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Low-frequency radio astronomy: 300 MHz (1 m) - kHz (300 km) (Credit: STScI/JHU/NASA)

Visible
Ultra- . ;
frequency wavslsngth photon energy Gamma  X-ray vielet Infnged Microwave Radio
v (hertz) A (centimetres) hv (electron volts) < Shorter waves (uv)
i ' 10-15 1
—1025 i 1010 -
s - gamma rays i i
o ] 0_10_' J violet
—10 : 105 — indigo Thermosphere
| | | blue (auroras)
s X-rays i i
| - y ] green
- - ultraviolet light 10-5 } ]
0 e 1 visible light || YEllOW NIt
= = 1— orange (meteors bum up)
" -infrared rays . I red
B ] i 4 w
- 41510 radar waves 1 ] o
- N = w Stratosphere
" microwaves - 10-5 — T | (ozone layer at 20-30
s +television waves T i o TORRyaN
- ; E o
L -radio waves . T =
105 105 5 - Troposphere
[ i 10-10 < | (weather)
— 1 1010 }
10-15— Radio "window"

© Encyclopaedia Britannica, Inc.



This project has received =

funding from the European 4, THE ELECTROMAGNETIC SPECTRUM

Union's Horizon 2020 SELF ELF VIF LFMF HFVHFUKF SHF-EHF

research and innovation 70 1 0C K k] WKz 3G 300 GHz 430-730TH 3 PH2 3912 JNEH
programme under grant ' non-ionizing ionizing
agreement No 952439. & ;
—wavelenglh e f(freq.:ency)— C(speed oflug\l)/)\.mavelerglh)
>0 \ P b /\ N N N N | A }"U’HH
Radio frequency RNV AVAVAVAVAVATA IR
. geomagnetic exlremely very radio frequency ; gamma
interference (RFI) SSWELF  low  low spectrum infra ultra violet cosmic
sources  frequency frequenc : S A—
equency irequency microwaves visible X-rays rays
EMF Sources

120 130 140 150 160 170 180 ’,-5 So— . é
—————> Frequency (MHz) %71/ T A

o earth & CRT  mobie cell microwave . medical radioactive
% u subwaysACpowermonnors AMFM L PCS & satelite o X-fays  sources
b (from VitaTech Engineering, LLC) https://link.springer.com/chapter/
- W 10.1007/978-3-319-24892-9 8

https://science.ast E: 5

ron.nl/telescopesl| N

ofar/lofar-system- i g,

overview/technica N K

I-specification/freq 1

uency-subband-s |

0.5

election-and-rfi/ :LfJ \:\j\ fie? Ll J‘J

180 182 184 186 188 190 192 194 196 198 200 202 204 206 208 210 212 214 216 218 220
-

Frequency (MHz) 212 214 216 218 220 222 224 226 228 230 232 234 236 238 240 242 244 246 248
e Frequency (MHz)



https://link.springer.com/chapter/10.1007/978-3-319-24892-9_8
https://link.springer.com/chapter/10.1007/978-3-319-24892-9_8
https://science.astron.nl/telescopes/lofar/lofar-system-overview/technical-specification/frequency-subband-selection-and-rfi/
https://science.astron.nl/telescopes/lofar/lofar-system-overview/technical-specification/frequency-subband-selection-and-rfi/
https://science.astron.nl/telescopes/lofar/lofar-system-overview/technical-specification/frequency-subband-selection-and-rfi/
https://science.astron.nl/telescopes/lofar/lofar-system-overview/technical-specification/frequency-subband-selection-and-rfi/
https://science.astron.nl/telescopes/lofar/lofar-system-overview/technical-specification/frequency-subband-selection-and-rfi/
https://science.astron.nl/telescopes/lofar/lofar-system-overview/technical-specification/frequency-subband-selection-and-rfi/
https://science.astron.nl/telescopes/lofar/lofar-system-overview/technical-specification/frequency-subband-selection-and-rfi/

|
This project has received

funding from the European . | ‘

Union's Horizon 2020

research and innovation STE LMR
programme under grant

agreement No 952439, O i Raco ety

Antenna: parabolic main dish (practical for A <1 m; f > 300 MHz)

