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This memo builds on the analysis of Komesarcd (AT/21.3.1/010 and /01.} end Kesteven (AT/20.1.1/005
and other memos) on the calibration of AT date, in particular polarisziicn data. It concludes with a

description of the implementation of a calibration scheme in Miriad, The Appendix gives some derivation
outlines for most of the equations used in this memo.

The Response of Ideal Linear Feeds

The AT antennae are equipped with orthogonal, linear feeds (the X and Y feeds). Asthe antennae are on
alt-az mounts, the feeds rotate with respect to the source during the cotsse of an observation. Forming

the cross-correlations between the two feeds on two antennae gives the {our products, Vyyx,1

vy, Vxy
znd Vo x.

For perfect feeds, thess correlations are re)ated 1o the Stokes parameters by:

Vex = I+Qcos2x+ Usin2y
Yoy I - Qcos2x — Usin 2
Viry —Qsin2x + Ucos 2y + iV
Wx = =Qsin2y+Ucos2y~iV.

Tlhe sign conventions are those use in Thompson, Moran end Swenson (1976). Here x is the angle between
the X feed and the meridian to the North celestizl pole, and is measured in the direction celestial North
* towards East. The Y feed is assumed 1o be ofiset another +90° (i.e. towesds the East) from the X feed.

The angle x differs from the parallactic angle, ¥, only in the angle that the X feed is offset from Celestial
North st transit. In the ATs case, the X feed is offset by 45° towards the Eest! (i-e. +45°). So for the

AT, x is the parallactic angle plus 45°. We have essumed that the parallectic angle is the same for each
antenna. This assumption is usually adequate (but see later)

Gain Errors and Polarisation Leakage

The measured correlations are clearly affected by feed-dependent complex gains, gx and gy. These gains
include both the effects of the atmosphere and the instrument as & whole, Additionally the feeds are
not perfect. They are not perfectly aligned, nor do they transmit & purely linear wave (the feeds would
itransmii an elliptically polarised wave). Misalignment of, say, the X feed results in some of the ¥ signal
being present in the X channel (i.e., the Y signal leaks into the X chanrel). Similarly the ellipticity of
the X feed means that it has a finite response 1o the ¥ signal, but with a phase lag of 50°. The net

1Because the twa AT feeds are offsel by plus and minus 45%, the assignment of :ne names “X" and “¥" to the two
feeds is fairly arbitrary. ‘The RPFITS writer names the feed a1 +45° as the X feed, end the feed a1 —45° 2 the Y feed.
This naming convenlion Las been preserved in both AIPS and Miriad. However, the convention used here (the normal
convention?} is for the Y feed to be 4+90° relutive to 1the X feed (rather than —-90°}. To follow this convention, the Vy y

and Vy x correlations have to be negated after being resd from the REFITS file. Thu s1¢p is cwTently performed by the
ATLOD 1asks in both AIPS and Miried.



result is that each channel is a sum of the desired pelarisation signal, plus some complex factor, D (1he
leakage parameter), times the orthogona) polarisation signal. That is

Ey = Ex + DxEy
Ey = Ey+DyEy,

where £ is the actuel signal, and E is the error free or ideal signal. If the Jezkage is only a result of feed
misalignment, ¢, and feed ellipticity, #, it wil) be given by

D _ —cosfysingy +isinfy cosdx
X cos @y cospy +isinfy sin gy

—¢x + 18y

Dy = cos By sin ¢y — isin fy cos gy ‘

cos By cos gy + isin By sin dy

gy —ifly.

s

&

The approximations are for small ¢ and 6.

Apart from the the sign convention for Dy, the leakg.ge parameters are the same as Kesteven’s { param-
elers. ‘

If misalignment and ellipticity are smell and are the only causes of pelerisztion leakage, the leakage
peramelers are simply related to misalignment and ellipticity errors. For the sake of physical intuition,
as well as brevity, it is convenient to spezk of the real and imaginary parts of the leakage as being &

result of misalignment and ellipticity. However, the resulis in this memo go not dependent on small angle
approximations of misalignment and ellipticity.

Feed gain and polarisation leakage results in the measured correlations being related to the desired ones
by

Vix/(ox19%2) = Vax +DxiVox + DyoVxy + Dxs DWWy
Vey/lovieva) = Voy + DyiVyxy + DyoVox + Dy Dy, Vxx

Viy /(gx16%2)
Vo x /(avagis)

Vay + DiiWy + DypVxx + Dx1 Dy Vay
Wx + DyviVxy + DY Wx + Dy1 Dy Vi x,

where the subscripts 1 and 2 refer 1o the antenna numbers of the baselige.

