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lntroduction

The geometry of t he [!SCAT UHF sys te m ; s desc r i bed t ogethe r with

compute r prog rammes used to e va l ua t e requi re d pa ramete rs . We a150

incl ude a programme whi ch selects the optimum linear polarisation
for th e system.
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Points 0 11 or ebove the ear t h ' s surface are described by geographic

latitude and longit ude and he i gh t above sea level or by cQordinates

in the geocentric re t eren ce frame , f i g 1. l t i s ne ce ssa ry t o be abl e

to tran sfonn frem one sys t em to the other .

Sea l e ve 1 1'> wcl l l ·present e d by an oblate e llipsoi d. The ellipse of

revolu t ion hos oblateness f and semi -major (equat or i al) ax; s a,

"he re f = 298 .2,;-1 and a = 63 78 . 16 km, Allen (1973 ) .

The e l li pse o t re vol utt on is sk et che d i n fi g l and descri bed by the

equat ion

/ + g/ = a2 wh e re g = ( 1-f} -2

dz
Oso x + 9Z dx =

and dz x
dx = -

9Z

so le ne = SE. or
x

l = x tan eg

z

,

a

Fig 1. Relat ionship between geograp hi c l at i t ude o and geocenlr; c
latitude e' .



- 5

Subs t ituti ng this expres s t on for Z i nt a the el li pse equa tr on we can

so l ve for x an d z , t hus OQ is de s c ri bed by

Thi s exuros se s OQ in t he qecccntrt c rc re rc nce t r -ame i II terrns o f t.tu­

geogr aphi c coordine te s of Q. Tll f' tnver-se rt-l e t i onshi p is qi ven In a

seri e s e xpansi on i II f by Long (19/4) to a n acc uracy of l pe r-t 111 11/ as

I
Il :; l' t

and

"

f j

"

I ) . 4 l f 211 5 1 r1 0 '., '

where n

In t r odu c i nq t hree ct ne ns t ons and l on qi t ude .1' eas t e f Grl'e nwicp \'I l'

obt a i n , fi g 2 .

OO x (a ( l
- I ta n2n) - I/2 + hcnse ] cos.,= > ~

OOy (a ( 1
-I 2 - 1/ 2

hccse) s; n'l'= ,
" t all il ) +

00, arg t
2 2 -1 / 2 + ns tu..= g (o t o )

It is a150 nece sse ry t o descrt be vec to rs , wi t h or i qi n at Q, in both

the geocent ric re teren ce fr ame and i n the l oce l re fe rence f r-ame a t Q.

We c hoose t he l oca l f rame JS

- I
x sout h
- I
y east
- I
z verti ca ll y up , see fig 2
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Fig 2 . Geocentri c and local reference frames .

The matrices for geocentric to 10ca1, Rg1, and l oca l to qeocent r i c ,

R1g , transforma tions are given by

Rg1 =[ S i n e c o s ~ s;n esin ~
-C:SO]

-51 0 4> cos ~

cos ecQs 4l eos s i nofl 51ne

R1g =[ Sinecos. -5;0 4' cosecose ]
Sln eSln <jl COS 41 cos es in e

- cose o s i ne

where e and <jl are the geographic latitude and lo ngitude of Q.
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3. Antenna pai nti ng direct i ons

The coordi nates of the three ante nnas are l i st ed below.

Wes t e rl und (1977).

T Tromsa K Ki runa S Soda nky l a

la ti t ude degrees 69 .583 67 .863 67. 367

l ongi t ude degrees 19.21 20.44 26 .65

hei gh t km 0.030 0.412 0 . 180

whi ch gives in geocentric coordinates

OT

OK

OS

x
2107.345

2258 .752

2200 .075

. y
734.268

841.818

1104.1 18

z
5955.091

5885.754

5864.472

( km )

and geocentric to l oca l transformation matrices

R
T [ 0 .884995 0.3083361 -O. 348850 ]