Cassegrain subreflector

e.g., Green Bank Telescope, 43 m e.g. Effelsberg, 100 m

V4 VA
/ \
.t RN
// 0\ / \\
e 1 I ~N
// 02 \\ |
~ | ~
P [ ~ o |
e [ S|
e | ~
/
A
[ fz T

Gregorian subreflector

https://www.cv.nrao.edu/~sransom/web/Ch3.html A ST ({ O N @] DI A S

.....



https://www.cv.nrao.edu/~sransom/web/Ch3.html

|
This project has received

funding from the European . + ;

Union's Horizon 2020

research and innovation . TE LMR
programme under grant

Scientific and Technological Excellence by Leveraging LOFAR
agreement No 952439.

Advancements in Radio Astronomy

Antenna: parabolic main dish (practical for A <1 m; f > 300 MHz) 100 m Robert C. Byrd Green Bank Telescope
. https://areenbankobservatory.org/science/telescopes/gbt/
Offset Gregorian subreflector
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Antenna: mounting

Alt-Az (or azimuth-elevation) Equatorial (or hour angle-declination)
(most radio telescopes) (e.g., Green Bank Telescope, 43-m)
https://public.nrao.edu/qgallery/an-equatorial-mount/
AZ-EL Mount HA-DEC Mount
Elevation Hour-Angle Axis
Bearing Supported So as to
Align with Earth's Axis
(Elevati -k
. evation
'g‘z'":}r"th Counterweight (Declination
weing Structure Omitted gto“”tte“"’%'ghtt ’
. ructure omitie
for Claritv) for Clarity)
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Antenna: spherical at cm-A
fixed main dish, steerable feed

FAST

500 m Aperture Spherical Telescope
(China)

300 m aperture/illuminated surface
70 MHz - 3 GHz

resolution:
e angular/spatial: ~2.9’ (7" @ 3 GHz)
e frequency: 400 MHz bandwidth
e temporal: ~? msec

sensitivity: ~ 11-16 K/Jy

https://fast.bao.ac.cn/
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RATAN-600

https://commons.wikimedia.org/wiki/File:Comparis
on_FAST Arecibo_Observatory profiles.svg
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Antenna: elliptical designs

Nancay, France, 1 - 3.5 GHz Ooty, India 3 MHz o
https://www.obs-nancay.fr/radiotelescope-decimetrique/ ’ ’

https://en.wikipedia.org/wiki/Ooty Radio_Telescope

ASTRON (@ DIAS

Institiid Ard-Léinn | Dublin Institute for
Bhaile Atha Cliath | Advanced Studies



https://www.obs-nancay.fr/radiotelescope-decimetrique/
https://en.wikipedia.org/wiki/Ooty_Radio_Telescope

|
This project has received

funding from the European . h ;
Union's Horizon 2020
- STELLAR

research and innovation
programme under grant

Scientifi d Technological Excells by L LOFAR
agreement No 952439. O N pdvancoments in Radio Astronomy

Antenna: dipole (practical for A > 1 m; f < 300 MHz) (what we have)

Whip / Monopole Antenna Dipole Antenna
Works best for narrow range and can be collapsable. ’: Two Monopoles facing a.way from eac?h other.
Used on small radios and vehicles. Used to create a powerful signal in a restricted space.
(
Yagi Antenna \\ﬁ . Loop Antenna

Ideal for long distance range
and directional applications. Can reach multiple frequencies.

Works like a Dipole and can reach multiple frequencies.
Commonly used for TV and RFID Systems.

@ Bowtie Antenna Dish Antenna

o Large surface space collects a lot of signal.

Works well for high frequencies, TV and sound.

Another type of Dipole.
Angles can be set to work well with different frequencies.

