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2,993,204 
TWO-BAND HELI'CAL ANTENNA 

William W. Macalpine, ‘East Orange, N.J., assignor to 
International Telephone andv Telegraph Corporation 
Nutley, N.J., a corporation of Maryland , 

Filed Feb. 28, 1958, Ser. No. 718,306 
8 Claims. (Cl. 343-745) 

This invention relates to tuned antenna systems and 
more particularly to a two-band tuned antenna capable of 
operating over a wide frequency range and utilizing a plu 
rality of helical resonators. 

In many applications it is required that the physical 
length of an antenna be small compared to the desired 
operating wavelength of associated transmitting or receiv 
ing equipment. It may also be required that the antenna 
be tunable over a very wide band of frequencies and that 
the standing wave ratio in the transmission line to the 
antenna be maintained close to unity over the wide band 
of frequencies. One application where both small an 
tenna length and wide band tuning are required is on 
surface vessels where it is preferred to employ a sturdy 
structure insulated from the deck to radiate as an antenna 
having as great an eifective height as possible. In such 
application the height of the structure is limited for 
practical reasons and it is preferable that the structure 
be resonated by some means that is tunable over a wide 
band of frequencies. 

Heretofore helically top-loaded and capacitive top 
loaded antennas have been employed to extend the effec 
tive electrical length of a radiator without adding appre 
ciable physical height. The helical resonators employed 
in such antennas as top-loading have also been designed 
for operation over a wide frequency range by incorporat 
ing various methods of electrically shorting portions of 
the helical resonator and/ or varying the capacitive top 
loading members coupled to said helical resonators. It 
has also been the practice in the past to vary the point of 
input coupling to helically top~loaded radiators to im 
prove impedance matching. 
An object of this invention is to provide a tuned an 

tenna system of high efficiency wherein the physical height 
of the radiator extending above the ground plane varies 
only slightly. ' 

Another object of this invention is to provide a wide 
band tuned antenna system employing helical resonators. 
Another object is to provide a helical antenna system 

which can be readily tuned over a wide band of fre 
quencies. 
Another object is to provide a tuned helical antenna 

system to extend the electrical length of a structure so as 
to make it resonant over a wide band of frequencies. 

In accordance with a feature of this invention, the elec 
trical length of a radiating body is varied to tune said 
body over a wide range of frequencies by coupling a 
plurality of helical resonators, one disposed above the 
other, to said body and providing means to vary the 
active portions of said helical resonators. 

It is another feature of this invention to provide an 
adjustable shorting device to vary the active portion of 
one of said helical resonators for lower frequency tuning 
and to employ a second adjustable shorting ‘device to vary 
the point of coupling of the capacitive top loading to the 
outermost of said helical resonators for higher frequency 
tuning and to provide different motor means to drive said 
?rst adjustable device and said second adjustable device. 

Other and further objects and features of this inven 
tion will be more apparent by reference to the following 
description taken in conjunction with the accompanying 
drawing which is a side view of one embodiment of a 
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two-band helical antenna in accordance with the prin 
ciples of this invention. 

Referring to the ?gure, there is shown a structure 1 
disposed vertically above and insulated from a ground 
plane 2 by several insulators of which two are shown at 
3 and 4. In the embodiment shown in the ?gure, the 
structure is employed to radiate energy; therefore, power 
from transmitter 5 is applied via coaxial line 6 to an 
impedance matching coil 7 which couples the bottom of 
structure 1 to ground with manual control means 8 being 
provided to vary the portion of coil 7 across which the 
input line is shunted. On top of structure 1 and elec 
trically connected thereto is low frequency helical reso— 
nator 9, and disposed above resonator 9 and electrically 
coupled thereto is high frequency helical resonator 10 
having top-loading capacitive member 11 disposed above 
and connected electrically thereto by means of spring 
?ngers 12 which are arranged in a circle so as to provide 
positive electrical connection between capacitive member 
11 and resonator 10 as capacitive member 11 is caused 
to move up and down by the rotary action of dielectric 
shaft 13 which is mechanically linked to high frequency 
tuning motor 14. Adjustable shorting shield 15, prefer 
ably of cylindrical shape and concentric with resonators 
9 and 10, is provided with shorting spring ?ngers 16 at 
its bottom end which makes positive contact with reso 
nator 9 as shorting shield 15 moves up and down with 
respect to resonators 9 and 10. Spring contact ?ngers 
17, fastened to conductive coupler 18 which electrically 
connects resonator 9 to resonator 10, make positive con 
tact with shorting shield 15 as the shield moves up and 
down with respect to ?ngers 17. Shorting shield 15 is 
caused to move up and down by the simultaneous rotary 
motion of dielectric rods 19 and 20 which are mechani 
cally linked via’ gear boxes 21 and 22, respectively, to 
low frequency tuning control motor 23. The threaded 
portions of rods 13‘, 19 and 20 can be of metal. How 
ever, the part of rod 13 which is within helices 9 and 10 
must be of dielectric material because of the powerful 
magnetic ?elds within helices 9 and 10. similarlyithere 
must be a portion of rods 19 and 20 that is made of di 
electric material due to the difference of electrical poten 
tial between shield 15 and the structure at gear boxes 
21 and 22. _ ' 

