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This invention relates to high frequency ann 
tennae and particularly to an antenna for radiat 
ing a vertically polarized wave substantially uni 
formly in all horizontal directions. 

It is conventional practice to establish radio 
communications between a moving vehicle Suich 
as a train and another train or a fixed Station. 
For a radio communications system of this type 
an antenna is required which is usually mounted 
on the roof of a vehicle Such as a railroad car. 
Since the train must be able to pass under bridges 
or through tunnels of fixed clearance, it is de 
sirable to provide an antenna, which has low over 
all vertical dimensions and a high efficiency con 
parable to that of a conventional half-wave di 
pole antenna. The horizontal radiation pattern 
developed by the antenna should preferably be 
substantially circular. 

It has been suggested to provide an antenna 
comprising a lower cone and an upper disc. This 
so-called “discone' antenna, has a very wide fre 
quency range. However, the height of the con 
ventional discone antenna is approximately a 
quarter wave length at the cutoff frequency which 
is too high for a low clearance antenna for vehi 
cles. It has also been proposed to provide a horn 
or radiating wave guide consisting of two inverted 
cones having their apices adjacent to each other. 
Another conventional antenna of this general 
type has two radiating cones coupled to the two 
conductors of a coaxial transmission line. The 
two cones of the biconical antenna, are of equal 
diameter, and the overall vertical height of the 
antenna is not low enough for the purposes re 
ferred to. Furthermore, certain difficulties have been experienced with a biconical antenna. 
When the two cones are supported by connecting 
their outer rims by means of insulating rods, the 
horizontal radiation pattern is not uniform. Ac 
tually the horizontal radiation pattern about 
the dielectric supporting rods resembles an Opti 
cal interference pattern which is very unde 
sirable. - 

It is furthermore conventional practice to pro 
vide a high frequency antenna with an impedance 
matching network for matching the radiation 
impedance of the antenna to the impedance of 
the transmission line which feeds the antenna. 
The impedance matching network preferably 
should be adjustable while the antenna is in 
operation so that waves of different frequencies 
may be either radiated from or received by the 
antenna. 

It is an object of the present invention, there 
fore, to provide a high frequency antenna, which 
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combines low vertical overall dimensions with an 
efficiency comparable to that of a conventional 
half-wave dipole. - 
Another object of the invention is to provide 

a novel high frequency antenna which will radi 
ate a vertically polarized wave having a substan 
tially circular radiation pattern in a horizontal 
plane. . 

A further object of the invention is to provide 
an antenna suitable for intercepting and radiat 
ing high frequency energy and having a low re 
active impedance with an impedance matching 
network which may be adjusted during operation 
of the antenna for properly matching the im. 
pedance of the transmission line feeding the an 
tenna to that of the antenna at a desired fre 
quency. 

In accordance with the present invention there 
is provided an antenna conprising a first an 
nular antenna, element and a second annular an 
tenna, element. There are further provided a 
transmission line and impedance means for cou 
pling the transmission line to the two antenna, 
elements. The first antenna, element has a dian 
eter which is smaller than that of the second an 
tenna, element. Preferably, the second or lower 
antenna element has a diameter of the order of 
one half the operating Wave length of the an 
tenna, while the total height of the antenna, may 
be of the order of one-sixteenth of its operating 
wave length. Further in accordance with the 
present invention the antenna, is provided with 
an adjustable impedance matching network, such 
as a reactive network, for coupling tha transmis 
sion line to the two antenna, elements. 

