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CSIRO Australia Telescope National Facility

The Baseline Ripple Problem:
The Measurement Program at Parkes in June 1998

B. MacA. Thomas, G.R. Graves, L. Staveley-Smith, M.J. Kesteven, R.M. Price

1. Background Methodology

Following reports of extensive baseline-ripple problems during day-time observations
using the new 13-beam H-line receiver, it was decided to undertake an experimental
program to hopefully clarify the major sources of baseline ripple, and as a result, to
recommend either further tests or theoretical studies which should be undertaken next.

The measurement prograrn used two approaches:

¢ Reflectometry measurements, which use a transmitting signal from the feed,
and measures the intensity and distance from reflection points on the antenna,
including multiple reflections, (see Attachment A).

¢ Standard displays from the muitibeam receiver showing, in effect, intensity
variations caused by multiple reflections with the sun as a source. The
antenna drive system was modified to enable scans to be made relative to the
antenna strut lobes (generally across a strut lobe), or in the region of sky
remote from strut lobes, (see Attachment B).

There was not sufficient time to undertake a study of on-source ripple, so as to make a
comparison of results from the three methods of measurement. However, there are
useful comparative results between the reflectometry measurements and the standard
frequency-intensity scan displays, although there was not sufficient time to study the
latter for all antenna configurations.

The antenna configurations studied (and their designations for reference purposes)
were:

» Ref A: antenna as for normal operation.

e Ref B: absorber mounted on focal-plane (underneath of focus-cabin floor)

o Ref C: as for Ref B, but with the experimental metal cone (see Attachment C)
mounted at the vertex. As there were 50mm gaps between the inside radius and the
theodolite cover, and between the outer radius and the antenna surface,
reflectometry measurements were also undertaken with absorber around the inner
edge, and metal plates bridging the outer gaps. Other more drastic modifications
included covering the central theodolite cover and cone with absorber (C2), and
repeated with absorber around the outer discontinuity (C3).

The attached photographs illustrate the various configurations which formed part of
this study.



The vertical dimensions of the absorber used and the frame are as follows:

e absorber depths:
- inner area, 200mm
- outer area, 300mm
» cffective frame depth: 150mm

Hence the total depth closest to the feeds, and which will have greatest impact on the
system temperature, is 350mm.

2. Summary of Measurements
2.1 Reflectometry Measurements:

The methodology and detailed results are given in Attachment A, and the results for
the major reflection (feed/focal-plane - vertex cavity) are summarised in Table 1.
(Note that using this type of measurement, this cavity reflection process was the only
major contributor to indicated reflections).

In Table 1, it should be noted that the “intensity of the first hop” is independent of the
surface of the focal-plane (metal or absorber), since the return signal into the feed is
dependent only on the reflected components in the vicinity of the vertex (for reflection
distances of around 26.2m). However, additional hops will be critically dependent on
the surface forming the focal-plane, i.e. whether the energy is absorbed or reflected.
(If the energy is reflected, a quasi plane-wave forms, giving a closely-coupled cavity).
See Fig. 2.1 which illustrates the spherical-plane wave conversion in the vertex region
assuming a perfect paraboloidal surface there, i.e. no cone. If absorber is used on the
focal-plane, this configuration should give minimum extraneous scattered energy,
which could be critical for minimising sun-induced baseline ripple. (However, it may
not be the optimum configuration for minimising on-source baseline ripple!)

Returning to Table 1, let us consider the intensity of the first hop received by the feed.
As expected, the intensity is independent of the nature of the focal-plane. The
surprise result is where the cone is added - the reflection is increased by 8dB,
independent of whether the cone is metal or absorber! One explanation is that there is
considerable re-radiation from the discontinuity at a radius corresponding to the edge
of the cone (whether the discontinuity be caused by an abrupt slope in the metal
surface or by the change introduced by the absorber). Filling the inner gap by
absorber and the outer gap by metal has negligible effect on the intensity of the return
first hop. It would also appear that the theodolite cover in the centre of the main
reflector has negligible effect. ‘

Also shown in Table 1 is the intensity decrease per hop beyond the first. For the
existing vertex cone, the absorber on the focal-plane gives an additional 11dB
attenuation per hop compared to the metal ground-plane. When the experimental
metal cone is added, or if absorber is used in this area, an additional 8dB attenuation
per hop is obtained. In the case of the metal cone, energy is diffracted away from the



focal-plane area as shown in Fig. 2.2. Note, however, that concentrating the scattered
energy from the metal cone inio a conical volume has two effects:

(a) it illuminates the 3 struts along a relatively short length, so that reflected
energy will not be insignificant, and,

(b) strong sources (such as the sun) when passing through the conical volume
shown in Fig. 2.2, will produce a relatively high level of signal at the feed
compared to Fig. 2.1, where the vertex region remains unshaped.

Consequently there would appear to be a delicate balance between not using a vertex
cone (so as to minimise the effect of wide-angle strong sources), and an “optimally”
shaped vertex cone (to minimise the intensity of successive hops for on-axis SOUICeS).

A comparison of the reflected on-axis radiation for the configurations C1 and C2
shows that the metal cone is just as effective as using absorber. However the
absorber:

(a) will increase the system temperature, (a disadvantage), and,

(b) will not scatter the energy so that the effect of strong off-axis sources is
minimised (an advantage).

The case C3, where absorber surrounds the edge of the metal cone, shows that the
design of any vertex cone must not introduce any discontinuity between the main
reflector and the vertex cone.

Finally, the effect of struts on the scattering process has not been considered in the
measurement program or for this analysis. However, the results would indicate that
the focal-plane/vertex areas need to be urgently addressed first prior to addressing the
effect of the struts.

Note: Fig.2.1and 2.2 are simple ray diagrams which are intended to support
the text in this section.

2.2  Frequency-Intensity Baseline Ripple Measurements

Standard measurements were used to show baseline ripple displays for scans of the
sun, crossing near-in (6° or 12° from main-beam direction) strut lobes, far-out strut
lobes of considerably lower intensity, and in areas away from the strut lobes. The
technique and the results obtained for the three antenna configurations (Ref A, B and
C1), and used for comparative studies in each case, are described in Attachment B. In
particular, Table A in this attachment gives a summary of the tracks made and

performance comparisons for the above antenna configurations.

In general, close-in scans (8 < 15°) across strut-Jobes show significant baseline ripple.
However, for regions either side of the strut-lobes, the baseline ripple is considerably
reduced where absorber is used on the focal-plane. For far-out strut-lobes, the effect



of the lobes is considerably reduced. In regions free of strut-lobes, the use of absorber
gives cleaner results. However, when the experimental metal cone is used, the
resultant narrow conical volume intercepted by the sun (see Fig. 2.2), gives rise to
significant baseline ripple. For the feeds used with the multibeam receiver, and the
absorber-frame design employed for the tests, the system temperature was increased
by approximately 3.5K.

Note: Fig. 3.1 and 3.2 ray diagrams are intended to support the text in this section.

3. Conclusions and Recommendations

It would appear that for the Parkes geometry, the requirements necessary to minimise
baseline ripple caused by strong sources (e.g. sun) arriving at any angle relative to the
mainbeam, may not necessarily be compatible with the requirement to minimise on-
source baseline ripple.

To achieve the former, it is essential to minimise all scattered energy; idealiy it
should be absorbed. Therefore the design of a vertex cone and strut “deflectors” is
most critical, so as not to diffract significant energy (lobes) throughout space.

To minimise on-source baseline ripple, the vertex cone must also be carefully
designed so as not to reflect energy back into the feed (s). One important aspect is
that the cone should blend smoothly into the existing paraboloidal surface. The use of
absorber on the underneath of the focus-cabin should assist this type of observation
also.

Consequently, the following recommendations are made:

1. that consideration of the effect of scattering from the struts be delayed untit all
aspects relating to the focus-cabin floor/vertex cavity be investigated.