DIAS
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e a measure of the minimum signal that a telescope can

distinguish above the random background noise

e a telescope of larger primary mirror or lens is more sensitive than
one with a smaller primary

e more sensitive - more light it can gather from faint objects - the
fainter the object (or the more distant for a given class of object)

that can be studied photometrically or imaged

https://science.nrao.edu/facilities/vla/docs/manuals/oss/performance/sensitivity

Sensitivity

Freq. A Superterp NL Core Full NL Full EU

(MHz) (m) (mly) (mly) (mly) (mly)

15 20.0

30 10.0 36 9.0 3.7 3.8

45 6.67 29 7.4 4.7 3.1

https://science.astr 60 5.00 25 6.2 3.9 2.6
on.nl/telescopes/lof 75 4.00 44 10.8 6.8 4.5
ar/lofar-system-ove 120 2.50 1.5 0.38 0.30 0.20
rview/observing-mo 150 2.00 1.3 0.31 0.24 0.16
des/|ofar_imaging_c 180 167 15 038 030 020
apabilities-and-sen 200 1.50 (2.5) (0.62) (0.48) (0.32)
e 210 1.43 (2.5) (0.62) (0.48) (0.32)
sitivity! 240 125 (5.6) (1.4) (1.1) (0.73)
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Figure 2. Comparison between the continuum sensitivities of existing

and upcoming radio interferometers, for a 9 h on-source integration.
The points show the sensitivities of GMRT, VLA, JVLA, uGMRT,
LOFAR, MeerKAT, ASKAP and SKA-1-Mid in the colours and sym-
bols as indicated in the key, for different parts of the spectrum in which
these facilities operate (see text for more details). As can be seen,
uGMRT will be the most sensitive interferometer in the world at fre-

quencies 250-1500 MHz until the advent of Phase-1 of the SKA.

http://www.gmrt.ncra.tifr.res.in/doc/ugmrt.pdf (2017)
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Beam width
beam solid angle: Q = (2/x)(A/D)
field of view (FOV) = 1.02 (1/D)

antenna with D>>4 is highly directive
antena with D ~ 1 is isotropic

The angular separation, in which the
magnitude of the radiation pattern decreases
by 50% (or -3dB) from the peak of the main
beam, is the Half Power Beam Width.

0 HPBW = 0.89 A/D
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5 Main lobe

1.0 /

Half-power point (right)
Half-power point (left) 1 , y

\ HPBW of

0.5

Minor lobes
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(effective) Collecting area

Effective area is the area of the receiving 22
antenna, which absorbs most of the power (A, ) =
from the incoming wave front, to the total 4
area of the antenna, which is exposed to the

wave front.

geometrical (cross-sectional) area %
Ag = <aperture efficiency> . Ae
Aperture (A): plane where all rays pass

e waveguide horn: the simplest aperture i
e paraboloid antenna: plane circle with the same diameter as the dish |

v/

https://www.cv.nrao.edu/~sransom/web/Ch3.html

McKean, Lecture notes AST({O N Q@ DIAS < D >
g i | oot st o
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Spatial (or angular) resolution
(depends on the diffraction limit of the antenna)

u

0 = 1.22 A/D (single dish, D - diameter of the dish)
0 = 1.22 NM/B (interferometer array, B - longest baseline)

Worked example: What is the spatial resolution (in arcseconds) of the D = 500 m FAST
radio telescope, operating at v=5 GHz?

1 8
N & 3x 0 mls e
U 5 x 10° Hz
0.06 m 180 |
O resolution ™~ 500 - X 7 X 3600 = 25 arcsec grBe%It%Oiigri;c;scec

( ( Institidid Ard-Léinn ‘ Dublin Institute for
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Temporal resolution

data rate
integration time

microsec - nanosec (pulsars)
Frequency resolution

(channel) bandwidth
offset between subsequent frequencies

( ( Institidid Ard-Léinn ‘ Dublin Institute for
Bhaile Atha Cliath | Advanced Studies
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Two-element interferometer

baseline

time delays between antennas
visibilities

Fourier transform

‘dirty’ beam/image

image reconstruction (e.g.,
CLEAN)

Aperture synthesis

Earth rotation

ASTRON
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ncements in Radi
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1. An Interferometer measures the interference pattern produced by two
apertures.

