively the direction of propagation and the 
horizontal and Vertical components of the elec 
tro-static Vector at a second reference point O2. 
An H type Adcock array A is shown with its 

horizontal limb lying in the reference plane B-C 
and its dipoles extending half above and half be 
low this plane. If such array were responsive 
solely to vertical polarized energy, which would 
be the ideal case, a null reading would be ob 
tained With the array rotated so as to lie in the 
plane F-D. In practice, however, such an Ad 
cock array is always slightly responsive to hori 
ZOntal polarized radiation, and the array A may 
thus have to be rotated as shown so as to deviate 
by an angle d from the plane F-D. Under 
Some conditions the phase With which the hori 
Zontally polarized energy arrives at the receiver 
of the array may be exactly opposite to the phase 
With which the vertically polarized energy ar 
rives at Such receiver (in spite of the fact that 
the vertically polarized energy is differentially re 
ceived. So as to give a maximum of signal at the 
time of maximum rate of change of the ver 
tical electric Vector rather than at the time of 
the maximum value of this vector). If this 
phase relationship exists, a sharp apparently per 
fect null will be obtained when the array A is ro 
tated to a certain position inclined with respect 
to the plane F-D as shown. 
The magnitude of the angle d (representing 

the deviation of the array from plane F-D at 
the time that the false null is obtained) depends 
upon the relative Sensitivity of the array with re 
Spect to the vertically and horizontally polarized 
Wave energy, a S. Well as upon the ground angle g 
and polarization angle d of the Wave. There are 
Several factors which tend to make the angle d 
rather large even when the sensitivity of the ar 
ray with respect to horizontally polarized energy. 
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is only 2% or 3% of the sensitivitiy for vertically 
polarized energy: . . . . 

In the first plane it may very well happen that 
the magnitude of the horizontal electro-static 
component ON' is substantially greater than the 
magnitude of the corresponding vertical Com 
ponent OV. For the standard wave having a 
ground angle of 45° and a polarization angle of 
45° the horizontal component exceeds the Wer 
tical component by more than 73%. Thus, for 
10 micro-volts per meter of vertical intensity 
there would be 17.3 micro-volts per meter of hori 
Zontal intensity in a standard wave, 
In the second place, the Adcock is designed 

to receive vertically polarized energy in a differ 
ential fashion; and thus, if the wavelength is 
long as compared to the separation between the 
two dipoles, it may very well happen that the 
maximum difference between the voltages inter 
cepted on the two dipoles may be less than the 
maximum voltage intercepted by either one. 
Thus, with dipoles one meter high and one me 
ter apart and a wavelength of say eight meters, 
if the vertical field strength be assumed to be 
ten micro-volts per meter, the maximum volt 
age intercepted by each dipole will be ten micro 
volts. The maximum difference in the voltages 
intercepted by the two dipoles, however, even 
when the array is turned in the direction for 
maximum reception (i. e., perpendicular to the 
plane F-D) would be only 7.7 micro-volts. 

In the third place, since the Adcock is used in 
a null manner for determining directions, no 
useful signal resulting from the vertically po 
larized wave will be received when the Adcock 
is in truly correct position. Even when the Ad 
cock is turned as much as 5 from its truly cor 
rect position (i. e. when angle d of Fig. 2 is 5), 
the useful reception of Vertically polarized en 
ergy is only 8.7% of the maximum possible re 
ception (i. e. 8.7% of 7.7 micro-volts in the ex 
ample above assumed). 
Thus, if the three effects are considered to 

gether, a standard wave of 8-meters wavelength 
acting upon an Adcock which has two 1-meter 
vertical dipoles joined by a 1-meter horizontal 
transmission line could produce in the horizontal 
transmission line 25.8 times as much voltage as 
could be usefully produced as the difference be 
tween two vertical voltages intercepted by the 
dipoles when the array is 5 from plane F-D. 
This means that even if the shielding and de 
gree of balance of the system is So great that 
only 4% of the energy intercepted by the hori 
Zontal transmission line is received in the asso 
ciated receiving equipment, an error of more 
than 5 may occur if the phases of the hori 
ZOntal energy transmitted to the receiver and 
the vertical energy transmitted thereto are such 
as to oppose one another. It is therefore clear 
that an Adcock to give reasonably accurate indi 
cations should be designed to be insensitive to 
horizontal radiations to the highest possible de 
gree. -- 

The manner in which such reduction in sensi 
tivity to horizontally polarized radiation is at 
tained in accordance with the present invention 
can best be seen from Figs. 3, 4, 5, 6 and 7. 

