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Summary .

The nate describes a method t o phase steer a linear array

antenna to a discrete number o f direction by rearranging

the sequence of phase cables that are c onnected t o each array

element . The phase cables must be precut t o specific lengths

that are evaluated .



OI SCRETE PHASE STEErtING BY ?E~~UT ING PRECUT PHASE CABLES .

l. I ntroduction .

In May 1978 a cheap method to phase steer the EISCAT VHF c y l i nd e r

anten na wa s proposed by the author . The method uses phase cables

that are connected t o each array element . By permuting th e s e phase

cables , e .g. disco nnect them and then co nnect them t o another

element, in specia l ways , it is possible to scan the beam t o a

large number of d irections . A simple example illustrates the idea .

Cons ider a l i n e a r a r ray of N=6 elements with spacing d=0 .5A, and

N =7 phase cables with le ng ths equal to a constant plusc

,(i
i

i O, l , 6= 71. 0
= . . . ,

wh e r e AO is the wavelength at the center freq u e ney , and I i i s the

length o f eable number i . The sequences o f eables a l o ng the array

a nd the c orresponding scan angles are shown in the t abl e below .

The six arra y elements are n umbe r e d successively j = l , 2, • . • , 6.

I
Scan angle 1. 0Array element numbe r : l 2

I
3 4 5 6

e n=arcs i n(~I dl

for n=l O I l 2 I 3 4 5 61 16 .6 deg,
7 7 "4 =00 7 7 7"< ~

o ..;

I'" O 2 4 6 l 3~ • for n=2 : , 6 2
= 3 4 . 8 degu u 7 7 I 7 7 7 7

~
~ ~

i I~ 00 O 3 6 2 5 lO' m for n=3 : I 6 3
= 59 . 0 deg

~ '" 7 7 7 7 I 7 7
<Il o. ,

The t ab le shows sca n a ng les o n one side of broads ide . The same

s ea n angles o n t he other side of broads ide are , o f eourse ,

avaiable i n t he same wa y , but with the a r r ay e lements n urnbe r e d

i n the opposite d i reetion .

I n this ar r a y i t wa s possible to rea ch thr ee sean ang les on either

sid e of broadside wi t h 7 phase eables on ly . That wo uld have been

possible i n a 7 e lements a rrayas we I l .
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In l arg e r arrays more sean ang les may be reached in a simi lar

way .

2 . Optimum Choice of cable Lengts .

The possible sean

found as follows ,

angles for a linear array wi t h N elements is

u s i ng N phase cables .
c

Let Nc > N . The N
c

phase cables are chosen with lengths equal t o

a eons tant p lus

i = O, 1 , ... , N - lc
( l )

Thu s , the phase of cab!e numbe r i is

1=0,1 , ... . , N -l
c

( 2)

Th e phase progression from one array element t o the nex t is

assumed t o be

where n i s an integer and n < Nc . The sean angle from

broadside wil l t he n be

( 3)

1.
0. ( n )= a r c s a n --dNe

( 4 )

where d i s the element spaeing .

Le t the elements in the array be numbered success ively as

j = l , 2 , • .• , N . If t h e sean ang1e in Eg . (4) is t o be reached ,

t he p h a s e exc i t a t i o n ~. of the array elements mus t give the
J

phase progression in Eg . (3) . Thus

t· =
J

2 !U.
TI N

c
j= l , 2 , .. . , N ( 5)

One cond i t ian f o r the phase cab1es i n Eq . ( l) a nd (2 ) to be

us ed t o obta in t h e phase e xc i ta tion If!j , i s t hat

o < If! . < 2 1T
- J

( 6)
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Th erefore ,

I nt lnN
i »
c

j= l ,2 , . . . , N 171

where Int (x) is a f u nc t ion t aking the integer part o f x. The

p h a s e e xc i t a tian in Eq . (7) g i ves the same sean a ng l e a t the

ce n t e r fr eq u ency as t he e xc ita t ion in Eq . (5) .

It i s evident that fo r any a r r a y e l ement jl in Eq , (7 ) i t i s

possibl e t o find a phase c able il in Eg . ( Z) so that~ . = ~.
J.1 J 1

Sut there is only o n e c abl e il with phase ljl . , s o that any
-- 'l

o the r array element j2 (j2 f jl) must have a phase excitatio n

1> • f <p. • In o t he r words I the phase exci ta tian in Eq . (7 ) is
J 1 1. 1

po s s Lb Le with the phase cabl es in Eq . (1) if Eq . ( 7) never

repea ts any o f the c a b l e phases in Eg. (2) . Thus, for any two

array elements jl and j 2 ' j 2 + jl

181

I t is c onvenient t o choose j 2 > jl Eg . ( 7) give s

njl ni l f
n j 2 nj2

2 rr(-- - I n t (...,..-I ) 2 rr (- - - In t l...,..-I IN Nc c c c

or n( i
2-i l

) n j 2 n jl
f I n t l...,..-I - I n t l...,..-INc c c

Th is equation is satisfied if and o n l y if

191

f I 110 1

where I is any integer number and ( j 2- j l) = l, 2 , . . . , N-l .

Co ns i d e r two cases :

a ) Nc i s a prime nwnber . Eq . ( 1 0)

because n < Nc and j2- j l ~ N-l

is then always satisfied

< N
c

bl Nc is not a prime number . Let N
c

be factorized i n its prime

factors Pk.' k = 1,2 , . . . , K.
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N
C

=
K
TI Pk

k=l
( 11)

Let a lso Nc be factorized in any tWQ integer f a c tor s Fl and

F 2 I e .g.

( 12 )

Eg. ( l a ) is not satisfied when

n = l 'p
l /, ' = l, 2, . . . , - l ( 13)

because wh e n j2 - jl = F 2

= 1. ' = I ( 14)

Thus , because j2 - jl < N - l < Nc ' Eg. (10) is satisfied

when n has no common facto rs with Nc ' e.g .

t ' = l, 2 , • •• I - l ( 15)

( 16)- l• • • Il , 2 ,t =

where Fl is any fac tor in Ne . This is a lternat ively written

Nc
?k

where Pk i s any prime factor in N
c

and k = 1 , 2, .. , ' K .

The numbe r s l ' F l i n Eq . ( 1 5 ) are included i n the numb e r s lP
k

i n sq , ( 1 6 ) when Pk i s a factor in F l r because ,(P
k

= Fl

when I. = F l
?k

The conclusion is as fo llows : Phase steering with the Nc phase

cables g iven in Eq. ( 2 ) is possible to sean ang les en in Eg . ( 4),

i f n i s any i n t e g er less than N
c

t h a t i s n o t a multiple of any

p rime f a c t o r i n Nc ' see Eg . (16) . To be a b 1e to sean the beam

to as many direetions e n as poss ible , i t is neeessa ry , therefore ,

to e hoose N
e

as a pr ime n umbe r, or wi th high va lued prime factors .
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