
Feb. 21, 1939. A. ALFORD 2,147,808 
ANTENNA 

Original Filed March l'7, 1936 2. Sheets-Sheet l 

NVENTOR 
AWDRE/ ALA-OFD 

BY 
2622-7, 

ATToRNEY 

  



Feb. 21, 1939. A. ALFORD 2,147,808 
ANTENNA 

Original Filed March lf, l936 2 Sheets-Sheet 2 

NVENTOR 
A/V2AAA/4/A0A0 
2 

ATTORNEY 

  



Patented Feb. 21, 1939 

2,147,808 
ANTENNA 

Andrew Alford, New York, N. Y., assignCr to 
Mackay Radio and Telegraph Company, New 
York, N. Y., a corporation of Delaware 

Original application March 17, 1936, Serial No. 
69,292. Divided and this application November 

2,147,808 

UNITED STATES PATENT OFFICE 

19, 1936, Serial No. 111,642 
4. Cains. 

This invention, which is a division of my co 
pending application Serial No. 69,292, filed March 
17, 1936, relates to antenna structures for radio 
communication and pertains more particularly to 

5 bi-directional antennas adapted for short wave 
Communication, 
An object of the present invention is a bi-di 

rectional antenna, which has a nearly constant 
input impedance. 

10 Another object of the present invention is a 
bi-directional antenna, which may be conven 
iently installed on a ship, and which will require 
only relatively simple arrangements for efficiently 
transferring the power from the antenna, to the 

l6 transmission line, and from there to the receiver 
when this antenna is used for receiving, and from 
the transmitter to the transmission line and froin 
there to the antenna. When the latter is used for 
transmitting. 

In the past, two types of long wire antennas 
have been used; the terminated antennas and 
the open-ended antennas. The terminated an 
tennas have always been unidirectional, while 
the open-ended antennas have always been bi 
directional, unless provided with suitable reflec 
tors. 
The terminated antennas, when properly ter 

minated, have input impedances which remain 
nearly constant as the frequency is Varied and 

30 for this reason they are well suited for use at a 
number of different frequencies. 
The open-ended antennas have input im 

pedances which vary with frequency within 
rather wide limits and consequently they are not 

35 suited for use at a number of different frequen 
cies except when used in conjunction with rela 
tively complicated matching devices. 
Thus, generally Speaking, the terminated an 

tennas are Superior to the open-ended antennas 
in those instances in Which the constancy of 
input impedance is one of the primary require 
ments. 
Now, there are applications which require bi 

directional rather than uni-directional antennas. 
For instance, aboard a ship, which Sails back 
and forth approximately along the great circle 
between two ports, antennas should preferably be, 
in certain instances bi-directional rather than 
unidirectional, so that the ship may communi 

50 cate with both portS. 
Under these circumstances, in the past, the 

open-ended type antennas would have been used, 
since the terminated antennas of the prior art 
were uni-directional unless provided with objec 

55 tionable SWitching arrangements and transmis 
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(C. 250-33) 
sion lines extending from the transmitter Ol' re 
ceiver, as the case imay be, to both ends of the 
a.intenna. Since in practice it is often found that 
a transmission line from the transiating device 
to the far end of the antenna, cannot be installed, 
particularly on a ship, it is clear that in the past 
it would have been necessary to use bi-directional 
antennas having end inpedances which vary 
with frequency over a considerable raige, an un 
desirable characteristic Winere coinimunication is 
to e carried out at Several different frequencies. 
In accordance with the present invention it is 

possible to construct, a bi-directional antenna, 
which has a nearly constant near-end impedance 
within a considerable range of frequencies. 

he above mentioned and further objectS aid 
advantages of my invention, and the manner of 
attaining them will be more fully explained in the 
following description taken in conjunction with 
the drawings. 