For a better understanding of the invention, to 
gether with other and further objects thereof, 
reference is made to the following description, 
taken in connection with the accompanying 
drawing, and its scope will be pointed out in the 
appended claims. 
In the accompanying drawing: 
Fig. 1 is a croSS Sectionali view of an antenn, 

embodying the present invention; 
Fig. 2 is a top plan view of the antenna of Fig. 

l; and 
Fig. 3 is a schematic electric diagrann of the 

antenna of the invention illustrating the adjust 
able impedance matching network for coupling a 
transmission line to the antenna, - 

Referring now to the drawing and particularly 
to Figs. 1 and 2, there is illustrated a high fre 
quency antenna, including lower antenna element 
and upper antenna element 2. As shown in 

Fig. 1, the lower antenna element is of substan 
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tially conical shape. The upper aintenna, element 
2 has also been illustrated as being of Substan 
tially conical shape, the apices of the two cones 
formed by antenna elements and 2 are arranged 
adjacent to each other. However, the shape of 
the upper antenna element 2 is not critical, and 
accordingly, antenna element 2 may, for exainple, 
consist of a fiat disc instead of a cone. 
Lower antenna element is provided with hori 

zontal supporting plate 3 to which it may be Se 
cured by suitable rivets or Screws indicated at 4. 
Thus, lower antenna element and Supporting 
plate 3 form an enclosed Space. Upper antenna. 
element 2 is provided at its outer lin. With rein 
forcing ring-shaped tube 5 to provide Raechanical 
stability. 
The antenna consisting of elements and 2 
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is connected through coaxial transmission line 6 
to a high frequency translator which may either 
be a transmitter or a receiver for radiating an 
electromagnetic wave into space or for intercept 
ing a wave. Coaxial transmission line 6 consists 
of inner conductor 8 and outer conductor 6 
which preferably is maintained at ground poten 
tial as is conventionai. 
transmission line 6 is coupled to upper antenna. 
element 2, while outer conductor fe is connected 
to lower antenna, element in a manner to be 
described hereinafter. 
When high frequency translator a consists of : 

a transmitter, the antenna will radiate a ver 
tically polarized wave having a substantially cir 
cular radiation pattern in a horizontal plane. It 
will be noted that antenna, elements and 2 as 
illustrated consist of two very flat cones while 
cone 2 may also consist of a disc so that the over 
all vertical height of the antenna, may be made 
extremely small. Thus, the total height of the 
antenna, need be no more than one-sixteenth of 
the operating wave length. The diameter of 
lower antenna, element should preferably he 
slightly less than one-half the operating wave 
length, while the diameter of upper antenna, ele 
ment 2 should be approximately one-half that 
of the lower antenna element . 
The antenna, as described has a low impedance 

which is reactive. Accordingly, the radiation im 
pedance of the antenna depends upon the fre 
quency of the wave intercepted or radiated. It 
is desirable, therefore, to provide a reactive in 
pedance matching network between coaxial trans 
mission line 6 and antennae and 2 which should 
be adjustable for different frequencies. 
The impedance matching network is prefer 

ably disposed in iower antenna element and 
further comprises means for Supporting the up 
per antenna element 2 from the lower element . 
This construction makes it possible to Support 
the two antenna, elements in such a manner that 
a radiated wave does not form an interference 
pattern Which would be the case if any obstruc 
tions such as insulating Supports were arranged 
in the space between elements and 2. 

For the purpose of electrically connecting outer 
conductor O of transmission line 6 to the lower 
antenna, -element. , there is provided cup-shaped 
housing 2 consisting of a conducting material 
and secured to lower antenna element i by screws 
indicated at 3. Cover 4 which also consists of 
a conducting material, Such as a metal, is 
threaded into cup-shaped housing 2. An outer 
sleeve 5 consisting of an insulating material is 
secured to cover is by screws 6. The upper por 

Inner conductor 8 of 
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tion of outer sleeve 5 is secured to upper antenna, 
element 2 through bushing plate 7 Which con 75 