In operation the structure 1 is energized by transmitter 
‘5 via coaxial line 6 and coil 7 causing an indication on 
standing wave ratio monitor 24. Depending upon the 
output frequency of transmitter 5 and initial positionsof 
capacitive member 11 and shorting shield 15, high fre 
quency tuning motor 14 or 'low frequency tuning motor 
23 can be energized as described below. If it is desired 
to tune structure 1 in the low frequency range, say, for 
example, between 300 kc. and 3 mo, low frequency tun 
ing motor 23 will be energized from low frequency tun 
ing control device 25 which may be merely a switchnpro 
viding positive, negative or no electrical energy to motor 
23. Upon energizing motor 23, standing wave ratio 
monitor 24 is observed by an operator who will operate 
control device 25 causing shorting shield 15 to move up 
wards or downwards until the standing'wave voltage 
ratio in transmission line 6, as indicated by monitor 24, 
reaches a minimum. The standing wave ratio found in 
the above tuning process becomes a minimum when the 
antenna is resonant; thus, manual control 8 can now be 
adjusted to change the impedance match and further ‘re 
duce the standing wave ratio toward its optimum value of 
unity. Frequently little or no adjustment of control '8 is 
required, and in many cases manual control 'Scan'be 
eliminated entirely by providing the proper size of vcoil 
7 and connecting the coaxial line 6 across the entire coil 
7. - As the antenna system shown in the ?gure is tuned'to 
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higher and higher frequencies in the low frequency range, 
shorting shield 15 will be driven downward until con— 
tact ?ngers 16 reach the bottom of resonator 9. Fine 
adjustment of the tuning in the low frequency range can 
-be accomplished, if desired, by controlling the position 
of capacitive load 11 with its contact‘?nger’s '12 on the 
smaller helix 10 by means of motor 14 and high fre 
quency tuning control 26. Subsequently, further tuning 
to still higher frequencies in the high frequency range, say, 
for example, between 3,mc. and 30‘ mc., will be accom 
plished by energizing high frequency tuning motor 14 
from high frequency tuning control device 26 which may 
be merely a, switch applying positive, negative or no elec 
trical energy to motor 14. Motor 14'drives dielectric 
shaft 13 which is threaded at its upper end, in contact 
with top-loading capacitance 11, so that as shaft 13 turns 
one way or the other, top-loading capacitive member 11 
is caused to move upwards or downwards to increase or 
decrease the resonant frequency of the antenna device in 
the'high frequency band. The operator controls high 
frequency tuning in the same manner he controls low 
frequency tuning, namely, by observing standing wave 
ratio monitor 24 and actuating the appropriate tuning 
control device 26 and further adjusting manual control 8 
until the standing wave ratio in transmission line 6 is a 
minimum. In most applications where very wide band 
tuning is desired, high frequency range tuning is achieved 
in steps, the ?rst step being to resonate the system at a 
quarter wavelength (M4) over a range of A’s, say from 
3 me. to 9 mc., by moving capacitance 11 from its top 
to its bottom position, the second step being to resonate 
the system at 3M 4 over the range of roughly 9 me. to 15 
me. or higher, the third step being to resonate at 5A4 over 
the range of roughly 15 me. to 30 mo. and so forth, until 
the system is tuned over the range desired. It should be 
observed that, while tuning in the high frequency range 
by means of resonator 10, the low frequency resonator 9 
is completely isolated and shielded by means of shorting 
shield 15, conductive coupler 18 and the conductive cou 
pler 27 shown at the base of resonator 9. For this reason 
conductive couplers 18 and 27 are solid metal disks except 
for a smal opening in each to accommodate dielectric 
shaft 13 and such structural bolts as may be required. 
Thus the natural resonant frequencies of resonator 9 are 
inhibited from in?uencing the tuning of resonator 10. 

While in the speci?c embodiment described herein 
above I have shown that both helices are positioned at the 
top of the structure 1, it is also possible to separate the 
helices and position them at different points along the 
structure.- One satisfactory arrangement is to place the 
high frequency helix 10 beneath the structure 1, for 
example, in place of coil 7 and similarly connected to co 
axial line 6 while leaving the low frequency helix 9 in 
the position indicated in the drawing. In this arrange 
ment,-the helix 9 will serve to resonate the structure in 
the low frequency range thus giving a substantially uni 
form current distribution along the structure for that 
range. For the frequencies of the high frequency range, 
the structure may, by itself, be suf?ciently long to serve 
as an e?icient radiator if the tower is electrically approxi 
mately one eighth to three quarter wavelengths long. 
Tuning of the high frequency helix may be performed 
by shorting out parts of it while impedance matching 
may be performed .by selecting the point on said helix 
to which the coaxial line is coupled. 

