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My invention relates to antennae and more 
particularly to antennae having a physical length 
less than sixty-four one-hundredths of a Wave 
length of the frequency at which the antennae 
operate. 
One object of my invention is to provide means 

whereby the efficiency of such antennae is in 
creased. 
A further object of the invention is to provide 

means whereby wide flexibility is afforded in ad 
justment of the current distribution in Such an 
antenna, so that practically, any desired current 
distribution may be obtained. It is a particular 
object of my invention to provide means whereby 
the current may be elevated in the antenna, that 
is, whereby the current maximum, or loop, may 
be caused to occur at a point high in the an 
tenna, or even at the top. . 
A still further object of my invention is to pro 

vide means whereby ground losses of the antenna, 
are substantially reduced. 
The novel features which I believe to be chair 

acteristic of my invention are set forth with par 
ticularity in the appended claims. My inven 
tion itself, however, both as to its organization 
and method of operation, together with further 
objects and advantages thereof may best be un 
derstood by reference to the following description 
taken in connection with the accompanying 
drawing in which Figs. 1 to 4 conventionally ill 
lustrate my invention, FigS. 5 and 9 illustrate 
certain characteristics thereof, Fig. 6 illustrates a 
practical embodiment of my invention and FigS. 
7 and 8 illustrate certain modifications of my 
invention. 

Referring to Figs. 1 to 4 inclusive of the draw 
ing, I have shown in each of these figures a Wer 
tical antenna which may be of any desired height 
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less than about one-half Wave length of the fre 
quency at which the antenna operates. These 
antennae may operate either as transmitting an 
tennae or receiving antennae and are connected 
to the apparatus. With Which they are associated 
through coupling means 2 which may be of any 
desired form but which is illustrated as a trans 
former. At the top of each antenna, is shown an 
inductance coil 3, which is connected between the 
top of the active portion of the antenna, that is, 
that portion of the antenna, which is exposed 
with respect to radiant energy, and a capacitance 
area. This capacitance area, may have any de 
sired form. It may comprise the horizontal por 
tions of the ordinary L, T, or "umbrella' type 
antenna, or it may be a Sphere, or cylinder closed, 
if desired, at the top and enclosing the coil 

(C. 250-33) 
thereby to afford protection to the coil from the 
weather. 
The use of capacitance areas at the top of a 

Vertical antenna is of course well known. It has 
been found, however, that extremely important 
advantages may be obtained by the use of a coil 
at the top of the antenna, connected between the 
capacity area and the antenna, the coil and 
capacity area being properly proportioned to pro 
duce desired current distribution in the radiating 
portion of the antenna. Certain of these advan 
tages are apparent from curves 5 and 6 of Figs. 
1 to 4 representing respectively the voltage and 
current distribution on the antenna produced by 
certain Specific adjustments of the impedance 
comprised by the coil 3 and capacitance area 4 
When used on a quarter wave antenna. In Figs. 
1 and 2 this impedance is equal to the surge in 
pedance of the antenna, and is capacitive. That 
is 
Z=-Zo where Z represents the impedance of 

the coil and capacitance in series and Zo repre 
Sents the Surge impedance of the antennae. 
In Fig. 3 the total impedance is equal to the 

Surge impedance but is inductive and in Fig. 4 
the total impedance is zero. That is, the in 
ductance 3 resonates with the capacitance be 
tween area, 4 and the earth, or the top of the 
antenna, is short circuited to earth. In Figs. 1 
and 2 it will be observed that the current is equal 
at both ends of the antenna and is maximum in 
the middle. Since the antenna of these figures 
is one-quarter of a wave-length long and the 
Current is equal at both ends the electrical length 
of the antenna, and top impedance is, therefore, 
three-eights of a wavelength. In Fig. 3. the 
Current is equal at both ends and Zero at the 
middle or at a point one-eighth of a wavelength 
above the ground. The electrical length of the 
antenna, plus top impedance is thus five-eighths 
of a Wavelength. In Fig. 4 the current has a 
maximum at the top and is minimum at the 
base. Its electrical length is thus one-half of a 
Wavelength. 
The Voltage distribution on the antennae is, of 