in the diaWings 
Fig. 1 shows a simple form of aintenna Con 

structed in accordance with my invention. 
Fig. 2 shows a modified form of antenna, en 

bodying my invention. 
Fig. 3 shows the antenna of Fig. 1 installed On 

a ship in the immediate vicinity of a stay and 
means for detuning the stay, and 

Figs. 4 and 5 show other arrangementS for de 
tuning StayS. 
In Fig. 1, reference numerals i and 2 indi 

cate two inclined wires joined together at their 
far ends by jumper 3 and connected to a con 
centric tube transmission line 25 through an 
aperiodic coupling device & which inatches the 
impedance of the antenna, to the Surge impedance 
of the transmission line i5. A resistance 6 the 
value of which is equal to the surge impedance of 
the antenna is connected between the outer end 
of line 2 and the ground. Seventeen (; ) is a 
translating device, that is, either a receiver or 
a trainsmitter, 8 is a tower, and 9, 2, 2 are 
insulators. 
The operation of the antenna, shown in Fig. 1 

may be described as follows: electric currents 
generated in transmitter proceed through 
transmission line i5 into matching device 4. 
Emerging from it these currents proceed in the 
form of a travelling Wave toward jumper 3. 
After passing through jumper 3 these waves pro 
ceed along wire 2 toward the terminal resistor 
i8. When the value of resistor 3 is properly 
chosen, that is, when it is equal to the surge in 
pedance of wire 2, the waves travelling along 2 
are not reflected at 6. 
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2 
For this reason there is no primary reflected 

wave on 2 which, travelling through 3, could 
cause Standing Waves along f. Consequently 
Wire f l acts in approximately the same manner 
as though it were terminated into its surge im 

dance at the point of junction with jumper 
3. 
In operation wire f induces currents in wire 

A2, and vice versa. Wire f2 induces currents in 
wire , this results in the formation of a cer 
tain amount of standing waves on both wires. 
The amount of these standing waves, however, 
is much less than one might expect. Thus, for 
example, I find by actual experiment at fre 
quencies of the order of 10 to 20 megacycles that 
When Wires and 2 are the Order of 1/2 Wave 
lengths long and are placed a foot or two from 
each other the amount of reflected wave on por 
tion of wire adjacent to the coupling de 
Vice A is only about 10%. This result is some 
what Surprising particularly in View of the fact 
that one might expect some reflected Waves due 
to reflection at the junction points of 3 with 
wires and 2, in addition to the reflected waves 
produced by the mutual inter-action of wires 
and 2. 

Because of the relative absence of reflected 
waves in portion O of wire , the input im 
pedance of the antenna at A is nearly inde 
pendent of the frequency and consequently 
matching device 4, capable of matching tWO 
fixed impedances, namely the impedance of the 
antenna, and the surge impedance of 5 at Various 
frequencies within a certain band, is all that 
is required for properly terminating transmis 
sion line 5. When line 5 is so terminated trans 
mitter 7 Will work into nearly the Same in 
pedance at all frequencies within the band in 
which matching device 4 is operative. 
When it is desired to carry on communication 

between two points separated by a distance 
greater than about 400 miles and when a hori 
Zontal reflecting surface such as ground or Sea. 
is located at a distance of a fraction of a Wave 
length below the lower end of the antenna, it is 
found that the following table gives approximate 
ly the relation between the length of each of the 
Wires and 2 in Wavelengths and the angle to 
which they should be inclined to the horizontal. 

la 

Degrees 
47 
34. 
27 
24 
22 
20 

The values of 0 for l/A not given in the table 
may be interpolated or extrapolated. 
In a few cases when the lower end of the an 

tenna, is located at a considerable height above 
the reflecting surface it may be found that the . 
reflected wave is detrimentally out of phase With 
the direct wave, in which case the height, or angle 
of inclination or other constants of the antenna, 
may be adjusted to correct this difficulty, in a 
manner Which Will be obvious to One skilled in the 

70 art. 
Fig. 2 shows a modification of the antenna, 

shown in Fig. 1. The difference between these 
antennas of Figs. 1 and 2 is that wires and 2 
in the antenna, of Fig. 2 do not end near the 
tower but continue downward on the other side 