- 0 . 329031 0.944319 0.0

0.329426 0.1 14783 0.937179

RK [ 0.867965 0.323483 - 0 . 376823 ]
- 0 . 349226 0 .937038 0.0

0 .353097 0. 131596 0 .926285

RS [ 0 .824933 0.4 13997 - 0 . 384827 ]
-0.448539 0.893763 0.0

0 .343944 0.172610 0.927989

As an example cons ider the transmitting ante nna at Tramso. For

a given scattering point Q the vectar ITQ i n geoce nt ric coordi nates

i s as defined ;n the previous sect;on

Thus TQ ~ OQ - lIT

and in t he 10cal f rame at Tramsa
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lEN ITH
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___-=L__:::::~~--------x SOUTH

Fig 3. Antenna painting in th e-l ocal frame and

polarisation of transmitter/receiver .

The ant enna paintin g i s at e l e vation t: and az;mut h ". see
fig 3 , then

r CO Sf;COSa ~ TOTx
r COS E- S;n ll ~ TOTy
rs i " ,f: ~ TO T,

wn i ch de termines .. and . r i s tne range of Q from Tromso .
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4 . ~l;rro l' di rections and pla sma drift vel ocity

A parti cul ar receiver i s sens i t i ve to the plasma dri ft ve locity

ccmpcnent a10n9 the hisecto r of the angle between the transmitter

and re ce i ver anteune axes , the mi r-ror di rect t on . For the rece t ver

at Kir una t he si t uat ion ; 5 illustra ted i n f ig 4.

Q

T
TROMSÖ

A K
KIRUNA

Fig 4. Mirror dir~ction fo r the receiver at Kiruna .

wher e ~ =

f l and rK are the ranges of Q from Trams a and Ki runa .

I f AQ i s t hi s vecta r normal t zed, BQ is t he mir ror d'i re ct i on f or

Sodankyla and TQ (a10n9 th e antenna axi s) for Tramsa then

TO V = VT
AO V = VK
80 V = Vs

where V i s t he plasma drift vel ocity and VI' VK and Vs are the

componen t s of V det e mn ned by Tr-ons o , Ki runa and Sodankyl a re s pe c t i ve l y .
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These equations may be represented by

A VoV
m

where A ;s a 3 x 3 mat rix wi th rOW5 TQ. AQ and BQ

and t he cal umn vectar

Inverting t he equation we obtai n .

V o)\-1 V
m

To evaluate t his expression fo r V all vec tor-s must be de scr-ibed in

the same re ference frame , most conveniently the loca l frame at Q.
It is then easy to transform If into a appr'opr i a te geomagnetic frame,

e.g . a frame 1'I1th axes pet-pend'icul at- to the maqneti c field and to the

magnetic meridian. positive east lE; perpend ic ular to t he magnetic

field and i n t he pla ne of t he magnet ic meri dia n. positive north .!.N ,

and ant i per-al l e l to t he magne t ic f i e ld " by t he trans fo rmation

where B is a 3 x 3 ma t r ix wt th rOW5 of un i t vec t ars a1009 the axes

of the geomagnetic refe r en ce fr -ame , Ri shbe th ( 1978) .
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5. Transmitter and receiver polar isation

The power scattered in a particular direc t i on depends on the angl e

~ between the eleetric vectar of the transmitted signal and the

scattered direction as t he factor 5;0
2" . If the transmitted signal

;s li nearly polarised one possible chaice of polarisation 15 to

max imi se the products of the power scattered towards Kiruna and

Scdankyl a , L e . to maximise s;n2tjJKsin2 ~,S whe re the K and S refer to

Kiruna and Soda nkyla, Murdi n (1978) . Faraday rotation is not cons i dered.

~Ie describe the polarisation as B antic lockwise from hori znnt e l , see

fig 3 . so that in the Tramsa l oca l frame the elec t r ic vectar direc tion

E i s given by

E = (cos s s in« + sin us i n -cose , c 0 5 13c05 ,). - s in ss tn e s tn •.r, s tn s cos c )

where <"t and l are the azimuth and elevation of the antenna . I f K and
,

S are unit vec tors in the directions KQ and SQ r-espec ttvel y , expre ssed

in the Tromso local f r ame , then
,

COS l/JK = E·K

and

= E·S

so

where

A =
B =

and

C and D are identical wi th S rep l ac i nq K.