Course, 90 displaced in phase with respect to 
the current distribution. 
These particular values of the impedance placed 

at the top are chosen for illustration purposes 
. Only since any other distribution may be obtained 
by proper choice of value of inductance employed 
with respect to the capacity between the capacity 
area, and earth. Further, it will be understood 
that my invention is in nowise limited to quarter 
Wave antennae but is applicable to any antenna, of 
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2 
less than 64 of a wavelength in length, this di 
mension having been found to be the optimum 
height of a vertical antenna. In general, how 
ever, it will be found that when the antenna, is 
of length in excess of a half wavelength the de 
sired value of reactance at the top may be ob 
tained by the use of a capacity area without any 
neutralization by use of series inductance. 
These values of impedance may be confirmed, 

and a better understanding of the invention had, 
by reference to the following consideration of my 
invention. - 

We know from transmission line theory that 
the current at any point in a transmission line 
may be expressed by the following equation. 

22 cos 0-2 sin 6 

Ti2 sin qb-cos (b 
:- Zo 

where 
iqb=current at any point in the line 
e=impressed Voltage 

distance of the point from the end of the 
line expressed in degrees 

t = total length of the line expressed in degrees 
Z2-impedance in which the line is terminated 
Zoaesurge impedance of the line 

(1) 

We also know that the Voltage and impedance 
at any point d) in the line may be expressed by 
the following equations. 

n 2 cos dy-- j20 sin (b (2) 
e = et, Z cos 0-ji Zo sin 6 

e 2, cos (b-i Zo sin z--20-Hz in . (3) j2 sin d--cos d 20 

If we wish the current at the two ends of the 
antenna, to be equal, with a maximum point at 
the middle of the antenna, as indicated in FigS. 
1 and 2, then let g =0 in Equation 1 and We obtain 
an expression as follows for current at the top of 
the antenna. - 

- et, 

'-oz, cos 0-Hz, sing (4) 
Similarly letting (p=0 in Equation 3 we get the 

following expression for current at the bottom 
of the antennae. - 

.22 . 2. sin 0-- cos 6 
-- Lz, os 6-jZ sin 0 

is-or el, 

Since these two currents is are equal and of 

. 22 . 
el, Jez, sin 6-- e, cos 0 

z, cos 0-Fiz, sin of z, cos 0-jz, sin a 
.2 . 

1=jz. sin 0-- cos 0 
O 

j2(1-cos 6) Z = 
2 sin (9 (5) 

This equation expresses the value of impedance 
which the coil 3 and capacity area 4 must be 
adjusted to have for an antenna of any desired 
length to produce the current distribution in 
question. If the antenna, be a quarter wave 
antenna 0-90° then 

22=-jZo (6) 

2,125,804 
If we wish the current distribution indicated 

by Fig. 3 then 
Z(1-cos 0 is-a-F - ih-0 and z-j40,50 (7) 

or, for a quarter wave antenna, where 0=90 
Z2=jZo (8) 

To produce the current distribution indicated 
in Fig. 4 it will be noted that the current at the 
bottom is zero. This means that the impedance 
Z at this point is infinite or that the denomina 
tor of the right-hand term in Equation 3 is equal 
to Zero, i. e., 

d Zo 

jZ, sin b = - Zo cos (p. 
Z2 s—j Zo cot qs 

but since p=0 in this CaSe 
Z2=iZo cot 0 

Since for a quarter Wave antenna, 
6-90 

22=O (10) 

That is, for minimum current at the bottom and 
maximum current at the top of a quarter Wave 
antenna, the top of the antenna, should be short 
circuited to ground. This may be effected by 
adjusting the coil 3 for resonance with the 
capacity between the capacity area and the earth. 
Thus we have Equations 5, 7, and 9 by which 

We may calculate the impedance necessary at the 
top of the antenna, to produce current distribu 
tions corresponding to Figs. 1, 3, and 4 respec 
tively for antennae of any length, and Equations 
6, 8, and 10 respectively for quarter Wave an 
tennae. 
By a similar process which will now be ap 

parent to one skilled in the art the impedance 
at the top of the antenna necessary to produce a 
desired current distribution in an antenna of any 
length may readily be calculated. 
My invention has the advantage that the de 

sired current distribution may be obtained with 
out the use of any large or expensive structure 

sin qb -- cos (j - O 

(9) 

to afford the necessary capacity at the top. That 
is, a portion, or all, of the reactance of the actual 
capacity existing between the capacity area, and 
earth may be tuned out by the reactance of the 
inductance. Thus, for example, for a quarter 
Wave antenna, any desired sinusoidal current dis 
tribution, including those with current loops high 
on the exposed portion of the antenna, as in 
dicated by FigS. 1, 2 and 4, may be obtained by 
use of a sphere and a proper coil neither of which 
need be of objectionable dimensions. 