As the leakages are typically small (3072), we can neglect the products of lezkages (D x D terms). We
can now write the measured correlations in terms of the source Stokes parameters

Vix/{lox19%2) = I—iV(Dx; = D)

+Q(cos 2x = (Dxy + D,)sin2x) + U(sin 2x + (Dyy + D%2)cos2x)
I+ iV(Dyy — D})

—Q(eos 2x + (Dy1 + Dy,)sin 2x) — U(sin 2y — (Dy; + Dirg) cos 2y)
I(Dx3i + Dyq)+ iV '

—Q(sin2x + (Dxy — D) cos 2x) + U(cos 2x — (Dx1 + D35 sin 2y)
I(Dyy + Dyy) = iV ‘

V}I’}’/(QYZQ;'Q)

V;;Y/(H).’Jg;'z)

Wx Havioxs)



=Q(sin2x = (Dy3 - Djp) cos2x) + Ueos 24 + (Dyy + D,) sin 2x).

The above equations describe the general, or “strongly polarised” case,

If we assume that the source is weekly polarised (cr unpolarised) and neglect terms in Q x D, U x D and
V % D, we get

!

Vix/(ex1052) 7+ Qcos2y + Usin2y
oy /(avigys) = I1— Qeos2y~ Usin2y
Viy/oxigys) I(Dx:+ Dyy) —Q@sin2x + Uces 2y +4V
Vo x /(8y18%2) I(Dys + Dyq) - @sin2x + U cos 2 — iV.

We call these the “weakly polarised” equations. Though these equations zze never used in the calibration
procedure that we describe, it is instructive to exzmine these 1o see what can (and cannot) be determined
from an observation of & weakly polarised source.

Time Scales for the Gain and Leakage Terms

The leakage parameters are most likely determined by the mechanies of tke {eeds, and so should be stable
with time. It would seem & good assumption that they do not vary over the length of an observation.

However the phases of 1he feed gains, g, may change comparatively repidly (the order of minutes to

hours). These phases will be determined by the atmosphere and, on 2 longer time sczle, instrumental
veriations.

The atmospheric contribution for the X znd Y gain should be identicel, as they. are Jooking through
the same atmosphere. Indeed this has been implicitly assumed in the desivation of the abaove equations.
On the other hand, the instrumential phase contribution will differ between the two channels, and this
diflerence may vary wilh time. For the AT, this difference is measured by coupling 2 common noise
signal (of the order of 10% of T}, ) into both feeds of each antenna. The phese of the correlation between
the two feeds of the same antenna is 2 measure of the instrumental phese difference between the two
channels. There is reason to believe that any such instrumental X-Y phese meesurement will be oflset
Trom the correct value by a small constant value, For example, this mey be because of asymmetries in
coupling the noise signal into the two feeds. In the current AT hardwere, this measurement has some
shortcomings. At best, it contains a ceriain amcunt of noise (up to severzl degrees), while at worst it can
produce erratic measurements {especially at 20 cm). Although plans are well advanced to improve this
situation, there are some suggestions that the X-Y phase differences for the AT may be constant over
the course of an observation (provided setup perameters such as the delays are not changed)

Current Calibration Practice

Although the equations for helical feeds (measuring circular polarisations) are mildly simpler than the
those for the linear {eeds, there is a more important practical difference. Here Var and Vi, for idesl
feeds, zre purely a sum and difference of 7 and V (i.e., independent of Q znd U). For many sources,
particularly calibrators, it is 2 good assumption that Stokes V = 0. This means that the Vag and Viz
correlations are good measures of Stokes I (1his also ignores the leakage of @ and U into the estimate of
‘T, which is presumed negligible here). This allows the AIPS task CALIB 10 determine feed gains of Vag

and V7, independenily, and without regard Lo scurce polarisation (apart {rom the assumption thet V is
zero).