Sett i ng 3 := O yi e l ds after sone manipu lation

O = Tcos2 6 + Usin26 + Vcos4 B + Wsin4 ~

whe r e

T = (2_A2_B 2)2CD
+ (2-C2-D2)2AB

U = (2_A2_B2)(D2_C2) + (2_C2_D2)(B2_A 2)

V = (D2_C 2)2AB + (B2_A2)2CD

W= (D2_C 2)(B2_A2) - 4ABCD

which can be so lved for B, to also yield ~K and l/JS '

The rece i ver polar isation must be matched to that of the transmitter.

i. e . the receive r pola risat ion shou ld be in the pla ne of E and the

scatte ri ng di rec t i on , fig 5 . when 6 = n/ 2 - ~ .
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Fi l] 5 . Re ce i ve r polari s ation.

The angle between the polari s a t i on of the re ce t ver , R. and the

t ransmit t ed electric vecta r , E. 1S 6 and enters t he expression for

received powe r as C052 . the pola risation faetar. The max imum is
2 . 2

eos = 51" 1~ .

If R 1S described by " antic lockwi se f r om horizontal in th e receiver

l oca l f rame and E is descr i be d in the s ame fra rne then

C0 52
# = (Acos. + Ssi n.)2

where

A ~

B ~

where

Exs in .... + Ey cas I

Exs;n e OS I - Eys in s i n~ + Ezcos r

1 and are the az i muth and elevati on o f the rece i ve r antenna.

For an e xt re mum in C052 we obtain
2AB

tan2 0 =~
A -B
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Fig 6 . Contaurs of Iromso polarisation ang le that maximi ses the product

of t he received power at Kiruna and Sodankyla. Altitude 100 km.

The three s i tes a r-e ma rked 3S c; re 1es .

Fig. 6 s hows , for an a1tit ude of 100 km , contours of the Tramsa

polarisat ion an gl e t, and fig. 7 the co r respcnd tnq polarisati on faeto rs

fo r Kiruna an d Sodanky l a , C052 = s i rl Filj.7;s essentially the

same as ti g. 6.3 and fig. 6.4 in hurd i n (1978).

Ä. l i nea r l y pol a r i se d signal will s uffe r Faraday rotation. For the

EISCAT UHF f rquency the Faraday rotation i s qi ven approximate ly by

-18}d,l = 10 NeCOS tl dh radians

where e i s the angle be tween the direc t i on of propagation and the

magnetic fiel d, Ne i s electron density and h ;s path length.

The total e lectron eontent of t.he ioncsphe re is o f t he order of

101 7m-2 , Li s zka (1967). so that seattering from the l onos phe re shou ld

pr oduee a Farada y ro tation of no mo re tha n 10 .

Keeping the pol a r i s a t i on settings at Kiruna and Sodanky l a fixed h ut

ehang ing the Tr omso polarisation angle is equ ivalent to in t rodue ing

Far aday rotat ion . The polarisa tion rector-s for Kir una and Sodanky l a ,

COS
2,\ and eos 26s' a re plotted in f i q. 8 when t he Tromso pol ert s a t i on

angle i s red ueed by 10°, eorresponding to a total Faraday r ot a t i on over

the up and down path of 1O( . Thi s shows an i mprcvemen t for Soda nky l a

and a deteriorat i an for Kiruna . Howevar the eha nge is not l arge eno ugh

to i ndieate that Fa ra day rotation should modi fy the cho i ce of op ti mum

polarisation dese r i bed above.
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A c i rcul arl y polarised signal suffers no Faraday rotation. The

polarisation faetar for circu lar polarisation, 1-0 .5 s;n2~ where

the scattering angle is Ii - X, i s plotted in fig. 9. This is inferior to

the situation of (ig. 8. At higher altitudes the polarisation faetars

for circular polarisation improve and circu lar polarisation may be
pre fe rab l e ,
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o~
~00.

• >-

!7 l
Fig 7. Pola risat ion factor s , si n2 wk for Kiruna (top) and Si n2 ~s for

Sodankyla (bot to m) correspondi ng t o t he t ransmitter pol ari sa t ion

shown in f ig 6. The po lari sation facto r ;s the f ract io n of power
r ecei ved due t o pol ar i sation nitsmatch between transmitter and

receiver .