If the antenna, be one having a length less 
than one quarter of a Wavelength Z2 should be 
inductive to produce a current node along the 
length of the antenna. If the antenna, has a 
length greater than a quarter of a wavelength 
then Z2 should be capacitive to produce a current 
node, along the length of the antenna. Of course 
in the latter case the purpose of the inductance 
is to permit a desired capacity reactance to be 
obtained without using an undesirably large 
capacitance area. That is, any excessive capac 
ity reactance is neutralized by the inductive re 
actance. If minimum current at the bottom is 
desired in an antenna of less than one quarter 
Wavelength Z2 is inductive, and if the antenna, 
be of length greater than a quarter wavelength 
Za is capacitive. 
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In Fig. 5. I have illustrated certain character 

istic Curves made from experimentally obtained 
data, and Which illustrate the gain in field 
strength obtained by the use of my invention in 
a radiating antenna. These curves Were taken 
by exciting the antenna, with constant power of 
7,150 kc. Curve A was made by observing the 
variation of field strength at a distant point on 
the earth caused by variation of the height of 
a simple vertical wire. Curve B. Was obtained 
in the same way except that the vertical wire 
had a sphere of 12 inches in diameter connected 
to the top. Curve C was obtained in the same 
Way except that a coil was connected between 
the Sphere, and wire at the top and adjusted in 
each case to produce maximum field strength. 
It will be observed from these curves that a very 
substantial gain in field strength is obtained by 
the use of my invention. In fact, practically the 
same field intensity is produced by a quarter 
Wave antenna, using my invention as is produced 
by a half wave antenna, of the simpler Vertical 
type. The gain resulting from my invention 
is even greater for Shorter antennae. Thus my 
invention is of great importance in locations and 
under conditions where it is desirable to avoid 
high antenna, structures. 
Of course the gain in field strength produced 

by my invention is dependent upon the type of 
coil used and the size of the sphere, the field 
strength increasing, in general, With increase in 
size of the sphere. Any losses in the coil, neces 
sarily, detract from the advantages gained by the 
use of my invention and accordingly a Coil hav 
ing minimum losses is desirable. In general the 
larger the power factor of the coil the smaller 
the reactance of the capacity produced by the 
area 4 should be. For example, for antennae hav 
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ing a length between 4, and A of a wavelength if 
the coil has a power factor of .0025 the react 
ance of the capacity should not exceed 2,500 
ohms. If the power factor of the coil be .005 the 
reactance of the capacitance should not exceed 
1,250 ohms, and if the power factor be .01 the 
reactance should not exceed 625 ohms. The size 
of the sphere to be used is also affected by the 
ground resistance. For example, if the ground 
resistance be high the gain resulting from the 
use of my invention is greater than would be the 
case were the ground resistance low. This is by 
reason of the increased reduction of loSSes in the 
ground. Thus where the ground resistance is 
high, marked gain, may be secured by the use 
of a relatively small sphere. 
The gain in field strength produced by my 

invention is believed to be due first to the reduc 
tion of current in the ground connection thereby 
reducing ground losses and permitting more of 
the power supplied to the antenna to be consumed 
in radiation. The second reason for the in 
crease in field strength is believed to be in the 
change in radiation resistance at the current 
loop, that is, at the point in the antenna of maxi 
mum current. For a quarter Wave antenna Op 
erating with maximum current at the top, as 
shown for example in Fig. 4, the loop radiation 
resistance is approximately 32 ohms in contrast 
to the usual quarter wave antenna resistance of 
36 ohms. This accounts for approximately 
5%% increase in ground wave field intensity. 

