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The present invention relates to short wave cylindrical 
sleeve antennas. 

Antennas of the cylindrical sleeve type are well known 
in the art as shown in U. S. Patent 2,239,724 to Linden 
blad and have been known to produce broader band op 
eration than the simpler narrow conductor dipole types. 
The more conventional sleeve antennas however, have 

often been found to be unsatisfactory because they have 
been unable to meet the requirements of a substantially 
omni-directional response pattern, and at the same time 
provide a relatively small change of impedance with fre 
quency characteristic, adaptability for use with the com 
mon sizes of coaxial transmission lines, and adaptabiilty 
for use with relatively simple high frequency impedance 
matching network. 

One object of this invention is therefore to provide an 
antenna suitable for the transmission and reception of 
an extremely wide band of frequencies. 

Another object of this invention is to provide a sleeve 
type antenna suitable for the transmission of an extremely 
wide band of frequencies without sacri?cing the near 
omni-directional characteristic thereof. 

Another object of this invention is to provide a sleeve 
type antenna which is suitable for use with conventional 
coaxial cable sizes and which produces broad band op 
eration without sacri?cing the near omni-directional char 
acteristic thereof. 
Another object of this invention is to provide an an 

tenna suitable for use with conventional matching net 
works and coaxial transmission lines of the common 
variety wherein a relatively satisfactory standing wave 
ratio results over a substantially wide frequency band. 

Still another object of this invention is to provide an 
antenna giving broad band response and in which a ship’s 
smokestack or the like can be used as an element of the 
antenna structure. 
Another object of the present invention is to provide 

an anetnna giving broad band response which utilizes 
common existing ship and submarine structures as ele 
ments thereof. 

These and other objects of this invention will become 
apparent from the drawings and speci?cation to follow. 

In the drawings: 
Figure l is a side elevational view of the cylindrical 

sleeve antenna forming the present invention with the 
various important dimensions indicated thereon. 

Figure 2 is a top view of the antenna shown in Figure 1. 
Figure 3 is a cross sectional view of Figure 2 along 

section 3—3. 
Figure 4 is a side elevational view of a modi?cation of 

the embodiment of Figure 1. 
Figure 5 shows the present invention applied to a 

Smokestack on a ship. 
Figure 6 shows the present invention applied to the 

conning tower of a submarine. 
In most commercial radio installations it is necessary 

to place the antenna an appreciable distance from the 
receiver or transmitter coupled thereto. Long transmis 
sion lines are therefore required and under such condi 
tions it is important to limit the standing waves on such 
lines to decrease power losses. 
As is well known, when a transmission line is termi 

nated in its characteristic impedance no standing waves 
appear on the line. 
Even if the transmission lines are short, a termination 
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of the lines in their characteristic impedance is still of 
great importance in order that the input impedance of 
the line will remain substantially constant irrespective 
of frequency. This resultes in proper impedance match 
ing which produces e?icient operation and greatly simpli 
?es the design of the receiver and transmitter circuits 
used with the transmission line and attached antenna. 
The ordinary simple dipole antenna, however, varies 

considerably in impedance with frequency, and, so even 
though the transmission line has a proper termination at 
one frequency, if the impedance varies much with fre 
quency, broad band operation of the antenna becomes 
impossible. 
The ?rst requirement, therefore, for an antenna which 

is to simplify the impedance matching problem, is one 
where the input resistance and reactance of the an 
tenna varies only slightly with frequency change. The 
cylindrical sleeve antenna is such an antenna but there 
are other considerations. 
Even if the resistance and reactance of the antenna 

does not vary appreciably, since the characteristic im 
pedance is a pure resistance for transmission lines of the 
lossless variety (which includes all common and feasible 
varieties), the antenna’s reactance must be low as well as 
substantially constant in value. It might be thought that 
impedance matching networks could be used to cancel 
out the reactive component. However, as soon as the 
antenna reactance values are high wherein the matching 
sections required become appreciable fractions of a quar 
ter wave length in the lower range of frequencies to be 
used, the impedance variation of the matching section it 
self becomes so great as to make it impossible to effective 
ly cancel out the substantially constant value of an 
tenna reactance over the same frequency band. 
Even assuming that the reactance can be etiectively 