2. that the design of a vertex cone which minimises back-reflection over the feed-
area occupied by the multibeam receiver, and which minimises scattered energy
in all other directions, be investigated theoretically. The alternative of restoring
the vertex area to the original paraboloidal shape should also be considered.
These aspects could be undertaken by placing a contract on CTIP. (A starting
point for a shaped-design may be the general shape given in Fig. 4),

3. that the possibility and desirability of placing low-profile water-proof and bird-
proof absorber across the focal-plane be considered. ‘

4. that any subsequent program involving on-source baseline ripple measurements
should include a test where one of the circumferential gaps between reflector
panels be bridged with conducting tape. The existing design of the bridging
plates across the gap between the high-precision solid surface and the perforated
aluminium panels should also be considered, particularly for higher-frequency
operation. ‘
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Table 1

Reflectometry Tests - A Summary

(Linear Polarisation)

|[discontinuity between cone and
antenna surface

Antenna Ref Intensity Intensity Fig.
Configuration first hop decrease per hop No.
(dB) (dB)
Normal operation A -50 [1] 5 Al
A2
AS
Absorber on focal-plane B -50 16 Bl
Add experimental metal cone at Cl -42 [2] 24 {Cl{a)
vertex {C1(b)
{C1(c)(i)
Add absorber over cone C2 -42 (24) C2
Absorber over theodolite and C3 -44 (30) C3

Notes:

(1)Use of CP typically reduced first hop by

[1]: - 13dB; Fig. A3/A4,

[2): - 18dB; Fig. C1 (c) (ii), -15dB/hop

(2) Difference between hops: 26.1m, (focal length = 26.24m)
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1. Focus Cabin in normal operation configuration

2. Ruaising the absorber platform. Note the original precision “correction cone” surrounding
the theodolite cover.






3. The absorber plutform being raised

4. The absorber platform atiached to the underneath of the focus-cabin in the focal-plane






3. The Parkes antenna with
absorber platform attached to
focus-cabin

6. The experimental vertex-cone
attached to the antennag







7. Bridging the 50 mm gap between the experimental vertex cone and the antenna surface. Note the
absorber bridging the gap between the cone and the theodolite cover

8. Covering the vertex area {experimental vertex cone and theodolite cover) with absorber
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1. Introduction

Antennas, other than those of offset feed or offset subreflector design, tend to suffer from
what is known as “baseline ripple problems” due to multipath reflections of the signal
within the feed, or subreflector, support structure. If the position of the feed (horn etc)
changes, due to say mechanical deformation of the antenna structure for a change in
elevation, the phasing between the main path and the extra (unwanted) multipath
reflections change, resulting in a change in amplitude in the signal. The signal received is
the vector sum of the main path and all the multipath signals.

For the Parkes antenna, the distance from the phase centre of the feed, to the vertex of the
parabola is approximately 26.3m, giving a baseline ripple of about 5.5 MHz.

The primary source of baseline ripple appears to be reflections of the signal between the
feed/underside of the focus cabin area and some inner section of the surface of the
antenna. {This has of course been known for years).

Distances from the feed to discontinuities on the dish surface are given in the Table in
Annex 1.

In this report, we will consider what is a “reflectometry measurement”, and the reasons
for doing it. Then the method of measurement, the parameters, and the interpretation of
the results will be given. The measurements were made in February and June 1998.

2. Why Reflectometry Measurements?

Particularly for spectral line observations, it is important that the signal amplitude versus
frequency characteristic remain constant when the telescope is moved, otherwise it may
be difficult to distinguish between signal spectral changes and ‘baseline’ changes. Now,
the baseline does change, for a change in elevation of the telescope. How can these
baseline changes be minimised? What are the signal paths that produce the baseline
ripple?

There are various things that may be tried to minimise the baseline ripple; scatter cones
at the vertex, absorber under the focus cabin, scatter surfaces or absorber on parts of the
focus cabin support legs, conductive tape over the (circular) gaps between the reflector
panels, to name a few.

If we can measure the path distance to these multi-path reflections, we may be able to
determine what these experimental procedures (scatter cones etc) actuaily do to the
reflections. A reflectometry measurement allows the effectiveness of different
mechanical changes to the reflection paths of the telescope to be evaluated.



3. The Measurement Program
3.1 The Reflectometry Technique:

Reflectometry of radio telescopes is not new. Fisher, for example, measured the
Greenbank telescopes using this technique in 1978 (Ref. 1). For the preliminary
measurement of the Parkes antenna, reflection (S11) data was collected by an Advantest
R3762A network analyser over a range of frequencies (e.g. 1350 - 1950 MHz); the data
stored in a file, a window function (Hanning or Blackman) applied, and then a FFT (fast
fourier transform) applied to give a time, and hence distance, versus reflection intensity
graph.

The computer program to control and collect the data from the network analyser was
written in QBASIC, with the analyser controlled by a GPIB card. The data analysis
programs (FORTRAN) were mainly written by Mike Kesteven with some additional
subroutines and alterations performed by GRG.

3.2  Eguipment and Parameters used:

The equipment and parameters finally adopted for the June 1998 program were:

Feed:
o H-OH feed with quad-ridged OMT for wide-band operation (1350 - 1950
MHz).
e linear-polarisation (parallel to lift-leg as reference; some measurements were
also made in the orthogonal mode).
e circular polarisation (for investigation of two-hop reflections).

Network Analyser:
Adventest R3762A network analyser

10MHz external observatory reference
Resolution bandwidth, 10Hz
Sweep time: 240 sec

T orm P ters:
o Frequency range (1350 - 1861.5MHz, 1024 of 1201 points)
¢ Window function: Blackman

3.3  Antenna configurations tested:
The first measurement program in February 1998 was a preliminary run with the antenna

in its normal operating configuration. These measurements were successful and provided
useful information. One set of measurements was repeated in June 1998 and found to



give excellent repeatability. The usual antenna configuration is designated
“Configuration A”, and the results are given by Fig Ax.

The second measurement program in June 1998 extended over four days and included:

e (Configuration B: absorber on focal-plane (attached to focus-cabin floor),

e Configuration C: experimental cone (slope, 22°, diameter, 5.88m and 8 segments) at
vertex, with absorber on focal-plane. Measurements were made with various
modifications to the experimental cone; e.g. adding absorber across the inner 50mm
gap between the cone and the theodolite cover (Fig. C1(b)), and covering the outer
50mm gap between the cone and the antenna surface with a metal strip (Fig. C1(c)).
Other major modifications included:

- Placing absorber over the cone (Fig. C2), and

- Placing absorber over the theodolite cover and the discontinuity between
the cone and the surface (Fig. C3).

Unfortunately time did not permit measurements to be carried out with the cone alone
(without the absorber on the focal plane).

The results are shown in Fig. A, B and C corresponding to the various major antenna
configurations described above.

3.4  General comments on the accuracy and results:
3.4.1 Checking the “zero” reference distance:

A check of the distance between the major return reflection peaks from the vertex would
tend to indicate that the “zero” should be offset to the right by approximately 0.6m. The
distance between peaks is consistently approximately 26.3m, which is the same as the
focal length. For the subsequent analysis, 0.6m is subtracted from the scale shown on the
attached figures.

The reason for the above discrepancy is not clear. However, there are at least two areas
of uncertainty in the absolute distance measurements:

(i) Feed position: the feed was set at the standard position for the H.OH feed. This
may be assumed to be close to the optimal position, with the phase centre of the
horn close to the focus of the parabola.

(ii) An estimate was made for the path length from the calibration point (at the input of
the quadridge orthomode transducer) to the phase centre of the horn. This value
was 0.5m and will be slightly incorrect, but is likely to be within £0.1m.
Unfortunately, we did not measure, with a tape, the distance from the horn to the



vertex of the antenna to obtain a better indication of the absolute accuracy of the
reflectometry measurements.

34.2 Dynamic Range:

For linear polarisation, the magnitude of the reflection for distances between 5 and 25m is
about -82dBm (i.e. 82dB below the level of the power applied to the input of the OMT).
Except for reflections off the tripod legs, this should be the same as that obtained for a
termination (about -100dB). Any noise, or interference, entering the feed will tend to
increase the level of the noise floor, in the time/distance domain. The level being, better
than -80dB, is quite good. The Blackman window function gave a slightly lower noise
floor than the Hanning window (about 2dB better). The results without any window
function are shown in Fig. A7.

For al plots, a Blackman window was applied to the data before transformation to the
time domain. The highest side lobe for this window is -58dB, with a sidelobe decrease of
-18dB/octave. The window is similar to the more familiar Hanning window. However,
its highest sidelobe is -32dB. Of course, the time/distance resolution is slightly worse
using the Blackman window.

3.4.3 Resolution:

The plots indicate that the resolution, as defined by the 3dB points, is approximately
0.6m. From this we can probably determine actual positions to within £0.1m provided
we know the zero range position accurately.