Fig. 3 represents the simplest form of Adcock 
array wherein the vertical dipoles -2 and 3-4 
are directly galvanically connected to the hori 
Zontal transmission line 5-6 which is, in turn, 
connected over the vertical line 8-9 to the re 
ceiver and indicator f0. If the arms and 4 
are: one meter apart horizontally, the difference 
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the energy therefrom being transmitted to this 
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6 
in potential between these arms in the presence 
of a horizontal component of 17.3 micro-volts. 
per meter would naturally be 17.3 micro-volts. 
The presence of the shield?, however, some 
what-reduces the magnitude of the potential dif 
ference since this shield is an excellent conduc 
tors disposed horizontally in the immediate vi 
cinity of the dipoles and thus acts to attenuate 
the horizontal electric component in its imme 
diate vicinity. -If the shield could be con 
sidered to be at all times an equi-potential sur 
face, the attenuation of the horizontal electric 
component immediately adjacent this shield 
would be complete. In practice shield ; al 
though it may have negligible resistance, ordi 
narily has a very substantial inductance and 
thus is far from being an equi-potential surface. 

In accordance with one feature of my inven 
tion shield is rendered of far lower impedance, 
and therefore more nearly an equi-potential sur 
face, by providing between its ends additional 
conductor means R, as shown in Fig. 4, which 
is a plan of a simple Adcock such as shown in 
Fig. 3 with added conductors according to my 
invention. These conductor means R, together 
with the shield if f itself, form a flat network or. 
web of conductors which therefore has a com 
paratively low inductive impedance and thus 
more; nearly approaches an equi-potential sur 
face. By : this means the strength of the hori 
Zontal- electric component in the vicinity of the 
Adcock array is diminished, thus... greatly dimin 
ishing the flow of parallel currents over the two 
wires 5 and 6 of the horizontal transmission line. 

In accordance With a further feature of my in 
vention illustrated in Fig. 5, conductor means S 
are also extended Outward from the shield if in 
a horizontal direction so as to extend well out 
side of the dipoles, and preferably also addi 
tional conductive means such as Ra are extended 
to meet these extensions S so as to reduce the 
inductance of the latter. By these arrangements 
the horizontal electric component between the 
dipoles and in the vicinity thereof is very greatly 
attenuated. Such attenuation of the horizontal 
electric component may be considered as result 
ing from a reflection (with reversal of electro 
static phase) of the horizontally polarized com 
ponent arriving at the network?, R, Ra, S. Such 
reflection decreases the horizontal electric com 
ponent to Zero in the immediate vicinity of the flat 
conducting network which produces the reflection. 

It may be noted that the conducting arrange 
ments applied, as shown in Figs. 4 and 5, are es 
Sentially confined to a horizontal plane and there 
fore produce Substantially no effect upon the ver 
tically polarized energy arriving in the vicinity 
of the Adcock array. At the same time these 
arrangements very substantially reduce the 
amount of pickup of horizontally polarized en 
ergy and thus greatly reduce the flow of parallel 
currents through the two wires 5, 6 of the hori 
Zontal transmission line. Thus for a given degree 
of unbalance the amount of transverse current 
delivered to transmission line 8-9 is greatly 
reduced... . 
In the foregoing discussion it has been assumed 

that the Adcock array was of the simplest type 
whereins the dipoles are directly galvanically 
joined to the horizontal transmission line. A 
much better form of Adcock is the type wherein 
the dipoles are galvanically and capacitatively 
Separated from the horizontal transmission line, 