cancelled out by matching networks, if the resistance of 
the antenna varies much from the characteristic imped 
ance of the transmission line to which it is to be attached 
within the frequency band to be used, the input impedance 
of the transmission line will likewise vary over wide limits 
with changes in frequency and no impedance match or 
low standing wave ratio will result. One may think of 
designing a transmission line having the proper char 
acteristic impedance to match an antenna which has a 
substantially constant resistance vs. frequency character 
istic. This is possible but often highly impractical be 
cause of the expense and time involved in designing and 
constructing new coaxial cable transmission lines. To 
be practical, common varieties of coaxial transmission 
lines should be used. As an alternative resistance 
could be added in parallel or in series with the antenna 
to properly match the transmission line. This latter meth 
od of course would result in loss of energy and unless 
the resistance added would result in only a small loss as 
in the case where the resistance of the antenna is near 
the characteristic impedance of the line to be matched, 
this solution would be impractical. 

Even assuming that perfect impedance matching is ob 
tained a problem of directivity patterns‘ is present. For 
many communication purposes, it is undesirable to have 
a directive array because of the uncertainty from what 
direction a signal relative to the antenna orientation is 
coming. This is especially true of radio communication 
purposes where the radio equipment is on moving vehicles 
such as ships, airplanes etc. 
The present invention makes possible an antenna 

having substantially non-directional response patterns 
and at the same time providing broad band characteristics 
for use with transmission lines having characteristic im 
pedance of from 50-200 ohms. By broad band character 
istics is meant that the antenna provides good impedance 
matching characteristic over extremely wide frequency 
ranges. 

Figs. 1-3, to which reference is now made, show one 
type of cylindrical sleeve antenna with which the present 
invention deals. The antenna there shown comprises a 
relatively wide outer cylindrical sleeve portion 1 which 
is electrically connected with the outer conductor 2 of 
coaxial feeder cable by means of metal conductors 6 at 
the feed point of radiator 4 (that is at the base of radiator 
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4). Conductors 6 could be replaced by a metallic disc 
if desired. _ 
The inner conductor 3 of a coaxial cable extends 

through an insulator 5 to form a radiating element 4. 
A ground plane 9 is provided at the bottom portion of 
sleeve 1 to increase the e?ective length of the antenna 
there shown, ( i. e. provide an image). 
On ship installations, to make most effective use of 

the ship structure, the smokestack has been found to be 
useful for sleeve 1 and the ship’s deck has served as 
ground plane 9. _ 
0n submarine installations (Figure 6) the conning 

tower 1" could be used as the sleeve of the antenna cor 
responding to sleeve 1 in Figure 1. (By conning tower 
is meant the superstructure in the vicinity of the periscope 
of the submarine.) 
To achieve broad band omni-directional operation with 

a sleeve type antenna there are several dimensions which 
I have found critical. These dimensions are shown in 
Figure l to which reference is now made. These are the 
ratio of a to b (i. e. the ratio of the diameter of the radia 
etor portion 4 to the diameter of sleeve 1); the ratio of 
c to d (i. e. the ratio of the length of the radiator 4 to 
the length of sleeve 1); and the ratio of the total length 
of the sleeve 1 plus the radiator 4 to the diameter of 
sleeve 1. All of these dimensions refer to the outer di 
mensions of the antenna elements. 
The following are ranges of values found most suitable 

providing reactances which could be easily matched to 
transmission lines having characteristic impedances vary— 
ing from 50 to 100 ohms for the embodiment of Figure 1 
for extremely wide frequency range (a band of frequen 
cies where the overall antenna length l is about .25 of 
the wavelength at the lower frequency end and is about 
.75 of a wavelength at the upper frequency end) where 
satisfactory standing wave ratios (maximum to minimum 
voltage values) were obtained not greater than 5 to 1. 

a/ b can be varied from 1A to 1/30 
c/d can be varied from 1.4 to 2.0, and 
l/ b can be varied from 3.8 to 7.5 