3.4.4 Results near zero range length:
Referring to the results in the range 0-8m, we can draw the following conclusions:

(a) The reflection from the feed at a distance of Om is obvious. The magnitude appears
to be correct. (The program takes into account the number of data points, the zero
padding factor and the window function gain to obtain the correct magnitude).

(b) All plots show reflections between the range 2 to 3m, peaking to about -55dB. Itis
interesting that the data for the Suhner SMA termination shows a similar
characteristic, but at a much lower level (-70dB); see Fig. A6. These latter
reflections could be interpreted as being due to the continuous low-level reflections
along the cable connecting the network analyser to the feed assembly. The
calibration obtains the correct phase, and hence time/distance after the FFT.
However, there is no correction for the internal reflection off thin cable. A different
instrumental setup was tried, and these reflections, up to 5Sm, were reduced in level.
There may also be reflections from the nearest edge of the wooden frame supporting
the absorbers (distance about 2m), and the upper section of the tripod structure
(distance 5m). More research is required to resolve these issues.



345 Use of circular polarisation:

By transmitting in one hand of polarisation (say RHC) and receiving the same
polarisation, one may look for double bounce reflections. {A single bounce returns the
other hand of polarisation). However, the polarisation generated is never absolutely pure:
there will always be some of the other hand present. As we used a hybrid (single section
one) to generate the circular polarisation, we probably only had 15dB difference between
the two hands of polarisation, and so even a single bounce reflection will be reduced in
level, compared to a linear polarisation, by about 15dB.

Because of the relatively poor polarisation purity, the results using circular polarisation
are no longer considered, but the results are shown in the attached figures.

3.4.6 Use of reference plate:

Although specific reference plates were not used in the two measurement periods, it was
later realised that a small helix antenna on a small ground plane (about 20cm diameter),
was mounted on a pole at the vertex for the February 1998 measurement program. This
reflector was 1.7m above the vertex of the antenna.

The reflectometry results for linear polarisation (Fig. A1 and A2), show a distinct
reflection approximately 1.8m before the first primary reflection. This result is consistent
with the measured height.

4. Interpretation of Results
4.1  Primary reflections:

The first primary reflection at 26.3m is obvious. Additional multiple reflections, between
the antenna surface and feed/focus cabin floor may also be seen. For the antenna in its
normal configuration (see Fig. Al and A5, corresponding to the same antenna conditions,
but at different periods, Feb and June 1998), the reduction in magnitude is only about
5dB per hop. However, a comparison of the measurements undertaken with linear
polarisations at 90° shows that there are some significant differences between the peak
values of the primary reflections (see Figs A1 and A2). This indicates that the struts are
having a minor effect on the peak value of the primary reflections.

With absorber under the focus cabin floor, the first primary reflection at 26,3m remains at
-50dB, as expected. However subsequent reflections were reduced in level by an
additional 11dB, i.e. 16dB/hop.



The cone at the vertex increases the main response by about 8dB, but reduces the
magnitude of subsequent reflections to about -24dB/hop as may be seen in Fig. C1(a).
The reason for the increase of 8dB in the first return could be due to the increased

diffraction at the discontinuity between the cone and surface, which is consistent with the

measurement when the cone is covered with absorber.

The results are summarised in Table 1.

Table 1
Reflectometry Tests - A Summary
(Linear Polarisation)
Antenna Ref Intensity Intensity Fig.
Configuration first hop decrease per hop No.
(dB) (dB)
Normal operation A -50 11] 5 Al
A2
A5
Absorber on focal-plane B -50 16 Bl
Add experimental metal cone at Cl1 -42 [2) 24 {Cli(a)
vertex {C1(b)
{Cl(c)(@)
Add absorber over cone C2 -42 (24) C2
Absorber over theodolite and C3 -44 (30) C3
|discontinuity between cone and
antenna surface

Noies:

(1)Use of CP typically reduced first hop by

[1]: - 13dB; Fig. A3/Ad,

[2): - 18dB; Fig. C1 (c) (ii), -15dB/hop




(2) Difference between hops: 26.1m, (focal length = 26.24m) .

4.2  Secondary reflections:

The primary reflections are seen to be always considerably stronger than the secondary
reflections. Consequently it is difficult to glean a lot from the detail of the plots showing
the secondary reflections. This process is made more difficult by the poor resolution
corresponding to distances close to the vertex. This is clearly shown by referring to the
table in the Annex. For example, the radial distance from the antenna axis to the edge of
the solid surface is 8.35m, but in terms of the corresponding distance from the focus, the
difference, relative to the vertex, is only 0.66m!

However, an initial study of the secondary reflections corresponding to radial distances of
26.2m (vertex) to 36m (the edge of the antenna), shows the following (using the
designators (a} to (i) for each of the peaks in Fig. A5 as a reference);

¢ “(b)” is consistently present for all measurement conditions. It is at a distance
corresponding to the edge of the solid reflector surface.

® “(c)” is consistently relatively high but its distance (29.6m) could indicate that
there is some reflection from the gap between perforated-aluminium panels,
rings 6 and 7.

* “(f)” corresponding to a distance of 32m (the base of the tripod legs) is
consistently observed when linear polarisation in the same direction as one of
the legs, is used.

¢ “(1)” at a distance from the focus of about 35.5m corresponds to the edge of the
antenna is consistently present for all measurement configurations.

e Rotation of linear polarisation: a comparison of Fig. A1 and A2 shows

considerable differences in the relative levels of many of the secondary
reflections when the polarisation is rotated through 90°,

» Circular polarisation: There are differences in the levels, but they are not as
marked as with the two linear polarisations. :

5. Conclusions

The reflectrometry measurements highlighted the following results:

(a) The primary responses always appear at intervals of about 26.2m which corresponds
approximately to the focal length (26.24m).



(b) Absorber under the focus cabin floor attenuates the multiple reflections of the signal,
as expected. However, the initial primary response is not changed at all (also as
expected).

(c) The cone at the vertex attenuated the primary reflections beyond the first. However,
the initial primary response is increased by a factor of about 6 in (power) magnitude
(8dB), indicating that for this cone design it is, at least, far from optimum.

(d) For the reflectrometry results, associated reflections off the tripod legs, although
generally not significant except for the upper sections close to the feed, do play some
role in modifying the peak values of the primary reflections when the (linear)
polarisation is rotated through 90°.

(¢) The shape of the raised portion in the centre of the surface needs to be addressed and
its optimisation considered. One option may be to returmn the central section of the
dish to be paraboloidal, it being impossible to reduce reflections for all observing
frequencies with a fixed cone at the vertex.
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ANNEX 1
Distance from Focus to Given Positions on Reflector Surface

The Reflector Surface:

The reflector surface consists of an inner region of high-precision solid metal panels (dia,
16.7m) 8 rings of perforated aluminium panels (dia, 44m), the remaining surface
consisting of the original wire-mesh panels.

The (radial) length of the perforated aluminium panels are 1900mm (Nos. 1-4), and
1870mm (Nos. 6-8), whereas panel No. 5 is approximately one-half the size of the other
panels.

There are some significant gaps between some of the panels (see table). The gap between
the solid-metal panels and perforated aluminium panels was bridged some years ago with
a metal strap. However, approximately 10mm gaps still exist between panels 2 and 3, 4
and 5, and, 6 and 7.

16



TABLE

Location of critical points on reflector surface

Critical Point Radial Distance Distance from
Normal to Focus to
Antenna Axis Critical Point
(m) (m)
Focal length ¢ 26.24
Edge of expl. Cone 2.94 26.32
Edge of solid surface 8.35 26.90
Gaps between perforated™
al. Panels
e #and3 12.10 27.63
o #4and>5 15.75 28.60
e #6and7 18.50 29.50
Edge of perf. Surface
(panel #8) 22.00 30.85
Base of tripod 23.61 31.55
Edge of antenna 32.00 36.00
* Note: At this radius, there was once a gap between the high-precision solid-

surface panels and the perforated-aluminium panels. Many years ago it was found that
this discontinuity produced a reflection, and contributed to the baseline ripple. To
reduce the problem, pieces of aluminium were rivetted over the gap. While the height
of this covering metal is not very thick (approx. 3mm), it has a large area (approx.
Sm’) and it is all in phase for a feed at the focus of the antenna. Holography, at

12.75GHz, clearly shows this ring.

