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Introduction

The fact that the feeds proposed for the AT are to he
linearly polarized appears toc pose problemg when the AT is
used as an element in a VLBI network. This is be-
cause,traditionally, the feeds emploved for VLBI work have
been circularly polarized.

This note 1is intended to show that if one element in,
say a VLBI network iz equipped with a circularly polarized
feed, and another element, such as the AT, is equipped with
a pair of orthogonal linearly polarized feeds, some extra
facilities wi1ll be reqguired, but these need not he very de-
manding. and, 1n any case,they are likely to he required by
future developments in VLBI techniques,

Some comments are included regarding the choice of
feeds for the LBA elements,

A Two Element Interferometer: Circularly Polarized Feeds,

First let us conzsider the case of an interferometer for
which each element is alt-az mounted and equipped with a
pair of feeds, one right hand and the other left hand circu-
larly polarized. Such a system will, of course, be capable
of measuring the Fourier components of &2ll four Stokes par-
ameters. The four correlator outputs (apart from a constant
of proporticnality) are

SRR = [I+¥V] exp i(xa - Xp * $) (la)
Sgp = [Q-1U] exp e, = xp + ¢) {1b)
SLR = [Q+iU] exp-i(xa - Xy t #) (1c)
SLL = [I-V¥] exp—i(za ~ Xp t @) (1d)

Here I ,Q .U , and ¥ are the spatial Fourier components
of I, Q, U and V respectively, Xa and Xy are the parallactic
angles at the +two telescope sites,” and ¢ is the phase
difference between the downcoming rays at the two sites,
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Clearly,., =ince X and ¥, can be calculated at any time, a
measurement cf & alone yields [1 +V]. 1If it is known that
fvi<< I . thi=z one measurement then allows us to estimate 1.

A Two-Element Interferometer: One Element with a Circularly
Polari1zed Feed, the other with Orthogonal Linear Feeds.

If one interferometer element has, say, a right hand
circularly polarized feed, and the other element has a hori-
-ontal (x) and a vertical (y) linearly polarized feed, each
connected to 1ts own receiver, then ,clearly, it must
be possible to utilize the system in such a way as to eati-
mate S R and 8 This follows because, with a pair of
orthogénal lingarly polarized feeds,we can, 1in principle,
always ‘synthesize’ a right hand or a left hand circularly
polarized feed by adding the outputs with a n/2 phase shift
in the appropriate sense.

However it 18 possible, without any additional
hardware,to evaluate 5 R and S separately by correlating
each of the two 11ne§rly polarized outputs with the circu-
larly polarized output. This yields

Spx

(1 + Vlexp ilx, - ¥y * ¢ - n/2) +

[0 - iU]lexp i(xa Xyt ¢ + n/2)

w
"

Ry f1 + ¥lexp i(x, - ¥y + ¢+

(Q - iUlexp i(x, + xy + ¢)

1f we now advance the phase of SRx by n/2, and add the
result to SRy we obtain

201+Y] exp 1(x, - xp + ) = 28gp
and. on taking the difference,
2[Q-1iUJexp i(xa - Xp * ¢) = 2SRL

(see Equations 1).
(1t should be noted that in the case of an unpolarized
source,the signal/noise for either S or S alone is leszs
by a factor /2 than that for SRR' Tﬁfs is ggcause the feeds
used in measuring SEX or Sp, are not identical, However,
after phase =shiftifg SRx gnd adding, the full signal/ncise
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12 recovered.)

Posaible Options for VLBI

2t the moment mest VLBI experiments involve recording
one sense of circular peolarization (say right hand} from
each telescope.

From the foregoing discussion it follows that one pos-
sible way of combining the compact array output with ocutput
from other telescopes with circularly polarized feeds in a
V1,LBI network is:

1. Record the two orthogonal linearly polarized IF out-
puts of the compact array. Each of these can be subse-
guently correlated with the circularly polarized outputs
from the other elements of the network,phase shifted and ad-
ded,

OCther possibilities are:

2. 2dd the +two linearly polarized RF ocutputs from each
receiver, after shifting the phase of one by n/2 radian,
Thereafter convert to IF.

