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1 Introduction
The membrane at the vertex of the 40 m radiotelescope has been replaced by a new one with
less losses. This report offers a summary of the design of the new membrane, the installation in
the telescope and the measurements performed using astronomical observations.

2 The vertex membrane
The 40 m radiotelescope has a membrane in the central tube that connects the vertex of the
main reflector and the receiver cabin. The vertex of the main reflector is covered by a circular
structure with eight petals that form a diaphragm. The petals are opened during observations
and are closed during periods of inactivity thereby protecting the tube from the exterior weather
conditions. Immediately after the actuators, that move the petals, there is a narrow steel ring
mounted on the walls of the tube and perpendicular to its axis (figure 1). The surface forms
an angle of 65 degrees with the axis tube, parallel to the path of the rays from the subreflector
towards M3 (Fig. 1).

Figure 1: The interior of the central tube.

The vertex membrane lies against the ring and is held in place by a clamping system that
also prevents water from the exterior entering the receiver cabin. Its shape is an elliposoid,
obtained by cutting a cylinder with a plane with a tilt of 25 degrees with the cylinder axis. The
major and minor axes have dimensions of 3.36 m and 3.05 m respectively.

The original membrane was made of plastic fabric about 0.4 mm thick. The membrane
was mechanically resistant and waterproof. However if offered an impermeable surface which,
while desirable to ensure a watertight environment, also suffered high levels of wind resistance.
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Figure 2: Section of the tube showing the rim and the place where the mebrane is placed. The drain
hole is connected to a J shape tube, which can be seen in the sketch.
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As a result, the old membrane had to be stretched taut. Nevertheless the surface slackened
slightly and it tends to oscillate in the wind.

The membrane was clamped to the steel ring via 10 stainless steel pieces (Fig. 3) with the
form of circular arcs which are heavy and difficult to manage. The entire border was then sealed
with a silicon gel.

Figure 3: Picture of the old membrane with the heavy iron support structures forming a circumference.

Malo 2010 measured the dielectric constant and loss tangent of the membrane material and
simulated, based on these values, the return losses via a simple impedance model under normal
incidence. It demonstrates a maximum in reflection at 100 GHz of the order of 1.2 dB (25%).

Finn & Tercero (2011) have measured the free space losses as a function of angle of inci-
dence and for the two orthogonal linear polarization vectors. These results are directly compa-
rable to the in situ return losses that will be suffered by the membrane in the antenna vertex. The
measured losses were found to be 1.4 dB for the parallel polarisation and 2.5 dB for the perpen-
dicular polarisation which corresponds to losses of 28% and 44% respectively. The losses will
depend not only on the mode of observation (i.e circular or linear receiver polarisation) but also
on the polarisation of the astronomical source and the elevation angle of the telescope. Thus the
mean loss for beam from an unpolarised source is 35%
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3 New membrane
Since the membrane was rather inefficient at 3 mm, Finn & Tercero (2011) investigated materi-
als for a new membrane. The tilting of the membrane to 25 degrees causes the perpendicular and
parallel polarizations to have different transmission coefficients. This effect is particularly pro-
nounced in high permittivity materials and thus the choice of an adequate material was focused
on very low permittivity materials such as expanded and extruded polystyrene and polyethylene
foams where the effective permittivity was very close to 1.

All materials tested had a very low permittivity and the final choice was based on practical
issue. Polystyrene materials are very light and durable, where as the polyethylene foams are
slightly denser and can be degraded by the UV. However, the polyethylene is very hand formable
and elastic and recovers its shape after deformation and as a result exhibits better mechanical
resistance than the more rigid polystyrene foam. Since the membrane is only exposed to UV
radiation during short periods of time and tend to suffer more constantly from mechanical stress
due to wind the polyethylene foam is preferred. Additionally the flexibility of the foam greatly
enhances the ease of installation by allowing the deformation of the ellipsoidal surface to the
actual shape of the central tube. Further details relating to the physical characteristics of the PE
foam may be found in the Annex II.