1(, -

(j
~------')-

•

Fig 8 . Polarisation fa et ars, C05
26 , for Kiruna (top ) and Sodankyla

(bottom) for the t ransmi tte r po larisati on of f ig 6. - 10 ' ,
corresponding t o to t a l Faraday rotation of 10'\.
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0.8
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0.6_~,(

0.7 -.......-f_

Fi g 9 . Polari sation fa ctors , 1- 0. 5 s i n2 • for Kiruna (rop) and

Sodankyla (bottom). Ci rcula r po larisation. Alt i tude 100 km .
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6. Prog ra mme s

l . Subroutin e eDOR

Purpos e : ca lculation of the ant en na pai nting di re ct i ons and the

mirror directions.

Input: coordinates of the scattering point Q. Ei ther geographic

l at i t ude and l ongi t ude and alti tu de or range , ele vation and

azimuth from Tramsa.

Outpu t:

1.

i n l abe lle d common block SCAT

Range , azimuth and e levation of Q from Tramsa , Kiruna and

Sodankyla.

2. The nrirro r di re c t i ons :1\ qeocen t ri c coordtne te s , the

uoit vectars TO, AQ and BQ.

3 . The antenna di rect i ons in the Tramsa 10ca 1 f rame , the un t t

veL tors TOT . KOT and SOT.
4. The an gles be t wcen the transmi t t e r and receiver antenna

a ,,1;::-> K and S ·

Othe r rout ines requt red:

ROTATE
VECANG

2. 5ubrout ine WIND

Purpos e : cons tr-uc ts the matrix, ilAT , that transforms t he t hree

nea sure o components of the pl asma dr-t ft vel ocity in t a

t he vel oc i t y vector t n a geomagne t ic f r eme .

Input : l a t i tude , l ongitude and a l t i tude of seattering poi nt O

and t he mi r-t-e r- di rec ti ons i n geocentri c coord i nate s.

the unit vectors TO , AQ and BQ.

Output: t he 3 x 3 transfo r ma tion ma t r -i x ~,lAT

Other rout ines requi re d:

ROTATE
NIN V - matrix inve rsion

FELDG - IGRF 65 geomagnet ic field mcdel .
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3. Sub ro utine POL

Purpose: to calculate the polarisation factars for Kiruna and Sodankyla.

Input : un i t vectors KQl and SOT in the Tromso 10ca1 frame and the

az imuth and e levation of Q, t he scattering point. from Tramsa .

Ki runa and Sodankyla.

Outpu t : the pola risation angles (antic lockwise from horizontal ) f or

Tramsa , Kiruna and Sodankyla, POlT, POLK, POLS.

The angles between the electric vectar ;n the transmitted

wave and the receiver antenna axes, ~K and WS'
The pol er t sa tt on factars for Kiruna and Sodankyla , FACK and

FACS. FAC 'in2• .

Other raut i nes required:

ROTATE
VECANG

Comment: the code vari.ab le IND has the rneaning

IND = l PDLT • POL K and POLS input

IND = 2 · K = ~/ 2 ; maximise power at Ki runa

IND = 3 . S = n/ 2 ; maximise power at Sodankyla

IND = 4 maximi se porduct of powe r rece i ved at Ki runa and

Sodankyla.

4. Sub rout i ne VOlFAC

Purpose: to calcu1ate the received signal power for a given scattering

poi nt and pulselength, Murdin (1978) , for matched polarisation.

Input :

Outp ut :

range of scattering point Q fram the transmitter and

receiver antennas, the angle between the two antenna

axes and the pulselength.

s i qna l power
- N

e

5. Subrout i ne ROTAT E

Purpose : t rans formati on of avector i nto another f rame of reference

Input: 3 x 3 t ransformat ion rna t. r i x ROT. Input vcct.or VECIN.

Out put: VECOUT, the vect or in the new re fe re nce f r ame .

6. Subro ut i ne VECANG

Purpose : to compute t he angle between two uni t vect or- s .
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