Consider, for example, a simple vertical an 
tenna of the quarter wave type having a ground 
resistance of 10 ohms and a loop radiation resist 
ance of 36 ohms. In such a system if i00 watts 
be supplied to the antenna. 78 watts are radiated 

3 
whereas 22 watts are lost in the ground connec 
tion. This may be considered to produce a field 
strength of V78 or .883 units at a certain dis 
tance from the antenna. On the other hand, if 
We aSSume that the antenna, be tuned for maxi 
mum current at the top and that the ground 
resistance, be still 10 ohms, 98 watts are then 
available for radiation, Whereas only 2 Watts are 
lost in the ground. Under these conditions the 
field strength will be 1.055V98 or 1.045 units or 
an improvement in field strength of about 19 per 
cent. This means about a 40 percent increase in 
received power at any remote point. 
An antenna, tuned as illustrated in Fig. 4 is to 

be preferred for broadcast service, for example, 
Where it is desired to produce a maximum of 
radiation horizontally, i. e. a maximum of field 
strength in the ground Wave. A current dis 
tribution of the kind shown in Fig. 3 may be 
used where a high angle radiation is desired. 
In FigS. 1 and 2 the radiation is horizontal with 
a greater proportion of sky wave than is obtained 
by the current distribution of Fig. 4. 

Since it is an object of my invention to obtain 
these effects by reason of desired current dis 
tribution it will be understood that I contemplate 
the use of an antenna, having sufficient length 
relative to the Wavelength at which it operates 
that the current distribution along the length of 
the antenna, may determine the direction in 
which Waves are radiated from the antenna into 
space, or the direction in space from which 
Waves are received upon the antenna. 
not true to any material degree in very short an 
tennae such as antennae of length less than one 
sixteenth of a wavelength of the wave at which 
they operate. In Such antenna, irrespective of 
the portion of the standing wave of current 
which exists on the antenna, the wave is radiated 
in Substantially the same direction. I therefore 
contemplate the use of my invention in connec 
tion with antennae having actual lengths be 
tween is and 69400 of the wave at which they 
operate. 

It will be observed that in Fig. 2 a second ca 
pacity area, 5 tuned by means of a coil 6 is con 
nected to the base of the antenna, just above 
coupling device 2. This device serves to carry the 
reactive component of the antenna current to 
ground. That is, in any antenna, on which the 
voltage node, or antinode, is above the ground 
there exist reactive voltamperes at the base of 
the antenna. The reactance of the unit 5, 6 may 
then be adjusted relative to the impedance look 
ing into the antenna to cause this unit to carry 
the entire reactive current. In other words, the 
reactive impedance to ground of this device is 
equal and opposite to that looking into the an 
tenna. . In this Way Only energy current is sup 
plied by transformer 2. With a current dis 

'tribution like that in Fig. 2 the impedance of 
unit 5, 6 is equal to that of the unit 3, 4 at the 
top of the antenna. This device thus obviates 
concentrated current in the ground and reduces 
ground loSSes. 

In Fig. 6 I have shown one practical embodi 
ment of my invention in an antenna, of the tower 
type. In this figure I have represented at 7 
the top of a tower antenna. The coil 3 is ar 
ranged. Within the structure of the tower top, 
the bottom of the coil being connected to the 
tower structure and the top of the coil being 
connected to a conducting member 8 extending 
to a capacity area, 9 arranged above the top of 
the tower. This capacity area 9 and conductor 
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8 are insulated from the tower by means of an 
insulating member 10. The capacity area 9 may 
be of any suitable structure and size and, by 
reason of my invention, need not be objection 
ably large. A shield f2 is shown supported from 
the conducting member 8 and surrounding the 
coil 3 whereby the coil is shielded from the metal 
lic portion of the tower. 
This embodiment of my invention is described 

and claimed in an application Serial No. 727,419, 
Patent No. 2,059,186, October 27, 1936, entitled 
Antenna structure, filed simultaneously by W. W. 
Brown and assigned to the same assignee as my 
present application. 
Some inconvenience in the use of my inven 

tion results from the desirability of adjusting the 
coil which is located at the top of the antenna. 
To obviate this difficulty, structures have been 
proposed of the kind shown in Figs. 7 and 8 in 
which an additional conductor f6 is arranged in 
parallel with the vertical antenna, this conductor 
and the vertical antenna forming a transmission 
line. This form of my invention is described and 
claimed in a copending application, Serial No. 
727,437, Patent No. 2,101,674, December 7, 1937, 
entitled Antenna, filed simultaneously hereWith 
by Robert B. Dome, and assigned to the same 
assignee as my present application. In Fig. 7 
the conductor is shown connected to the base of 
the vertical antenna through a variable imped 
ance and in Fig. 8 it is shown connected to 
the vertical antenna, by a jumper 8 which may 
be movable upwardly and downwardly along the 
length of the antenna. 