2. The interference pattern is directly related to the source brightness. In particular,
for small fields of view the complex visibility, V(u,v), is the 2D Fourier transform
of the brightness on the sky, T(x,y)

(van Cittert-Zernike theorem)

Fourier space/domain

V(u,v) = [ [ T(z,y)e? u=tvv)dpdy
= [ [V (u,v)e 2 us+vy) dydy
Image space/domain uvplane

Andrea Isella :: CASA Radio Analysis Workshop ::

( Institidid Ard-Léinn ‘ Dublin Institute for
Bhaile Atha Cliath | Advanced Studies

Caltech, January 19, 2012



Radio images

radio telescope
detects a math
product of the
source radio
intensity (what is
needed) and the
given antenna
configuration/
duration of
observations/etc.
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e uv plane analysis
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— best for “simple” sources, e.g. point sources, disks

image plane anal

ysis

— Fourier transform V(u,v) samples to image plane, get T(x,y)
— but difficult to do science on dirty image

— deconvolve b(x,y) from T'(x,y) to determine (model of) T(x,y)

visibilities

\\

~

Andrea Isella ::

dirty image

CASA Radio Analysis Workshop  ::

ASTRON

sky brightness

3

Caltech, January 19, 2012
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Figure 10.7. Results of the MERLIN interferometer array using six telescopes: the single-frequen..
u, v coverage for complete tracking observations at six declinations.

Credit: Introduction to Radio Astronomy, 2019
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Antenna: arrays

e east-west
o T
o Y
e spiral
e irregular
pAmisaRsiasmAa)
e e
TR e
N
Core station Remote station International station
LOFAR
https://doi.org/10.1051/0004-6 Fig. 4. Station layout diagrams showing core, remote and international stations. The large circles denote the LBA antennas while the arrays of
361/201220873 small squares indicate the HBA tiles. Note that the station layouts are not shown on the same spatial scale.
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e Light curves (intensity @ fixed frequencies) _

e Dynamic spectra (intensity vs. frequency
range)

e Spectra (intensity vs. frequency range)

e |Images: (intensity vs. on-sky-area @ fixed
frequencies) contours/color-coded

AST{QO N ,@ DI AS https://www.astron.nl/telescopes/lofar/
B
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Light curves (intensity @ fixed frequencies)

Dynamic spectra (intensity vs. frequency
range)

Spectra (intensity vs. frequency range)

Images: (intensity vs. on-sky-area @ fixed
frequencies) contours/color-coded

ASTRON

M87-

Flux density [Jy]

10* 10° 10°
Freq [MHz]

Fig. 4. Integrated flux of Virgo A at different frequencies obtained from
archival data. The line is a linear fit (slope: —0.79) obtained as described
in the text. The two vertical dashed lines indicate the boundaries of the

LOFAR observing band. https://doi.org/10.1051/0004-6361/201220209
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Light curves (intensity @ fixed frequencies)

Dynamic spectra (intensity vs. frequency
range)

Spectra (intensity vs. frequency range)

DECLINATION (J2000)

Images: (intensity vs. on-sky-area @ fixed
frequencies) in contours/color-coded

https://cds.cern.ch/record/965840/files/20

125 S Ananthakrishnan 060208.pdf

ASTRON @j
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RIGHT ASCENSION {J2000)
Grey scale flux range= -0.047 1.037 JY/BEAM
Cont peak flux = 1.0371E+00 JY/BEAM
Levs = 3.000E-02 * (-2, -1, 1, 2, 4, 6, 8, 10, 12,
16, 20. 24, 32, 40, 48, 64, 96, 128, 196)

