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From: Alan E.E. Rogers ﬁ £¢[<

Subject: Elimination of multiple reflections

Background

The problem was studied in 1978 and I have reviewed the old memos (see attachments) and I now
think I understand the problem and its solution better.

There are multiple reflections between the subreflector and the feed, the front of the box and the
annulus of the main dish shadowed by the subreflector. These reflections produce ripples in the
spectral line baselines. While tests were done with "spoilers" to eliminate reflections the spectral
line problem was solved by taking data at two subreflector positions a quarter wavelength apart.

Reflection from the feed

For spectral line the reflection from the feed is likely to be the most serious as it is the strongest
(except in the case of a well matched feed). For holography this extra reflection is not important
as it originates from the same focus as the primary signal and will produce an apparent offset in
the entire surface. Actually even the constant offset will be calibrated out by the phase referencing
on the beam center.

Reflections from the front of the box and annulus

The extra reflections are out of focus by the amounts illustrated in the attached Figure 1. The
equivalent prime focus change is 0.2’ (increased focal length) for the reflection from the front of
the box and the reflections from the annulus are out of focus by 0.37°. These focus changes produce
a path length decrease at the edge of the main reflector of 0.1’ and 0.2’ respectively. These
distances are approximately proportional to radius squared and will produce Newton’s rings with
about one and three fringes respectively. If the feed is on axis and the antenna perfectly
symmetrical the rings will be centered, however, the relative phase of the two ring systems depends
on the exact distance between the front of the box and the vertex of the main dish. Also the centers
of the ring systems will move with subreflector tilt. The amplitudes for the rings are approximately
given by the fractional areas of the regions of multiple reflection. For example, the fractional area
of the shadowed annulus (9.33 outer diameter, 8 inner diameter) is 0.6% in power or 8% iIn
voltage - or 5 degrees of phase which will produce an apparent surface ripple of 14 mils peak-to-
peak at a holography wavelength of 1000 mils. The ripple from the front of the box is smaller (10
mils p-p) but will beat the other ring structure. Figure 2 shows an example of a simulated ring
system.



Spoiling the multiple reflections

Spoiling the center of the subreflector would work at short wavelengths, but is difficult at 12 GHz.
While the geometrical size of a spoiler cone needed to prevent illumination of the box and
shadowed annulus is only about 1’ in base diameter, it would have to be increased in size by about
another foot to overcome diffraction. A one-foot diameter cone has already been tried and doesn’t
work. Spoiling the front of the box and shadowed annulus is better because of the larger size of
the spoiler. A rough reflector (on the scale of 1 inch) or an annular cone with an outer base
diameter of 10.5’should do a good job. In practice it would be easier to make it in two pieces, a
reflective annulus attached to the dish and an absorber on the front of the box. If the reflecting
annulus has a tilt of 15 degrees (cone apex half angle of 75 degrees) the unwanted reflection will
have an annular "beamwidth” of about 5 degrees (at 12 GHz) which misses the subreflector by about
20 degrees. At elevations below 30 degrees some of this reflection will start to pick up the ground -
- at worst, this will add 2 degrees to the system temperature. An absorber would add about 4
degrees to the system at all elevations. The front of the box not covered by feeds is 30 square feet
in area and using absorber here should add less than 1 degree.

xc: B.E. Corey
C.J. Lonsdale
AR. Whitney
Astronomy Group
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TO: ) M.L. Meeks and J.C. Carter
FROM:. vélan E_E Roger& /556367
SUBJECT: _ Tests of the Spectral Line Basellne Rlpple

Problem Using the R2 Box at 10 GHz

I conducted a large number of different tests from
which I can draw few conclusions but I found no simple
fixes. '

Definite Conclusions

A) Observing Cas A

1) The ripple deperds on the polarization used
for linear it runs =1.8% peak-to-peak at 10030.5 MHz. For
circular it is considerably worse =4% peak-to-peak. '

2} There are two or more periodicities involwved.
That is, the ripple is not a s.imple sine wave but consists
of a component with a period of 11.3 MHz and another around
12.5 MHz. There is also a ripple component with a period of
80 MHz which is very strong when using circular polarization.
The 80 MHz ripple component is probably the result of
multiple reflections between the receiver and the front of
the feed since this component doesn't change phase with
subreflector motion. '

3) Ripple obtained using RCP appears to be the
same as that obtained using LCP.

