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Lecture 3: QObserving techniques

pointing, focus

anomalous refraction
calculation of observing time
combining receivers, backends




pointing - 1
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Source: Maors
Frontend: B100
Azimuth = 94.5°
Elevation = 43.5°

Scon: 5 Telescope: IRAM 30m Dote: 2007 —-08-29T03:10

Backend: CONT A
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Rest Frequency = 86 GHz
new Az corr = —0.7"

new El corr = —5.8"

| AEL = —5.8" |
L5 = 31.6" 11.55 K

commanded values = astronomical input + homology + pointing model +

refraction

7 average of 2 encoders on each axis, resolution < 0.1” (36 devided in 12 bit)
# conversion of astronomical input (5,£%) to Az,El is assumed free of errors (clock)4

% homology: function of elevation

# pointing model: 9 parameters, functions of azimuth or elevation or both
#¢ refraction: function of elevation and weather parameters (read from meteo station)
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pointing — 2: the homological principle

the antenna surface maintains its parabolic shape and its focal
length under the changing influence of gravity. The orientation of
the parabola axis moves however.

conseqguences at 30m:
% subreflector tracks sag of focal point (3cm motion)
% atilt i1s introduced to maintain the subreflector perpendicular to
parabola axis (0.1°)
% surface imperfections are a function of elevation

C. Thum 2/2




measurement of the gain/elevation effect

design study of 30m telescope ' ‘ I I T 1
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300 Gain Elevation Curve exiracted from the antenna rms
in the Elevation range 20° to 70°. 31-Aug-2007

30M rms measured with 36 pointing scans in the Elevation range 20° to 70°. 31 Aug- 2007
{used the receivers B10D {86 GHz), B23D (210 GHz) and 270 (260 GHz))

Normalized Gain Elevation Curve
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30m telescope:
principal components

» pedestal

# azimuth bearing

+ elevation axis

* Nasmyth cabin

housing receivers, optics

* backup structure

steel space frame

temperature controlled (1 K, 0.1mm)

* surface

420 aluminum honeycomb panels
thermal insulation, de-icing

# subreflector

first large carbon fiber structure

supported by quadripod

* wobbler
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pointing — 3: the model

pointing model parameters:

% some should be constant in time (P8)
* some vary due to temperature changes
% Some vary by mistake

% strongly numerically correlated

30m Azimuth Axis Tilt in the North-South (P4) and WestEast (P5) directions

description

horizontal

vertical

zero-offset, of AZ encoder

collimation error

non-orthogonality of AZ /EX axes

N-S inclination of AZ axis
E-W inclination of AZ axis
declination error of source
zero-offset of EL encoder
oravitaional bending
oravitaional bending

refraction
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Day of the Year 2005

P4, P5 are measured by inclinometers
rest of pointing parameters more stable
variation of P4, P5 stronger in winter

work in progress:

Inclination above azimuth bearing

Important:

receiver assumed to be on pointing axis
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pointing — 4: refraction

Pointing Correction due to Refraction (vs. Humidity)
for Temperature 5°C and Pressure 710 mbar

refractive index:

n = f(p,T,H) L
1804 ----m=-
pointing correction: PN R
PI0=ncotM  (1-0.002 cot® NE wol ...
QM g 131 | ——
45" at 45° elevation gl
dependence on humidity g 4: """""""""""""""""

- strong effect below elevation 11|, H
30° - can be a very local phenomenon 1
- can be very time variable ;

0

Elevation
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100% |

( from J. Penalver)
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pointing — 5 : getting practical ) T LA Vi -
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pointing catalog g N T
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% contains ca. 140 sources 5 N IR
x well distributed over the visible sky E VR P N T B
* detectable at 3mm with sufficient S/N 8 oLt A" o Jua [#* 0L
= o A%R4, 5 A O
% average separation 10 A= Wl A Fa A I RS
within 20 [+ 4 T PPl s
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example: error in P4 right ascension { hours) ;
AZ " [ AZ®™ + P4 cosA sinE [ ]
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distance to nearest neighbor, deg.
conclusions:

% pointing good enough (error < beam/10) most of the time
% recommended time between pointings: 2 hours at 1.3 mm
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pointing - 6: anomalous refraction

30u. telesape leoks ot Veuus
Imm

2mm

-4~

also known as radio seeing or angular
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scanning coordinate, arc sec

screen of humid air moves across the aperture
scale size > aperture
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recommendation:
make fast pointing scans
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pointing—7: anomalous refraction

Table 2. Mode! for Anomalous Refraction at the IRAM 30-m Telescope (altitude 2850 m)