transmission line by means of isolating trans 
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formers or other coupling arrangements. 
preferred type of coupling arrangement for such 
an Adcock is illustrated in Fig. 10, the coupling 
being here effected not only through transform 
ers 5, 6 but also through two pairs of coupling 
triodes 7-8 and 9-20, which are connected 
with their load resistors on the cathode side so as 
to produce a large amount of negative feedback. 
Preferably, these tubes have a high inherent volt 
age amplification factor but because of the nega 
tive feedback the effective voltage gain thereof 
is smaller than unity. (e. g. about .4 to.7 for a 
mutual conductance of 5000 to 9000 micromhos) 
and is very nearly independent of variation in 
supply voltages, tube characteristics, etc. 
The schematic representation of Fig. 6 which 

shows the dipoles -2 and 3-4 coupled to the 
line 5,6 should be understood to represent either 
a transformer coupling or a transformer and vac 
uum tube coupling such as shown in Fig. 10, or 
any other type of isolating coupling, although a 
plain transformer coupling is illustrated to sim 
plify the drawing of this figure. 
Comparing Fig. 6 with Fig. 3 it will be noted 

that the parallel currents in wires 5, 6 resulting 
from the horizontal electric component will be 
eliminated, except to the extent that distributed 
capacity through the transformer or other cou 
pling means permits a current flow from dipole 
-2 to the wires. 5, 6 and thence out to the dipole 
3-4. In spite of the substantial suppression of 
the parallel currents due to horizontally polarized 
electric energy however, some reception of such 
horizontally polarized energy may still occur if 
the halves of one of the dipoles, such as -2, are 
unbalanced. Let us assume, for example, that 
the limb is somewhat longer than the limb 2. 
At first sight it might appear that in spite of such 
unbalance no horizontally polarized energy could 
influence: either of these limbs. If consideration 
is given to the presence of shield which con 
stitutes essentially a horizontal conductor, it will 
be noted that such shield will receive the hori 
Zontally polarized energy, and re-radiate this in 
a form having some vertical components so as to 
enable this energy to influence both of the limbs 
and 2. From another viewpoint the transfer 

of energy from the horizontal electric component 
of the arriving wave to the limbs and 2 of the 
dipole may be analyzed as follows. 
The arriving horizontal electric energy excites 

shield So that the latter develops standing 
voltage waves along its length, the voltage being 
maximum positive at the left end of shield 
at the instant when it is maximum negative at 
the right end and zero in the center. The electro 
Static coupling between shield and limb is 
such that the inherent capacity of the upper end 
of limb f is fairly equally distributed over the 
left and center portions of shield f while the 
electro-static capacity of the lower part of limb 

extends in much larger proportion to the ex 
treme left end of shield if than to the more re 
mote parts of this shield. Accordingly, the volt 
age variations along shield are transmitted in 
different degree to different parts of limb 1. It 
is true that equal and opposite voltage values 
would be transmitted to limb 2 if the latter were 
perfectly balanced with respect to limb f, and 
thus if the two limbs f and 2 are exactly alike the 
only net effect would be a small current flowing 
simultaneously in both limbs f and 2 and out 
through the distributed capacity of the coupling 
transformer to the shield ft. If the coupling 
transformer itself were also perfectly balanced, 
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such current would have no effect upon transmis 
sion line 5, 6 or upon the receiver O. 
In practice it is very likely to occur either that 

the dipoles or 2 are unequal with respect to 
electro-static capacity with regard to shield 
thus giving a current flow from one limb to the 
other or that the coupling transformer will be 
slightly asymmetric so that the previously men 
tioned flow of current from the limbs in parallel 
through the transformer's distributed capacity to 
the shield Will set up a slight current in the 
Secondary of this transformer. As previously 
mentioned, in connection with the analysis of 
FigS. 1 and 2, even a 4% unbalance would lead 
to an error of more than 5. 

Furthermore, it should be noted that even if the 
distributed capacities of the coupling transformer 
could be perfectly balanced and the sizes and 
shapes of the two limbs f and 2 made identical, 
some asymmetry is likely to occur by reason of 
proximity to the ground or other objects, or even 
by reason of the proximity of the shielded down 
lead 8, 9. It will thus be clear that even with 
the improved type of Adcock shown in Fig. 6 
wherein the dipoles are isolated from the hori 
ZOntal transmission line 5, 6, it is a difficult mat 
ter to attain by balancing alone a satisfactory 
degree of freedom from response to horizontally 
polarized energy. In accordance with the pres 
ent invention a very great improvement in this 
respect can be effected by providing additional 
conductive members R as shown in Fig. 4. 
AS previously described the effect of such ad 