4) The ripple varies across the beam. For linear
polarization the ripple expressed as a fraction of the
antenna temperature goes as high as 3% for an azimuth/cos El1
offset of 0.035°.

B} Observing Only cold Sky
1) Ripple is guite evident in an observation

where the signal run is made with the noise source on and
the comparison with the noise source off. Using linear

‘polarization the ripple is approximately 1.6% of Tcal.

2) Ripple also results if the subreflector is
moved by A/4 between 51gnal and comparison runs. The ripple-
character is complex in this case but components around 12
MHz are domlnant



Test of the Spectral Line
Baseline Ripple Problem,
T Using the R2 Box at 10 GHz
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- Tentative Conclusions

1) Putting a large conical annulus {10' outer diameter,
8' inner diameter) on the front of the box eliminated the
11.3 MHz component, but the higer frequency period components

remain. The overall effect on the ripple was small. The
ripple decreased from 1.8% to about 1.4% when using linear
polarization.

2) Putting a small spoiler cone {1' diameter) on the
subfeed point of the subreflector had little or no effect on
the ripple.

3) Placing crinkled foil on flat surfaces around the feed
to roughen any flat surfaces appears to further reduce
ripple. Conversely putting & 10" square of f£lat foil on one
side of the feed facing the subreflector increased the
rlpple. _ ) o e

Futher Tests Which Might Be Worthwhile

1} A test of the influence of the 300°K termination on
the ortho-port of the feed to see if it contributes to the
increased ripple observed with cilrcular polarization. This
load radiates 300°K to the subreflector which returns about
0.3°K (see Ruze's calculation of the subreflector reflection
strength) to the receiver. In addition, a signal of about
3°K may be returned from- the polarizer itself. The two
reflections will beat to cause ripple which will become
apparent if the total power level changes between signal and
comparison runs. '

2) I plan to order some broadband absorbing "carpet
like" material which could be glued to flat surfaces around
the feed. It might be interesting to see if this will
reduce the ripple. A reduction of the large ripple observed
using circular polarization might be brought about by covering
the large ring which supports the polarizing slats with
absorbing material.

AEER:bev
xc: R.P. Ingalls
P.B. Sebring
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,;\/Z' \(L ' NORTHEAST RADIO OBSERVATORY CORPORATION

HAYSTACK OBSERVATORY
18 January 1978

TO: . Haystack Scheduling Committee

FROM: : A.E.E. Rogers %{Z
SUBJECT: Study of "Basellne Rlpple Effect" on Haystack

Understanding the baseline ripple studied by M.L. Meeks is important
for both spectral observations and precise astrometric VLBI. Furthermore,
the problem which results from multiple reflections is of general interest
since there have been few studies outside those performed at Bonn and Kitt
Peak. A complete understanding of the problem for antennas with and
without radomes may be very valuable in reducing the multiple reflections
on existing antennas and for the design of new antennas.

I propose to test theoretical model I proposed (informally to Litt,
Joe and Dick) as a result of a luncheon meeting. Specially, I would like
three 6-hour observing sessions at 8 or 10.7 GHz. During the first session
I propose to measure the baseline ripple on -

1) A strong continuum source like Cygnus
2) An extended source like the Moon

in order to see if the percentage baseline ripple is dependent on source
size. My model for one of the multiple reflections which I believe important
predicts an increased ripple on the edges of the beam and an increase of

a factor of 2 on an extended source.

If the results of the first test tend to confirm the theory, I propose
to place a “sp01ler” around the opening in the main dish to inhibit reflectlon
from the region shadowed by the subreflector. For this purpose I am
constructing a very light foil covered eurethane conic annulus (10 feet in
~outer diameter and 8 feet immer diameter) hhlch can be taped to the antenna
surface between box changes.

