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TRANSM I TTER POLARIZATION CONTROL IN THE EISCAT UHF S YSTEM.

IN TRODUCTI ON

In t he initial system configuration, see Pigure 1, an arbltrary

po l ar i ze t i.on of the transmitted weve may be ach Le-ved by djusting

t he t.wo me cbam ca I phase s h i f t.e r s l and ? By pr ope r not ce o f

t he po l a r i z a t i o n i t; is pos s i.b I e to -p t Lrru ze the powe r a t t.e r-e d

t o e Lther Kl r rna or So anky Lä ana ca a c 11 o ve s ome compr-o.tu s e be­

tween the t.wo . In ... :' ral , p ar-t i cu Lar-Ly a t. low heigh ts , the bes t

c hoice 1S Ii:

Fo r r-e ce p t Lor- Tromsö t.b i s eho i. e 1S e wkwar-d , be c ause the Li nee r

l y p o La r-t ze d ave 15 l xpe r i e ne i no a re.da y r .rt a t.Lon and the le-

ce i ve d ';1 l will GC 'ur at both r-e ce i.ve r ports. The t ....-o r-e ce i ved

s ignals ay be cornb i ned for optimum reception but the mbination

a Lo o rJ nm must be varied with r-anqe , I t wouLc . t.he r -e f or-e , be an

advr n t aqe if the monostatic rad a r cou Ld r tain circular pola r i za ­

t i o n a n d the bistatic radars t.be a r- optimum lin ar: polari z a t i on a t

the same t ime . I n practical ly e Ll. the experiments dev i.ced the wav e

f o r ms designed for thr: monostatic and ~he b_3tut1C situat10ns are

d i f f e r e n t, and t h e y are tran3mi t ted at different f requencies t o

al l o w t hem to be s epe r a t.ed , One might , t he re f o re , imagine t h at t h e

two t y pe s of wa ve f o r ms are transmit te d wi t h d1fferent polariza tion

c i r-c u Lar- fo r t he monostatic wave f o rm and linpar tor the t rista t ic

wa v e f o r m, This wo u l d r-equ i r-e il po Lar-a z e t.Lon switch i ng on a r.u.c r o-.

s e c o n d timescale a n d wo ul d clearly be impossibJe with the mechani ­

c a l pha se shiiters.

In the design of t.ne t ransmi tter cert.a.i.n p r-ov i s i.on s ha ve been made

in t he con s t r uc t i on to pe rm.i t <.1 dcub Linq c f the power by add i nq an

e x tra k lys t ron. In the next section i l. wi ll b e shown t h a t , lr d o n e

i n t he r ight wa y, t he additi on of another klys. ron t o the UHF tr an

mitte r ma y allow the rap~d ~olari/dtion flipPlnq Lo be a c h i e ve d .
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F~, . l P r e s ent pola r i z at i on arrangeme n t .

In the pre sent polarization arrangement the hori zonta l (l-l) and

verti c al (V) p a rts of the f eeder horn are f~d fro m a ne t wo r k io­

cluding t wo 1800 hybrids and two mech a nica l phase c hange r . The

power from the k Ly a t.ron K is split i n two equal p a r ts i n t he first

hyb r i d. The power ratia between the two outpu t s ignals f rom h ybri d

2 can be vari e d at will by changing the phase i n phase chang e r 91 .

The r elat i ve phase of the two inputs to t he feeder horn can b e con ­

tro lle d by ~ 2 . When the t wo i n p u t s are s et equal by adjusting ~ l

and the phase difference is set to ± 90° by ~ 2 either right or l eft

ci rcular po larization results . Whe n ~2 is s e t for O or 1 8 00 pha s e

difference linear polarization re s ults and the plane of polarizat i c

is changed by varying the re lative power to port s H and V by chang­

"Ln q cL,

Ma the ma t i c a ll y the action of the 1800 hybrid c a n be repre s ente d b y

the matrix :

l l

M=
"2 :J2,
L - l
./2 ,12

-,
If the inpu t is e defined by

fe
+ le =

e
2
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-,
and the output by f ,

~ fl
f =

; f 2

then

~ ~

f = Me

Similarly the action

represented by ,

of the phase shifter!fixed section can be

N

o )
+i <fl ~

e J

where ~ is the phase difference between the phase shifter section

and the fixed section~

The action of the total polarization device is :

whe r e the indices refer to the sectians containing the phase

shifters ~l and ~2.