One AT calibration schemne would be 1o use thi epproach, that is to d:iermine gains from Viyx and
Vyry. Unfortunately Vyx and Vyy differ from Siches T by Qeosy + Uen2y. This term may well be a
few percent, and will vary with parallaciic angle. This will result in time

arizble errors of a few percent
in the amplitude solutions. This is complicted furiher by the linear polarisationr charactenstics of many

calibrators being unknown and probably variable with time (over monthe) and frequency,

An elterpate calibration scheme is to form Stokes 7 = (Vx

Although this eliminates the terms in Q znd I, 1l introduces another protlem - if there are mismetches
between the gains of the X and ¥ channels, 1hen ihese do not manifest themselves as a closure error in
1. They are closing in Vy» and Wy, met Vax + Vyy. Thus these instrumental gain mismatches will
not be correctly eliminated by CALIB. The AT s cn-line sysiem allempis 10 reduce these mismatches,
firstly by producing data which lLes been neminaily amplitude calibrated (with the primary calibrator
say, at the beginning of the observation), and secondly by measuring the X-Y phase, However at some
level instrumental gain mismatch errors will exist. Some measurements suggest that the time varying
amplitude mismatches can be several percent under bad conditions. Errors in the current X-Y phese
measurement system probably introduces much worse mismaziches, partictlarly at 20 cm.

x = Vry) and use 13is in determining the gains.

e

The problems with these schemes affect CALIB whether it is used in is primary calibration or self
calibration moéde. It is, of course, possidle to io primary celibration’in one of the schemes, 2nd self
calibration in the other. This choice would depeud on whether instramensal gain mismatches or source
linear polarisation would result in a smeller error in the gain solutions. Additionally, if the program
source is unpolarised and Vyx and 14y are self czlibrated (rather then self calibrating Vyx + Wy ),
then any errors made in the primary czlitration can be self calibraved ous, -

These problems elso affect observations regardless of whether the observer is interested in polarisation

- information or not. However gain errors are more significant in polarisation observations, as they result

in portions of I corrupting the other (usually muck weaker) Stokes parameters. In these observations,
the polarisation leakage parameters, D, also become significant.

Determinable Quantities — Weakly Polarised Case

A patural question is what we can determine sbout she gain and leakage perameters from an observation
of & calibrator. Firstly we consider the weakly polarised case (i.e., we consider the “weakly polarised”
equations). Generally the gains, lezkages and X.Y pheses can be determined{down to some offsets -
see later). Roughly speaking, the gains are determined from the V/ 'x and Vyy correlations, whereas the
leakages are derived from the Vyy and Vy x correlations. Note that, iike gains, leakage parameters are
antenna based - not baseline based, and so whereas the number of unknows leakages goes as the number
of antenna, N, the number of measurements goes as the number of baselines N{N —1}/2.

ey .

In addition to gains and leakages, if there is good parallactic angle coverzge, the values of Q and U for
the calibrator can also be determined. The {act that Q 2nd U can be disentangled from the leakages,
even if their eflect is smaller than leakage of 7, is 2 consequence of the parallactic angle coverage. Leakage
of I into Vxy and Vyx lead 1o a constant signature, whereas Q and U lead to a signature that varies
as sinusoids of the parallactic angle. Note that in considering the Viyx an

not possible to distinguish variations caused by polarised flux density
Aand?Y.

d Vyy correlations alone, it is
from amplitude gain variations in

Given good parallactic angle coverage, this ability to disentangle @ zrd U from leakage of [ is an
advantage of an alt-az mount over an equatorial mount (or any telescopes with fixed x). That is, from

the observation of a calibrater, an alt-zz telescope can simultaneously deiermine instrurmental leakage
parameters and linear polarisation, whercas an equatorial telescope cannot.

Unfortunately, for a weakly polarised calibrator, there is no way to distingrish between V and leahage of
I. Note that we can incorporate an unknown 1V within the leakage terms tv

V
Dy — Dy +17.




Note that observing a weakly polarised calibraior gives “relative” solutions only. The misalignment and
ellipticity of one feed, and the X-Y phase of one antenna have to be assumed in the solution process.
This is somewhat similar to solving for relative antenna phases when calitrating data (the phase of one
anienna can be arbitrarily set to (). However the “relative” solutions of misalignment, ellipticily and

X-Y phase difier fundamentally from “relative” znienna phase, in that “zbsolute” quantities zre needed
Y ¥ ) g
for the calibration of some sources.

To see that only relative sclutions are possible, consider the “weakly polzrised” equations. Here we can
add an arbitrary offset 1o all the Dy lezkages. then subtract the conjucete of this offset from zll the
Dy leakages, and the Dx + D term remains unchanged. Physically, =t lezst for the real part, this
tells us that we cannot solve for source polasisztion pesition angle and zisolute alignment of the feeds
simultaneously. This certainly agrees with intuition. We can determine the alignment of the feeds relative
to each other, but we cannot solve for the zbsolute alignment of the fezds 25 we have not Eiven some

ebsolute reference frame. We have to assume one feed (the reference feed, e.g., the X feed of the reference
antenna) is perfectly aligned.