11







Ampiicude (dB)

Armplitude (dB)

P45 06 . dat Porkes Baseline Ripple Tests (Reflection Data}

o
o‘q ————r— T T T
A
‘pofd-r-'."_'fu'an J Ill'q(n..v‘l ;'l—ll'u waH ’-"1"4' %
dn'lbﬂdﬁ. . -\'*ﬂad{‘n’{ ( u-li‘( - Smd’[’jll“i
(] .
T h‘um,,..._f(pf--c’:xf-rma.k«-
Seir Flﬁlt » 4-?‘ f:wc-u. )
-deB L /" ]
~ s
| ~55clB
(]
[{e] -
| i
|
Grovnd —plane |
AHelx anten
o aboye verter
D e ]
o
9 1 [ P ) PN N B ]
| 0 10 20 30 60
Distance to Reflection (m)
pi s06. dat Parkes Baseline Ripple Tests (Reflection Data)
(=)
‘T' T T T T T " T T T T 7 y T T ]
o) i
.¢
|
~5ctB/he :
~~_s0d8 P
\ —_—
- 55d4B
'\ \
¢ f‘ ~~Co dB -
—
T~ c6AdB
~—
~ .___:7343
-\
o | | |
1o}
|
o
) 1 L | : L L I L 1|
T 0 20 40 60 80 100 120 140 160

Distance to Reflection (m)

Al (Feb 1938)






¥

Amplitude (dB)

Ampnwde (dB)

PRso7. dat Parkes Baseline Ripple Tests (Reflection Data)
Q
c‘\"‘l —————  — 1 . . ' 1 . 1 | I A R AR
fﬂ/@(f‘y{r‘uo‘: !4"46“) Qt#ﬂ],ﬁ‘-/ Fo ﬂ'#%
o \\’f'/
T - P——'*'- -
]
!
)
{_ID —
b
C
3 | hi i
|
o
9 L [ R N TR A B ST T (Ll S S R U N S S
| 0 10 20 30 40 50 60
Distance to Reflection (m)
phso 7. de Parkes Baseline Ripple Tests (Reflection Data)
o
‘T' T 1 T T T T T T T T T T
5 L i
|
~ _igds
[ ~—
\ -
8 —6445-..,_ ]
| B —~ —~—
‘\ -6448
-84 | __
.
™~ -
7548
o
D |- -
!
\|‘ ‘ ! ‘ ‘
'1 1l i 4 ‘1
[ 0 20 40 80 80 100 120 140 16C

Distonce to Reflection (m)

A2



Distance to Reflection {m)

plsog. det Porkes Baseline Ripple Tests (Reflection Data)
o
CT T | LA (A AL R T T T T 1 T
/&/Q(.'Jc\a)(:dn : ecr Cw{ﬂ-f
Received fcfwv'.!-b‘f’“"‘ Sane homd 2y
o 'fn:-.wun.‘ﬂf-a(. (”d‘l‘e ”_, borel L«Jo{ +o
< .
! ?4.“1(:-( circofar /;.gfu,',.,f,‘...)
~- -
g &
A |
v O |
- D _
> i ‘
s ~E63 4B
£ —~§6dB
&
b
3 . ﬂ ]
Y h ¢
o |
o 1 N TP U U LI 1 A P Ut
| ] 10 20 30 40 50 60
Distance to Reflection {m)
~ plksog. dat Parkes Baseline Ripple Tests (Reflection Data)
o
C;J T T T T T T T T T T T T T
g _
|
o
=z
-
20 ~-£348
£ ~§6 4B
g
~73LB
O I
~ © ]
|
[ I ~90dB ~88aB
IR i
§ | 11 N
_% 1 1 \ ‘Il \ |"l'MiJ|“ H ! L‘lu 1 el l. i ﬁ ]
i 0 40 60 80 100 120 140 160

AZ (<P)



Amplitade (dB)

Amplitude (dB)

Parkes Baseline Ripple Tests (Reflection Data)

o
DIJ T !.""1""1""|""| |"w
a/d»—f') ..?(;‘44 K e f'r‘cu,/:.(
{ othtr hund o Hot wsed for phsog.def) |
o Rf.t.cf‘l-fﬂl ""'E'!/’.{M,"f@'f.'m S @ w&o
T B 1‘}-“.; mrfﬁJ )
LN ”

3 | ]
I
(o)
0+ _
l,

o)
9 J N S E S S A L R

I 0 10 20 30 40

Distance to Reflection {m)

pk,a:.i.,{.:t' Parkes Baseline Ripple Tests (Reflection Dota)
gl f T d | ! 1 ! T T T T I 1 ¥
o

F _
I
o
[To 2 —
| ~64dB  [6348 ]

~E7db

3 |- ]
! - 8348 -84 dB ;
,% I | . 1 mm“mwhh |l“|“llh.|i|'lll.!| “\-MN LI il i

I 0 20 40 60 80 100 120 140 160

Distance to Reflection {m)

A4 (<F)



Amplitude (dB)

(aB)

}

Amplitude

-20

—40

-60

-80

-~-100

-20

—60

~80

-100

Distance to Reflection {m)

’J{CJ ’7 Aztf. Forkes gosenne mippic Igois \KEHELUU” vawa)
™ T T ——— 7 1 T
vawi.s‘a.?(.‘an ¢ Lilrcar l"‘-'(;"‘ witl LFF ['j
/
ﬁn"{ll\nﬁ. B u.}u.wf "Juv?ﬂj e ole
(lvo modl £ 44.41"45’ |
Mo a.«,‘.fvr‘bf/,
~e cwu.)
\\ /,/
)
]
L
¢
I ) . | 1 | L ) 1 L ] 1
40 50 60
Distance to Reflection {m)
pks 1g-det Parkes Baseline Ripple Tests (Reflection Dato)
1 T T | N 1 ' T T 1 ! I 1 ' 1
17-6.98
~sodB
T——
~ -54dB -
|~ -5gdB
S—
- -+ — ~5dB/hop 1
S——
‘-—.\ N
-76dB
! | L i ! L I o L I | 1
0 20 40 60 a0 100 120 140 160

A5 (Tore 1998)



Amplimde (dB)

Amplitude (dB)

pies 10. dat Parkes Baseline Ripple Tests (Reflection Dota)
(@]
(TI"""'"""""""""""' —
Sutq, ner 50 b 7"‘—"""""‘-‘;'!‘"'
O -
<+
|
o
(Vo Y -
|
Q
o0 |- .
[
8 A M | A L ﬁ L N 3 L | i 1 N " 1 N s L ' L L . L : | 2 H N .
T 0 10 20 30 40 50 60
Distance to Reflection (m)
pics jodat Parkes Baseline Ripple Tests (Reflection Data)
Q
‘I\’ T T T T T T T T y T 7 T T
3t ]
o
0 |- -
|
Q
D |- |
|
8 [ l L | i | s | L | \ | I ) H
t 0 20 40 60 80 100 120 140 180

Distance to Reflection {m)



Amplitude (dB)

Amplitude (dB)

Pk"‘f"(“‘{ Porkes Boseline Rippie Tests {Reflection Data)
o
(TI T T T T T T T T T T T T T T T T T T T T ¥ T T T T T 1 T T
f,/él-‘)’g'{r"‘l : Zf'nen-r, fa - /.'/u w,:f{ LoFH [lg
'41"*""“ : U—J«.—-[ Gslcr.oo‘ua mn&(l 1
o modeFicatroens
o Mo abros be |
T B | ( AL Copa at e Fex. )
NO WINDPOW Frpetion o Dot
3L ]
|
il it f ‘
i . |
' i | [ i |
| il il
=)
@ |- _
[}
o
D 1 | A | L : L 2 | N N i 4 | 1 L 1 L 1 " 1 M | 1 1
T 0 10 20 30 40 50 60
Distance to Reflection (m)
phe s 1g.dat Parkes Baseline Ripple Tests (Reflection Data)
o
(T' Y T T v T T T T T T v T — T
L L
3
I+ R
|
L
o
@ L _
I
o
o - | -
| "
bt
o
= . | I . 1 i . 1
|

40 60 80 100 120 140

Distance to Reflection {m)

A7

160




Amplitude (dB)

Amplitude (dB)

~20

~40

—-60

'_80

-100

=20

-40

-60

—80

—100

Pgtl. dat

Parkes Boseline Ripple Tests (Reflection Data)

\\

™ T T T - T o T

/7"/"""54,7{:‘0:1 : /:’nea", in-line with Liff é‘j

T T T T

Anterna : ﬁﬁ:orber hnc{gr focws cabia

MaTe: No ¢;c1{rrs4.( r-}(effnr: +o

ﬁl(wn*!rf "'C*k’""’ ﬂn-nr/ykr.