2,147,808 
of the tower. The various parts and devices 
which were already described in connection with 
Fig. 1 have been designated by the same members 
in Fig. 2 in order to save repetition. In Fig. 2 
Wires and 2 are continuations of wires 
and 2. Jumper 3 in Fig. 2 connects the ends of 

and 2 instead of the ends of and 2. 
The operation of the antenna, of Fig. 2 is quite 

similar to the operation of the antenna, in Fig. 1. 
The gain which is obtainable with the antenna, 

of Fig. 2 is somewhat greater than that obtain 
able with the simpler structure of Fig. 1. The 
interaction between wires , 2, , and 2 
is also somewhat greater than the interaction 
between wires of the simpler structure of Fig. 1. 
For example, when wires , 2, f, 2 are made 
each about two Wavelengths long and the distance 
between and 2, and and 2 is 6 feet, I 
find that any variation in the antenna, impedance 
at 4 is but a Small percentage of the Variation 
which would occur with an open-ended antenna. 
The angle at which wires and 2 as well as 

the angle which wires if and 2 should make to 
the horizontal may be determined from the fore 
going table. Wires and 2 need not be of the 
Same length as wires and 2. In some cases, 
however, it may be necessary to install phase cor 
recting means at the point of junction of Wires 

and and Wires 2 and 2. The operation 
of such phase correcting means has been de 
scribed in my copending application, Serial No. 
18,995, filed April 11, 1935, Patent No. 2,127,198, 
dated August 16, 1938. 

Fig. 3 shows the antenna, which was discussed 
in connection with Fig. 1 installed aboard a ship. 
In this figure numbers to 2 refer to the same 
parts and apparatus which have already been de 
scribed in connection. With Fig. 1. 
In practice, when an antenna, is installed 

aboard a ship it is often found that stays, low fre 
quency antennas and other wires or metal masts 
may interfere with the proper operation of the 
antenna. Thus, for example, stay 30 in Fig. 3 
may sometimes interfere with the proper action 
of the main radiating wires and 2 of the an 
tenna. 
The mechanism of the interfering action is 

briefly as follows: the radiating portions of the 
antenna, located in the vicinity of a stay produce 
an electric field which has a component along the 
stay. This component of the electric field pro 
luces an electromotive force which sets up cur 
rents in the stay. The magnitude of the current 
So produced in the stay depends on two factors; 
namely, (1) the magnitude of electromotive force 
along the stay and (2) the self impedance of the 
stay. When high frequency currents flow 
through a long conductor some energy is always 
radiated into Space. In this respect a stay does 
not differ from an antenna, Wire. Since the 
phase of the radiation from a stay may have any 
relation whatsoever to the phase of radiation 
from the inducing antenna, this parasitic radia 
tion from the stay may either increase or decrease 
the field produced by the antenna in a given 
direction. The more sharply directional is the 
inducing antenna, the greater is the probability 
that a stay or any other haphazardly placed wires 
in the vicinity of the antenna, will decrease, rather 
than increase, the total radiation in the desired 
direction. 

In addition to being able to scatter energy by 
radiation a stay may dissipate a substantial por 
tion of the energy by turning it into heat. This 
occurs when the internal resistance of the stay is 
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2,147,808 
fairly large in comparison with its radiation re 
sistance. 
When the internal resistance of a stay is very 

high so that the major portion of the energy 
which it picks from the antenna is dissipated 
as heat, the Small radiated portion does not af 
fect the directional characteristic of the an 
tenna, aS seriously as in the case when the in 
ternal loSses in the stay are relatively small and 
When most of the picked up power is radiated. 
Thus, a high resistance stay tends to decrease 
the total radiated power without distorting the 
directional characteristic of the antenna, while 
a low resistance stay tends to distort the direc 
tional characteristic Without changing the total 
radiated power. 

Since both the power radiated from, as well 
as the power dissipated in a stay, is proportional 
to the Square of the current which is induced in 
it, it is clear that the effect of a stay on an an 
tenna, may be controlled by controlling the in 
duced current. It has already been pointed out 
that the magnitude of this current depends 
among other things on the Self impedance of 
the stay. By making the Seif impedance of a 
stay as large as possible the induced current in 
it may be reduced to a minimum. 