Quantity - Symbol Value ( figure from Penalver & Altenhoff)
Steady Quantities
atmospheric temperature Tatm 280 K Anomalous Refraction on 15-Jul-1993, second measurement
total atmospheric pressure P 700 mbar 1004 sweeps, one sweep every 2 sec. 114 GHz. Elev. 63° to 70°
relative humidity R.H. 50% 8
partial pressure of water vapour e=R.H. - ezt 5 mbar .
refractivity (dry component; scale height 8 km) Np 194 Al
refractivity (wet component; scale height 2 km) Nw 25 : " 4 Tl
excess path, relative to free space path: 0 Tl \;
(dry part) Lp= 10"6/di€ 156 cm E 5 ¥ x > .
i 4 e
(wet part) Ly =10"% / Nwdt 5 cm b3 . __.'f‘:@ ' i
c -4 e Py N v
VARRE=WY . 29
. > ///" ! - N L
Fluctuating Parameters g 7 2 Vg NN I?‘ oz
fluctuation in water vapour partial pressure Ae +1 mbar 8 :’/ O ¢ l! ’f‘—”-;’/,.*< \‘ :'. i,
fluctuation in wet refractivity ANw =~ 20% - Nw +5 R ® 'n& !
variation in electrical path ’ Al=ANw 1078 AL £0.5 mm - S
(over a thickness AL = 100 m) . 42
variations in wavefront phase Ad=2rm %‘— 1 radian at A = 3 mm A
3 radians at A = 1 mm 2 8 8 -4 42 0 8 & 4 2 10
- Azimuth Offsat {")
image motion, for baseline D = 30 m Af = %‘i = %—? % +3”
t A
equivalent Fried parameter ro = 1.268 3AD 130 m at A = 3 mm
(size of atmospheric coherence region) 43mat A =1mm
fluctuation in sky opacity at A = 3 mm At = r(Ae, AL) +0.002
fluctuation in sky brightness at A = 3 mm ~ ATgy = A1 Totm ~ 0.6 K
Wavelength dependence:
variation in electrical path JAVA independent of A
phase fluctuation » Ad x A1
image motion . independent of A
long exposure size of point source ‘ 2 A0 independent of A (from Downes & Altenhoff 1989)

size of atmospheric coherence region o

x A




focus measurement

Source: vars
Frontend: B100
Azimuth = 254,1°

Current focus: afcz

Focus offset: A

Scan: 131

Bac«end: COMT /2

Elevation = 57.3°

—=2.5 mrr

—0.11 mm

Telzscopea: IRAM Z0m Date: 2007-0%—16

P
<«

% subreflector is stepped in axial direction
% recelvers may have small focus differences

o

New focus: sfcz —-2.61 mm

6000

buckerd counls

s000 N

3 3

-
Dizplacement [mm]

D]

axial focus varies with temperature imbalance

% panels heated or cooled excessively

% energy is transferred into backup structure

% temperature difference between yoke and
backup sturcture leads to deformation of
surface and change of focal length

% transparent to observer

% small drifts may occur near sun rise or set

(from J. Baars
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estimation of integration time

A]' _ KTy IS
[ rms. W h ere

) L
VAT
AT.,.. rms noise

T,,. system temperature
Av  bandwidth, Hz

] T Integration time, sec
(radiometer formula) K noise factor of merit

— 1 for total power receiver
— 2 for wobbler switching
— 1.14 for 2 bit correlator
remarks: — 2.28 for Wobbler switching with VESPA
#* < is the noise equivalent bandwidth

not the spectral resolution

not the channel spacing © use the official Time Estimator

Integration time # telescope time

- transition times between phases (dead times)
time between subscans (backend synchroniztion, telescope motion)

time to drive to the source, time for calibrations (temperature, pointing, focus, etc.)
receiver tuning

receivers can be combined

time for thinking .....

( cautiously)
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time estimator: a simple example

30; RFP2Z2 COP A 0 30 4M4—-D270 G; O7-SEP—2007 R; 08—=SEP-2007
RA: 15:34:57.240 DEC: 23:30:11.20 (2000.0) Offs: 0.0 0.0 Eq
Te 0 4083 Taias 119 Time 148 2 I+ 2B 23

18]
......

radiometer formula:

rms = 5.4 mK
(wobbler switching)

observed:

pp-noise © 28 mK
X rms = 6.2mK
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receiver combinations

4 configurations are possible:

AB CD AD BC

optical design is guided by

dewars A and B are identical
dewars C and D are identical
MPI rotates the polarization plane

grids split beams according to polarization

limitations:

MPIs have some losses

these losses increase with bandwidth
alignment between receivers
receiver beams are slightly different

TRAM 30m Telescope receiver cabin schematic

(IRAM web page)

From subreflector
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- (moves with elevation)

/ 4100 (3nom)
o o

| A OX
EReference plave =7

A

1 e
A e —

1

for Trec

MPI4

D130
{ Zrenn)

D270 (1 Srun lows)

MPIL
(Martin-Fiplett
Ingerferometer)

Gid : N

B230 (13no)

C270 (1 S kow)

C150 (Zrron)



receiver — backend connections

Receivers-Backends IF connections
A B C D HERA (H) HERA (V)
SWITCHES ®w Ow)
(8w
Receiver cabin
Backend room
Cable processor Cable processor ‘ Cable processor e
Op. Doek 7 + + Displary
vy Detectors (4) Detectors (9) Detectors (9)
(4w) [ ow) ©w
Distribution box (actual) (2w VESPA o HERA Distribution box
(4x16) (9 boxes in VESPA rack)
(4w 4w |
' (18 w)
.
100KHz 1MHz VLBI 5w
W] | WILMA [ spare out 9) I
4 MHz
Sept-2005 S.Sanchez Filterbanks
(9)

remarks:
% not all backends can be connected to all receivers
% not all observations are adequately supported by backends: limitations in bandpass

% the Time Estimator keeps track of illegal connections
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stability of the detection chain
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the textbook

(Rohlfs & Wilson)

the simulatiron

(Schieder & Kramer)

R. Schieder and C. Kramer: Optimiz atico of heterodyne observations

“ Drift Nolse

L1 .}.U
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the real data

10!
integration time [sec]

v
. ',\ !

" " i A daal
10' 10°
integration time [sac]

(Wiesemeyer et al. 2007)

Test of a Fourier Transform

spectrometer
(B. Klein et al, MPIfR)

result:

very good stability
limited by receiver
sufficient for o-t-f
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THE END