Similarly we cannot solve for abselute ellipticity. though the physical rezscns behind this zre more zrcane.

While the relztive X and the relative ¥ phases z:e well measured, the rhase offset which ties together
the X and Y phases is poorly measured by an cbservation of a weakly polerised source. To see this, note
thet the Vxx and Vyy correlations do not depend on this X-Y phase cTset ~ only the Viyy and Vv x
correlztions do (i.e., the gx1g}, like terms are cnly present in the cross po.erisziions). For en unpolarised
source, and idezl feeds, the Vxy and 19 x correlations will be pure noise. znd we cannot hope 10 tse
this to infer the X-Y phease! If, however, thers wes appreciable leekage. then-the X-Y phese could be
determined from the leaked signal in the Vyy and Vyx correlations. However any such estimate of the
ofiset would be fairly noisy - it is probably better 10 measure the X-Y phase directly, and 1o observe &
strongly polarised source to determine errors in this measurement.

Determinable Quantities — Strongly Polarised Case

The equations dealing with the sirongly polarised case are somewhat more involved. We can again solve
Tor 2i] the quantities in the weakly polarised case. In addition we can soive for absolute ellipticity and
the X.Y phase offset (i.e., we can tie the ¥ phases to the X phases). Obviously, though, we still cannot

solve for both the source polarisation position angle as well as absolute elignment. We can, however,
solve for either one, given the other. -

Needed Quantities

It is useful to determine what errors are introduced if the program source is calibrated with the relative,
rather than the absolute parameters. To examine this, we give linearised equalions expressing the nominal
Stokes parameters (i.e., the Stokes parameters formed by using the nomine! gaing, and ignoring the leakage
terms) in terms of the true Stokes parameters.

Assuming that the nominal gains, ¢/, have 2 relative error ¢, that is:

g—f =1+ex
gx
£y
o= 1+ ey,
Gy

then the nominal Stokes parameters (I'.Q".U"V

') are related 1o the true Stckes parameters (7,Q,U,V)
by

o



1 . - . .
I' = I+ 5(1(++ ~ Q7T sin 2y — (77 cos2x) + U™ ¥ cos 2x + ¢ F sin 2x) + V()

1 , ¥
Qf - Q+§(_J(t-—-rsin2x_c-r-r C0521)+Q€++—U(-+hiV(E_—c052X+C+" siDQX))
U = U-}-%(-{-I(c'*cos?x-i-(** sin2y) + Q¢+ Uett — iV (¢~ sin2y - ¢¥- cos 2x))
1 V' o= Va4 %(-IC“ = Q77 eos Ix + {7 sin 2x) = U(e™ " sin 2y — (* cos 2y) + iV )
1
; where
¥t = (exytey) 4 {2 +e32)
e (ex1—ey1) = ek — §q)
€T = (exy—ey1) 4 (€% — €32)
i (" = (Dx:—Dy1)+(Dy; - Dyy)
‘ (¥~ = (Dx1+ Dy1) = (D%, + Dyy) ‘
| 7 = (Dxi—Dyva) = (Dxz - Dyy) -
1 ¢ttt = (
|

Dxy+ Dyvi) + (Dx2 + Dy ).

Of the seven parameters, four of them are not dependent on knowing absolute alignment, ellipticity and
X-Y phase. That is, these four can be determined from the relative values alope, as the offsets cancel

| out. So these four can be determined purely from observations of a weeakly polarised (or unpolarised)
‘ source. Of the remaining three:

¢ €% depends on knowing ebsolute X-Y phese. Not knowing the absolute X-V phase ceuses @ and
U to corrupt 7, and I to corrupt Q and U. I the program source is strongly linearly polarised,

and/or if Q and U are of interest, it is important to have a good estimate of the absolute X-Y
phase,

* ("% depends on knowing absolute alignment. This misalignment czuses some error when resolving
the linearly polarised component into Q 2nd U (i.e., @ and U corrupt each other). The percentage
linear polarised flux density will be correctly determined, but the deduced polarisation position
angle will be misaligned by the unknown feed misalignment offset. As this will typically be less

than a degree, knowing absolute alignment is only necessary if polerisation position angles are
needed to better than a degree. ‘

Uncertainty of the absolute alignment is similar to uncertainty in absolute position. It is still possible
to produce an artifact-free, self-consistent image, which is still adequate for many purposes.,

» (*~ depends on knowing absolute ellipticity. Not knowing absolute ellipticity causes V to corrupt
@ and U, and Q and U to corrupt V. Absolute ellipticity is consequently needed only for those
sources which are both linearly and circularly polarised.