( inferaal
a‘.'a.fa. .)

re Ii*-f ehee

waed L "““f-

Ef v

pks at. dat

Distance to Reflection (m)

Parkes Boseline Ripple Tests (Reflection Dota)

T T T T T

N iésds - IGdB/hop
N /

40

Distance to Reflection (m)

B1




3

Amplitude (dB)

Amplitude (dB)

phkii3. dal Parkes Baseline Ripple Tests (Reflection Data)
o
f‘“ T ¥ 7T T T T 1
Pa/m.‘:-‘f:‘an: in‘aeﬂf) in-fine watl LiFF (1.3
#n?’tdnd: ﬁhqrﬁv u.-.J-V fpc..... c..ﬁr‘a )C(a-v-
g = s 2 vw'\‘u i
|
(:.ou_ hny F~r arewad +up
tonel  baffora u(r,)
o
O - -
[
c
b
Q
@D L -
|
o
2 ! N I N B R W EEU SO | IS B | PSR A IS S ST S
I 0 10 20 30 40 50 60
Distance to Reflection (m)
P b33 dat Parkes Baseline Ripple Tests (Reflection Data)
o
‘T‘ T T T T T y T T T T T T
Q
Ir i‘f'z dB ]
3| \ -
-£748B _
N\ o ~2448 /hoP
o h A\
o | —
! N\
-58dB
3 l
) \ L 1 . | A AR T S i) 2 \
I ) 20 40 60 80 100 120 140 160

Distance to Reflection (m)

c1 (=)



Amplicude {(dB)

Amplitude (dB)

-20

-40

—60

—100

—20

—4C

-60

-80

—-100

80

ples t4.dat Parkes Baseline Ripple Tests {Reflection Data)
¥ T | B L L A T 1 T
Pa/‘b{ffnf-""‘ N /l'd.{v} in.-,.'aw, »-'ﬂ I-ic'f' (‘?
Raftana : Bbsor par cnder Loces cobin Hoor
Cone T vu"'cx
» (d. bseor ber arownd ‘fvf 44{}4 'f 7]
Cuu_)
1
1 | L I M 1 L [ L i L 2 1 N L L N | i
0 10 20 30 40 50 60
Distance to Reflection (m)
fks /6. olat Parkes Baseline Ripple Tests (Reflection Data)

| ' T v | v ¥ ' T

—67d8

N T |

40

Distance to Reflection (m)

140

c1 (b)




Amplitude (dB)

Amplitude (dB)

()
™~
|

—40

-60

—-100

=]
o~
|

~40

-60

—80

-100

- 80

ples 15 de F Parkes Baseline Ripple Tests (Reflection Doto)
T T T T T T T ]
Po/ﬂf’.fﬂ-'fﬂ""‘-‘ /h\e-v, Ja - [lae wetl e Lc.j
Aatfanea : absor Der crmslur focuws cabia ff--r_
Cone at vertex
apier bty ovvend dop e ge »a’c--nl
m‘*"’[ sheel acewnd bolfon 44(;4
%c—»—f, revefrted H sur Fce 1
b § ]
L 1 L L ! L 1 L A L L I L 1 M 1 L J )
0 10 20 30 40 50 60
Distance to Reflection (m)
pls 15 . ot Parkes Boseline Ripple Tests (Reflection Data)
I T ] ' I N 1 ' T 4 T ! 1 T T
— 4248

-\694.5
N\
N\
—~g9dB
| ] s ai Y R | 1 s ]
0 20 40 60 80 100 120 140 160

Distance to Reflection (m)
C1 (<) (i)~ (LP)



Amptitude (dB)

]

Amplitude (dB)

P‘“ {6 daT Parkes Baseline Ripple Tests (Reflection Data)
o
CT) 1 I 1 1 ]
Fo(a_,::“f-‘an ; Cirea far
Receive /ogfq,f.';,‘j.‘m £ oot bmedl oz |
‘l"v—ﬂ-s M;:f'féd{.
ot _
Aatenaa s 9536F 6-( Ml[ﬁ’ Focw s Coclin #b"'
Cone af vof'ltw‘
abserber around \ﬁy a%.e %c—-nc
o M‘F&( SAIJ:I- Mvmﬂf 60#‘0\ &4’(
GIJ i .{ coae, /.’veﬁcc{ H Ak $er Frce
o
D = —
i
o
9 I . | L N L L
I ] 20 30 40
Distance to Reflection (m)
pks 16.dat Parkes Baseline Ripple Tests {Reflection Dota)
o
CT Y T T y T T T ; T
<}
<+ |- -
I
o
Lo B -
1
o
- —
I
o
9 } ] ] 1 1
i

o

20

40

60 80

Distance to Reflection (m)



Ampliwude (dB)

Amplitude {dB)

-20

—40

—B0

- 100

-20

—4¢

—-60

-80

-100

Pk" 17. do Parkes Baseline Ripple Tests {Reflection Data)

I (4‘ jﬂl“b‘{ v +‘¢0J;(,"’f¢ cavvd—

80

¥ T [ T T T T ] T T T ¥ T T T T T T T
pﬂ/ﬁ,’r’fa ff‘." s [c'ne.g,,r, fa- {rae I-rr‘+{- IhH Gj
Fateana N Bboser ber wnsder Lo cwn cabia Hoor |

Cone af vw‘fau’ a_.f_._m_a_.;'f Compf:‘h-g

covereel w 1 absre ber

alie )

Distonce to Reflection (m)

phs I7.det Parkes Baseline Ripple Tests (Reflection Dota)

T ; T T T T T T T ; T " T T ¥ g T

— 4248 4

- w ' :-
. - . . ,

0 40 60 80 100 120 140 160

Distance to Reflection {m)

C2



Amplitude (dB)

1

N

Amplitude (dB)

=20

40

-850

-380

—-100

(=]
D

—60

-80

-100

¥

Distance to Reflection (m)

c3

phks 1 §.-dat Porkes Boseline Ripple Tests (Reflection Data)
T T T ————— T T T T 1
ﬂ'/ﬂ./-' j‘av'lcr'on : Lr‘nw, ta - {ine w':f'( f-;f'(lﬁ
Aaknaa 2 (@) F s beom wnsder Focus cabin /-7-”_
(}’COM a,"i‘ vw'f'(m:
<) a..b)or bw & ke -fﬂpol(o/r#f o &
(f[)ﬂ.bJ-f b‘.’ & Vil +k J‘-Iﬁ(—?cc'ud B
between The Cone anal Fhe
Aofrna Sur fce .
1
l
L | ) 1 b s L ) s | s M N i
0 10 20 30 40
Distance to Reflection (m)
Pks 15.dat Parkes Baseline Rippte Tests (Reflection Data)
T T ' ! 1 T T ’ T T T T T Y T
—-4448 .
..74&8
|
i | ! |
' T AL
L . ] I L | H L J }h ‘ Wi .I!\ l
0 20 40 60 80 100 120 140 160



ATTACHMENT B
Day-Time Baseline-Ripple
uency-Intensi can Displa

June 1998

From data supplied by L. Staveley-Smith & M.J. Kesteven



Day-Time Baseline-Ripple Frequency-Intensity Scan Displays

1. Introduction

The drive of the Parkes radio telescope was modified so that solar scans could be
made, either across one, or two closely-spaced strut sidelobes, between (“paralle]l” to)
two closely-spaced strut sidelobes, or in an area remote from the strut sidelobes.

Standard displays for the H-line multibeam receiver system were used to enable
comparisons to be made of indicative magnitude of the baseline-ripple for the
following antenna configurations (sec also Table A):

e REFA: Antenna in normal configuration.

e REFB:  Absorber on focal-plane (covering focus-cabin under-floor
area).

e REFCl: Addition of experimental metal cone at vertex.