ExplicitY we obtain with

l o I.

= l (l
2

e =
V

l ilfJl
- (l + e )
2

whe r e ~~

Circular polarizations can be seen to result when

and whe n

or 41 2 = ±. 90
0

Linear polarization is obtained by setting

= O, 180 0

The r a t i o of the i n puts t o the feede r horn t hen becomes :

+ tan
$1
2
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The rotation angle a with r e spe ct t o vertical po!arization is ,

therefore :

~ l
a ~ -

2

PROPOSEO NEW ARRANG EMENT
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Fig . 2 . P r op os e d future polarizatio n a r rangement.

Suppose we c on n e c t the present p ola r i zer t o t h e two k l ys trons Kl

and K2 by completely s eparate and inde~endent wave g uide r u n s. This i

not necessary t o achieve d o u b l e power . but it i s requ ired to achievl

the capability f or r apid pol a ri z a tion switching when the power i s

increased. The price t o be paid to accompl i s h p olari zati on switch­

Lnq flexibility when the ae cond klystron i s install e d hence e q ue Ls

the price of the wa ve gui de run between t ransmitter and p o l ar l ze r .

This price must include the cos t of two rot a r y joints a n d a new

duplexer.

The transformation matri x i s the s ame a s befo r e a nd the e xplici t

expressions for e V and e H be come :

i $ e 2( Lte l) +
2

ev =
el

2

e
2

2

(note that $ ~ = $ 2 - 90 0
~ )
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We shall a ssume that Kl and K2 are op e r a t i n g at i denti c al p ower

l e v e l s ( un it amplitude) and that the on ly free paramete r is t h e ir

re lative pha s e, hen ce:

el = l

e 2 = i~e

When • [00 and ~ 2 90° obtain• - 180°
= we

I
l 00

e H =
i~ l

e 1800

i
I °

i " i
, Oev

18 0 0
- le

He n e t-' where ifl; = 900 (or _ 9 00
) the two c i rcu l ar polarizations c a n

be c hosen by setting ~ e i t her to ze ro o r 1 80 0 i r respective o f t he

ve Lue of ~ l .

Suppose next t hat ~ ~ = 900 is reta ined but that the r elative p h ase

~ i s set t o 900
• I t i s then obtained :

~
eos (?

TI- -)
4

e =
V

so that :

- J"2
. ~l,-

e 2 s in

= - t an
TI- -)
4

He nce we have achieved linear polarization with the pla ne o f

polarization rotated t hrough an a ng l e a wi t h re sp~ct t o t he ve r tical
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Since circular polarizations are independent o f ~ l we c an s witch

between c i rcu l a r s and an arbitrary linear polarization thro ug h the

s cheme :

~ = O

~ = 90°

~ = 1 8 0°

CONCLUS IO N

right c i r c u l ar

linear, plane se t by ~ l

left circular

The present nate h a s shown how, in the event EISCAT at some future

d a t e ehoos e s to double the UHF power, a v e ry a d v a n t ageous polari za­

tian flipping scheme c a n be i mpleme nted. The s che me will present

consi de r a b l e a dva n t a ges i n the interp r etation of the monostatic

r adar data a t a eos t whi ch mu s t be c a refu lly weig h e d agaiost .the

a d v a n t a ges .

Ac k n owled geme n t : Dr. Folke stad has made a number o f llseful cornments

a n d several arithmetic corre c t i ons .
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