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The present invention relates to broad-band 
antennas and, more particularly, to Such al 
tennas which are suitable for Use on aircraft. 
An object of the present invention is the pro 

vision of an aircraft antenna adapted to radiate 
vertically polarized radio Waves. 
A further purpose of the present invention is 

the provision of a broad-band aircraft antenna. 
in which the vertical height, or maximum exten 
Sion from the skin of the airplane, is of the Oir 
der of or less than one-eighth of the resonant 
Wavelength. 
Another object of the present invention is the 

provision of an aircraft antenna providing a more 
nearly hemispherically Symmetrical field pattern 
than is furnished by heretofore known antennae. 

Still another object of the present invertion 
is the provision of an aircraft antenna. Which may 
be conveniently energized from a conventional 
Coaxial transmission line. 
A further object of the present invention is 

the provision of an aircraft antenna. Which haS 
good mechanical properties, one which lends itself 
to a mechanically strong mounting Without 
danger of impairing its electrical properties. 
The foregoing objects and others which may 

appear in the following detailed description are 
attained in accordance with the principles of the 
present invention by providing an antenna, in the 
form of an inverted- or bent quarter-wave mast 
antenna, in which the t-shaped radiating ele 
ment is in the form of a pair of parallel closely 
Spaced conductors connected together at one end 
and fed in a series arrangement from the other 
end. As the two conductors are identical in 
cross-section, equal currentS must necessarily 
flow in the conductors; but since only half of the 
total current flows into the driven element the 
input resistance at resonance is four times that 
of a conventional dipole. 
The present invention will be more fully under 

stood by referring to the following detailed de 
scription which is accompanied by a drawing in 
which Figure 1 illustrates in elevation and for 
the purpose of comparison only an inverted.-L. 
type antenna, at present lxnown in the art. Fig. 
2 illustrates a folded-quarter-Wave mast antenna, 
utilizing some of the principles of the present 
invention, While Figures 3 and 4 illustrate in ele 
Vation and partly in Section, inverted-Lantennas 
Combining the features of the folded-dipole 
shown in Figure 2 and the bent-dipole shown in 
Figure 1, while Figures 5 and 6 are curves ill 
lustrating graphically the electrical properties of 
the antennas of the present invention, 
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Referring now to Figure 1, there is illustrated 

an antenna, in the form of an inverted- hav 
ing a vertical portion fi and a horizontal por 
tion . The antenna is mounted OVer a COrl 
ductor sheet, 3 constituting an electrically ef 
fective groud paille. his conducting sheet 3 
may be a portion of the metallic skin or coat 
ing of the fuselage of an aircraft. Antenna, 
may be energized at the lower end of Vertical 
portion by Eleans of a coaxial transmission 
line T. She inner conductor of the transmis 
Sion line T is directly connected to the Ver 
tical portion of antenna while the Outer 
shell of the coaxial transmission line TT, is elec 
trically connected to the ground plane S3. The 
current distribution along the length of the an 
tenna 3 is indicated by curve I close to the ad 
jacent conductors and 9. 

Referring how to Figure 3, there is shown a 
vertical mast antenna, 2 in the form of a pair 
of closely parallel conductors 2 and 22 con 
nected together at their top ends by a short bar 
2i. The antenna, 2 is vertically disposed. With 
respect to the conducting ground plane 3 Sim 
ilar to that shown in Figure . The OWer end 
of conductor - is directly electrically connected 
to the ground plane 3 while the lower end of 
conductor 22 passes through an aperture in the 
plaine 3 and is connected to the inner conductor 
of a coaxial transmission line T. the trainS 
mission line TL, nay, of course, be connected to 
conventional trainSmitting of receiving equipment 
(not shown). Since condictor elements 2 and 
22 are identical in cross-section, equal currents 
foW in then. The magnitudes of the currents 
are indicated by the light curves - and I-2, 
while the instantaneous directions are indicated 
by the arrowheads on the conductors 28 and 22. 
The pair of conductors are so closely spaced that 
they radiate as a single conductor. 

Since the current flowing into conductor 2 
from the transmission line i? is only one-half 
of the total current flowing in the antenna, the 
input resistance presented to the transmission 
line at resonance is four times that of a con 
Ventional dipole. The higher input resistance is . 
desirable in that it results in a greater intrinsic 
band width, as Willinow be shown by the following 
disCUISSion. 
The impedance characteristics of an antenna, 

may be described in terms of three factors: 
namely, the Valle of its input resistance, the rate 
cf change of resistance with frequency, and the 
rate of change of reactance with frequency. For 
Series-resonant antennas the resistance is a much 
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more siowly varying function of frequency than 
is the reactance; consequently the two important 
factors affecting the band-width obtainable With 
a given antenna are: 

(1) the resonant resistance, called the im 
pedance level and 

(2) the rate of change of reactance with fre 
quency, called the steepneSS of the reactance 
CUWe. 
Other things being equal, a high-impedance 

level antenna, can be matched to a transmission 
line by means of a simple series matching section, 
over a much wider range of frequencies than can 
an antenna, of low impedance. In other words, 
greater band-width can be obtained by means of 
a series matching section if that Section is used 
to transform the antenna, impedance down to 
the level of the impedance of the feed line than 
if the section must be used to transform the 
antenna, impedance up to that of the line. 
For a given impedance level greater band-width 

can be obtained With an antenna, whose rate of 
variation of reactance with frequency is low, than 
with one whose reactance curve is steep. The 
truth of this statement is evident at a giance at 
any transmission line chart, and indeed is almost 
axiomatic: broad-band antennas are 'fat' an 
tennas. 
While the foregoing discussion is believed ade 

quate for enabling a complete understanding of 
the present invention, those interested in a more 
complete analysis are referred to my correspond 
ing application i:547,549, filed August 1, 1944. 
The antenna, of Figure 2 may be improved as 

shown in Figure 3 wherein the conductors 2 and 
22 are bent at right angles at substantially their 
midpoints forming an inverted-shaped antenna. 
Thus the advantages of the good field pattern 
and the small physical size are added to the in 
herently broad-band features of the antenna of 
Figure 2. The resonant resistance of the antenna, 
of Figure 3 is very nearly four times that of the 
antenna, of Figure 1, and even though the bent 
half-folded dipole of Figure 3 has a reactance 
curve which is steeper than that of the inverted 
antenna of Figure 1, it may be more easily 
matched to a 50-ohm coaxial transmission line 
because of its much higher impedance level as 
mentioned above with respect to the antenna, of 
Figure 2. 
A preferred form of the present invention is 

that shown in Figure 4. Here both sides of the 
Wertical portions of conductors 2 and 22 are sur 
rounded by coaxial sleeves 3 and 32 extending 
up to nearly the bend in the antenna. The lower 
ends of both sleeves are electrically connected to 
the skin of the ship as indicated by ground plane 
3. The purpose of sleeve 32 around conductor 

22 is to shift the feed point of the antenna, from 
a region of fairly high current and low resistance 
as at the bottom of conductor 22 on Figure 3 to 
a region of lower current and proportionately 
higher resistance, as at the bend in conductor 22. 
This results in a further step-up in the input 
impedance and makes possible also a reduction 
in vertical height without a loss in the intrinsic 
band width. As indicated in the drawing, the 
vertical height may be now less than one-eighth 
wavelength while the horizontal portion may be 
somewhat longer than one-eighth Wavelength, in 
some cases as long as three-sixteenths of the op 
erating wavelength. 
In Figure 5, I have shown the effect on the 

impedance looking into the feed point of the 
antenna of Figure 1 caused by a variation in the 
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4. 
ratio of the over-all length L. to the operating 
Wavelength M. Curve 50 shows that the resistance 
varies from a value of the Order of 16 ohms up 
to 25 ohms as the ratio L/X varies from 2 to .26. 
Over the same change in the ratio L/X, the react 
ance varies as shown by curve 5 from a Value 
of -80 ohms to a value of --75 ohms. It will be 
noted that, as compared to an ordinary quarter 
wave stub antenna, the impedance of the in 
verted- is characterized by a low reactance and 
a steep reactance curve. Both of these features 
may be accounted for by considering that the 
effect of the bend in the antenna is to introduce 
a cooperative reactance due to the relationship 
between the horizontal member of the inverted 
and the ground plane in parallel with the im 
pedance of the original vertical stub. Such a 
shunt, capacity results in both a reduction in 
input, resistance and an increase in the reactive 
value of the antenna. 

Figure 6 illustrates the variation in input in 
pedance of the antenna of Figure 3 for a similar 
Variation in the ratio of Overall length to Wave 
ength. While the Overall resistance variation is 
somewhat greater as shown by curve 6, the mean 
value is aiso greater by a multiplying factor of 
approximately four, thus increasing the ease of 
matching the antenna, to the transmission line. 
It will be noted that the resistance varies less 
than ten per cent plus and minus about a mean 
value of 90 ohms as the ratio I./N is varied from 
.2 to .26. For the same change in the ratio L/X 
curve 6i shows a variation in reactance from 
-150 ohms to -120 ohms. It is thus about twice 
as steep as curve 5 of Figure 5. 
Application of the folded dipole principle to the 

inverted-L antenna really is a four-fold increase 
in impedance level and only a two-fold increase 
in the steepness of the reactance curve; while the 
benefit gained in the former effect is partially 
counteracted by the latter effect, there is still a 
considerable improvement in intrinsic band 
Width, 
While I have illustrated a particular embodi 

ment of the present invention, it should be clearly 
understood that it is not limited thereto since 
many modifications may be made in the several 
elements employed and their arrangement, and 
it is therefore contemplated by the appended 
claims to COver any such modifications as fall 
Within the Spirit and scope of the invention. 
What is claimed is: 
1. A broad-band antenna, in the form of an 

inverted-l disposed over a conductive sheet 
forming a ground plane, said antenna, including 
a pair of closely adjacent parallel conductors bent 
at substantially their midpoint, one pair of ad 
jacent ends of said conductors being connected 
together, and one of the remaining ends being 
connected to a conductor of a transmission line. 

2. A broad-band antenna, in the form of an 
inverted-L disposed over a conductive sheet 
forning a ground plane, said antenna, including 
a pair of closely adjacent parallel conductors 
bent at substantially their midpoint, one pair of 
adjacent ends of Said conductors being connected 
together, one of the remaining ends being con 
nected to said conductive sheet, and the other 
passing through said sheet and being connected 
to a conductor of a transmission line. 

3. A broad-band antenna in the form of an 
inverted-L disposed over a conductive sheet 
forming a ground plane, said antenna, including 
a pair of closely adjacent parallel conductors 
bent at substantially their midpoint, one pair of 
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adjacent ends of said conductors being connected 
together, one of the remaining ends being con 
nected to said conductive sheet, and the other 
paSSing through said sheet and being connected 
to the inner conductor of a coaxial transmission 
line, the other sheath of said line being con 
nected to said conductive sheet. 

4. A broad-band antenna, in the form of an 
inverted- disposed over a conductive sheet 
forming a ground plane, Said antenna, including 
a pair of closely adjacent parallel conductors bent 
at Substantially their midpoint, one pair of ad 
jacent ends of Said conductors being connected 
together, and one of the remaining ends being 
Connected to a conductor of a transmission line, 
the Vertical portion of each of said parallel con 
ductors being surrounded by coaxially arranged 
sheaths connected at their lower ends to said 
Conductive sheet. 5. A broad-band antenna, in the form of an 
inverted.-- disposed Over a conductive sheet 
forming a ground plane, said antenna, including 
a pair of closely adjacent parallel conductors bent 
at Substantially their midpoint, one pair of ad 
jacent ends of said conductors being connected 
together, one of the remaining ends being con 
nected to said conductive sheet, and the other 
passing through said sheet and being connected 
to a conductor of a, transmission line, the ver 
tical portion of each of said parallel conductors 
being surrounded by coaxially arranged sheathS 
connected at their lower ends to said conductive 
Sheet. 6. A broad-band antenna in the form of an 
inverted- disposed over a conductive sheet 
forming a ground plane, said antenna, including 
a pair of closely adjacent parallel conductors, 
each having an over-all length of the order of 
one-quarter of the operative wavelength, one 
pair of adjacent ends of said conductors being : 
connected together, one of the remaining ends 
being connected to said conductive sheet and the 
other passing through said sheet and being con 
nected to a conductor of a transmission line, the 
vertical portion of Said conductors having a 
length less than one-eighth of the Operating 
Wavelength. 

7. A broad-band antenna, in the form of an 
inverted-L disposed over a conductive sheet 
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forming a ground plane, Said antenna, including 50 

6 
a pair of closely adjacent parallel conductors, 
each having an over-all length of the order of 
one-quarter of the operating wavelength, one 
pair of adjacent ends of Said conductors being 
connected together, one of the remaining ends 
being connected to said conductive sheet and the 
other passing through Said sheet and being con 
nected to a conductor of a transmission line, the 
vertical portion of said conductors having a 
length less than one-eighth of the operating 
wavelength, the vertical portion of each of said 
parallel conductors being surrounded by coaxial 
ly arranged sheaths, connected at their lower 
ends to said Conductive sheet. 

8. A broad-band antenna, in the form of an 
inverted- disposed over a conductive sheet 
forming a ground plane, said antenna, including 
a pair of closely adjacent parallel conductors, 
each having an over-all length of the order of 
one-quarter of the operating wavelength, one 
pair of adjacent ends of Said conductors being 
connected together, one of the remaining ends 
being Connected to Said conducive Sheet and the 
other passing through said sheet and being con 
nected to an inner conductor of a coaxial trans 
mission line, the vertical portion of said con 
ductors having a length less than one-eighth of 
the operative wavelength, the vertical portion of 
each of said parallel conductors being sur 
rounded by coaxially arranged sheaths, con 
nected at their lower ends to said conductive 
sheet, the Outer sheath of said coaxial line con 
Stituting an extension of the sheath surrounding 
One of said conductors of Said antenna. 
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