For the second seSsion, I propose to remeasure the ripple and look for
components with other periods which may become more clearly visible if the
spoiler is successful in reducing the multiple reflections between the
subreflector and the main antenna surface. I expect that multiple
reflections between the feed and the subreflector may now be important
and I would propose to reduce these by placing a small cone ( approx. 6 inches
diameter at the base) at the subfeed point on the subreflector using tape
and the crane for installation.

"Because the beam formed by this multiple reflection is broadened by
defocussing (Joe has. just brought to my attention a study at Meudon

whlch mentions that Robinson (1n Australia?) has observed a variation
of Chromat1c1ty over the beam).
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If I am successful in greatly reducing the ripple due to multiple
reflections from subreflector to main surface and subreflector to feed
I would like to study the dependence of any ripple that might remain
on source temperature to test for any non-zero intersept or ripple
that remains on cold sky. Further, I would like to look for ripple
resulting from reflections from the subreflector supports which may be
visible when the sun is above the horizon. Thus, I would like the final
session to be scheduled around sunrise or sunset.

I invite Joe, Litt, Dick, Bruce and Paul to join as coinvestigators
if they wish as all have contributed to the ideas I propose to test.

AEER:bev
xc:  J.C. Carter ' ' : : ' o 7
R.P. Ingalls ‘ : ’
B.G. Leslie
M.L. Meeks -
P.B

. Sebring
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A Memo on the Baseline Ripple at Haystack and its

Correction by Means of Subreflector Defocusing

The main problem that broaé—band radioépectréscépy
faces when cbserving sources with moderate or large con-
tinuum temperaturé (Tc’f'J.K) is,the‘baseline ripple‘that
appéars because of reflections between the feed and other
parts of the antenna strﬁcture.

Usihg data provided by Df. M.L. Méeks as weil‘as
extensive obserwvations taken by ourselves, we reachéd.the
following conclusionsrregarding the baseline ripple in.the
Haystack system. | .

-l) The rippié can ﬁe :oughly repieéented by a sinu-
soidal curve with périod of.m 12.3 MIizf This imp;ies that
the distance involved in the reflection is 12.2 meters
(40 ft.) Which ié”conéistéﬁtrﬁifh Qur‘eétimééerof £5e‘dis—
tance‘betweén-tﬂe’féed and the_sub—reflgctor,'

2} The amplitudé of ‘the sinuscidal, T increases

ripple’ .

linearly with Tc. Undexr total power operationvwe‘measuréd:

T . R B o P
ripple ~ 1.2 x 107% (at 7.8 GH z) 7»7p o
T - -
c =
and
T_. l\" ‘ o
_EIPPIE o~ 1.8 x 1072 (at 8.3 GHz) .
T
c
The larger value of Trinple/Té at 8.3 .GHz probably
A0



g

1

L)

The larger wvalue of Tripple/Tc probably iesults from
a degraded coupling between the feed horn and the incoming
radiation, conseguently pfoduciﬁg more spillover and strdnger
reflectiohs. |

3) With the collaboration of Red Sellefs; we started
during our June run to use subreflector defocusing in an
attempt to eliminate the ripple. Our preliminary tests
‘were very éncouraging'ahd indicate that this'téchnique
significantly improves the baseline {See Figs; 1, 2; and 3).

Further:testing is required to determine theroptimal
defocusing position. This technique should enableiHaystack
to take full advantage of‘its wide-band capabilities.

4) Within'a few pércent accﬁracy, there is nﬁ-measurable
change in the antenna gain because of the defocusing.

| @
Lﬁis F,’Rodrigueé'

June 28, 1977 . . Eric J. Chaisson



-FIGURE. CAPTIONS

Figure 1. a) Cas A with normal focus position and Double
Dicke technique. b) Cas A with the subreflector de-—
focused by A/4 units inwards. c) Mean of the two

previous runs.
Figure 2. The same as in Fig. 1 but for W51A.

Figure 3. The same as in Fig. 1 but for W51A with total-

power operation.
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