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1. Antenna Gain Elevation Curve

Measurements were done on 20-Sep-2011 to characterize the antenna gain-elevation curve. The planet
Mars (diameter 4.96) was tracked at the elevation range 18° (at 3:00 UT) to 74° (at 8:30 UT) using the
EMIR bands E1 and E3 at the frequencies 145 and 280 GHz respectively. The weather conditions were of
clear sky, with the pwv profile depending on the antenna elevation while tracking Mars as shown in the
following graphic.

20-Sep-2011. pwv & antenna elevation while tracking Mars
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Systematically the pwv determined by the calibration scans was at E1 about 0.5 mm higher than at E3 as
shown in the previous graphic. The calibration at 40 deg. elevation shows an irregularity identified as a
wrong sky value (see graphic above right).

Calibrated pointing scans were carried out in beam switching mode using the broad band continuum
BBC. At each elevation and at both frequencies, 145 and 280 GHz, the result from the vertical and
horizontal polarizations have been averaged to get Ta*. Results are shown in the graphic below.
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Measurements on Mars on 20-Sep-2011. Used ATM 2009. E1 at 145 GHz, E3 at 280 GHz
pwv between 2.5 and 6 mm. Mars disk diameter 4.96". Gain(signal)=0.95
Flux at 145 GHz = 58.63(56.84)J, at 280 GHz = 215.66(192.45)J
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From the previous Ta* the antenna aperture efficiency Aeff has been calculated

Aperture Efficiency
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Measurements on Mars on 20-Sep-2011. Used ATM 2009. E1 at 145 GHz, E3 at 280 GHz
pwyv between 2.5 and 6 mm. Mars disk diameter 4.96". Gain(signal)=0.95
Flux at 145 GHz = 58.63(56.84)J, at 280 GHz = 215.66(192.45)J

e e R o R B o o e O a3 T e
: * . _1--—0-.--‘-0_..__._ _____ o
‘gt!i-t—:z"_’-._‘_f- ,o‘ T w:'*g“';q-&. .

T Y Lt CENIII TN MRl LA L T

e L y--EEEQQE-DSX'+5§96TE-D3)(+44319E—D1 * T

":. * maximum gt elevation 47.82 deg;
Joo * Aeﬁ‘tmaXJ%BB _________ - T T W——
|
B e e e e o ,.____.__._l ________ L . bR O E
|_ilies ERCT =
| S : S
u gt o : TeRm L m
B PP e P g BT demm e 2 IS T i Mg feemmsens e
: : T m
H H - ]

| "y | W om | L N
e e A S . SN . N i UGN N

: S ; y=1 G1D3E-G4x +15838E-DZX+36?’28E-DZ : : L

. ,," : maximum at elevation 49.33 i:leg : : n
,,,,,,,,,,,,,,,,,,,,, Aéff(max)°429
10 20 30 40 50 50 70 30

Elevation (deg.)

‘ ¢« EI ® E3— — -fitdata Bl — — -fit data E3|

From the antenna aperture efficiency Aeff at two frequencies, assuming the same antenna taping at both
frequencies, is possible to conclude the surface roughness rms by fitting the Ruze formula

A(_,ﬁr = Aeﬁ,o exp —(

2
élﬂ'(/l;ms)j , in fact both, the A (aperture efficiency at frequency 0) and the rms

can be determined. Both are displayed below versus the antenna elevation.



Measurements on Mars on 20-Sep-2011. Used ATM 2009. E1 at 145 GHz, E3 at 280 GHz
pwv between 2.5 and 6 mm. Mars disk diameter 4.96".
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Measurements on Mars on 20-Sep-2011. Used ATM 2009. E1 at 145 GHz, E3 at 280 GHz
pwv between 2.5 and 6 mm. Mars disk diameter 4.96".
Flux at 145 GHz = 58.63(56.84)J, at 280 GHz = 215.66(192.45)J
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The Aperture Efficiency at frequency 0 (A¢fro) should be the same with independence of the antenna
elevation, but measurements seem to show a slightly higher value at lower elevations. The antenna
surface rms shows its minimum at the antenna elevation 50°.

From the previous fit, with A.s and rms determined versus antenna elevation, is possible to calculate the
Aeff and then the Gain Elevation Curve at any observing frequency and antenna elevation. The graphic
below shows the Gain Elevation Curve at five observing frequencies in the range 86 to 340 GHz, with the
observations values made at 145 and 280 GHz superposed.