The new membrane was purchased by the end of 2010. It is made of Polyethylene foam and
has a thickness of 53 mm. The manufacturer only offers various thicknesses and 53 mm was
considered sufficient to guarantee the structural integrity of the new membrane. The dimensions
are 3.36 m for the major axis and 3.05 m for the minor axis. The membrane was requested in a
single piece but the manufacturer delivered an ellipsoid made of 6 parts formed from a zigzag
cut assembled with glue.

In order to install the new membrane a new set of metallic supports were designed and
constructed from aluminium. Figure 4 below displays the original design for the PE membrane
including the aluminium supports.

Figure 4: The new membrane and its metal supports.
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4 Membrane installation
The membrane was replaced in two stages taking advantage of a period of 10 days with good,
dry weather. The old membrane was removed on April 11th. The first installation day was quite
windy requiring the antenna to be turned offering the back-structure to the wind. A wind of 40
km/h is rather inconvenient if the antenna points towards it. In order to remove the membrane
the antenna was tilted to 5 degrees elevation, allowing the workshop personnel to enter the tube
from the receiver cabin.

4.1 Membrane Removal
The old membrane and supports were removed with prior numbering of each one. Once the
membrane was removed, the rim was cleaned of silicon traces. The operation took 4 hours
approximately. When the old membrane was removed it was observed that the screws had
damaged the membrane where they made contact due to wear and tear.

4.2 Membrane Installation
The installation consisted of three stage

1. The preparation of the membrane for installation in an appropriate area (e.g hangar build-
ing)

2. The transport of the membrane to the receiver cabin

3. The installation of the membrane within the vertex

Each stage consisted of one or more procedures which are described below

4.3 Membrane preparation
• The metallic supports were constructed after in situ measurement of the membrane in the

vertex (see ACAD drawings Annex I)

• The joints were then sealed on the exterior face (face oriented towards sub-reflector) using
a polyurethane gel due to several demonstrating a lack of water tightness (24 hr curing,
for additional information see Annex III)

• The old steel supports and membrane were mounted on top of the new membrane to
define the location of the drill holes and to permit the approximate centring of the border
of the membrane. The excess sections were then removed with a Stanley blade.

• The headless bolts used for the installation are M8 and 100 mm in length and were
mounted in their corresponding holes in the antenna vertex (figure 6). The original bolts
were insufficiently long to accommodate the new membrane.
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• The new membrane was drilled with 40 holes with each one containing a metallic cylinder
15 mm diameter which protect the foam from general abrasion by the bolts. They also
permit a degree of lateral freedom when mounting the membrane in the vertex.

• A second spare membraneis dimensions and drill holes was marked via the first mem-
brane.

Figure 5: The mounting bolts on the steel ring.

4.4 Transport
• The membrane was placed horizontally on the scissor platform and raised to the receiver

cabin balcony.

• The membrane was then introduced to the cabins interior and laid on the floor on level 19
metres. The membrane is quite flexible and was manipulated and bent with care in order
to pass the K and W band receivers.

4.5 Installation
• The metallic barrier on level 20.7 meters was removed for ease of access.

• M3 was rotated through 90 degrees

• The membrane was lifted manually and introduced by translation and rotation into the
telescope vertex with the watertight face towards the subreflector. A first coat of Polyurethane
gel is applied to the steel ring before the installation of the membrane.
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Figure 6: The new membrane was lifted on the telescopic platform and taken inside the receiver cabin.

• Since the membrane is virtually the exact same size and the placement was impeded by the
axial tube re-enforcements the bottom part had to be introduced first. It was also necessary
to have a technician on the far side of the membrane to guide the interior installers.

• The first four headless bolts were introduced to their respective drill holes. However it
was necessary to deform the membrane somewhat to achieve this goal.

• Once these first bolts had been successfully engaged the remaining 36 bolts entered their
respective drill holes with relative ease (Fig. 7)

• Once all bolts are in place the metallic supports were mounted in quadrants while a tech-
nician injected a polyurethane gel on the exterior joint between the membrane and the
steel ring.

The membrane was then subjected to water tightness testing which showed leaks. These
were filled in over a period of a week by pouring water on the membrane from the exterior and
during a period of intense rain the weekend following the installation.

Finally, figure 8 displays the new membrane after installation and indicates the relation
between the orientation of the membrane and mounting plate with respect to the sequential
numbering of the joints.