ditional members is to form with the horizontal 
shield a flat conducting network whose overall 
inductance is exceedingly low. The Whole net 
Work thus formed tends more nearly to approach 
the characteristics of an equi-potential surface, 
and the voltage differences between the differ 
ent portions of the shield are very greatly 
reduced. By Such reduction of these voltage dif 
ferences the pickup of energy by the limbs 
and 2 is very nearly eliminated. If the pickup 
is considered from the standpoint of re-radia 
tion it will be clear that the resultant of the 
arriving Wave and the re-radiated wave will be 
almost Zero in the vicinity of an equi-potential 
Surface and therefore the pickup by dipoles and 
2 Will be substantially negligible. If, on the other 
hand, the pickup of energy by these limbs is 
analyzed as being produced by the diverse cou 
pling of different portions of the limbs to dif 
ferent portions of shield f f through the distrib 
uted capacities thereof, it will still be seen that 
a reduction in the voltage differences between 
the different parts of shield will largely elimi 
nate such pickup. 
The arrangement of Fig. 5 wherein the mem 

bers S are extended beyond the dipoles and 3 
Will also be found advantageous with the isolated 
type of dipole illustrated in Fig. 6, although at 
first sight the advantage of such an arrange 
ment may not be apparent. 

Fig. 7 will be helpful in illustrating how the 
addition of extensions S still further reduce pick 
up of horizontally polarized energy by the limbs 
and 2. In Fig. 7 shield f f and the extensions 

S are shown as being of equal length, and the 
limbs and 2 of the dipole are shown as being 
of exceedingly unequal length. Such an exag 
gerated showing is merely made to render the 
theory more clear. Referring to Fig. 7 it should 
be noted that, even if the limb 2 were completely 
removed, no energy could be induced in the limb 
in response to the pickup of horizontal electric 
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energy by the shield if and extensions S, if the 
latter are perfectly symmetrical about the limb 

the reason for this is that the right end of 
shield it would become negative at the same 
time that the left end of extension S became 
positive, and the effects thereof upon the limb 
would mutually cancel. 
On the other hand, as previously pointed out 

and as schematically illustrated in Fig. 8, the 
pickup by the limbs f and 2 would be equal and 
would thus tend to cancel if these two limbs were 
identical (and coupled through a perfectly bal 
anced coupling transformer), even though the 
extension S was made negligibly small in com 
parison to the shield fl. By providing an ex 
tension S which extends out beyond the verti 
cal dipole a substantial distance (desirably at 
least one-third the length of one of the dipole 
limbs and preferably twice this much) the 
annount of voltage picked up by each limb of the 
dipole due to horizontally polarized energy is 
reduced very substantially. At the same time, 
the balancing effect due to the two dipoles is 
maintained. Thus, both the balancing effects 
of Fig. 7 and Fig. 8 are present to some degree 
and thereby the amount of pickup of horizontally 
polarized energy is reduced to a negligibly small 
value. 
The foregoing descriptions have been based 

upon the assumption that the Adcock array, 
whether of the simple type shown in Fig. 3 or of 
the isolated-dipole type shown in Fig. 6, con 
sisted of a single H rotatably mounted. In 
other words, it has been assumed that the Adcock 
array comprised only two dipoles and one hori 
Zontally disposed interconnecting transmission 
line, the whole array being arranged to be rotated 
for determination of the nulled direction. While 
such an arrangement may well be used for very 
short wavelengths, it is preferable in very many 
cases to employ a double Adcock array consisting 
of two, such H's mounted at right angles to each 
other and coupled to a goniometer so that by ro 
tating...the goniometer the effect of rotating a 
single Harray may be attained without actually 
physically moving any part of the antenna array. 
In accordance with the preferred form of my 

invention such a crossed H. Adcock array is emi 
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ployed, and the horizontal conductive web is 
formed by joining together the two shields 
and fit of the two. H type antenna structures, 
and by arranging additional conductors R so as 
to interconnect these crossed shields, it and f', 
as shown in Fig. 9. In such a form extensions 
S may conveniently be formed as the extensions 
of conductors R and of the shields if and f', 
respectively... If desired, the ends of these exten 
sions. S. may be...interconnected with each other 
and with the links R by means of additional links 
Raso as to minimize the inductance of such ex 
tensions. Such an arrangement is shown in the 
upper and lower corners of Fig. 9. Alternatively, 
the extensions S may be open-ended as shown at 
the other two corners of Fig. 9. Preferably, all s 
four corners of one array are treated in the same 
fashion so that all four corners have the exten 
sions S open-ended or alternatively all four cor 
ners are provided with cross links Ra. 
In place of the network formed by extensions ... 