3. Add the two IF outputs (x and y) from the "tied array’
after phase shifting one by n/2. The phase shift could be
effected by either

(a) A n/2 hybrid in one IF line.

(b)Y A n/2 phase shift applied digitally.

(c) A n/2 phase shift 1n one local oscillator of each
telegcope.,

0f these various possibilities, 2 seems appealing, as
1t requires only one IF channel per frequency, but the en-
gineering difficulties are very great and would almost cer-
tainly make the method extremely eXpensive. The same
considerations probably apply to 3(c).

Methods 3(a) and 3(b) seem to merit serious considera-
tion.

Method 1 hasg the disadvantage that it requires two IFs
and two tapes per channel.However it has the advantage of
not requiring additional hardware. More important: it
seems probable that future developments of VLBI techniques
will involve polarization measurements, For these it will
be necessary to record two tapes per frequency. The AT will
then be equipped for such developments and be at no disad-
vantage. Provided two opposzite polarizations are recorded
at each element of an array all four Stokes parameters may
be recovered.
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Feeds for the LEA Elements

It has been decided that only two IF channels will be
provided for each LBA telescope.At the time this decision
was made, radio link systems were being considered.l1f, as
now seems likely.tape recorders are to be used, the possi-
bility of four IF channels per telescope might perhaps be

reconsidered,

If, nevertheless, only two IFs per telescope are to be
provided, there appear to be two possibilities.

1. Use circularly polarized feeds for the LBA elements,
This would allow the LBA system to operate at twe frequen-
cies simultaneously, =zince, as shown earlier, a single cir-
cularly polarized IF from an LBA telescope, when correlated
with each of the linearly polarized IF outputs from a com-
pact array telescope, can provide a measurement of [I+V] un-
mixed with Q0 or U, With linearly polarized feeds for the
LBA. two IF channels would be required for each fregquency.

2. Use linearly polarized feeds for the LBA, but employ a
system of frequency switching, This configuration should
yield the same signal/noise as 1. above.
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Introduction

The fact that the feeds proposed for the AT are to be
linearly polarized appears to pose problems when the AT 1is
used as an element in a VLBI network. This 1is he-
cause,traditionally, the feeds employed for VLBI work have
been circularly polarized.

This note is intended to show that if one element in,
say a VLBI network is equipped with a «circularly polarized
feed, and another element, such as the AT, is equipped with
a pair of orthogonal linearly polarized feeds, some extra
facilities will he required, but these need not be very de-
manding, and, in any case,they are likely to be required by
future developments in VLBI techniques.

Some comments are included regarding the choice of
feeds for the LBA elements.

A Twc Element Interferometer: Circularly Polarized Feeds,

First let us consider the case of an interferometer for
which each element is alt-az mounted and equipped with a
pair of feeds, one right hand and the other left hand circu-
larly polarized. Such a system will, of course, be capable
of measuring the Fourier components of all four Stokes par-
ameters. The four correlator outputs (apart from a constant
of proporticnality) are

SRR = [I+¥]1 exp i(x, -~ ¥ + &) (1a)
SRL = [Q-1U] exp iy, - ¥ + @) (1b)
SLR = [Q+iU] exp—i(xa - Xyt #) (1e¢)
SLL = [1I-¥V] exp—i(la - ¥y ¢) (1d)

Here 1 ,0 ,U , and V are the spatial Fourier components
of I, Q, U and V respectively, Ya and y, are the parallactic
angles at the two telescope “sites, and ¢ is the phase
difference hetween the downcocming rays at the two sites.
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tlearly, =since ¥ and y, can be calculated at any time, &
meagurement of S alone yields [1 +¥1]. I1f it is known that
Jyi<< 1L, this one measurement then allows us to estimate I.