5 Astronomic measurements at 86 GHz
In order to characterize the new membrane, observations of Venus and Saturn at 86 GHz were
performed two days before removing the old membrane, without membrane and after placing
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Figure 7: The membrane after bolt penetration of all drill holes. The first mounting plate can be seen.

Figure 8: Picture of the new membrane from the receiver cabin. The zizag cut between the differente
pieces has been highlighted in red. The interface between the new supports is also tagged in red.
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the new one. Unfortunately we found some problems with the mm receiver during the first days
that prevented having good measurements of Venus. Results are summarized in table 1

The aperture efficiency (ηa) of the antenna depends on several factors: the efficiency of the
main reflector (ηm1), subreflector (ηm2) and all other mirrors (ηnm). These arise from surface
errors and can be estimated from the Ruze formula and assuming a given surface RMS error.
The membrane efficiency (ηmb) also affects the overall efficiency as well as blockage by the legs
and subreflector (ηb), and illumination (ηi).

ηa = ηm1ηm2ηnmηblockηmbηi (1)
= ηm1ηm2ηm3ηm4ηm22ηblockηmbηi (2)

where we have ignored the errors coming from all mirrors after M22.
According to Ruze (1966) the estimated efficiency obtained from the rms of the surface:

ηmirror = e−
4πσ
λ

2

(3)

where λ = 3.3 mm at 86 GHz and σ is 50 µm for the subreflector, 25 µm for M3 and M4 and
40 µm for M22.

The efficiency due to blockage is 0.92 (de Vicente 1998), and the efficiency due to illumi-
nation 0.7 (Tercero private communication).

Hence at 3 mm:

ηa = ηm1 0.967 0.99 0.99 0.98 0.92 ηmb 0.7 = 0.60 ηm1 ηmb (4)

The aperture efficiency can be estimated from pointing drifts towards planets, whose bright-
ness can be approximated by a black body. According to Baars (2007):

ηa =
2KBCsT

′
a

ASf

(5)

where T ′a is the antenna temperature corrected by the atmospheric attenuation, A the radiotele-
scope collecting area, Sf the source flux and Cs a factor which takes into account the source
brightness distribution compared to the antenna HPBW and is only valid for sources whose size
is equal or smaller than the beam width:

Cs =

{
1 + x2 gaussian source

x2

1−exp(−x2)
disk source (6)

where,

x =
θs(
′′)

θb(′′)
(7)

and θs is the source size and θb the HPBW of the antenna.
For the 40 m radiotelescope we can simplify:

ηa = 2.196
Cs T

′
a[K]

Sf [Jy]
(8)
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Results are summarized in table 1. Observations of Saturn were performed during the night
and since the atmosphere was more stable and the tetrapod legs do not expand due to the action
of the sun, they have a better quality than Venus observations. Venus observations were done
during the day. The planet preceeded the Sun by 2 hours at an angular distance of 30 degrees
approximately. The subreflector and the tetrapod legs were illuminated by the sun. This affected
the focus, which differed -2 mm along the Z axis with respect to the night. The other subreflector
axis were also affected. All these circumstances caused the observations to have worse quality
than observations of Saturn. The best moment to observe Venus was early in the morning.

Membrane Source Size Flux Cs T’a S/T’a ηa
(”) (Jy) (K) (Jy/K)

Old (1) Venus 12.5′′ × 12.5′′ 245 1.18 > 5.4 < 58 > 0.057
None (1) Venus 12.5′′ × 12.5′′ 235 1.18 > 9.5 < 33 > 0.065

New Venus 12.5′′ × 12.5′′ 235 1.18 11.3± 1 17± 20 0.124 ± 0.008
Old Saturn 19′′ × 17′′ 203 1.39 6.2± 0.5 25± 10 0.093 ± 0.004

None Saturn 19′′ × 17′′ 203 1.39 10.2± 0.5 14± 10 0.153 ± 0.004
New Saturn 19′′ × 17′′ 203 1.39 8.5± 0.5 17± 10 0.128 ± 0.004

Table 1: Size, flux, antenna temperature (corrected by opacity), source correction, flux antenna temper-
ature ratio and aperture efficiency for Venus and Saturn at 86.2 GHz. All data were taken at 30 degrees
elevation approximately. HPBW at 86.2 GHz is 18′′. (1) These observations were of very poor quality
and should be taken with care.