Sand cross links Ra around each dipole, a solid 
sheet of material may be used around each dipole. 
Preferably, however, the main conductive net 
work incorporating tha two transmission lines ff, 
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f' and covering the area, bounded by the four 
dipoles, is made in the form of a network of s 

10 - 

closed meshes rather than a solid conducting 
sheet. The meshes of the network taken to 
gether should enclose a large area. A solid sheet 
which provided closed conducting paths enclos 
ing an equal area would be unnecessarily heavy 
and would offer an unnecessarily large wind 
resistance. : . . . :- 

It is a further object of my invention to mini 
mize also the omni-directional sensitivity with 
respect to vertically polarized energy which oc 
curs by reason of the so-called "high antenna". 
effect. The nature of this effect can best be 
understood by reference to Fig. 11 which again 
represents a simple directly connected H type 
Adcock similar to that shown in Fig. 3. In order 
to more clearly point out the nature of the "high 
antenna' effect this array is shown as having 
a height Tseveral times greater than the height 
tof its individual dipoles -2 and 3-4. Fur 
thermore, for definiteness in discussion a portion 
of the receiving and indicating equipment to has 
been shown in detail, this portion comprising a 
shielded input transformer 2. . . . 
As clearly shown in Fig. 11, the mean height 

T of the antenna, array as a whole is several times 
greater than the effective difference in height it 
of the two limbs of one dipole. Accordingly, the 
variations of potential of a complete. dipole 1-2 
with respect to ground are far greater than the 
differences in potential of the two sides of such 
a dipole, thus resulting in large parallel currents 
which flow into all limbs of all dipoles co-phasally 
and then flow co-phasally down over the two. 
wires 8 and 9 of the vertical transmission line, 
thence by distributed capacity from the primary 
of transformer 2 to the shield thereof and then 
to ground. If the transformer 2 is perfectly 
balanced, such currents will produce no. effect 
in the secondary of this transformer but, as pre 
viously mentioned, a perfect balance is not read 
ily attainable in practice. In most actual direct 
tion finding systems therefore, a very substan 
tial amount of energy is received from the verti. 
cal electric component of an arriving wave...even 
when the antenna array is in such position that 
a null should be received. It has already been 
proposed to minimize this “high antenna” effect 
by isolating the dipoles of the Adcock array with 
transformers or other isolating means as sche 
matically shown in Fig. 6. Since - all trans. 
formers have some distributed capacity, however, 
any unbalance in such isolated transformers, or 
in the dipoles themselves, will produce circulat 
ing currents. It is therefore desirous to mini 
mize, as far as possible, the amount of pickup 
due to the 'high antenna' effect. ..In order to 
better understand how this may be effected in 
accordance with my invention it will be useful 
to consider the schematic diagrams of Figs. 12 
and 13. . . . -: , . . . . 