While I have described above the principles of my in 
vention in connection with speci?c apparatus, it is to be 
clearly understood that this description is made only by 
way of example and not as a limitation to the scope of 
my invention as set forth in the objects thereof and in the 
accompanying claims. ' 

Iclaim: _ > 

' 1. A radio antenna system comprising a vertical radi 
ating member, a plurality of helices mounted one above 
thecther on said member in substantial vertical align 
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ment therewith said plurality of helices disposed in ‘tan 

. dem relationship with each other and said. vertical .radi 
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ating member so that the cylinders formed by said helices 
do not overlap, the bottom and the top of adjacent helices 
of said plurality of helices being electrically coupled in 
a series relationship, and the bottom of the ‘lowest helix 
of saidplurality of helices being electrically coupledto 
the top of said member each of said helices havinga dif 
ferent diameter, each of said helices having a different 
electrical length, means for shorting out a selectable 
amount of the electrical length the lower one of said ad 
jacent helices of said connected helices of said shorting 
means including a shielding member to prevent ‘unde 
sirable coupling between said plurality ofhelices to tune 
said radiating member over a given frequency range, and 
variable means for shorting out a selectable amount of 
the electrical length of the upper one of said adjacent 
helices of said series connected helices to tune said mem 
ber over a second frequency range. 

2. A radio antenna system according to claim 1, where— 
in said upper one of said adjacent helices of saidseries 
connected helices has a shorter electrical length than said 
lower helix of said adjacent helices of said series con— 
nected helices and its shorting means tunes said member 
over a higher frequency range while the shorting means 
of said lower helix of said adjacent helices of said series 
connected series tunes said member over a lower fre 
quency range. 

3. A radio antenna system according to claim 2, where 
in the shorting means for said upper one of said adja 
cent helices of said series connected helices is in the form 
of a shorting housing providing capacitive loading. 

4. A radio antenna system comprising a ?rst radiating 
’ member coupled at one end to a transmissionline, a ?rst 

helical member coupled to the other end of said ?rst 
member, a second helical member coupled to said ?rst 
helical member, adjustable shorting means couplingsaid 
?rst and second helical members, capacitive means dis 

' posed at one end'of said second helical member and 
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coupled thereto in a variable manner, and control means 
mechanically coupled to said shorting means and said 
capacitive member to adjust them and to tune said radi 
ating member over a wide range of frequencies. 

5. A radio antenna system as in claim 4 and wherein 
said adjustable shorting means further includes shielding 
means to shield varying portions of said second helical 
member as said adjustable shorting means is adjusted. 

6. A radio antenna system comprising a radiating 
structure insulated from ground and coupled to a trans 
mission line at its one end, a ?rst helical member having 
its one end electrically coupled to the other end’ of said 
structure, a second helical member having its ‘one end 
connected to the other end of said ?rst helical member 
and disposed concentrically above, adjustable top load 
ing coupled to the other end of said second helical mem 
ber, adjustable shorting means coupling said one. end of 
said second helical member to said ?rst helical member, 
?rst motor means coupled to said shorting means, second 
motor means coupled to said top loading, and means to 
control said ?rst and second motor means to tune said 
system over a wide band of frequencies. 

7. A radio antenna system as in claim 6 and wherein 
said adjustable shorting means further includes shielding 
means coupled thereto to shield a varying portion of said 
second helical member as said adjustable shorting means 
is adjusted. 

8. A radio antenna system comprising a vertically dis 
posed structure insulated from ground and coupled to a 
transmission line by variable shunting means at one end 
of said structure, a low frequency helical resonator ver 
tically disposed and coupled to the other end of said 
structure, a high frequency helical resonator vertically 
disposed'above and coupled to said low frequency helical 
resonator, adjustable top-loading capacitive means 
coupled’ to said high frequency helical resonatonpadjusta 
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able shorting means coupling the interjunction of said 
helical resonators to a variable number of turns of said 
low frequency helical resonator having shielding means 
attached thereto for shielding a variable number of turns 
of said high frequency helical resonator as said shonting 
means is adjusted, ?rst motor means coupled to said top 
loading capacitance, second motor means coupled to said 
adjustable shorting means, and control means associated 
with each of said motor means, the general arrangement 
of said system being such that said motor means may be 
energized to tune said system over a wide range of 
frequencies. 
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