As we can see from table 1 the antenna aperture efficiency is 15.3% without membrane,
12.6% with the new membrane, and 9.3% with the old membrane. These values, however
require a correction that we exaplin in next subsection.

5.1 Linearity of the 3 mm IF continuum detectors
We have investigated the linearity of the measurements at 3 mm and have found that up to
April 25th 2011, continuum measurements obtained with the Pocket Backend and using an IF
attenuation of 8 dB were not linear. Since the IF signal feeds the VLBA terminal we found
that when inserting the hot load, the VLBA square detectors saturated and the maximum volt
obtained was 5.53 V. We tried again with an IF attenuation of 10 dB and all measurements,
including the most extreme ones (hot and cold load), were in the linear regime of the VLBA
square law detector (except for the zero). We have checked the difference in the estimation of
the receiver temperature in both cases and, in the non-linear regime, the receiver temperature
was 97 K versus 79 K in the linear regime. We have also performed some pointing drifts
towards Venus in both cases and found that the antenna temperature is 1.19 times higher in
the non-linear regime than in the linear one. Therefore all parameters derived from antenna
temperature should be corrected by this factor.

Taking into account a correction of 1.19, the antenna aperture efficiencies that we determine
in the three cases are summarized in table 3:
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Attenuation Hot Load Cold Load Sky Zero Tr
(dB) (V) (V) (V) (V) (K)

8 5.53 1.58 2.82 0.02 97
10 4.18 1.09 1.78 0.02 79

Table 2: Voltages in a calibration scan with two different attenuation IF values for the 3 mm receiver.
The maximum value given by the square detector is 5.53 Volts, hence the detector was saturated when
the receiver was seeing the hot load. The receiver temperature is in the last column. The correct value is
the one in the second line.

Membrane Efficiency ηa
Old 0.61 7.9%

New 0.82 10.9%
None 1.0 13.2%

Table 3: Membrane efficiency and antenna aperture efficiency with two types of membranes at the vertex
and no membrane.

The efficiency of the main reflector can be obtained from the aperture efficency when there
is no membrane at the vertex:

ηm1 =
ηa

0.60
= 0.22 (9)

and we can now estimate the surface error budget for M1 using Ruze formula:

σ =

√
− ln ηm1

4π
λ [µm] (10)

∼ 347µm (11)

This value is in the same range as the one estimated from holographic measurements by J.A.
López Pérez (Private communication).

Fig. 9 shows three continuum drifts towards Saturn with the old membrane, the new me-
brane and no membrane at the vertex.

6 Checking the membrane losses
In order to check the losses introduced by the new membrane we inserted a small piece of
the material of which the new membrane is made of, in the trajectory of the 3 mm beam and
compared the results with similar observations without that material. Observations were done
towards Venus. The atmosphere was quite good although not totally perfect and this may in-
fluence the results. The antenna temperatures were obtained after correcting for pointing and
focusing and after slewing from a position in which the sun did not illuminate directly neither
the tetrapod legs nor the subreflector. The pointing error was in all cases below 2 arcsecs.



6 CHECKING THE MEMBRANE LOSSES 14

Figure 9: Pointing drifts towards Saturn with the old membrane, no membrane and the new membrane.
All were done at 30 degrees elevation at 86.24 GHz. Intensity scale is Ta*
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The membrane was placed besides the fist 3 mm mirror and formed an angle of approx-
imately 45 degrees with the beam. Since this mirror is after the hot load, we calibrated the
observation without any obstacle in front of the mirror and did not repeat it while the piece of
material was being used. In this way we avoided altering the calibration by placing the material
in front of the hot load. The placement of the material in this position may have not been the
best since the ray crosses the material twice (see Fig. 10)

Figure 10: Mirrors before the 3 mm. The yellow line shows the path of the rays reflecting on 3 mirrors.
The rays first reflects on the mirror, in front of which a piece of material like the membrane was placed.
This picture shows the corner cube in the trajectory, and the hot load out of the trajectory. At this position
the cryostat is looking at the cold load inside itself.