Fig. 12 schematically represents, a galvanically 
connected type H Adcock whose shield?, has 
been modified. So as to completely surround both 
dipoles of the array. Neglecting the obvious fact 
that such an arrangement would eliminate the 
useful reception, it will be apparent that no par 
allel currents will be produced in wires 8,9, as a 
result of the difference in potential between 
ground. and the limbs of any of the dipoles. 
This freedom from parallel currents in-8, 9 will 
still be observed even though the inductance of 
shield prevents it from all being continuously 
at ground potential, provided, only that the re 
sistance of this shield f is negligible, which is 
usually the case. 
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As a result of the inductance of the shield it 
would actually-be-found, in the case of the appa 
ratus of Fig. 12, that the potential at, different 
points 27 through 38 of the shield it would vary 
in the manner indicated by the curve in Fig. 13. 
Nevertheless, if the conductivity of the shield 
were adequate practically no current would flow 
in any of the Wires enclosed by such shield. The 
explanation of this is somewhat as follows: When 
the end portion of the shield rises to the high 
potential represented in Fig. 13 as between points 
27 and 38, the whole dipole -2 which is en 
closed within this portion of the shield rises. to 
substantially the same potential without the need 
for the addition of any electrical charge to bring 
it to this potential. The reason for this is that 
the dipole -2.has substantially zero distributed 
capacity with respect to... earth since practically 
all of its distributed capacity closes upon the sur 
face of the shield near points. 27-38. There 
fore, when these parts of the shield have a po 
tential of say, 10 millivolts, the potential of the 
enclosed dipole f-2 would inherently be about 10 
millivolts even if this dipole were wholly insu 
lated and even if the wires 5, 6 were eliminated 
to prevent any flow of current into or out of the 
dipole. 
In the arrangement of Fig. 11, however, the 

dipole. -2 has a very substantial distributed ca 
pacity to ground and, in addition, has a great deal 
of further distributed capacity which closes upon 
points of the shield , such as points 35, 34 re 
mote from the dipole. Therefore, in order to 
bring this dipole. -2 of Fig. 11 to a potential of 
say 10 millivolts, a substantial current is required 
even if the adjacent portion 36 of the shield 
has already been brought to a potential of 10 
millivolts. This substantial current is necessary 
to charge to 10 millivolts potential these portions 
of the dipoles distributed capacity, which close 
upon the ground or upon such points as 35,34, 33, 
etc. No current is needed to charge those por 
tions of the distributed capacity which close upon 
portion. 36 of the shield, for this portion 36 of the 
shield is at the desired potential of 10 millivolts. 
Although it is not desirable to enclose the di 

poles in the manner shown in Fig. 12 since this 
would eliminate all useful reception, an effect 
somewhat similar in nature can be obtained by 
the provision of a network of the type shown in 
Fig. 5 or Fig. 9 which extends over a substantial 
horizontal area around each dipole. When Such 
network is provided it will be found that a very 
large portion of the natural capacity of a dipole 
limb, such as limb , will close upon the network 
thus formed. The result will be that there Will 
be a substantially smaller distributed capacity be 
tween the limb and ground (or between the limb 
and some lower voltage part of the shield such 

as point 34 or 33). Even if the dipoles are gal 
vanically connected to the transmission lines as 
shown in Fig. ii, the magnitude of the "high an 
tenna' effect will be substantially reduced and 
the parallel currents flowing in the transmission 
lines 8 and 9 will be considerably smaller than if 
the conductive network had not been provided. 
The amount of reduction of the "high antenna' 

effect which is obtainable by provision of a con 
ductive low impedance network in the horizontal 
plane is ordinarily not sufficient and therefore I 
prefer that in addition to this measure some 
means be provided for isolating the dipoles -2 
and 3-4 from the horizontal transmission line 
5-6. Such isolation may be effected by a plain 
coupling transformer or by a coupling trans 
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former with grounded shielding between its wind 
ings, or preferably by a combination of a coupling 
transformer and triode coupling means, as shown 
in Fig. 10. Even when some such arrangements 
for isolating the dipoles from the horizontal 
transmission line are provided, the provision of a 
horizontal planar conductive network, such as 
illustrated in Figs. 5. and 9, will still be found 
advantageous for reducing the "high antenna' 
effect, as well as for reducing the responsiveness 
to the horizontally polarized energy. 

It will be understood that any flat conductive 
structure having closed conductive loops which 
Surround a reasonably large area, can be used. A 
Solid sheet would give the required electrical ef 
fect although I prefer a network of closed meshes 
Such as shown in Figs. 4, 5 and 9 because of its 
reduced Weight and Wind resistance. The inven 
tion is particularly advantageous when applied 
to a crossed H Adcock (having four dipoles and 
tWO horizontal lines). When so applied the two 
tubular shields of the two horizontal transmis 
Sion lines are preferably incorporated as part of 
the network as shown in Fig. 9. 

