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Summary .

The note deseribes a method for evaluating

the east of the feeder system in sueh away

that the feed- investment is as east effeetive

as the investment i n the meehanieal strueture.
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l . OPTI MIZAT ION OF VHF ANTENNA PERFORMANCE .

The Scientific requirements o f EISCAT d ietates that the VHF

a n t e nna co n f i g u r a t i o n be a cyl indrical structure which c a n

be t ilted mecha n i c a lly in o ne plane a n d whic h c a n b e p h a s e d

inta two different directions in the o t he r plane .

In such a s t r u c t u r e the feeder syste m c onstitutes a substantiai

part o f the e ast , particularly when the c yli nd e r is very l ong .

I t therefo r e becomes important t o strike the c orrect balance

between the e a st o f the f eeder and RF distribution sy s tem o n

the o ne side and the reflector s t ruc t u r e o n the o t her .

( l )
l

Il Il ° Ab a

The criter i on used f or the op t imi za t i o n procedure will here b e

tak e n to be the r a tia o f s i g na l p ower t o nois e p ower at the

receive r input . In i ncoherent scatter o b s e r v a t io n s wh ere the

vol~~e of s cattering is determined by the cross section of t h e

antenna beam , the re levant qua l ity fa ctor K is given by :

2(A
e ff

)
K =

Te f f

where: Ae f f = effec tive t r a n s mi t / r e c e i v e ante nna ape r ture

Te f f = effec tive antenna temperature

He r e we have :

( 2 )

wh e r e: A = physica l antenna ape rture

" t = efficiency due to transmiss ion lin e l o s s

"a = e t f tc te ncy due t o no n-ideal i l luminati on

" b = e f f iciency d ue to feeder b l ockage
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The: effective no Ls e temperature may be e xp r e s s ed as :

wh ere: TO = temperature of transmiss ion l i ne

T = noise temperature o f rec eiverr ec

Ta = a nt en na temperature

( 31

Th e antenna temperature Ta may be ex pr essed as:

T ~ ( l - n)T + n Ta sp sky sp ground

where :

( 4 )

Ts ky = the sky tempera tur e

Tground = gro und temperature

Ds p = fraction o f antenna power co up l ed t o ground

ns p depends o n the direction o f beam painting and o n the

ape rture i l lumination of the antenna . The aperture il lumination

als o determines na .

The sky temperature at a frequency of 22 4 1lliz varies between

1 20 and 1200 oK( 1) depending on the direction of the beam in

relat ion to the galactic coor d i na t e systern .

The qua iity factor appropriate t o t he VHF antenna when used

for incoherent scatter observations hence bec omes :

( 51

An optimally designed a nt e nna f or the present pur pose must

be designed to op t i mi ze K subject t o the constraints which

must be i mpos ed . Be low we shall apply th is philosophy in

order to strike a ba lance between the investrnents in reflector

and in feeder system . The constraint wi ll be a given tota l

a ntenna sys tem price. We a lso l imit the d iscuss ion t o a

cylindr ica l r e f l ec t or antenna which appears t o be the only

one which c a n satisfy a l l the requirements of the performa nce

specifications .
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2 . OP T I MI ZAT ION OF CYL I NDRICAL ANTENNA PERf'OR;·1ANCE .

The parabolic cylinder antenna will be assumed to be divided

into N identical sectians, each of width D and of length L.

The total cylinder length hence will be NL .

We shall assume that the feeder elements are of a specific

given type so that the only permissible variations allowed
will be in the size of the ref lector area and i n the transmission

l ine. We shall, in particular assurne that the aperture efficiency

Da remains eons tant when parameter varia tion occurs.

2.1. Functional Dependence of t he Quanti ties i n the Qual! t y Factor.

2 .1.1 . Aperture area.

A=L "D ON

The physical area is somewhat l a r g er, hut we assume the

ratia o f foeal l e ng t h to antenna width t o be given. This

means tha t the aperture width D and the physical area a re

proportiona l . I t a lso means that the feeder elements and

t herefore Da remain the same as D var ies.

2.1.2 . Blockage eff iciency .

The blockag e effic iency nb is a funct ion of L and D. To a

f irst approx i mation one can assume the blockage area to be

c onstant and not vary with D in which case:

o-oc
(l - nbOI- o­ O

( 6 )

where DO is a standard antenna width .