The conclusion is that the relative parameters determined from a weakly polarised calibrator are adequate
in calibrating the program source if either:

* Polarisation of the program source is not of interest, and either it is weekly polarised, or the on-line
X-Y phase measurements are good, or )

* Linear polarisation of the program source is of interest, and the on-line X-Y phases are good, the
source has little circular polarisation, and polarisation position angles 1o better than a degree are
not needed, or

o Circular polarisation of the source is of interest, and there is little or no linear source polarisation.




Observing Strategies
An observing strategy is:

¢ Intermix the observaiions of the program source with the seconczry phase calibrator, as usval
This should give good parailactic angle coverage of the secondary. Assuming the secondary is
weakly polarised, feed gains (including relztive X-Y phase offsets), relztive leakage paremeters and
calibrator @ and U cen be determined.

o Observe a “position zngle” calibrator (normally 3C286 or 3C138) i1 a short peried (10 minutes).
As this calibrator is strongly polarised, with known pesition angie, this observation can be used

to determine the X-Y phase, alignment and ellipticity offsets to convert the relative parameters
determined above to sbsolute parameters.

» Observe a flux calibrator {normally 1934-838) for a short period {20 miputes). This calibrator is
used io determine an absolute flux density scale.

Depending on the astronomical requirements and the quality of the on-_ze X-Y phase measurements,
observing the position angle calibrator may not be necessary.
g )% E

Implementation of a Scheme in Miriad

A scheme to calibrate AT data hes been implemented in Miriad. The mzin tesk, GPCAL, can be used
to solve for feed gains, source Q and U and polarisation leakage parameiers. There are a set of switches
that the user can set to turn on or off the various solver options. Some pertinent details incluge:

o The feed gains are assumed 10 vary on a short time scale (specified Ty the user), and independent
gein solutions are found in each interval. However the X-Y phese difference is assumed 10 be
constant over the observation, so the phese of the Y feed gain is cozstrained to be a time-invariant
offset {from the X feed (there is no constrzint on the amplitudes). This X-Y phase can also solved
for, using all the deta present. By defauit, the X-Y phase of the reference zntenna is not chenged
from its initial value (i.e., GPCAL solves for relative X-Y phase caly), but a switeh can enable
solving for the reference antenna X-Y phase as well (i.e., for a strozgly-polarised source).

* The values of Q and U for the calibrator can be solved for. This requires good parallactic angle
coverage, so that ¢ and U can be disentangied from the leakage terms.

The polarisation lezkage terms can be solved for, giving either relative or absolute solutions. For

the relative case, the leakage parameter for the X feed of the refererce antenna is not changed from
its initial value (normally zerc).

* In addition to determining relative solutions for X-Y phase and lezizge parameters, it is possible
Lo take previously determined relative solutions, and solve for Jjust tkeir absolute offset. This would

be used when converting the solution determined from the secendery 10 absclute parameters using
& “position angle” calibrator. .

GPCAL has knowledge of the Stokes paramete
Perley (privete communication, 1991).
together with spectiral fils.

rs of 3C286 and 3C138. These are based on values given by
Figure 1 plots these polarisation characteristics against frequency

Algorithmically, GPCAL finds a least squares solution. It consists of two basic steps performed iteratively,
The first step assumes the source Q and U, leakages and X-Y phases are known, and so solves for the
unknown feed gains (enforcing the X-Y phase consiraint). This gain solving siep uses an algorithm similar
to that advocated by Schwab (“Adaptive calibration of radio interferor-er data”, SPIE Internationol
Optical Computing Conference, vol. 231, 1880). The second step assumes the gains are known. For
whatever other parameters are being solved for {e.g. Q, U, leakage and X-Y phase), the polarisation



equations are linearised and then sclved. The jteration of the two steps continues unti] the scheme
converges 1o a self-consistent solution, This lypiceily take 4 to 10 iteraticzs.