If a stay may be cut and insulators inserted 
at frequent intervals, the self impedance of each 
Section may be made So high that the stay be 
comes entirely inactive either as a radiator or a 
dissipator. This procedure is Well known in 
prior art. 
When, however, a stay can not be cut and bro 

ken up by insulators the problem of eliminating 
the effect Of the stay on an antenna is much 
more difficult. In the first place, since the self 
impedance of a stay of a given length varies 
with frequency and at a given frequency may 
have any value lying between the radiation re 
sistance, which may be of 100 ohms, up to 10 
or 15 times the radiation resistance, it is clear 
that, in general, a given Stay may not interfere 
With an antenna, at One frequency and still cause 
a considerable distortion of the directional chair 
acteristic at another frequency. 

Let us, therefore, assume that at the particular 
frequency at Which antenna of Fig. 3 is to be 
operated, stay 30 has a low self impedance so 
that it picks up and Scatters a considerable 
amount of power which would normally be ra 
diated by the antenna. 
Under these circumstances the induced cur 

rent in the stay will be distributed in the form 
of standing waves. This distribution of current 
is diagrammatically indicated in Fig. 3 by the 
dotted Wavy line i. 

Since the position of current maxima and 
minima. With respect to the ends of a stay de 
pends on the relation of terminal impedances 
to the surge impedance of the stay, the distance 
of the first current maximum from One of the 
ends may have any value between minus A 
wavelength and plus 4 wavelength depending 
on the terminal impedance. When a stay is ter 
minated by a good insulator the first current 
maximum occurs approximately at 4 wave 
length from the insulated end. When, as in Fig. 
3, a stay is terminated by a Very large metal 
object such as funnel 34, without insulation, the 
first current maximum occurs but a Small frac 
tion of a wavelength from the end of the stay. 
For this reason if we imagine that stay 30 were 
cut at a point J the impedance of the short pore 
tion of the stay between J and funnel 34 as seen 

3 
at J would gradually increase to a maximum as 
J is moved from 34 toward a point A wave from 
34. This maximum impedance seen at J When 
looking into J-34 is usually of the order of 1500 
ohms. If then at J, which is located at a frac 
tion of a Wavelength from a current maximum, 
there were connected an auxiliary wire 3 there 
would be directed a substantial portion of the 
current into this auxiliary Wire. The self im 
pedance of the Whole stay Would, of course, 
change and the effect produced by varying the 
length of 3 Would be approximately the Same 
as the effect which would be produced by alter 
ing the length of stay 30 when 3 is discon 
nected. Thus, the self impedance of the stay 
may be controlled by varying the length of the 
auxiliary wire 3. By controlling the self im 
pedance in this manner the current in the stay 
may be reduced to a small fraction of what it is 
When the stay has a very low Self impedance. 
The Wire 3 may be terminated by an insulator 
32, or may be connected directly to ground or to 
a large metal object. In the latter case the Wire 
3 should preferably be about 4 wavelength 
Shorter or longer than when it is terminated at 
an insulator. 

It sometimes happens that after a stay has been 
detuned at one frequency, it acquires a low 
self impedance at another frequency at which it 
may be desired to use the antenna. In such a 
case an additional degree of freedom is required, 
Fig. 4 illustrates how this additional degree of 
freedom may be secured in practice. In this fig 
lure 3 and 35 are two auxiliary wires connected 
at two ponts J1 and J2 to stay 39. By adjust 
ing the length of these wires one can detune 
stay 30 at tWo frequencies. The points of junc 
tion of the auxiliary wires with the stay may 
either coincide or be separated by a substantial 
distance. 

in Fig. 4 there is shown still another arrange 
ment for the same purpose. This arrangement 
consists of the auxiliary wire 36 to which there 
is connected another auxiliary wire 37. By ad 
justing the length of wires 36 and 37 as well as 
the points of junction J3 and J4 it is possible to 
detune stay 33 at two different frequencies. All 
of the auxiliary wires in Fig. 4 may be either 
terminated by insulators or connected to large 
maSSes of metal depending upon which of the 
Various possible arrangements results in greater 
detuning effect and is simpler to erect. 
In Fig. 5 another method is illustrated for re 

ducing the undesirable effects of a stay. This 
method is particularly useful when the antenna. 
With which the stay is interfering is a receiving 
antenna. 