Figure 7. 49cm GMRT image of Sgr A
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Deep LOFAR image of Elais-N1

e Light curves (intensity @ fixed frequencies)

——

1 arcmin

e Dynamic spectra (intensity vs. frequency
range)
e Spectra (intensity vs. frequency range)

Full moon
(compared)

e Images: (intensity vs. on-sky-area @ fixed
frequencies) contours/color-coded

LOFAR deep field
“The image arises from a single LOFAR pointing
observed repeatedly for a total of 164 hours. Over
80,000 radio sources are detected; this includes some
spectacular large-scale emission arising from massive
black holes, but most sources are distant galaxies like
the Milky Way, forming their stars (see insets). . L
Credits: Philip Best, Jose Sabater, and the LOFAR ' S —
» - 1degree .
surveys team. -

https://lofar- .org/gallery.html?file=
ASTRON @ DIAS stalc/gallery LTSS Deen PRimage.png
Bhate At Gt | Advances Sacios
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Radio observatories: (MHz) GHz-range
Event Horizon Telescope (EHT) GHz 20 micro “ 8 instruments | global, https://eventhorizontelescope.org
Atacama Large Millimeter Array 35 GHz - 950 0.01” 54xD=12m | Chile, 2013,
(ALMA) GHz 12xD=7m https://almaobservatory.org/en/home/
Very Large Array (VLA) 73 MHz - 50 GHz | 0.2” 27 xD=25m | USA, 1980,
https://science.nrao.edu/facilities/vla/
Green Bank Telescope (GBT) 290 MHz - 100 6.5” D=100m USA, 2000,
GHz https://greenbankobservatory.org/science
[telescopes/gbt/
(upgraded/expanded) Giant Metrewave | 50 MHz - 1.45 2" 30xD=45m | India, 1995,
Radio Telescope (GMRT) GHz http://www.gmrt.ncra.tifr.res.in/
500 m Aperture Spherical Telescope 30 MHz - 3 GHz 4” (2.9 @21 | D =500 m; China, 2016,
(FAST) cm) A=300m https://fast.bao.ac.cn/

( Institidid Ard-Léinn ‘ Dublin Institute for
Bhaile Atha Cliath | Advanced Studies
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Radio observatories: GHz-range

EHT

8 instruments

mm-waves/100s GHz

Very Long Baseline Interferometry (VLBI) technique

Hawadd

M87* black hole appearance in 2009-2017

p =
RMA
SMA _2eSMT
|

P
JCMT

- https://www.ru.nl/astrophysics/black-hole/even
AST(QO N @ DIAS t-horizon-telescope-collaboration-0/

https://eventhorizontelescope.org/



https://www.ru.nl/astrophysics/black-hole/event-horizon-telescope-collaboration-0/
https://www.ru.nl/astrophysics/black-hole/event-horizon-telescope-collaboration-0/
https://eventhorizontelescope.org/
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Radio observatories: GHz-range
ALMA

Chile
35 GHz to 950 GHz

1 location; 66 antennas

max baseline: ~16 km

resolution:
e angular/spatial: ~0.01”
e frequency: 3.8 kHz-15.6 MHz bandwidth
e temporal: ~ ? sec

sensitivity: ~? mJy

https://almaobservatory.org/en/factsheet/
https://almascience.eso.org/about-alma/alma-basics
https://public.nrao.edu/telescopes/alma/

full Moon’s diameter = 31’ = 1900” d https://alma-telescope.jp/en/column/almabasics-2e
AST(QO N (3 DIAS https://alma-telescope.jp/en/about

Institidid Ard-Léinn ‘ Dublin Institute for
Bhaile Atha Cliath | Advanced Studies


https://almaobservatory.org/en/factsheet/
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Radio observatories: MHz - GHz-range