2. Results and Conclusions

Total power measurements were also recorded. In particular, these results showed
that for “radial” angles (0) closer than about 10° from antenna main-beam, the strut
sidelobe levels increased rapidly, being approximately 12dB higher in levelat 6 =6
compared to far-out lobes, decreasing to about 3dB at © = 12°.

An aspect of using absorber on the focal plane (Ref B and C1) is that the system
temperature is increased, since some percentage of feed spillover will see the absorber
at 300K. For the feed design used with the multibeam receiver, an additional 3.5K
was observed. This component is expected to be less with hybrid-mode feeds used on
other receivers. Any permanent application of absorber on the focal-plane would
require detailed investigation of use of low-profile weather-proof absorber.

Samples of the frequency-intensity scan displays are attached. Note that for the first
three sets, data is available for the antenna configurations Ref A, B and Cl, whereas
for the second five sets, data is available only for configurations Ref A and B.

It should be noted that it was not always possible to carry out repeat scans for the
different antenna configurations at the same time on consecutive days. (The
antenna/strut-lobe/sun location plots given in the attached results are shown for Ref A
only). Also some scans were done close to the period when the sun was setting.

In Table A, the comparison in performance for the various antenna configurations for
each scan type is summarised. In general, the results are superior (i.e. reduced
baseline ripple) when the absorber is used on the focal-plane. In all cases, high levels
of ripple occur on or close to a strut-lobe where 8 is small (for the measurement cases,
0 = 6° and 12°). for more-distant strut-lobes, the lobe is evident, but the region either
side of the strut-lobe is cleaner when absorber is used. Interestingly, for these further
out regions, antenna configuration C1 gives significant levels of interference which
could be due to the reception of sun through the vertex cone scatier lobes (see Fig 2.2
of main text).
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1.

[1]

0 le A:
Scans were made in each case (P-W) for the following antenna configurations:

e Ref A: normal antenna configuration.
e RefB: absorber on focal-plane.

In the case of scans (P-R), additional scans were obtained for the following
antenna configuration:

e RefCl:  addition of experimental metal cone at vertex.
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Spectral Ripple at Parkes

M.J. Kesteven R.M. Price L. Staveley-Smith B.M. Thomas
W.E. Wilson

Abstract

We have investigated the baseline ripple effect at the Parkes telescope using the new 21 cm
multibeam receiver. The dominant periodicity is 5.7 MHz with the on-axis ripple amplitude
being 2% of the total (spillover+source) receiver noise. The ripple amplitude decreases
markedly for off-axis beams. An enlarged vertex scattering cone (D = 5 m, 8 = 22°)
was installed but gave no substantial decrease in ripple amplitude. No reduction in ripple
due to solar interference was evident. The scattering cone did however reduce anomalous
polarisation by a factor of 2. We re-discuss models for ripple formation.

Keywords: telescopes — instrumentation

1 Introduction

The effect of spectral ripple on a radio telescope can be detrimental to the ability to detect
broad, weak spectral features. Spectral ripple, or chromatism, manifests itself as a quasi-sinusoidal
modulation of the receiver output as a function of frequency. Figure 1 shows an example of such
a ripple, superimposed on the 64 MHz output of the 21 cm multibeam receiver at Parkes.

Spectral ripple is a problem at most major radio telescopes. The problem is often worst for
Cassegrain and Gregorian designs which have more reflecting surfaces, and can be worst when
observing strong radio continuum sources. At low frequencies, solar radiation is also a major
source of spectral ripple, limiting the quality of daytime observations at many observatories.
. Internal reports have been written at various observatories. Only a few papers describing the
problem have been widely published (Briggs 1997, Fisher 1997). At the Parkes telescope, the
issue has been discussed by several previous authors (e.g. Poulton 1975, Padman 1978).

The generic mechanism for ripple formation is interference between two broadband, coherent
noise sources, one of which is time-delayed with respect to the other. The frequency of the sinusoid
Av is

Ay = 77 (1)
in the case where there is a single delay, 7. The amplitude (i.e. 0.5x peak-to-peak) of the sinusoid
a, relative to the power in the undelayed signal A, is given by

@

where v is the voltage ratio of the delayed and undelayed rays (Poulton 1975). Thus, a ripple
amplitude as high as 10% requires a scattered power of only 0.25%.



Figure 2: The 21 cm multibeam receiver.

at the vertex of the dish. This scattering cone was newly constructed out of aluminium sheet
according to the dimensions shown in Figure 3. Because of the presence of the surveying mount,
there was a hole in the centre of the cone.

2.1 Off-source ripple

Figure 1 is an example of so-called ‘off-source’ ripple. This is seen wherever the telescope is
pointed, and only disappears if an absorber is placed in front of the feed. The main suspect for
this ripple is spillover radiation from the ground. The magnitude of the effect for various beams
was estimated by plotting the difference between a spectrum taken at two axial focus positions 50
mm apart. This A/4 switching technique eliminates the overall bandpass shape and, by changing
the phase of the 5.7 MHz sinusoid by 180°, approximately doubles the amplitude of the sinusoid.

In Table 1, the off-source ripple amplitude /4 is estimated with and without the vertex cone
in position. Note that we assumed that a was a quarier of the peak-to-peak variation of the
difference between two spectra with an axial focal position different by 50 mm.

2.2 Omn-source ripple

A number of on-source ripple measurements were made using the continuum source Hydra A. The
detailed bandpass shape remained very similar to the off-source bandpass shape, implying that
the ripple amplitude was also very similar. Quotient spectra confirmed this. To confirm this, we
again used a 50 mm axial focus shift was used. This time the shift was symmetrically about the
optimum focus, so that both positions had equal gain (which was < 0.1 dB down from optimum
gain in any case). The inferred ripple amplitudes are given in Table 2.



T Focus Cabin

1.26m
22° Dish
Surface
5.88m

Figure 3: The above cone was placed at the vertex of the dish. The central hole was necessary
because of the location of the trigonometric mount in the centre of the dish.

Beam With Cone Without Cone Average Ty,

1 1.9% 1.7% 28 Jy (20 K)
2-7 0.8% 1.1% 30 Jy (20 K)
8-13 0.4% 0.7% 35 Jy (20 K)

Table 1: Inferred off-source ripple amplitude a as a fraction of the off-source total power A.
e ——

Oddly, the inferred A/4 on-source ripple amplitudes are a factor of 2 below the inferred off-
source ripple amplitudes. This appears to imply that a component of the on-source ripple does
no change phase with axial focus as anticipated.

2.3 Rotation

The change in the amplitude of the ripple was also measured over a receiver rotation angle of 60°.
A reference spectrum was taken at a rotation angle of —63.5°, and subtracted from a spectrum
taken at a rotation angle of —3.5°. These observations were bothe taken near the zenith, and
reveal the clearest difference between having the cone in position, and having the cone absent.

2.4 Solar Ripple
3 Theory

Mike and Bruce.
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Figure 1: The total power passband for beams 1, 2, 7 and 13 from the multibeam receiver. The

y-axis is in Janskys; the x-axis is the frequency in MHz. Both polarisations are plotted for each
beam. The strongest 5.7 MHz ripple is evident in beam 1, polarisation B.

The purpose of the observations described in this report is to investigate factors which cause
spectral ripple, and investigate ways of reducing it using the new 21 cm multibeam receiver and
the upgraded focus cabin at the Parkes telescope. The multibeam receiver is a package of 13
beams arranged in a hexagonal pattern with a total diameter of 1.2 m (Figure 2). This receiver
was installed for the first time in January 1997. The receiver is placed at prime focus in a cabin
which was newly installed in March 1996. The cabin is significantly larger than the previous focus
cabin, with an overall diameter of around 5 m. The focus cabin has a large rectangular aperture
of 1.68 x 2.55 m, within which the receiver is placed.

2 QObservations

The multibeam receiver was completed a year after the Parkes focus cabin upgrade. However,
evidence from observers using the H-OH single-feed receiver is that, under most conditions, there
is no noticeable deterioration of spectral ripple with the new focus cabin. An important caveat
here is that, with the new cabin, extremely high isolation radio-frequency cables are required
between the receiver package and the down-converters. Any radiation leaking out of equipment
can much more easily escape through the enlarged focus cabin hole and back into the feed, leading
to a potentially devastating ripple problem. There also appears to be no significant difference
between ripple using the multibeam receiver, and using the H-OH single-feed receiver.