4 ? 
sists of a conducting material. Upper antennia 
element 2 is accordingly supported by housing 
f2, cover 4 and outer sleeve 5. 
Inner conductor 8 of transmission line 6 is 

connected to lower condenser plate 20 as illus 
trated. Condenser plate 20 is secured to housing 
f2 through collar 2 which consists of an insulat 
ing material. Condenser plate 20 is thus fixed to 
housing 2. Upper condenser plate 22 is Secured 
to inner sleeve 23 which is slidably arranged in 
Outer sleeve 5 and consists of insulating material. 
Upper condenser plate 22 is electrically coupled 
to upper antenna element 2 through inductance 
element 24 provided in the space formed by in 
ner sleeve 23. Stud 25 which consists of a con 
ducting material is electrically connected to in 
ductance element 24 and may be Screwed into 
inner sleeve 23 or otherwise secured thereto. 
Stud 25 extends through outer sleeve 5 and is 
Screwed into bushing 26 which in turn is threaded 
into bushing plate fl. Set screw 27 is provided 
in bushing 26 for locking stud 25. Another set 
screw 28 is provided in housing 2 for locking it 
to cover 4. 
An impedance matching network is thus pro 

vided for coupling coaxial transmission line 6 to 
antennae and 2. As shown schematically in 
Fig. 3, inner conductor 8 is connected to adjust 
able condenser 30 which is represented in Fig. 1 
by condenser plates 20 and 22. Condenser, 30 is 
coupled to upper antenna element 2 through in 
ductance element 24 and stud 25 as shown in 
Fig. 3. Another condenser 3 is provided be 
tween the junction point of condenser 30 and 
inductance element 24 on the one hand and 
housing 2 on the other hand as shownschemat 
ically in Fig. 3. Thus, condenser 3 is effectively 
connected between inner conductor 8 and lower 
antenna element f. Condenser 3 represents the 
capacitance between condenser plate 22 and 
cover 4. 

It will now be seen that condensers 30 and 3i 
are individually adjustable. Thus, in order to 
adjust the capacitance of condenser 31, set screw 
27 is loosened and stud 25 is rotated thereby to 
move inner sleeve 23 with respect to outer sleeve 
i5. Consequently the distance between con 
denser plate 22 and cover 4 may be varied or 
adjusted. It will be obvious that by this adjust 
ment the distance between condenser plates 20 
and 22 will be varied simultaneously. However, 
the distance between condenser plates 20 and 
22 may be adjusted by loosening set screw 28 and 
rotating upper antenna element 2 which may be 
effected, for example, by gripping tube 5. Aç 
cordingly, upper antenna element 2, outer sleeve 
5, cover 4, inner sleeve 23 and upper condenser 

plate 22 will rotate in unison with respect to 
housing 2 thereby to adjust the distance between 
condenser plates 20 and 22. This in turn will ad 
just the capacitance of condenser 30. 

It will accordingly be evident that the im 
pedance matching network including condensers 
30, 31 and inductance element 24 may be ad 
justed while the antenna is in operation and 
mounted, for example, on the roof of a railroad. 
car or other vehicle. It is also feasible to pro 
vide suitable stops for adjusting the distances be 
tween condenser plates 20 and 22 on the one hand 
and between condenser plate 22 and cover 4 on 
the other hand if the antenna is intended to op 
erate at a predetermined frequeney. In that 
case the adjustment may be effected while the 
antenna is assembled. 

Experiments carried out with the antenna of 
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the invention have revealed that the antenna has 
an efficiency comparable to that of a conventional 
vertical half-wave dipole antenna. Since the 
overall height of the antenna, may be as low as 
one-sixteenth of the Operating wave length, the 
antenna, is particularly suitable for use on moving 
vehicles where a low clearance antenna is re 
quired. In spite of its small height the efficiency 
of the antenna is not impaired. 
While there has been described what is at pres 

ent considered the preferred embodiment of the 
invention, it will be obvious to those skilled in 
the art that various changes and modifications 
may be made therein without departing from the 
invention, and it is, therefore, aimed in the ap 
pended claims to cover all such changes and 
modifications as fall within the true spirit and 
Scope of the invention. 
What is claimed is: 
1. An antenna, comprising a first antenna ele 

ment, a second antenna element, a line having 
first and second conductors, a housing for elec 
trically connecting said second conductor to said 
Second element and fixed to said second element, 
a first condenser member connected to said first, 
conductor and fixedly disposed in said housing, 
a Second conden Ser member, means for elec 
trically coupling said second condenser member 
to said first element, and movable means mounted 
On Said housing and connected to said second 
condenser member for adjusting the distance and 
the capacitance between said condenser mem 
bers, thereby to provide an adjustable imped 
ance matching network between said antenna, and 
Said line. 