It is well known from transmission line theory 
that the impedance looking to the open end of 
a transmission line may be varied either by Way 
ing the impedance at the opposite end of the 
transmission line or by variation of the length of 
the transmission line. Thus, for example, in Fig. 
7 the inductance looking into the top of the 
transmission line may be varied if desired by 
variation of the inductance f located at the base. 
Thus in this way an effective inductance is pro 
duced at the top of the antenna by the use of 
the conductor 6 and inductance T which is 
variable as desired from the ground. In Fig. 8 
the same effect is produced by variation of the 
jumper 8 upwardly or downwardly along the 
length of the antenna. 

It has been found, however, in the use of Such 
a system that a very large current flows in the 
transmission line at the base of the antenna, 
that is, in the inductance fl or the jumper 8. 
To reduce this current it is proposed to divide 
the require inductance at the top of the antenna, 
into a fixed portion and a variable portion, the 
fixed portion being arranged at the top of the 
antenna as indicated at 9 in Figs. 7 and 8 and 
the variable portion being produced by use of 
the transmission line and connections and 8 
as previously described. 
In Fig. 9 have shown certain relations ob 

tained from experimental data on an antenna of 
the type shown in Fig. 8 with the exception 
that the fixed inductance 9 at the top of the an 
tenna was not employed, the entire inductance 
at the top being made up by use of the trans 
mission line conductor 6 and jumper 8 in con 
nection with antenna f. These curves are plotted 
to logarithmic coordinates and pertain to an an 
tenna, excited by the frequency of 7,150 kc. and 
having a height of 408 inches or slightly less than 
a quarter of a wavelength, and having a 12-inch 
sphere at the top. As the jumper was moved 

2,125,804 
from the ground to a height of 400 inches the 
top current was found to reduce in a manner in 
dicated by the curve D at a progressively de 
creasing rate. The base current was found first 
to decrease to a minimum value and then to in 
crease as shown by the curve E, whereas the 
field strength at first rapidly increased to a maxi 
murn value and subsequently decreased. 

It will thus be seen that the variation in field 
strength, base and top current is highly critical 
Over a certain relatively narrow range of varia 
tion in inductance and is less critical at smaller 
values of inductance. However, the adjustment 
for maximum field intensity is not critical unless 
the adjustment be made very close to the value 
which produces minimum current at the base. 
It Will further be observed that a substantial 
gain in field intensity is produced with an ad 
justment which produces equal currents at the 
top and base of the antenna, or at even smaller 
Values of inductance. 

It will be observed from Fig. 9 that with the 
jumper 8 at the top of the antenna where the 
transmission line adds no inductance the cur 
rent at the top of the antenna is small relative to 
that at the base. Since the antenna is a quar 
ter Wavelength long loaded by capacity at the 
top a node of current occurs at the top and an 
other Substantially one-quarter of a wavelength 
below the base. Upon moving the jumper down 
the first changes in inductance have little effect 
On the current distribution. Further increases 
in the inductance cause the top current to in 
crease and the base current to reduce until they 
become of equal value. The antenna is now 
longer than before by reason of the added in 
ductance, i. e., a larger portion of a wavelength 
now appears on the inductance and radiator, this 
portion being three-eighths of a wavelength as is 
apparent from the equal currents at the top and 
base. Thus the lower node has moved upward 
One-eighth of a Wavelength and now exists only 
One-eighth of a wavelength below ground. The 
Current distribution is thus that illustrated in 
Figs. 1 and 2 and it will be observed from curve 
F of Fig. 9 that the field intensity at a distant 
point on the earth is nearly a maximum. As 
the inductance is increased by moving the jump 
er downward the field intensity attains a maxi 
mum as indicated by curve F. The top current 
increases and the bottom current decreases to a 
ratio of about .56 as measured from Fig. 9. The 
nodal point is still below the base, since a mini 
mum of current at the base has not been at 
tained, by about .08 of a wavelength as may be 
readily computed from the ratio 56 of currents 
at the base and top. The electrical length of the 
antenna is now 42 of a wavelength. Upon fur 
ther movement of the jumper downward a mini 
num, or nodal point, of current at the base is 
attained with large current at the top and a slight 
reduction in field strength at the distant point. 
The electrical length is now .5 wavelength. 
Upon further increase in inductance the cur 

