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Diffraction pattern:
the wave that arrives
on the obstacle

disperses in various
directions.

FAST, in China, 500 m in diameter, is the
largest fixed radio telescope in the world.

The Green Bank
Telescope, in the USA,
with a diameter of
approximately 100 m,
is the largest mobile
telescope in the world.
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For visible light, the resolution of
telescopes is limited by atmospheric
‘turbulence. This problem does not
exist in radio and diffraction is
perceptible (see figure on the opposite
page). The angular resolutionis 6= 1.2
A/ D/O0.0O0O0O3; \is the wavelength, D
the diameter of the telescope, and 6

is in arc minutes.

Because \ is large, diffraction is
substantial, limiting the resolving
power of radio telescopes. To mitigate
this, radio astronomers use extremely
large antennas that are very sensitive
to electrical interference. They are
located far from urban centers and
factories that produce electrical
interference. Certain radio
frequencies are protected from
anthropogenic emissions by the
International Telecommunication
Union (ITU).

‘sanem olpe. Rousrba.y.

-4BY saie qeL qSnp JelelSaauUl

P02 Bunussdo Jo4 [nyasn ade Aoy
{89300, P3[|E0 BB SUBAIDOD4 IS |
‘uorgn|osad [e.goads anoypmang ‘essuied
eay| ‘spxd o spuesnou o1 spaupuny

UM SuaNP0BU 9ARL SadoosaIeR Olpe BLLIoG
SISO I [EISISIUI USSP

40 spaJpuny Ausp) o1 pue pauioy

22 SUEYS BUBYM SPNOJP SL{] Ul SAUSLLISAOLU
Jlewis Risa aunsesiu o sqissod

sl SIY L Uornjosad [e.qoads, uB1y
RisAE YIM 3LUK BLUIES S4g 4E SaIoUSrbaY
4O 36U SP 2109915 UEO SUBAIZOI JIBL
‘puey usao syg uQ ‘dew, uo sbewu ue uieagqo
01 pajquissse usig. aJe sauiod ssay | quiod
Rqauiod soeyuns aunus suyg ueosgsnuu
adoosajen g ‘beLuue U400 | UoSUSS
suo Quo sey JaaBoaJ JiBLYa ssheoad (jaxid,

e payjeo) awin e 3e Ais sy uquiod auo Auo
aAIBSgO UPAYO SadooSTPA O USIP-aIPUIG

| (IRAM - J. Boissier)

NOEMA, the Plateau de Bure interfero-
meter (IRAM). 12 antennas of 15 m
diameter each observe the same
astronomical source simultaneously.

The10m
Russianradio
‘telescope
RadioAstron
inorbit around
theEarth
observes an
astronomical
sourceatthe
sametime

as the telescopes on the ground. The
resolution is that of an equivalent radio
telescope larger than the Earth (represented
in blue in the figure) but the collecting surface
remains very small, so only very bright objects
can be observed.
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Because of its low energy, the
corpuscular nature of radio light (see
TUIMP 43) does hot generally manifest
itself. Rather, it interacts as a wave,
composed of an electrical part and a
magnetic part. It is emitted or
received with an antenna - generally a
structure of conductive metal,
sensitive to the electric field of the
radio wave in reception, or creating
this electric field in transmission.
Radio astronomy uses all the radio
techniques associated with large
antennas pointed towards the sky to
capture the very weak signals that
come to us from the Universe.

Note that radio telescopes can
observe both day and night, because
the sky does not emit in radio waves.
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T e e e T ™ JAT %
Wavelength
Transparency of the sky as a function of
wavelength. Radio waves cover from about
1mm totens of kminwavelength. The sky is
totally transparent from 3 cmto 20 mand
partially transparent between 3 cm and
O.3mm. At short wavelengths it is
advantageous to locate radio telescopes at
high altitudes to improve the transmission
partially blocked by water vapor whichis
mostly present at lower elevati

All these devices
work on the
same principle: they
capture a radio wave B
which they amplify and
demodulate to deliver as sound
or an image.
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Bell Labs Horn
Antenna VLA

(radio telescope) (interferometer)

APEX (seen from
Jodrell Bank behind)
(radio telescope) (radio telescope)

Answer

Interferometers are Herschel Space
always composed of  Opservatory
several (radio telescope)
antennas.

Nobeyama

radioheliograph

(interferometer)
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This booklet was written in 2025 by
Laurent Pagani of the Observatoire de
Paris and the CNRS and reviewed by
Grazyna Stasifiska of the Observatoire
de Paris and Stan Kurtz from IRyA
(Morelia, Mexico)

Cover image: one of the latest radio
telescopes: MEERKAT

(Unless otherwise specified, general credits:
Wikipedia)
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To observe the cosmos, we must
capture the messages it sends us (see
TUIMP 43). The best-known messenger
is light, of which only a small part canbe
captured by the eye (the so-called
‘visible’ light, consisting of the colors of
the rainbow). But there are many other
types of light, one of which was
discovered at the very end of the
19th century and has been widely
used ever since: radio waves.

These waves have a length (\) very long
comparedtovisible light (froma
thousand to billions of times longer) and
therefore a very low frequency (V)
(c=\xv, where cis the speed of light).
We have been able to build many devices
to transmit and receive radio waves,
such as radio or television sets, walkie-
talkies, cellular phones and radars.