The observations described below were obtained with and without a scattering cone in place



Beam With Cone Without Cone Average Tsys

1 0.8% 0.9% 68 Jy (50 K)
2-7 0.7% 0.5% 70 Jy (48 K)
8-13 - 0.3% 75 Jy (44 K)

Table 2: Inferred on-source ripple amplitude a as a fraction of the off-source total power A. Hydra
A7 observed at two equally out-of-focus axial positions, +925 mm and —25 mm. The predicted
gain-loss at these positions is only 2%.

Beam With Cone Without Cone Average Tyy,

1 1.5% 2.7% 28 Jy (20 K)
9-7 - 2.6% 30 Jy (20 K)
8-13 0.8% 2.0% 35 Jy (20 K)

Table 3: Change in ripple amplitude Aa as a fraction of the off-source total power A for a 60°
rotation of the multibeam receiver.

4 Summary
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Another Look at Muitiple Reflections on the Parkes 64m Radio
Telescope: A Discussion Paper

1. Introduction

Following H-line observations using the new multi-beam receiver at Parkes by A. Wright, L.
Staveley-Smith, et al during daylight hours, very strong interference was evident from the sun when
fairly close to boresight. The "classic” approx. 6 MHz baseline ripple was a major characteristic of the
interference. This discussion paper revisits the major mechanisms causing such interference, and
proposals are made for experiments to attempt to reduce their effect.

2, Major Mechanisms of Reflections

For convenience, let us consider the feed as transmitting, and assume that reciprocity will apply for
the receiving case. The blockage of the cabin (see Figs A and B) is approximated by a circle of
diameter 6m.

Fig. 1 shows the basic “cavity-effect"”. Path 2, when incident on the metal cabin floor located in the
focal plane will have two effectsuiffraction of energy around the edge of the cabin (shown as D2),
and direct reflection of energy.

In the latter case we assume an aperture of currents of diameter 6m (D/A=28.6), neglecting the hole in
the midd!le. (This could be more precisely modelied as an annular ring of currents, which would tend
to give higher side-lobes). Fig 1(a) (from Hansen) gives an indication of the magnitude of the field
near the vertex for rays 3, where range length (26.24m) is expressed in normalised form: x (2D*N) ; x
=0.15. Fig. 1(a) shows that there is significant energy incident in the vertex region. The pattern of the
reflected energy will be dependant on the phase distribution. Note that further diffraction (D4) will
take place when the retum rays (4) again hit the edges of the cabin. Also, there will be a significant
beating between remrn rays 2 and 4 at the feed.

A similar argument holds for an offset feed (shown in Fig 2 as being 1m offset).

The incident energy from the spherical wave (ray 1) can be scattered in a controlled manner by using
an hyperboloidal "sub-reflector” at the vertex. The return energy, instead of forming a "cylinder” of
plane waves, is scattered approximately uniformly from 0° to 70° (See Fig. 3).

Another likely area of concern is the reflection of energy from the upper region of the struts (sce Fig.
4) directly into the feed. It is suggested that a "crenellated" shield (1.7x1m) be placed as shown in
Fig.5 to shield the feed from this energy. It may be desirable to shape the shield in the horizontal
plane in the form of a parabolic cylinder to minimise "coupling” of energy between the three shields
at the strut locations. A later experiment may be to place a pointed reflector underneath the upper 3m
(approx.} of each strut as shown in Fig.6.

95-97:BTfab 1



Another area that deserves consideration is the need to "break-up” the diffracted energy at the lower
edges of the focus-cabin. Although very difficult to access, a "crenelilated” sheet attached to the
surrounds of the focus-cabin and in the focal-plane may assist here.

3 Recommendations

It is recommended that, foilowing consideration of the input presented here, a number of measures be
implemented as part of an experimenta! program:

Stage 1: Addition of a 6m dia hyperboloidal reflector at the vertex (Fig.3);
Stage 2. Addition of vertical "crenellated" shields where the struts attach to the floor of the
focus cabin (Fig. 5. See also Fig. A)

Other additional possibilities are:

(a) Addition of "deflector” plates at the upper sections of the struts (Fig. 6);
{b) Addition of horizontal "crenellations” around the edge of focus-cabin in the focal-plane.

Bruce MacA Thomas
6 May 1997
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The Parkes Spectral Line Baseline Problem -
Will it be Exacerbated by the Upgrade?

M. Kesteven

1 Introduction

There is a well-entrenched belief at the ATNF that high sensitivity spectral observations are
compromised by the notorious “5.7 MHz baseline ripple”. Since the ripple is due to multi-
pathing between the focus cabin and the vertex, concern was naturally raised as to whether
the enlarged focus cabin of the Parkes Upgrade would result in an increase in the magnitude
of the ripple.

It transpires that a large amount of work was done on this problem, both here and overseas;
the published record is, however, a bit sparse, as almost all the work is only recorded in internal
reports. One gains the impression that the concensus (in the 70s) was that the problem was
well understood, and that with care the problem could be tamed, resulting in good quality
baselines. That collective wisdom appears to be evaporating.

A general summary of the baseline problem is given in section 2; in section 3 the Parkes-specific
experiments are described. A detailed discussion of the Upgrade problem is given in section 4.

92 Previous Work

2.1 The problem

High sensitivity spectral line measurements have long been troubled with baseline problems,
generally in the form of a qguasi-sinusoidal variation (“ripple”). The periodicity suggests multi-
path interference with the secondary path length equal to twice the focal length.

A number of different mechanisms have been identified (Poulton, Morris), falling into two
categories:

e Gain Chromatism. In this case the peak-to-peak ripple amplitude is proportional to the
observed source intensity. This is the “ON-Source” component.

o Baseline Chromatism. This component is encountered even when the antenna is pointing
at blank sky. This is the “OFF-Source” ripple.



2.2 ON-Source component

Even a well designed feed will fail to capture all the energy incident on the antenna focus; if the
“uncaptured” fraction scatters off the main reflector back to the feed then interference effects
will result, with a frequency interval between the constructjve maxima equal to:

Af mef(2- F)

where F is the focal length. At Parkes this amounts to Af = 5.7 MHz.

The ripple amplitude is surprisingly large; if the source intensity leads to an antenna temper-
ature Ty, then the peak-to-peak ripple is:

AT/T4 = 4T

where T is the Voltage reflection coefficient.
At Parkes AT/T4 ~ 1% at 5 GHz (prior to remedial measures).

I' is computed in three steps:
compute the angular distribution of the energy scattered from the feed.
compute the energy scattered back from the reflector towards the feed.

compute the response of the feed to the returned energy.

y

For an axisymmetric antenna these operations reduce to the intég'ral (Poulton, 1973) :

T=p / F(8)S(0) sin(8)e=2*" g
where F(6) is the feed (voltage) pattern, and S5(8) is the angular distribution of the voltage

scattered from the feed. & is the angle between a ray and the reflector axis; r is the length of
the ray from the feed to the surface at angle 6. P is 2 normalisation factor,

P=1/ .[0 " F2(6) sin(8)d#



Poulton evaluated this integral for the Parkes case, over a wide range of frequencies, for three
levels of reflection from the feed - reproduced here as figure 1. It shows that at 5 GHz, for
example, ' ~ —31dB, leading to a (predicted) peak-to-peak AT/T4 of around 0.3%.

1t is worth noting here that a pointing error can rapidly increase the reflected energy, and this
will increase AT/T4.

The ripple may also depend of the source structure, as extended structure will spill past the
feed and be scattered towards the main reflector.

Note also the general frequency dependance: I' oc A

2.3 OFF-source component

The situation with the OFF-source component is much less secure. A number of mechanisms
have been identified.

e Extended structure - ground radiation, atmosphere and the general background will
present a distributed radiation flux to the feed area with ripple consequences much as for
extended “ON-source” structure.

o A reflection of energy from the feed-receiver junction will lead to energy transmitted from
the feed which may then scatter back to the feed and interfere. In this case the initial
angular distribution of the scattered energy is well defined - it is the feed’s pattern.

Estimating the amplitude of the OFF-source component is difficult. Morris and Poulton both
presented arguments to show that the proposed mechanisms could produce 2 ripple of the
observed magnitude but but the estimates and the observations have large errors.

2.4 Remedies and Strategies

e Local regions of high reflectivity. Flat plates normal to direct rays from the feed are
likely to make a significant contribution to the ripple. These regions can in principle
be identified from the periodicity of the ripple. Fisher (1978) used a reflectometer as a
sharper tool to localise such trouble spots in the Greenbank antennas. The reflections
can be moderated with absorber or by tilting the plate.