Map Satellite

Karl G. Jansky VLA

USA
73 MHz - 50 GHz

1 location; 27 antennas x 25 m
max baseline: ~36 km (A, B, C, D
configurations)
resolution:
e angular/spatial: ~0.03” @ 50 GHz
e frequency: ~? MHz bandwidth
e temporal: ~? msec
sensitivity: ~ 1-10 pdy

https://science.nrao.edu/facilities/vla/docs/manuals/oss
https://public.nrao.edu/vla-configurations/

Keoard shorteuts, | Imagery ©2023 TerraMetrics | 2 km L————1 | Terms of Use | Report a map error

AS The VLA Configuration B
2023 Jan 19 - 2023 May 29*


https://science.nrao.edu/facilities/vla/docs/manuals/oss
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Radio observatories: MHz - GHz-range
upgraded/expanded GMRT

India
50 MHz - 1.45 GHz

1 location; 30 antennas x 45 m
max baseline: ~25 km
resolution:
e angular/spatial: ~1”
e frequency: ~? MHz bandwidth
e temporal: ~ ? sec
sensitivity: ~30 pJy

https://cds.cern.ch/record/965840/files/20125 S Ananthakrish

nan_060208.pdf
http://www.gmrt.ncra.tifr.res.in/

AST(
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https://cds.cern.ch/record/965840/files/20125_S_Ananthakrishnan_060208.pdf
http://www.gmrt.ncra.tifr.res.in/
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i - _ 52 stations; ~20 000 dipoles;
Radio observatories: MHz g max baseline: ~1000 km

resolution:
e angular/spatial: 0.21” @240 MHz
e frequency: ~1 kHz
e temporal: ~msec

sensitivity: 0.03-3 mJy

Low Frequency Array
(LOFAR)
Europe

Bordwiec

Tau te tazy

LOFAR - High Band Antenna

(100-240 MHZ) Unterweilenbach )
https://wwwmpa.mpa-garching.mpg.de/ - “ & o

LOFAR - Low Band Antenna (10-80 MHz)

Credit: A. R. Offringa AST({ON @ DI AS https://www.astron.nI/teIescooes/Iofar/

e https://lofar.ba/

‘Ad dS d

r Rozhen



https://wwwmpa.mpa-garching.mpg.de/
https://commons.wikimedia.org/wiki/User:Anoko
https://www.astron.nl/telescopes/lofar/
https://lofar.bg/
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Radio observatories: MHz-range

Murchison Widefield Array
(MWA)

Australia

70 - 300 MHz

256 stations/tiles (512 planned);
16 bowtie-antenna (1 tile)
max baseline: ~3 km (diameter area)
resolution:
e angular/spatial: ~70”"=1" @300 MHz
e frequency: ~31 MHz bandwidth
e temporal: ~ nsec
sensitivity: ~10 mJy

https://www.cambridge.org/core/journals/publications-of-the-astrono
mical-society-of-australia/article/murchison-widefield-array-the-squar
e-kilometre-array-precursor-at-low-radio-frequencies/ED20FE56B17 d DI AS https://www.mwatelescope.org/telescope
I
P o o i

C253DAB94836785D887F0



https://www.mwatelescope.org/telescope
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https://www.cambridge.org/core/journals/publications-of-the-astronomical-society-of-australia/article/murchison-widefield-array-the-square-kilometre-array-precursor-at-low-radio-frequencies/ED20FE56B17C253DAB94836785D887F0
https://www.cambridge.org/core/journals/publications-of-the-astronomical-society-of-australia/article/murchison-widefield-array-the-square-kilometre-array-precursor-at-low-radio-frequencies/ED20FE56B17C253DAB94836785D887F0
https://www.cambridge.org/core/journals/publications-of-the-astronomical-society-of-australia/article/murchison-widefield-array-the-square-kilometre-array-precursor-at-low-radio-frequencies/ED20FE56B17C253DAB94836785D887F0
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Radio
observatories:
MHz-GHz range

Square
Kilometre
Array
(SKA)
Australia &

S. Africa
under construction

= i .. 5% 8x 135x
%,. 'Eiggl : ' better more  the survey

https://www.skao.int/en

SKA1 LOW - the SKAs low-frequency instrument

The Squane Kéometne Arvay (SKA) will be the workd's angest rodio tHescope, Nevoltionsng
our understanding of the Unanrge, The SKA vall be bulk in two phases - SKAT and SKA2 -
starting i 2018, with SKA1 reprosenting a fraction o full SKA. SKA1T Wil include two
nstruments - SKA1 MID and SKA1 LOW - cbsenving the Unverse a2 different froquencios.