2 . 1 .3. Transmiss ion line efficiency.

The t ransmi ss io n l ine eff ic iency nt is a function of

a ntenna l e ng th L, number of sect ions N and of the type

of transmission line used . We shal l use nt as a free

var i ab le below.



- 4 -

2.1.4. Antenna ternperature.

The antenna temperature depends jointly on sky naise and

antenna as in (4) . The sky temperature depe nda on the

beam painting in re lat ion to the galaetic coordinate

system. The spillover efficiency ngp depends on the

antenna painting re lative to the Ioeal environment .

2 .1.5 . Transmission line temperature .

The transmiss ion line temperature TO is primarily determi ned

by the environmenta l tempera t ure . Devi a t i o ns may be caused

by t ransmitter power P
t

coupled with l i n e lasses , hence TO

depends on both P
t

and n
t

in a compl icated manner . We shall

assume i t t o be eons tant near t he environrnenta l value .

2.1.6. Receiver t e mp e r a t ur e.

The effec tive receiver temperature is entirely determined

by the quaiity of the receiver and does not depend on n
t

or on D.

2. 1 . 7 . eost of Hecha n i ca l structure.

The mecha nical eost depe nds p r imari ly on L , D and N, i .e.

2. 1 .8 . Cost of t r a ns mi s s i on li n e a nd feeder e lements.

The price of the transmission line depends strongly on

n t ' L and N a nd must be dimensioned t o take the transmitter

power P
t

. The important point he re i s that the transmission

l ine eost is independent of the wi d t h D.

2 .2 . eost Ba lanee between Width and Feeder Losses .

We now attempt t o make K a maximum sub ject to variations in

D a nd n
t

under t h e cons t ra int that the total pr ice be given ,

i. e . :

c = Cm + Ct = eons ta n t ( 7 )
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This means that:

Since we assume that Cm = Cm(D) and

( 8 )

we have : dCm
= (- l 0 6D

dD D
O

(9 )

and :

hence

6Ct
dCt

( 10)= (-l 06 "
d"t t

6" t dCffi det
6il = - ( dD) / (dil)

DO t lt

A change i n ~ t and D subject to the above c onstra int

is adva ntageous as long as the q uaii t y factor increases ,

or öK > O.

From (5) we have :

6K = (aK) 6D +
aD (11l

where :

(~)
aD D

O

2
nt"a

" t "T +(l- nt)TO+Ta rec

ln - NoL-No L oD 0 (1 - " )­
b O bO DO

• K

- l2-"b
D

(12 )

and :
T -Ta O ( 13)

Hence : 6K = (2 -1-) 6D + (2 _
K "b D

A profitable investment in the feeder s ystem can , therefore ,
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be made when :

(2 -

or:

> ( 2 - ( 1 4 )

2
l( 2 - - )

" b

1+0. 5v
1+v

s

(1 5)

where :

v =
Ta-TO

" t T +Ta r e c

Transmiss i on line losses are usual ly e xpresred in decib les

as :

D = 1 0 10910

For a n i mpr o v e d line wi t h better efficiency nt + ön t
the corresponding dec ibel l o s s i s:

D - ~ = 10 109 1 0
l

Th e improvement of one line over the other measured in

decibles becomes :

~ = 1 0 10910 = 10 10 9 1 0 (1

Hence , to first order :

2 .3 . Nume r ical Examp l e .

Numer ica l l y for the EISCAT VHF Cy l i ndrical ante nna opera ti ng

at 2 24 ~lliz o ne may assume (2) :
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> 17 . lQ 6S wedi sh kr.

T = 12S
oK

amin

Ta ma x = 1200
0K

TO = 290
0K

T = 120
0K

rec

Because of t h e offset feed design one may put the blockage

effic iency equal to uni ty:

With a typical value of n
t

of 0 .9 the quantity S will vary

between 1 . 3 5 (at Tamin) and 0.68 ( a t Tamax )

From this it f ol lows that

6C
t

< 5.3 · ~ MSw.kr . when Ta = 1200
0K

Nate that ~ is express in decibel l i n e improvement

associated with the east i n c r e a s e ÖC
t

and that the price

increase encompasses the sum o f b oth polarizations.
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