rent increases at the base of the antenna, the 
electrical length of the antenna, having increased 
beyond one-half wavelength and the nodal point 
of current having now risen above ground. It 
is noted, however, that the current at the top 
also increases. This is by reason of reduction 
in radiation resistance of the antenna. When its 
electrical length increases beyond a half Wave 
length. It Will also be observed that the field 
strength at a distant point on the earth reduces. 
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2,125,804 
creased losses in the ground, to increased losses 
in the inductance and to reduced radiation re 
sistance. 
Thus as shown by Fig. 9 an increase in induct 

ance from zero causes the current distribution to 
be changed from that of an antenna, having an 
electrical length of one-quarter of a wavelength 
through that corresponding to One having an 
electrical length three-eighths of a wavelength 
(Figs. 1 and 2) to that of an antenna, having 
length equal to or greater than one-half of a 
Wavelength (Fig. 4). Fig. 3 shows the nodal. 
point moved upward to the middle of a quarter 
wave antenna, whereby the electrical length is 
five-eighths of a wavelength. Thus any desired 
current distribution may be obtained. 

It has been found experimentally that prac 
tically these same relations obtain in an antenna. 
of the type shown in Figs. 1 to 4 if the induct 
ance at the top be varied over a Wide range. 

It will, of course, be understood that the forms 
of my invention described herein are set forth by 
way of clearly illustrating the principles involved 
and that various modifications of my invention 
Will occur to a person skilled in the art. I, of 
course, contemplate by the appended claims to 
cover any such modifications as fall. Within the 
true Spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent in the United States, is: 
1. The combination of a vertical antenna, hav 

ing a pórtion exposed with respect to radiant 
energy, the length of said portion being not 
greater than one quarter of a wavelength of the 
frequency at which the antenna. Operates, and an 
impedance connected between the top of Said 
portion and the earth having a value Such that 
a nodal point of current occurs along the length 
of said portion and between the ends thereof, 
said nodal point being positioned to produce 
maximum radiation in a desired direction in the 
vertical plane. 

2. The combination of a vertical antenna, hav 
ing a length not greater than one quarter of a 
wavelength of the frequency at which the afi 
tenna operates, a connection between the base 
of said antenna and the earth, and an additional 
connection between the earth and the top of 
said antenna, and means to cause said additional 
connection to carry current greater than the 
current flowing between the base of Said antenna 
and the earth. 

3. In combination, a vertical grounded an 
tenna having a length less than .64 of a Wave 
length of the frequency at which the antenna 
operates and a conductive path, other than Said 
antenna, extending between the top of Said an 
tenna and the earth said conductive path Con 
prising a reactive impedance having a value ap 
proximately 

Zo ( - cos 8 
sin 6 

where Zo is the surge impedance of the antenna, 
and g is the length of the antenna, expressed in 
degrees. 

4. In combination, a vertical grounded antenna, 
having a length less than .64 of a Wavelength of 
the frequency at which the antenna Operates and 
a conductive path, other than said antenna, ex 
tending between the top of said antenna, and 
the earth, said conductive path comprising a re 
active impedance having a value approximately 
Zo cot a where Zo is the surge impedance of 
the antenna and 0 is the length of the antenna, 
expressed in degrees. 

5 
5. In combination, a vertical grounded antenna, 

having a length not greater than a quarter of a 
Wavelength, a conductive path other than said 
antenna, extending between the top of said an 
tenna, and the earth, said path having an im 
pedance, Which is Soproportioned relative to the 
length of the antenna and its surge impedance 
as to produce a current maximum relatively high 
on the antenna and maximum radiation hori Zontally. 

6. A vertical antenna having a reactance con 
nected between its topmost end and ground equal 
to the surge impedance of the antenna, said re 
actance being included in a path between said 
topmost end and ground other than through said 
antenna. 

... A vertical antenna, a capacitance area at 
the top of said antenna, an inductance con 
nected between said capacitance area and said 
antenna, said inductance having such a value 
that the effective series reactance of said induct 
ance and the capacity between said capacity 
area, and ground are such as to produce infinite 
impedance at a point along the length of said 
vertical antenna, the length of said vertical an 
tenna being sufficiently great that the direction 
of maximum radiation is dependent upon the 
position of said point of infinite impedance and 
said point of infinite impedance being positioned 
to produce maximum radiation in a desired di 
rection in the vertical plane. 

