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Abstract- In this paper. the tW y- vlu~ent h i ah - To luperconductina 
superdirecti o ru.1 antoi!nna array .... ill be .,"alysed and studi",d th",o retica l ly 
",nd experlmentally.Especially on the l inkll whioh now ~xit in thEl ,.tudyina 
process of the superdirecUon,, 1 antellna .rray. we ' ll do. further detailed 
research. In the end •• e .i II obtain the orite r ion whioh the fed sensit iv i ty 
o f the two-element supe rd ireotionai ante nna array reQuires.And the analysi. 
of the experimental result indioates. oompa red with the oorresponding oopper 
array. the radiat ion effioie noy o f the high- To supe rd lreotionaJ antenna 
array wil I have a Inorease of 4--6.9 dB . 

I. INTRODUCTION 

The superdlreotional antenna arraylthe SAA.)has been studied and des lined 
for nearl y half a oentury.By Dow>it I s only feasible in theory. Fr om its 
devolopment prooess.1I'e oan easily fiDd that it has three diffloultles. 

In 1943. S.A.SohelkunoffCI] demonstrated the possibility of the SAA .. 
In 1948. R.H.I'llmotte[2 J pointed that the SAA. had low erflclenoy. And It 

.as one main diffloulty.Then. l. J. Chu[3] demonstrated that the SA A had a 
narrow-band. And this is also a difficulty. After that,Y.T.Ta,l o rC4] found 
that the red sensit lo lty of SAA is poor.And this is another main diffioulty. 

In 1951, N.Yara[S] oalcula t ed the directivity.radlation efficlenoy and fed 
sensitivity of the SAA .. For the nin~ - ~Ie!llent SAA . (array length ; A 14). the 
oa lo ulated r " sult shows;d ireotivity : 8.5, radidti o n ertloienoydX10-· , red 
sensitivity : IX10- lt • 

In 1918. S.A.dacbl.Y .Hohri.S . Ohnuki.K.Achida(6] made a experlmoen ta l study 
~n the SAA •• For thO! r equirement of thd f.d preo ision.they ohose few ~I~ments 
array( two-element) aAd th~y adopted lo.-To superoonduot~r( pb) to made 
antenna eiements and matching network. so the rad iation efflcienoy of the 
array was raised. Their antenna elements were dipole antennas and small 
our r e nt l oops. 

In 1990 . we deslined to use hlih -To superoonduot or to make the two-eiem~nt 
SAA .• and worked out the SAA . 's l ov effiolency problem suooessfully. In 
experimental method, beoause the high-To oonduotor is the fragile ohina< not 
Pb).so •• e manaied to fix tvo half-wave elements on a medium llninl side by 
slde,the linlna I. firm and 1011' In l oss. We oonbined the matohina unit and 
radiation array together. and adoped a Half-Wale Lengtb Balan to eqUilibrate 
feeding.Tbe structure of ou r experimental antenna is shown In fl,. 1. The 
~xpe ri !llent shows that we have achieved satlsfaotory and experimental results. 

II.STRUCTURE OF THE SAl . AND DIRECTIVITY 

Fig.t shows that the distance bet1l'een two elements,d / A « I If the 
point is ohosen appropriately. it can be proved tbat the antenna array 
matoh to e~ery tran'mi ssion line. 

led 
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The dlreotiol'lal iraph of the SAA. is shown in Flg.2. The caloulation o( 
the max direotlvlty o f th e SAA. is f o llowing,Suppose F(9 <I> 1 i ndioates 
unitized electronlo field intensity's directivity of the SAA .. 

F ( 9 , ¢' ) - co s (C n 12) co s e ) sin ( (k d 12 ls i 1'1 9 5 i n 41 II < sin a 5 i n (kd 12 1 ) .. . ••• ( () 

O- .a 1t i f ~ .. Io" P ( e , ¢I ) 5 i A e d e d ¢I ............ (2) 

For half-.ave element, 00 -1.64, so. the i mpro ve d 
Fil.3. From Fil.3. we oan see that the im provement 
sensitive to the unit distanoe in a larie ranle. 

directiVity Is Sh01l'D 
of direotivity is 

i n 
Dot 

Ill. EFFICIENCY OF THE TIO-ELEMENT SAA. AND IMPROVED RATIO 
OF THE SUPERCONDUCTING SAA.'SEFFICIENCY 

Ror a slnale oopper half-.ave element. Its radiation 
hilh. But for the SAA .• the radiati on eietroio (ie ld of 
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fold ove r and counteract in the space. its rad i ati on powe r is less relatively. 
Theref o re. the aftectlon of the loss po •• r in the total po wer of antenna is 
very large. The total po.er of the SAA. is (ollowlng: 

P .. Pr + Pc ... . ............ . ... . . 