A number of other Miriad tasks are general]y
Lion. See Killeen’s manual “
end help files.

needed to perform the various steps in polarisation calibra-
Analysis of Australia Telescope Data” (Appendix D) and the Miriad manuals

Calculation of Parallactic Angle

For a given antenna, the parallzctic angle v is given by

cosLsin H
sinfLeoséd~cosLsinfcos H'

where L is the angle between the antenna's azimuih plane and the equetorizl plane, H is the source hour
angle, and & is the source’s apparent dechnation. If the azimuth planpe is parallel {0 the local horizontal
£ will be the geodetic latitude of the antenna. For an east-west array, £
compact array was constructed on 2 tangent plene to the Ezrth (

angle and declination are independent of telescope. The result is
the compact array.

tany =

H

is nominally consiant. The
at statjon 33) so that the source hour
¥ will be indeperndent of telescope for

It is instructive to consider the error introduced in the parallactic angle czlevlation {Aw) by errors in £,
6 and H (AL, A and AH). Using varicus smal) ergle approximations, zezr transit (i.e. small H)

Ay = cosLese(L - 6)AH.
AY = —Hceosbesc? (L —6)AL
AY = —HcosLcos(L - ) ese?(L - §)As

|
Not surprisingly, errors may become significant when the source declination approachs the observatory

latitude. For an error in #, the largest error will occur at transit. On the other hand errors in £ end §
will cause no error at transit, but a maximum at some other time. The smell angle approximations used
in deriving these equations break down at an hour engle in proportion to cse(£ — §). Because the error
equations for & and £ increase in proportion to cse(L — &), the maximum error must increase at least
al 2 rate proportional to csc(L — §). Figure 2 plots the errer in the celenlzted parallactic angle, for a 1
areminute error in £, for £ = —30° and § ranging from —31° to —40°. This shows 2 relatively small error
of 1 areminute in £ can get amplified significantly for sources near the declination of the observatory’s
latitude. For the AT, the value of £ may well vary between telescopes, and vary after moves at the level
of 1 areminute. Consequently, for sources within & few degrees of § = —30°, it may be Decessary to use

a value of £ delermined from the peinting mode] (derived after each move) rather than just the nominal
value. Of course, such a value of £ will then Vary between telescopes.

Appendix: Some Derivations

In this section, we give a sketch of the derivation of some of the basic equations.

For a single anlenna, and assuming ideal feeds, the electric field vectors, Ex and Ey, can be resolved
into components, E; and E,. If X were zero, Ex would equal E; and Ey would equal E,. For arbitrary

Xh
Ey cosy  siny Ey
Uy —-siny cosy Eq
o)

That is, we can relate the electric field for arbitrary y to that for y = ( LEng a rotation matrix, R.




Similarly we can relate the correlations for a particular value of X (Vxx. ¢:¢) to the electric field vectors,
and the correlations that would be measured if x were zero:

Vxx Vxy _ Exy . .\
( VY).’ 1;},}, - EYI ( Exz E}': F
E - -
R( E“: ) ( E;, E )R,
Vis Véa T
= R .
( Vas Vaa R
Thompsen, Moran and Swenson give the relationship between linear corz¢lations and the Stokes param-

eters, when x is zero:
Vis Vie \_f I+Q UwiV
Vas Voo /T \U=V I-Q )

So the correlations for a particular value of ¥ can be related to the Stokes parameters using the rotation

melrix. .
(Vxx Vxy ):R( I1+Q U+iV ) -7

Wrx Wy U-iV 1I-Q
Expanding this gives the relationship between the linear correlations and <he Stokes parameters Tor ideal
Jeeds.

To account for lezkage, the measured electric fields (£% and E{) are reizied 10 the ideal ones (Ex and

Ey) by the leakage matrix; -
Bx bx Ex -
B 1 Ey

i
TN
)
< -

|

h
TN
oy
S

The measured correlations (Vi x, Viy, Wy and Vi) are related to the ideal correlations (Vxx,
Vyx and Wyy), and the Siokes parameters, by:

VJ'L’X v.{.)’ EB.':L /s I
( V;’X V}’,y E‘i’l ( X2 E}'? ) ‘
Ex . . s
L ( E‘i: ) ( Bxz Ey; )L3”
= I ( Vxx Vxy )LET

Wy Wy

I+Q U+iV \ or,.r
L]R(U_11, I—Q ).R Lg.

VXY:

f‘igure Captions

1. Polarised flux density of 3C286 and 3C138: The lines give a least sguares fit through the measyred

points. The measurements were at 327, 1465, 4866, 8434 and 14934 MHz. Note Q 2nd U have not
been measured st 327 MHz.

. Error in Parallactic angle calculation: This gives the error in the zziculated parallactic angle re-

sulling from a 1 arcminute error in the assumed antenna azimuth pzne. The observatory latitude
was —30°, and the source declinations varved from —31° 1o —40°.
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