2. An antenna, comprising a first antenna, ele 
ment, a second antenna, element, a line having 
first and Second conductors, a housing for electri 
cally connecting said first conductor to said sec 
Ond element and fixed to said Second element, a 
first condenser plate connected to said second con 
ductor and fixedly disposed in Said housing, a 
Second condenser plate, a cover for said hous 
ing electrically connected to said second element 
and insulated from said second condenser plate, 
Said second condenser plate being arranged to 
have its distance from said cover adjusted to 
vary the capacitance between said second con 
denser member and said cover, said cover being 
arranged to be moved in unison with said second 
condenser plate for adjusting the distance and 
capacitance between said condenser plates, 
thereby to provide an adjustable impedance 
matching network between said antenna and said 
line. 

3. An antenna comprising an upper antenna, 
element, a lower antenna, element, a coaxial 
transmission line having an inner and an outer 
conductor, a housing for electrically connecting 
Said outer conductor to one of said ele 
ments and disposed within said one element, a 
COver for Said housing electrically connected 
thereto and mechanically connected to and in 
Sulated from the other of said elements, a first 
condenser plate connected to said inner con 
ductor and fixedly disposed in said housing, a 
second condenser plate electrically coupled to 
Said first condenser plate and to said cover, 
means for electrically connecting said second 
conden Ser plate to Said other element and for ad 
justing its distance from said cover to adjust the 
capacitance therebetween, and means for simul 
taneously moving said cover and said second con 
denser plate to adjust the distance and the 
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thereby to provide an adjustable impedance 
matching network between Said antenna and 
said transmission line. 

4. An antenna, comprising an upper antenna, 
element, a lower antenna, element of substan 
tially conical shape, the diameter of said lower 
element being larger than that of said upper 
element, a coaxial transmission line having an 
inner and an outer conductor, a cup-shaped 
housing for eiectrically connecting said outer 
conductor to said lower element and disposed 
within said lower element, a cover threaded into 
Said housing and electrically connected thereto, 
an insulating support fixed to said cover and to 
said upper element, a first condenser plate con 
nected to said inner conductor and fixedly dis 
posed in said housing, a second condenser plate 
electrically coupled to said first condenser plate 
and to said cover, means for electrically connect 
ing said second condenser plate to said upper elle 
ment and for adjusting its distance from said 
cover to adjust the capacitance therebetween, 
thereby to adjust the distance and the capaci 
tance between said condenser plates by rotating 
said upper element and said cover simultaneously 
with Said second condenser plate. 

5. An antenna, comprising an upper antenna, 
element, a lower antenna, element of Substan 
tially conical shape, the diameter of said lower 
element being larger tham that of Said upper 
element, a coaxial transmission line having an 
inner and an outer conductor, a cup-shaped 
housing for electrically connecting said outer 
conductor to said lower element and disposed 
Within Said lower element, a cover threaded into 
said housing and electrically connected thereto, 
an insulating Support fixed to said cover and to 
said upper element, a first condenser plate con 
nected to said inner conductor and fixedly dis 
posed in Said housing, a Second condenser plate 
electrically coupled to Said first condenser plate 
and to said cover, a stud threaded into said upper 
element, an inductance element for electrically 
connecting said second condenser plate to said 
Stud and to said upper element, an insulating 
member for Securing said stud to said second 
condenser plate, thereby to adjust the distance 
and the capacitance between said cover and said 
second condenser plate by rotating said stud and 
to adjust the distance and the capacitance be 
tween said condenser plates by rotating said up 
per element to rotate said cover simultaneously 
with said second condenser plate. 

PAUL J. SELGIN. 
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