Here. Pr----radiation powe r . P c ~---th.a l oss power 
The effloiency of the SAA.: 

I'j · Pr ! (Pr+Pc ... ) . •.•.•.•••••. 

P r " f ~.. f "00. 5 I E ( 0 • q, ) I ,. r ,. sin 'O I it! 0 d q, •• (5) 

," 
or the copper antenna . 

. .. •.• (.a J 

Here. Rs expresses surfaoe resistance o f the co nduot or. To gEneral metal.Rs~( 
W ~ /2c, ' ; 2.Rs Insoreases with (w}''''2.T~ superconduot o r . Rs"w"~~J...:lI'j"(J,, 
12n:here.A.tt".a .. . n are reference quantIties related with superconductlng 

materia l . and. Rs will inscrease with w 2
• 

According t o the dlffere noe of their interna l oompositi o n. superconductors 
oan ' be divided Into polyotystal and singleorystal. There is only one kind of 
composition exlstinK in singlecrystlol. and there are mang kinds of 
composition existing In polycrystal. Ou r antennas a r e made of po lycrystal. 

See Flg .• .!n the fr e quency band o( 500-100 MHz. the Rs of polyorystal 
superooduotor Is less than that of metal(Cu), and the Rs of singoryst.1 
superconductor Is less than that o f po l yery stal super oonductor . 

Fr om Formular 4. we can see. to I ncrease the radiat io n efriciency. 
supe rc onductor can be chosen to made the element. I n Fia . .a. Rs cu rve shows 
that. Rs .... <Rsc;: .. in oorresponding trequenc y band. So that. rad l .. ti on 
efficiency of the SAA. will be improved. 

Figure . S shows thel'j -d cu r ye of oopper array and superoonductlni one. 
The improved efficiency ratio T, 

TalOloa C I"j .... / I'j c;:~) 
he r e. I"j .... --the superoonductor anttenna 's radiat io n e(flcienoy. 

I'j c .. --Cop per anttenna's r adiation efflolsncy. 

IV. FED SENSITIVITY OF THE SAA. 

Fed Sen~ltlvlty of the SAA. is a reference quantity expressing the 
~en$Itlve degree of antenna's radiati ~n field to fed error. By analys~. we 
find that the main cause of error to ~ur array . s that Half Wavelength 
Balan', equal length is not ,tr iotly eq ual to halh-wave~gee Fig . B) 

If the Half Wavelength Balan's length Is strlotly equal to 'A 1 C 12lh 
express cable', conduotive .ave length ). 

Then. the potentai I of the red point A and B oan be expressed as, 
U.·U oe)I";::I· • .••• (7), U::I=Uoe- J1 " " ::I· . • . • (8): 

here.Uo--voltage amplitude of the Half Wavelength Balan's red point. 

• 

But.when lenlth error (AI') exists In transformer.potentall of ted po in t A 
and B .111 be expressed as: 
U I. Uoe J 1 " ; 3 ...... (9) : U • • Uoe - J 1 " ; 3 - .. ) •• ( 10) : (A- ( I 1 '1. ) It .. A I ' , 

Its vector iraph Is shown In Fig.l . 
here. UI'and U.' respectively expresses the rolve"e phase vol tage .hich i s 

fed at the first and the second unit. thes e are the voltages wbioh are 
required f or pr oduolnl superdirectlon. we cIo11 them differential 1II0dei 
yoltages.U,· and U.' express the oommon phase yoltages •• e call thee coomon 
mode' voltages. and they oan't produce superdireo tive radiation. Differential 
model and common 1II0dei exciting are shown in Fia.8 and Fig.9 respect ively. 

The existance of common ~odel current makes the SAA's real efficiency 
dropping correspondingly. So.we·1 I introduce differential mo de l's olfficiency 
quantity I'j ... to doi'lscrib ... this .affection . 