8. A vertical grounded antenna, having a length. 
not greater than one quarter of a Wavelength, 
and means so constructed and arranged that the 
impedance existing between the topmost point 
thereof and ground is inductive. 

9. In combination, a vertical grounded antern 
na, and an impedance connected between the 
top thereof and the ground adjusted to a value 
on the base current-impedance characteristic 
where the base current varies over a relatively 
large range upon any Substantial change in said 
impedance. - 

10. In combination, an antenna, a high fre 
quency circuit connected between said antenna, 
and ground, and a path between said antenna. 
and ground across said high frequency circuit, 
said path having reactance substantially equal 
and opposite to that looking into said antenna, 
said path including in series the capacitance be 
tween earth and a capacity area of Sufficient di 
mensions to obviate concentrated ground current, 

11. In combination, an antenna having a Ver 
tical portion exposed with respect to radiant 
energy, said portion having a length not greater 
than a quarter of a wavelength of the oscillations 
at which the antenna, operates, a connection be 
tween the base of said portion and the earth, and 
a second connection between the top of said por 
tion and the earth, said second connection hav 
ing an impedance of such a value as to produce 
a current node between the ends of Said ex 
posed portion of the antenna and positioned to 
produce maximum radiation in a desired direc 
tion. 

12. In combination, a vertical antenna having 
a length not greater than a quarter of a Wave 
length of the frequency at which the antenna 
operates, high frequency apparatus connected 
to said antenna, and means to produce a nodal 
point of current along the length of Said antenna. 
between the upper end thereof and the point of 
connection of said antenna, with said high fre 
quency apparatus and at such a point as to pro 
duce maximum radiation at high altitudes. 
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13. In combination, a vertical antenna hav 

ing a capacity area at the top, an inductance, 
the top of said antenna being connected to said 
capacity area through said inductance and said 
inductance having such a value that the series 
impedance of said inductance and the capacity 
between said capacity area, and the earth, is 
inductively reactive. 

14. The combination, in a vertical antenna, 
having a length between one-sixteenth and sixty 
four one-hundredths of a wavelength of the wave 
at Which the antenna operates, a capacity area, 
Connected to the top of said antenna and a coil 
included in the connection between the top of 

15 said antenna and said capacity area, said coil 
being so proportioned relative to said capacity 
area that the current at a point on said an 
tenna substantially above the base is substantially 
greater than the current at the base of said an 

O tenna, thereby to direct radiation from Said an 
tenna in a desired direction in the vertical plane. 

.15. The combination of a vertical antenna, hav 
ing an actual height less than sixty-four one 
hundredths of the Wavelength at which said an 
tenna operates and greater than one-sixteenth 
of said Wavelength, high frequency apparatus 
connected to said antenna, near the base thereof, 
Said base being connected to ground, and means 
to direct radiation from Said antenna in a desired 
direction in the Wertical plane, said means in 
cluding means to produce a point of minimum 

25 

2,125,804 
Current along the length of said antenna between 
the ends thereof, and comprising a capacity area 
at the top of said antenna, and an inductance 
connected between said capacity area, and top. 

16. An antenna comprising a vertical section 
one-quarter of the length of the communication 
Wave, a connection from the bottom of said ver 
tical section to ground, a capacity element at 
the top of said vertical Section, and an induct 
ance serially connected between said vertical Sec 
tion and capacity element and also located at 
the top of said vertical section, said inductance 
having such a value as to make the effective elec 
trical length of said antenna equal to 0.58 of 
the length of the communication Wave, Whereby 
there is obtained a reversal in sign in the cur 
rent distribution at a distance of 0.08 of the 
Working Wave above ground. 

17. An antenna comprising a vertical Section. 
of a given physical length, appreciably less than 
0.64 wavelength, a capacity element at the top 
of Said vertical Section, and an inductance Se 
rially connected between said vertical Section 
and capacity element and also located at the top 
of said vertical Section, said inductance having 
Such a value as to make the effective electrical 
length of said antenna greater than the physical 
length of the vertical section but less than 0.64 
Wavelength and Such as to result in maximum 
radiation horizontally. 

CLIFFORD A. NICKLE. 
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