In the situation where the sleeve 1 corresponds to a 
ship’s smokestack and thus has a ?xed diameter, the value 
of the radiator 4 diameter is of course ?xed by the ratio 
of a to b. 
The above factors are independent of the frequency 

band to be passed. For example, if a given design gave 
certain impedance and pattern characteristics found to 
be satisfactory from a frequency band of 90 to 300 mega 
cycles, substantially the same impedance and pattern 
characteristics, (and therefore the same standing wave 
ratio results) are obtained in the frequency band of 8 to 
30 megacycles if the scale of the antenna is increased by 
a factor of 10. That is the above mentioned ratios 
remain identical, but the diameter and lengths of the 
sleeve and radiator are increased by a factor of 10. The 
utility of the dimension relationship of the cylindrical 
sleeve antenna forming the present invention should there 
fore be apparent. 
One example of an antenna found to give good results 

in a frequency range of from 98-290 megacycles wherein 
a substantially omni-directional vertical plane pattern 
resulted with a standing wave ratio not greater than 
5 with a 50 ohm coaxial line is as follows (with no match 
ing sections): 

Each of the dimension relationships a/ b, old, [I b and l 
etftecitisg) some degree the impedance and pattern char 
ac e cs. 
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Fig. 4 shows a modi?cation of the embodiment of 

Figure 1 wherein a ground plane is not used but instead 
a dipole arrangement is utilized. The impedance value 
here of the antenna is twice that of the embodiment 
of Figure 1 and so can be used to match transmission 
lines having a characteristic impedance from about 100 
to 200 ohms. The pattern characteristics are about the 
same as the embodiment of Figure 1 and the limits of 
the ratio of a/ b, c/d and l/ b are identical. 
This embodiment basically consists of two symmetrical 

sections which are each similar to the embodiment of 
Figure 1. The feeding is accomplished by means of a 
two-wire coaxial line wherein the inner conductors 3'-3 
are respectively connected to radiator 4—4'. Insulator 
5’ separates conductors 3—3’. The outer conductor 2 0f 
the coaxial line connects sleeves 1-—1’. 
Many modi?cations can be made without deviating 

from the scope of the present invention. 
The invention described herein may be manufactured 

and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 
What is claimed is: 
l. A broad band antenna comprising a smokestack 

having a conductive surface thereon and having a diam 
eter b and a length d, a conducting surface forming a 
ground plane, one end of said smokestack electrically 
connected to and extending from said ground plane, a 
radiating element having a length 0 and a diameter a 
extending from the other end of said smokestack and 
insulated therefrom, a pair of connecting leads, one lead 
connecting to said smokestack, and the other to said 
radiating element, the ratio of a/ b being within a range 
of from 1A to 119,0, the ratio of c/ d being Within the range 
of from 1.4 to 2.0 and-the ratio of the sum of c and d 
to b being within a range of from 3.8 to 7.5. 

2. A broad band antenna comprising a smokestack 
having a conductive surface thereon, and having a diam 
eter b and a length d, a conducting surface forming a 
ground plane, one end of said smokestack electrically 
connected to and extending from said ground plane, a 
coaxial cable having an inner and outer conductor, con 
ductive means connecting the outer conductor of said 
coaxial cable to the other end of said smokestack, a 
radiating element having a length c and a diameter a 
extending concentrically from the said other end of said 
smokestack and insulated therefrom, said radiating ele 
ment connected to the inner conductor of said coaxial 
cable, the ratio of a/b being within a range of from 
1A to 1/30, the ratio of c/d being within the range of from 
1.4 to 2.0, and the ratio of the sum of c and a’ to b 
being within a range of from 3.8 to 7.5. 

3. In a vessel having an electrically conductive deck 
and an electrically conductive smokestack electrically 
connected thereto. a broadband cylindrical sleeve antenna 
comprising, a radiating element extending coaxially from 
the unconnected end of said smokestack for a predeter 
mined distance and electrically insulated therefrom, said 
smokestack forming the outer cylindrical sleeve portion 
of said cylindrical sleeve antenna and said deck forming 
a ground plane. 
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