It has already been pointed out that a high 
resistance stay has relatively little effect on the 
directional characteristic of an antenna and that 
it can merely affect the total radiated or received 
power. Since the signal to static ratio is not 
affected When the gain of an antenna, is reduced 
equally in all directions but is usually seriously 
affected when the shape of radiation character 
istic is distorted, it is clear that the presence of 
a high resistance stay in the neighborhood of a 
receiving antenna is not nearly as objectionable 
as is the presence of a low resistance radiating 
stay. 

In Fig. 5 is shown an arrangement which en 
ables one to convert a low resistance stay into a 
high resistance stay. The arrangement in its 
simplest form consists of an auxiliary Wire 50 and 
a resistor 5. The value of resistor 5 is not 
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critical but it should be of the same Order of 
magnitude as the surge impedance of the stay 
and of the auxiliary wire 50. The length of the 
auxiliary wire 5) is likewise not critical. This 
length may be a Small fraction of the Wavelength 
or a whole Wavelength or even longer depending 
on mechanical convenience. The distance be 
tween the point of junction of auxiliary wire 50 
and stay 38 and the end of the stay, however, 
should be chosen. With reasonable care. The 
proper position of junction J is fixed by the foll 
lowing considerations. If at Some frequency F, 
point J falls at a current maximum along stay 39 
the addition of wire 5) and resistor 5 has little 
effect and little current is diverted into 50 under 
these circumstances. On the contrary when 
point J falls at a current minimum the major 
portion of the stay current is diverted into wire 
5) and hence into resistor 5. In this latter case 
a large portion of the power in the stay is dissi 
pated in resistor 5 and the stay acts as a high 
resistance stay. When point J is a small frac 
tion of a Wavelength fron the current minimum 
the effect of network 5, 5 is still quite consider 
able. For this reason the effect of this network 
is not confined to a single frequency but is spread 
out over a band of frequencies. In fact by using 
two such networks, one on each end of the stay, 
it is often possible substantially to suppress the 
effects of a stay within the whole range of fre 
quencies received by an aperiodic antenna. 
So far we have assumed that there is in the 

vicinity of the stay some large metal object to 
which resistor 5 may be connected. When this 
is not the case either an auxiliary counterpoise 
may be constructed for this purpose or else re 
sistor 5 may be placed between wire 50 and the 
point of junction. J. In this latter case wire 50 
will function as a good counterpoise as long as 

it is roughly 4 wavelength long and is insulated 
at its far end. 
While I have described particular embodiments 

of my invention for purposes of illustration, it 
should be understood that various modifications 
and adaptations thereof, occurring to one skilled 
in the art, may be made within the Spirit of the 
invention as set forth in the appended claims. 
What is clained is: 
1. In an electrical System comprising an an 

tenna, a conductor in which currents tend to be 
induced by Said antenna, and an impedance Sufi 
cient to detune said conductor connected in shunt 
thereto at a point along the conductor removed 
a fraction of a wavelength of the inducing cur 
rent, from a standing wave current maximum. 

2. In an electrical system according to claim 1, 
wherein said impedance comprises a second con 
ductor of Sufficient length to detune Said con 
ductor first mentioned. 

3. In an electrical System comprising an an 
tenna, a conductor in which currents tend to be 
induced by Said antenna, and a shunt connection, 
including a power dissipating resistance, between 
a point along the conductor removed a fraction 
of the Wavelength of the inducing current from a 
standing Wave current maximum, and ground. 

4. In an electrical system comprising an an 
tenna, a Conductor in which currents tend to be 
induced by said antenna and a power dissipating 
resistance connected at one end directly to said 
coil ductor at a point along the conductor removed 
a fraction of the wavelength of the inducing cur 
rent, from a standing wave current maximum, 
and a conductor Substantially a quarter of said 
Wavelength long connected to the other end of 
Said resistance, said conductor last mentioned 
terminating in an insulator. 

ANDREW ALFORD. 
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