While this approach will remove serious offenders it cannot address the reflection from
the entire antenna.

e Vertex Corrector Assemblies. The integral expression for I' is 2 vector sum over the entire
reflector surface. A detailed examination of the contribution of the various sections of the
reflector to the final vector sum shows that the central area makes a large contribution;
that is, we can view the reflected signal as the sum of two roughly equal components: one
from the central area and one from the rest of the antenna. Given this, we can alter the



magnitude of the reflected signal by adjusting the relative phasing of the two components
- by suitably raising the central region. Since the central region is blocked by the focus
cabin from the incident radiation, this adjustment will not affect the reflector’s main
beam.

Silver (1949) and Poulton (1974) have discussed the details of this type of correction.
In principle complete cancellation is possible; in practice it is hard to achieve. A simple
plate will be very frequency-specific; Poulton showed that a wide-band assembly could
be designed.

* Observing Strategy. Some observers (eg, Bania et al, 1993) have found that alternating
the focus setting by +)/8 results in a substantial improvement in the baseline. At the
Greenbank 43m (at the Cassegrain focus) the uncorrected ripple is AT/Ts ~ 2%; the
+A/8 cancellation gives AT/T4 ~ 0.2%; further baseline processing allowed them to
achieve AT /T4 ~ 0.07% after long integrations.

- 3 Parkes

The Parkes 64m antenna exhibited all the problems described above, along with a few ideosyn-
cracies of its own. These were investigated in detail in 1977 (Padman 1977a, b).

'The ripple period is 5.7 MHz; the baseline is not sinusoidal, with the second and third harmonics
present. AT /T, ~ 0.85%, 1.3% and 0.35% for the three harmonics.

The relatively flat vertex produced a further twist to the problem: in effect we have a Fabry-
Perot etalon between the vertex and the focus cabin ground plane. This means that quite
sharp spectral features can be seen (fig. 2).

The Padman report identified three major improvements:

¢ Install a corrector assembly in the vertex region.
e Close the gap at radius 8.5m between the “mm” surface and the perforated panels.

¢ Equalise the noise level between ON and OFF observations.

Several minor improvements were also identified:

¢ Use 2HE feeds in preference to single mode feeds.

* Alternate observations with the focus at /8,



Of little help:

e Placing absorber on the focus cabin grournd-plane.

e Placing a cone around the feed in attempt to shield it from off-axis radiation.

In detail:

3.1 Vertex Corrector Assembly

Poulton (1974) designed a series of assemblies for the Parkes antenna, to cover a number
of frequency ranges. The experience with the 3-9 GHz band assembly was disappointing: the
fundamental was reduced by about 50%, but the other harmonics were unchanged. Considering
that the frst Fresnel zone has a radius of order 1m at 5GHz the balancing act required of the
corrector assembly is enormous, so the mixed results are perhaps not surprising.

A simple cone (5 degree semi-angle) was found to be effective: the higher barmonics were essen-
tially eliminated and the fundamental was reduced to AT/T4 ~ 0.5%. The ripple amplitude
was independent of zenith angle.

The current corrector assembly is the cone.

3.2 Gaps at the 8.5m Radius

These gaps were left after the resurfacing campaign which provided a high precision “mm”
surface in the inner 8.5m section. J.Murray showed that such a gap would make a significant
contribution to the ripple - in effect we have a sizeable area of the antenna at constant phase
from the feed.

The gaps have now been closed.

3.3 Noise Matching

Hard-won experience indicated that the baselines were improved if the ON and the OFF T,
were made equal. It is possible that this process balanced the additional reflection at the
receiver source flux density. It is not clear whether this technique is still required.

3.4 Hybrid Mode Feeds

The ripple will be reduced as the feed efficiency increases, so the switch to 2HE feeds should
(and did) improve matters.



3.5 Absorber

The absorber had a modest effect on the higher harmonics, but otherwise did little to attenuate
the ripple. The argument was made that the absorber could not be placed close enough to the
feed - there was an appreciable gap surrounding the feed.

3.6 OFF-source ripple, anecdotes

The record is not clear: my impression is that good cancellation of the OFF-source baseline was
obtained if the reference spectra were obtained from the same HA/DEC track as the ON-source
spectra. Perhaps present-day observers could provide some data on this question.

I also get the impression that day-time baselines are distinctly worse than night-time. Some
hard data would be appreciated. I would not be surprised if the feed legs were responsible,
as they provide fertile scope for multi-paths. (I would expect this type of problem to have a
periodicity somewhat greater than 5.7MHz).

J. Caswell advises that the +)/8 was not entirely satisfactory; some improvement was obtained
by stepping the focus in finer intervals over a larger range. ‘

3.7 Results

When all these improvements were in place the ripple (in 1977) became much more sinuscidal,
with amplitude AT/T4 ~ 0.25%.

4 Parkes Upgrade

The upgrade will enlarge the focus cabin from 8 to 22m2.

The multi-pathing requires some fraction of the direct signal to hit the feed; thus the damage is
done within a few A of the feed, and the extension from 3 to 6m (dia) is likely to be irrelevant.
The Fabry-Perot etalon problem does relate to the area of the focus cabin ground-plane, so
some care is needed here. The present scatter cone extends out to a radius of 2m, so an
extension may be advisable.

5 Recommendations

e The vertex scatter cone may need to be enlarged to ensure that the Fabry-Perot etalon
problem does not re-appear.

» It might be useful to re-examine the OFF-source problem, since current receivers may
well have significantly reduced mis-match problems, with reduced transmitted noise able
to scatter back to the feed.



¢ The noise balancing operation should be revisited: is it a lost art, or an obsolete one?

e Attempt to reduce the scattered radiation from the tripod: the open structure is known
to offer excellent scattering centres for strong off-axis sources. A smooth surface, tapered
towards the vertex would have superior scattering properties.
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Figures

Fig. 1 Scattered power returned to the feed. Three cases considered:
- 100% reflection at the feed.

- Main lobe (the central Airy ring) blocked.

- Main and first sidelobe blocked.

Fig. 2 The “Fabry-Perot etalon” effect.

Fig. 3 Typical baseline, before any remedial measures taken.

Fig. 4 Baselines after remedial action.
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It is possible for some of the aperwre blockage to be raflecied by ihe para-

4. Multiple-refiection

bola and then reflected again by the blockage, This would givé rise to higher
modulation frequencies of the order of 2 ‘/o, SVO «++.. if the blockage oc~
curs in the vicinity of the focal plane. An effect ot this type has been ob-
served with the Parkes 64-m dish at wavelengths of g ¢m and longer where
apparent absorption "dips" of the form o F&i“ié

- A{_‘

yi=

-

shown below were obtained,

|
< 30%-{-.= 5 TMHtL iy |

CERESeY S

These "dips'' were explained as arising from multiple reflections between
the parabola vertex and the flat plate of 3 - 4 gm,size in the focal plane, '
If fl and fz are the reflection coefficienis associated with waves so

trapped, then successive reflections wiill add as

constant § 1+ hjl‘ ?2le'i~& < 'fl.?zﬁ e‘iEQ o -

constant
i- {33 1.5’,} e-14 , in which A is the phase difference associatad

with the round-path.

IFrom the ratio of the hali-widths of the "dips" to the spacing it was ascertain-

ed that {f’ N fz\ % 0.8. Such a high value is not impossible with a flat focal

plape about a Fresnel zone in size.

By covering the focal plate witn absorbing material the "dips"” were removed, ~
However, quasi-simusoidal effects remained. A: § cm the "dips* were no:

present, presumably because ihe focal plate was no longer a good reflector.

It is obvious that the radiation from multiple-reflections is associated with

<
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Some General Thoughts from Padman’s
Work (1978) at 5GHz

¢ Reproducibility is poor
e “The effect of lift position, flexible cables.....
- introduce spurious reflections.”
¢ Second harmonic > fundamental
e 2HE < 1HE (factor 2)
e Absorber in focal-plane has negligible effect
e Scattering cone at vertex:
- fundamental reduced by ~ 1.7
- Second and third harmonic — 0
¢ General increase as elevation angle decreases
e Reflector gaps have significant effect
e Emphasises need to have good match of receiver to

feed.