Alternatively, however, a network may be con 
structed as a unit and then applied to an Adcock. 
Such a network could be made up of five circles 
and four rods as shown in Fig. 14, being welded 
at all the intersection points such as 40, and at 
all tangent points such as 4. The relative size 
and position of the Adcock for which the network 
is designed is shown dotted in Fig. 14. Preferably 
the network should be electrically connected to 
the crossed horizontal shields of the Adcock at 
points 50, if not at all points where it crosses 
them. The network as shown in Fig. 14 encloses 
an area. Somewhat Smaller than the area of the 
Square marked by the dipoles of the correspond 
ing Adcock. It would be better if a rod were con 
nected between the points 4-, other rods being 
similarly connected between other corresponding 
points to make the area enclosed by the network 
larger than the area of the square marked by 
the dipoles. Wery useful effects can be observed 
with, networks which enclose only one-fifth the 
area of Said Square. 
Although I have described my invention in par 

ticular in connection with applications, wherein 
horizontally polarized components of the electro 
static vector E are undesirable, it is clear that the 
principles thereof. are equally applicable. Where, 
say, vertical polarization is undesirable. In such 
cases, it is of course clear that the above discus 
sion is applicable when considered in a quadra 
ture sense, that is, with the dipoles disposed hori 
zontally and the shielding structure normal 
thereto. 
Even though I have shown and described cer 

tain embodiments of my invention for purposes 
of illustration it should be understood that modi 
fications, adaptations and alterations thereof oc 
curring to one skilled in the art may be made 
without departing from the scope of my invention 
as defined in the appended claims. 
What I claim is: 
1. A directive antenna, array including dipole 

antenna, means oriented in a given longitudinal 
sense, and conductive shield means lying in a 
plane substantially normal to said dipole- means 
having one part surrounding a transmission line 
and a second part defining a two-dimensional 
structure extending laterally from said first part 
intermediate the ends thereof. 

2. A directive antenna array including two di 
poles interconnected by a transmission line and 
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disposed parallel to each other, shield means 
shielding said line, and means connected to Said 
shield means and forming therewith a two-di 
mensionally extensive conductive structure lying 
substantially in a plane normal to said dipoles 
and including closed conductive meshes of sub 
stantial area. 

3. A directive antenna, array comprising tWO 
generally vertical dipoles interconnected by a 
generally horizontal transmission line, shield 
means shielding said line, and means forming a 
two-dimensionally extensive conductive struc 
ture lying. Substantially in a plane normal to 
said dipoles and including closed conductive 
meshes of substantial area. 

4. A directive antenna, array comprising tWo 
generally vertical dipoles interconnected by a 
generally horizontal transmission line, shield 
means shielding said line, and means connected 
to Said Shield means and forming therewith a 
two-dimensionally extensive conductive structure 
lying Substantially in a plane normal to said di 
poles and including closed conductive meshes of 
Substantial area. 

5. An array according to claim 3, further com 
prising additional conductive means connected to 
said conductive structure and extending out be 
yond each of said dipoles. 

6. An array according to claim 3, further com 
prising additional conductive means connected 
to said conductive structure and forming closed 
conductive meshes of substantial area, 

7. An array according to claim 3, further com 
prising isolating coupling means coupling said 
dipoles to said transmission line in respect of 
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transverse currents while providing substantial 
isolation thereof in respect of parallel currents. 

8. A directive antenna, array comprising four 
generally vertical dipoles interconnected by two 
generally horizontal transmission lines, shield 
means shielding said lines, and means interCon 
necting said shield means and forming therewith 
a two-dimensionally extensive conductive struc 
ture lying substantially in a plane normal to said 
dipoles and including closed conductive meshes 
of Substantial area, 

9. A crossed H type Adcock array comprising 
four generally vertical, spaced dipoles and two 
generally horizontal lines interconnecting said 
dipoles, elongated shields for said lines, and con 
ductive links interconnecting the successively ad 
jacent ends of Said shields. 

10. A directive antenna, array including dipole 
antenna, means Oriented in a given longitudinal 
Sense, and shield means lying in a plane substan 
tially normal to said dipole means and compris 
ing a two-dimensionally extensive conductive 
structure Wherein Said structure includes closed 
conductive meshes of Substantial area. 

HENRI G, BUSIGNIES. 
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