The mean antenna temperature (T ∗a ) towards Venus with the small piece of membrane in
front of the horn was 11.6 K and 12.7 K, without it. This difference implies that the new
membrane has an efficiency of 0.95 and losses are approximately 5%, where we have taken
into account that radiation crosses twice the test membrane. On the other hand the system
temperature increases from 165±4 K to 179±4 K without and with the membrane of new
material respectively. If the membrane has dissipative losses this increase may come from them.
Taking into account that 0.1 dB loss at ambient temperarure generates 7 K in excess in system
temperature, the total dissipative losses are 0.2 dB (5%) which corresponds to an efficiency of
0.95 for the new membrane. Results are summarized in table ??

7 Skydips
We did two skydips on the same day without membrane and with the new membrane at the
vertex. The first skydip was observed at 09:00 local time and the second one at 15:30. The
water content at both times was different and hence opacity is also different. Fig. 11 shows the
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Piece T ′a(K) Loss fraction Tsys(K) Loss fraction
Inserted 11.6 9%/2 179 5%
None 12.7 165

Table 4: Antenna temperature and system temperature towards Venus with and without a piece of PTE
foam (the same material and thickness of the vertex membrane), in front of mirror before the 3 mm
receiver. The piece is seen in picture 10. The loss in the third column is obtained from the ratio of antenna
temperatures. The loss in the fifth column is obtained from the increase in the system temperature.

data and two fits per curve. The fits were done by hand and are depicted to show the range in
which the forward efficiency and the opacity range.

The skydip without membrane, requires a zenital opacity between 0.20 and 0.22 and a for-
ward efficiency between 0.71 and 0.73. The estimated opacity towards the zenith by ATM from
surface parameters is 0.17, which apparently subestimates the opacity derived from the skydip.
The skydip with the new membrane requires a zenital opacity between 0.18 and 0.20 and a
forward efficiency between 0.66 and 0.68. The estimated opacity from ATM and using surface
weather parameters is 0.155 which, as in the previous case, is a lower value than that obtained
from the skydip.

The difference in opacity matches that from the different weather conditions. The difference
in the forward efficiency is a way to describe that power from the sky is higher when the new
membrane is in its place than when there is no membrane. This difference is:

∆T = Tamb1 ηf1 − Tamb2 ηf2 = 283 · 0.72− 296 · 0.67 = 5.5K (12)

This means that the new membrane would generate an extra noise of 5 K.

8 Gain as function of elevation
The increase in appearture efficiency has allowed to measure the gain of the antenna as a func-
tion of elevation using quasars. We have measured it by making total power drifts towards Sat-
urn, 3C454.4 and 3C84 during a very clear day without clouds. The drifts required continuous
pointing corrections. It is the first time that two quasars are detected at 3 mm using continuum
drifts. The results are in Fig. 12. This curve should be repeated with a better pointing model.

9 Cleaning M3
Nasmyth mirror M3 was cleaned from dust and grease stains using some cloths wet with water.
The cloths were not wiped along the surface to avoid scratches that may damage the mirror.

10 Conclusion
The old membrane had big losses at 3 mm, and once replaced by the new one, the efficiency
has increased 35%. The current estimation for the aperture efficiency with the new membrane
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Figure 11: Skydips without the membrane and with the new membrane at the vertex. Forward efficiency
is 0.72 without membrane and 0.67 with the new membrane.
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Figure 12: Gain versus elevation from drifts towards Saturn and 3C454.3. The antenna temperature has
been normalized.

is 10.9%. We have tried to estimate the efficiency of the new membrane and find discrepant
values. Direct measurements account for an efficiency of 0.82 which implies losses of 18%.
Measurements from skydips and inserting a membrane of the same matreial and thickness in
the ray path indicate an efficiency of 0.95 and losses of 5%.

The RMS error surface for the main reflector was estimated when no membrane was at the
vertex and it is 347 µm at the time of this report.
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11 Annex 1. AutoCAD drawings of membrane and supports

Figure 13: Soportes_Espuma.dwg file contain the drawings of the supports.
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12 Annex II. PE foam technical datasheet
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Figure 14:
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13 Annex III. Polyurethane Sealant Datasheet
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Figure 15:
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Figure 16:


