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PART I: A quick walk 
though history… 



1800: First evidence of 
non-visible light 

William Herschel noticed that 
the highest temperature was 
measured in a portion of the 

spectrum beyond the red 
where no sunlight was visible  

 

INFRARED RADIATION 



1931-32: The beginning of 
Radioastronomy 

Bell Labs asks K. Jansky to 
investigate perturbations of 
radio voice transmission 
between USA and Europe. He 
builts an antenna of 30x4 m that 
rotates every 20 minutes. He 
discovers a “steady hiss static 
of unknown origin”. 



1933-35 Jansky solves 
mystery  

The source of the radiation is established 
to be in a fixed direction of the sky with the 
following approximate coordinates:  

                 RA: 18h  dec: -10 deg 

 

(The Galactic Center)   



The followers: Reber  
G. Reber was interested in 
investigating the nature of the 
signals revealed by Jansky’s 
experiment. He could not get a 
job to do this due to great 
depression so he built this 
radiotelescope in his back yard. 

Aprox. 10 m diameter, 
amplification of several million 
on the receiver placed within 
the cylinder at the focus. 
Signals recorded on a chart.  

The parabolic design 
concentrates waves of all 
wavelengths to the same focus.  



The first radio map of the Galaxy  

First two receivers (3300 
and 900 MHz failed to detect 
signals from outer space. 

Finally, a third receiver at 
160 MHz (1.9 meter 
wavelength made detection 
of the radio emission from 
the Milky Way and the Sun 
(broad features on the chart 
readings). Narrow peaks are 
due to interference with 
automobile engine sparks.  



The first radio map of the Galaxy (II)  

Reber presented his results in the form of contour diagrams 
showing that the brightest areas correspond to the Milky Way, 
specially towards its center. Other bright radio sources such as 
Cygnus and Cassiopeia were also discovered for the first time.   



Molecular spectroscopy 
can lead to fundamental 

knowledge of the 
Universe 

1950 



After World War II until the 70’s  

…essentially centimeter wavelengths  

Nançay  Effelsberg  



Present day falicilities:         
millimeter and submillimeter single antenna 



Present day 
falicilities:                
mm/submm interferometry 

and IR space telescopes 



PART II: Sources of radio/mm/
submm/FIR emission 











Energy, Frequency (E=hν)

wavelength (λ=c/ν)

3 Basic types of transitions 

Rotational               Vibrational                 Electronic 

Spectroscopic lines 



Rotational and ro-vibrational lines 



PART III: Antennas, receivers 
and backends 



Antennas: A simple model                           
An antenna is a RLC (resistance-inductance-condensator) 

circuit to which a voltage is applied to trasmit a signal. 

R=0 (no energy dissipation)            R >  2(L/C)1/2 (no wave propagation) 



The Reciprocity Theorem
From Maxwell equations it is easy to demonstrate that if we 
have two antennas (1 and 2), if I1 and I2 are the total currents 
in antennas 1 and 2 respectively and U2 is the total voltage 
induced by antenna 2 in antenna 1 and U1 the total voltage 
induced by antenna 1 in antenna 2, then: 

 

U2I1=U1I2 

 
From this it follows that it is always possible to formulate the 
properties of an antenna either as an emitter or as a receiver, 
without distinguishing between the two. 



Noise: It is related to the power  
dissipated in a device due to the  

thermal agitation at temperature T 

The power available in the resistance for dissipation is ½ kT. 
The larger the frequency range In which the dissipation 
takes place, the smaller the noise per unit frequency.  
 
Nyquist (sampling theorem): Noise can be cancelled 
out if samples are taken and added frequently.  



Antennas in practice
A radio telescope works as a 
collector. The radiation is focused 
into a feed horn in the focal plane. 
Inside there is a small device that is 
the real antenna. This element 
receives the guided wave and 
generates an output voltage. 



Antennas in practice (II)
The reflector provides directivity 
and efficiency. These properties 
are mathematically contained in 
the beam pattern (the response 
of the antenna as a function of 
direction). By the reciprocity 
theorem, it is the same as a 
emitter or as a receiver. 

Types of 
reflectors 

(a)  Cassegrain 

(b)  Gregory 

(c)  Nasmith 

(d)  Offset Cassegrain 







The Beam Pattern 
•  The case of the Hertz dipole:  

•  In real antennas the beam pattern has to be measured: 
For that task in cm and mm wavelengths we use a radiosource of  small 
diameter. An artificial source can also be used but it must be                              in 
the far-field limit. For this the phase difference between                                           
the vertex and the edge of the reflector must be much                                                
less than π: This implies      



Typical Astronomical Antenna 
Beam Pattern 



Gain and Efficiency 



Gain and Efficiency (II) 
Main Beam Efficiency 
It is desirable that the beam pattern is concentrated on the main 
beam as much as possible. The closer Beff to 1, the better. 

Half power beam width 



Aperture efficiency 

ANTENNA TEMPERATURE: Is a measure of the power absorbed by the 
antenna: 
 
 
In an ideal, loss-free radio telescope, the antenna temperature is equal to 
the brightness temperature if the intensity of the received radiation is 
constant within the lobe.Temperatures are used in radioastronomy to 
express power because of the validity of the Rayleigh-Jeans approximation. 



Telescope deformations 
and beam pattern 

Surface 
imperfections 

(Error beam) 

Aperture efficiency 
varies as: 

ηA=ηA0.exp((4πε/λ2)2) 



Coupling + loses net effect 



What is a Radiotelescope? 
…a watt meter (amplification to be achieved ~ 1010 (signals are extremely week) 

Antenna: Transition region between the free-space propagating wave and the guided wave 

Backend 



The peculiar case of radioastronomy 

High sensitivity (amplifications od the order of 1010) 
and high spectral resolution (R~10-7) required. 





Receiver noise and detectability limit 
The detection limit is given by the thermal power 

fluctuations of the system. That includes hardware 
elements like the receiver itself but also the atmospheric 

fluctuations. The resulting noise is of gaussian type. 

However the receiver suffers from gain fluctuations that 
are not gaussian. These fluctuations must be calibrated 
out by taken frequent reference scans on a referent load. 



PART IV: Real Observations 



Example of a calibration scan 

…you get a temperature 
scale by which to scale 
the received power 
(output actually is a 
voltage). Now for an 
astronomical observation 
you have to cancel out 
the atmosphere… 



Example 1: calibration of an astronomical 
line observed with a heterodyne receiver 

The scale remains to be 
calibrated using the CAL factor 



DATA ACQUISITION: POSITION 
SWITCHING  



DATA ACQUISITION: FREQUENCY SWITCHING  



DATA ACQUISITION: MAPS  



PART V: Example of  a real and 
tricky observation 





Even more complex calibration: Broadband 
measurements of the spectrum of planets 

We have to deal with two problems: 
§  The atmosphere 

§  The coupling and  

      efficiency terms. 

 



FTS detector at the CSO on Mauna Kea  

Characteristics of CSO-FTS 
•  Mounted on Cassegrain focus of 

telescope for dedicated obs. runs. 
•  Detector: 3He cooled Bolometer 
•  Moving arm: 50 cm     ~ 200 MHz 

resolution 
•  Filters: 7 different (165 to 1600 GHz) 



Mauna Kea (4200 m, -5 ºC), Hawai'i 

Hapuna Beach (0 m, 25 ºC, Hawai'i) 



•  Detector: 3He cooled Bolometer 
•  Moving arm: 50 cm     ~ 200 MHz resolution 

•  Filters: 7 different (165 to 1600 GHz) 

•  CO: Double Fabry-Pérot with maximum 
transmission at CO frequencies. 

•  550 GHz (low pass): to explore low frequencies. 
•  650 GHz: To explore the 450 µm window. 
•  850 GHz: To explore the 350 µm window. 
•  750 GHz: To simultaneously explore both. 
•  1.1 THz (low pass): To explore 300-1100 GHz. 
•  1.6 THz (low pass): To explore 300-1600 GHz. 

The CSO-FTS experiment. Set-up. 



Caltech Submillimeter 
Observatory - Fourier 

Transform Spectrometer 
(CSO-FTS) 

Last mirror and bolometer (cooled to liq. 3He)

Fixed mirror (can rotate 
for holography) 

Moving mirroir



P: Spectra emitted by the different sources, η: Couplings to 
these sources, G: Optical-electrical gain factor

TEBB,sou(ν) We want to extract: 

Measurement: 

Where: 



...after rearranging the equation 

Two possibilities: 

•  Te(τt,ν) = Thot (standard CSO TA
* calibration) 

• Te(τt,ν) = Thot - LHf(τt) 
 

 

 

 

 

 

T*
RJ,A=m(ν)Thot(ηsou/ηsky)TRJ,sou 

T*
PL,A=m(ν)(hν/k)[exp(hν/kThot)-1]-1=  

      (ηsou/ηsky) (hν/k)[exp(hν/kThot)-1]-1 

L: Tropospheric lapse rate            5.6 K(km) 

H: Water vapor scale height             2.0 km 

g(τt,ν) 

Mauna Kea 

 T**
PL,A = T*

PL,A g(ν) = (ηsou/ηsky) (hν/k)[exp(hν/kThot)-1]-1 

g(τt,ν)= 



ν(GHz) τatm f(τ) g(ν) τatm f(τ) g(ν) 

345 0.1396 0.9653 1.0061 0.2492 0.9385 1.0112 

460 0.6300 0.8485 1.0318 1.1741 0.7295 1.0696 

650 0.8760 0.7932 1.0483 1.6486 0.6381 1.1163 

850 1.0065 0.7649 1.0586 1.8223 0.6069 1.1390 

0.5 mm H2O 1.0 mm H2O 

PRIMARY CALIBRATION 
OBJECT: THE MOON 

•  Coupling and loses are not an issue 
on the Moon. 

Requirement: 

•  Full Moon. 

Problem: 

•  Standard calibration scheme not 
accurate for high τ due to vertical 
temperature gradient. 

We need: 

•  τ-dependent correction scheme (it 
can be derived) 

Elv=45º 





Coupling models to a disk source 

Since we deal with a frequency range of ~ 700 GHz,                     
the antenna HPBW changes from about 30" to 8". 



Error beam
 (relative) loses 

Loses due to the error beam 
The error beam, realted to the dish rms is 

responsible for an efficiency drop as ν increases. 



Coupling + loses net effect 



Effect checked on Mars 





Predictions for Jupiter and Saturn on March 
01 
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