Measurements on Mars on 20-Sep-2011. Used ATM 2009. E1 at 145 GHz, E3 at 280 GHz
pwv between 2.5 and 6 mm. Mars disk diameter 4.96". Observing time from 2:57 to 8:24 UT
Flux at 145 GHz = 58.63(56.84)J, at 280 GHz = 215.66(192.45)J
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Values at 86,210 and 340 GHz extrapolated from the rms accardlng to measurements at 145 and 280 GHz
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The reason of the Gain Elevation Curve comes as a
T e consequence that the antenna was not designed in a
complete homology way. According to the design, the
optimum rms is at the antenna elevation 50°, and the
rms increases up to approx. 55 um when moving in
elevation to 0° or 90° as shown in the left plot.

If the antenna gain drops when going out of the
optimum elevation some power of the diffraction
diagram must go some place. Some part of the power
goes into the broadening of the antenna beam.

50°

The graphic below shows the measured HPBW,
together with the parabolic fit, and the values of the
deconvolved HPBW. The HPBW is broader when
going up or down the elevation with the maximum
gain. Other part of the missing power must go into the
| large scale or first order error beam. Measurements of
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the antenna error beam should be carried out at
different antenna elevations to confirm it.

Verlauf des rms-Wertes ¢ bei Eigengewicht



Measurements on Mars on 20-Sep-2011. Used ATM 2009. E1 at 145 GHz, E3 at 280 GHz
Mars disk diameter 4.96"
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Measurements on Mars on 20-Sep-2011. Used ATM 2009. E1 at 145 GHz, E3 at 280 GHz
Mars disk diameter 4.96". Values of HPBW not deconvolved
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The following steps show how to calculate the normalized antenna gain G depending on the observing
frequency f and the antenna elevation El.

1) To determine the elevation with the maximum gain Elmax (in degrees) at a frequency f (in GHz)
use the formula:

Elmax = 1.567E-06 * f° -1.233E-03 * f* + 3.194E-01 * f + 2.203E+01

The reason why Elmax changes with the frequency is consequence that A is found to depend
slightly on the antenna elevation as shown in the previous plot. But a good approximation is to



consider Elmax = 48.5°, in that case the error calculating the gain G will be typically lower than
0.2 %.

2) The gain G at the elevation El will be G(EI):
G(El) = Aet(El) / Aegr(Elmax)

being
47Z(rms(El))j2

Ay (ED = A (EDexp —( 1

Acsro(El) = 8.8466E-06 * EI* — 1.2523E-03 * El + 6.9608E-01
rms(El) = 2.5523E-02 * EI* — 2.5534 * El + 1.1937E+02
with rms(El) and A expressed in microns and El in degrees

Finally below there are some graphics, first two graphics of the historical measurements concerning the
antenna gain elevation curve at the 30m antenna and second the homology deformation
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Fig. 9. The relative gain of the telescope as function of elevation angle,
measured in March 1986 with the MPIfR Bolometer-receiver at 1.2 mm
wavelength (solid) and that predicted from computed structural deformations
(dashed). The effective additional surface deviation is also inserted along the
righthand scale. The measured deviation (52+5pm at elevation 80°) is
comparable to that predicted (40 + 10 pm). (Measurements by Salter and Steppe,
priv. comm.)

The gain-elevation correction of the IRAM 30-m telescope
A. Greve, R.Neri, A. Sievers
A&A Supl. Ser. 132, 413-416 (1998)
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Fig. 1. Gain elevation dependence measured with the MPIfR
bolometer at 1.22 mm (245 GHz) on the quasar 09324392
[open circles| and Mars (14") [dots] (Feb. 1995). The heavy
line shows the bestfit gain—elevation dependence Eq. (3) de-
rived from these measurements; the dashed line shows the cor-
responding gain-elevation dependence derived for the surface
deformations predicted from the finite element calculations.
The other lines show the gain-elevation dependence at 3 mm
(100 GHz): a), 2 mm (150 GHz): b), and 0.86 mm (350 GHz):
¢), derived from scaling of the 1.22 mm gain-elevation depen-
dence (heavy line)
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Fig. 10. The rms value of the residual gravitational deformation, calculated from
the structural analysis, assuming a perfect setting of the reflector at 50 eleva-
tion. The dots are measured values, derived from the variation in aperture effi-
ciency with elevation, measured at 1.3 and 0.8 mm wavelength. The estimated er-
ror of the calculation is 12 pm; thus the agreement is satisfactory. The high values
at low elevation might be caused partially by an underestimated atmospheric atte-
nuation.

Design parameters and measured performance of the IRAM 30-m
Millimeter Radio Telescope
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