A Two-Element Interferometer: One Element with & Circularly
Polarized Feed, the other with Orthogonal Linear Feeds,

If one interferometer element has, say, a right hand
circularly polarized feed, and the other element has a hori-
zontal (x) and a vertical (y) linearly polarized feed, each
connected to its own receiver,then ,clearly, it must
be possible to utilize the system in such a way as to esti-
mate SR and SRL This follows because, with a @pair of
orthogonal linéarly polarized feeds,we can, 1n principle,
always ‘synthesize’ a right hand or a left hand circularly
polarized feed by adding the outputs with a n/Z phase shift
in the appropriate sense,

However it is possible, without any additional
hardware,to evaluate S and S separately by correlating
each of the two lineggly polarized outputs with the circu-
larly polarized output, This yields

SRX

{1 + Vlexp i(xy - ¥p * ¢ - n/2) +

[Q - iUlexp i(x, + Xy *+ ¢ + n/2)

wm
1]

Ry (I + Vlexp i(xa - Xy t ¢)+

{Qg - iUJexp i(xa + Xy * $)

1f we now advance the phase of SRx by n/2, and add the

result to SRY we obtain

and. on taking the difference,

2lQ-iUlexp i(xa - Ayt ¢#) = 25,

(see Equations 1),
(It should be noted that 1in the case of an unpolarized

source . the signal/noise for either 3 or S alone is less
by a ﬁactor J2‘than that for Spp. Thils is ggcause the feeds
used in measuring SR or S are not identical. However,

after phase shiftlfg SRngnd adding, the full signal/noise
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Poscible Options for VLBI

At the moment most VLBI experiments involve recording
one cense of circular peclarization (say right hand) from
each telescope,

From the foregoing discussion it follows that one pos-
s1ble way of combining the compact array output with output
from other telescopes with circularly polarized feeds in a
VLBI network is:

1. Record the two orthogonal linearly polarized IF out-
puts of the compact array. Each of these can be subse-
quently <correlated with the circularly polarized outputs
from the other elements of the network,phase shifted and ad-
ded.

Other possibilities are:

2. Add the two linearly polarized RF outputs from each
receiver, after shifting the phase of one by n/2 radian.
Thereafter convert to IF,

3. Add the two IF outputs (x and y) from the ‘tied array’
after phase shifting one by n/2., The phase shift could be
effected by either

(a) A n/2 hybrid in one IF line,

(b) & /2 phase shift applied digitally.

(c) A n/2 phase shift in one local oscillator of each
telescope.

0f these wvarious possibilities, 2 seems appealing, as
it requires only one IF channel per freguency. but the en-
gineering difficulties are very great and would almost cer-
tainly make the method extremely expensive. The game
considerations probably apply to 3(c),

Methods 3(a) and 3(b) seem to merit serious considera-
tion.

Method 1 hag the disadvantage that it requires two IFs
and two tapes per channel.However it has the advantage of

not requiring additional hardware, More important: it
seems probable that future developments of VLBI techniques
will involve polarization measurements, For these it will

be necessary to record two tapes per fregquency. The AT will
then be equipped for such developments and be at no disad-
vantage. Provided two opposite polarizations are recorded
at each element of an array all four Stokes parameters may
be recovered,
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Feeds for the LBA Elements

It has been decided that only two IF channels will be
provided for each LBA telescope.At the time this decision
was made, radio link systems were being considered.lf, as
now seems likely,. tape recorders are to be used, the possi-
bility of four IF channels per telescope might perhaps be
reconsidered,

If, nevertheless, only two IFs per telescope are to be
provided, there appear to he two possibilities.

1, Use circularly polarized feeds for the LBA elements,
This would allcow the LBA system to operate at two frequen-
cies simultaneously, since, as shown earlier, a single cir-
cularly polarized IF from an LBA telescope, when correlated
with each of the linearly polarized IF outputs from a com-
pact array telescope, can provide a measurement of [I+V] un-
mixed with Q or U, With linearly polarized feeds for the
LBEA, two IF channels would be required for each freguency.

2. Use linearly polarized feeds for the LBA, but employ a
system of frequency switching,. This configuration =should
yield the same signal/noise as 1, above,



