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Introduction

Successful experiments on superconducting antennas have been carried
out so far only for loop antennas by Walker and Haden [l], [2] and our group [3].
The first experiment on the cryogenic electric dipole antenna was tried by
Moore and Traverse [4] . However the improvement of the radiation efficiency
was very moderate due to non-superconducting state. In the present experi-
ments a2 single electric dipole antenna fed by a 50-ohms coaxial cable has been
tested successfully at the frequency band of 300 MHz, Then, an endfire array
antenna consisting of two such electric dipoles has been found to be the first
unidirectional and superdirective antenna even tested successfully.

Single Electric Dipole

The whole configuration of the electric dipole antenna system including
the balance-unbalance transducer ( ¥s ) and the impedance matching section is
shown in Fig,l. The matching section
consists of the series lumped-constant
inductance coil ( Zg )} and the parallel
distributed -constant inductance ( Yy ).
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Fig. 1. Structure of single Fig. 2. Equivalent circuit of single
electric dipole antenna. electric dipole.

2h=6cm, L = 6,5¢cm,
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The radiation resistance of the
dipole ( 2h = 6cm, i.e., 1/17 wave-
lengths ) is calculated as Rrz 0.71Q
at f = 300MHz, The number of turns
of the coil is 20, The parallel admit-
tance value Yy for the 502 -match-
ing has to be very large ({~ 9, 6mm ).
All the conductive surface was Pb -
plated ( the critical temperature of Pb,
Tc~7,2K). The whole antenna set
was submerged in He-liquid ( T =4, 2K)
which is poured into an unsilvered
Pyrex Dewar,

The input admittance locus of the
antenna is shown in Smith chart, Fig,3
( for 50§2-cable ). The optimum VSWR Fig, 3. Normalized input admittance
for this case is about 2.3, The optimum of superconducting single
VSWR of the Cu-antenna in a room tem- electric dipole for 50{-cable.
perature was about 1, 08 at f = 310 MHz,

Figure 4 shows the radiated field inten-

sity measured at a distance of 2 apart

from the transmitter versus the fre- 100(* -
quency for the superconducting dipole

and the normal Cu dipole at a room tem-
perature respectively, aB

The total improvement of the field 90+ l

LaaB

intensity due to the superconduction is
found from Fig. 4 to be about 17. 6dB.
The Q values obtained from the reso-
nance curves are about 3, 700 and 100
for these antennas, respectively. The
impedance matching condition in case
of the superconduction changes consid-
erably from that in a room temperature 70+
mainly because of the vanishing of the !

loss resistance of the coil Z_ . The ‘ -
impedance matching is optimized by f
adjusting the stub {( Yo ) and the fre- 50- e e
quency. The frequency shift indicated 296 298 35 38 310 312
in Fig.4 is resulted from the above fre- Freguency (MHz)

quency adjustment for obtaining the opti-

mum impedance matching. The 8-figur- Fig.4. Radiated electric field

ed radiation pattern was obtained for the intensity of single electric
horizontal Polarization in the super- dipole.

conducting state. The working gain of

the antenna was measured by comparing the radiated field strength to that of a
half-wave dipole, and was estimated as about -10.4dB (absolute gain ), which
is 5.4dB less than the gain, -5dB of the superconducting loop with 3 ¢m in dia-
meter (3], The low efficiency compared to a loop antenna is due to the reason
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Fig.5, Structure and feeding Fig. 6. Relative amplitude and phase of two
configuration of dipoles versus number of turns of
2-elements dipole bifilar coil.
array, d=¢ 3,3cm,

that the series inductance ( Z; ) has to be much larger than that in case of the
loop for the matching. The reduction of the gain may be covered by arraying
the dipoles,

DiEole Arrax

We are going to achieve a supergain antenna by arraying the supercon-
ducting dipoles. As is well known, the gain is essentially determined by the
number of dipole elements whatever small the array length is. The 2-elements
endfire dipole array was constructed. The
feeding configuration is schematically
shown in Fig.5. The second element (#2)
is fed via a bifilar coil { Zg ). The ampli-
tude and the phase of the #2 element was
adjusted by changing the number of turns
of the coil to obtain the optimum gain for
the prescribed element-spacing ( 3. 3c¢m)in
a room temperature, The characteristics
of the coil in a room temperature are
illustrated in Fig. 6,

The input admittance locus is shown
in Smith chart, Fig, 7. The radiated
electric field strength is plotted in Fig. 8
with comparison to the single Cu dipole
antenna with #2 dipole removesd and to Fig.7. Normalized input admittance
the Cu 2-elements dipole array in 2 room of superconducting dipole
temperature. The improvement of the array for 502 -cable.
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Fig. 8. Radiated electric field Fig.9. Radiated electric field
intensity of single and pattern of superconducting
2-elements dipoles. dipole array. — ; calculated,

—~— — measured,

working gain is about 21 dB compared to the normal 2-elements array. The
radiated field pattern at the state of superconduction is approximately uni-
directional as shown in Fig.9, where the calculated pattern is for the assumed
excitation of the equal amplitude and the phase difference of 150 degrees for
the two dipoles.

Conclusion

A superdirective supergain antenna has been achieved by using 2-elements
superconducting dipole array. The improvement of 21dB in the working gain
has been obtained by the superconduction.
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