The main results is shown as follo~ , 

.) . 10·'1.o os<A)U o /<s int2nAI· / I' )Zo ) .. . .•.. . ..... tll) 

here.Io--ourrent amplitude or differential modoli. Uo-- voltaae 
tbe Hair Wavelength Salan's red point. AI '- - error lenath 
iavelsnath Salan. I ' --length of the Half Wayele natb Salan 

b). Alo 1 "sin(A)Uo /(2Z ln sin(Kc (A . / 4+A I I» .. lI2) 

Al o.·si n (A)Uo/{'1.Z. " sln(Kc tA. 14-AI») . <13) 
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here. AI ... --amplitude of oommon model ourrent ~hioh is o n the longer part 
from the antenna's matching poi nt. AIoa--amplitude or commo n model current 
which Is on the shorter part from the antenna's matchIng point. A .. - - wave 
len&th of the antenna unit. Z . .. --common model input impedamoe( it oan be 
obtai ned by caloulatlon). AI - -centre distanoe o f fed point. 

0>. 

Pc"'O . SI~Rz: c • . •••.••.••.••.••.. . ..•••..• lIS) 

P"'=0 . 51~Rz:: ... . .......................... (llJ) 

·h ereol .. =lo.amplitudti of differential lIlodel current. 
Id =lol+lo3.amplitude of common model cu rren t. 
Rz::d--differential mode l ' s radiat i on resistance . Rz:c-- oommon 1II0del's 

radiation res ista nce.Rz:d .Rz: c can be obtainOid by oa [oulati on . 
For typioal referenoe quantity : length of element [= 200 mill, radius of 

element a"0.4 mm, interval distance d= 4 , 12 1I1I1l . The graph of rJ d ....... AI' 
calculated curve Is shown in Fig.IO. 

After oomparing the radiation pattern of differential mode l ourrent and 
oommon one's. it can be easi l y found that in the direction ( $ '" 90) the 
differential model current's radiation field is zero. but the commOn one's is 
not. So .we introduce a quantity:E l90o J/EtO C ),jt wi l l be use d to describe 
the influence whioh is added t o the SAl's radiation pattern, this Influence 
is caused by common model our r ent which is pr o duced by the Half Wavalength 
Balan's length e rr or .Accordlng to these analysis, it can be infe rr ed: 

E(90° )/E(O° )-( Kdlo / AI+I)-· •.•.•........ . ..... . ... (Ill 

here.AI--equal amplitude of common model current.!t submit to the relatlon~hlp, 

AIsin(k c: zldz" f 
- J< ~ ~'L .... " 

()o. / t:, ....... , Io1sin(lt .. z)dz' 
Io.sln(k .. (A .. 12-z)ldz ..... (18) 

As the same. ror typical quantity, 
E(90 0 )/E(Oc ) ....... AI· calculatad curve 

1=200 mm,a=O.';: mm. d-';::12 
is shown in Fig.II. 

V.EXPERIMENT MEASUREMENT 

I.The experiment of Improving the efficiency of the SAA.! 

mm. 

In the experiment. tbe element length 1=200 mm. its radi us a=0.4 
Superoonducting material is VBCO.contrastive antenna is made or 

Experimental results are shown in table J. The ratio of improved 
i s shown in Fig.12. 

mm. 
red c~pper. 
efficiency 

In table I. when we oalculate the effiolenoy of the SAA. theoritically. we 
have considered the medium effection of matohing lining and I iquld nitrogen. 
2.Experiment of the SAA.'s fed sensltity : 

The receiving antenna is moved around SAA. 
Experimental results are shown in lible 2. 

v I. CONCl US I ON 

",ncircle measure it. 

The application of the high-Tc superoonducting material has solved the low 
erficienoy pr ob lem of the SAA. succesdui I),. The expe r illlen! and theory s h ow. 
for two-eleillent array, d=4mm.!ll .. O.8mm. the efflcienoy can be raised more 
than 6.5 dB. The using of the Half Wavelength Balan also finely solve the 
fed sensitivity problem. And the effect en direction by fed error is 
controled in a oertain range . 
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Table.l , Arrav referencti' and result Table . 2 , Fed sensi tivi Iy €xper lment 

I mpr oved effiCiency AI ' , ~ , 5.5 16.6 

'0, d exper i lien t calculated Exper I men t 

= vaiuetdBl valuefdBJ va l ue 0.034 0.11 

No.1 • 6.40 6.93 C"aiculated 
value 0.05\ O. 14 

NO.2 , ,1.80 5.39 

No.3 12 3. 60 4..20 
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