[(INVAVAVAVAVAVAVAN . gt

' 50 MHz . | ~130,000
350 MHZ antennas spread between

Location: Australia W S00 stations

Total LSt
collecting |
area:

Maximum distance
between stations:

>6 57|_(“m

Total raw data output:

157 terabytes

per second

4.9 zettabytes

per year

Enough to fill up the estimated
35,000 DVDs & 250

every second soxrce: Csco)

Compared to LOFAR Netherlands, the current
best similar instrument in the world

resolution  sensitive speed

- '8 es »r‘-.“-, vy 3."! 25

SKA1-mid - the SKAs mid-frequency instrument

The Square Kilometre Array [SKA] is a next-generation radio astronomy facility that

will revolutionise our understanding of the Universe. It will have a uniguely distributed
character: one observatary operating two teles: s an three continents. Construction
of SKA will be phased and work is currently ad on the first phase named SKAT,
corresponding to ton of the full SKA. SKA1 lude two instruments — SKA1-mid
and SKA1-low ~ observing the Universe at different fr

SQUARE KILOMETRE ARRAY

I{IYVAVAVAVAVAVAN S 4

Frequency range W

350 MHz .|
15.3 GHz | 197 dishes

{incuding 54 MeariAT dishas)
with a goal of 24 GHz

T | @l
=\ | B2

33,000m2 | = &
Maximum distance
between dishes:

150km

Data transfer rate:

8.8 Terabits

per second

Image quality of
d SKA1-mid [left] versus
=4 the best current facility
™ operating in the same
frequency range, tha
Jansky Very Large Array
{ (JVLA) in the United
o States (right). SKA-mid's
resolution will be 4x
better than JVLA.

Compared to the JVLA, the current best
similar instrument in the world:

a4x 5x 60x

the more the survey

?? resolution sensitive speed

www.skatelascope.org u @5KA _telascope SKA ska_telescope  YOUQD Square Kiometra Array m ska-organisation



https://www.skao.int/en
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Radio observatories: kHz-range

space-based astro-dedicated instruments:
Ariel-series (mid-1960)

Submillimeter Wave Astronomy Satellite
Odin

other satellites, e.g., for measuring CMB

e Cosmic Background Explorer (COBE)

e \Wilkinson Microwave Anisotropy Probe
(WMAP)

e Plank

ASTRON

https://photojournal.jpl.nasa.qov/catalog/P1A16874

. "

STELLAR

Scientific dTr \g E \ byL ggLOFAR

John C. Mather
Prize share: 1/2

George F. Smoot
Prize share: 1/2

The Nobel Prize in Physics 2006 was awarded
jointly to John C. Mather and George F. Smoot "for
their discovery of the blackbody form and

https://www.nobelprize.org/prizes
[physics/2006/summary/

anisotropy of the cosmic microwave background
radiation"



https://photojournal.jpl.nasa.gov/catalog/PIA16874
https://www.nobelprize.org/prizes/physics/2006/summary/
https://www.nobelprize.org/prizes/physics/2006/summary/

Radio observatories: kHz-range

space-based solar-dedicated
instruments (dynamic spectra):

This project has received r '/"f._'_f_i‘»' AR _'_.-9'\'8 ] WIND/WAVES 2017109/06 12 00

funding from the European 05 -
Union's Horizon 2020 [/ F o
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programme under grant 3 . et X . 4
agreement No 952439, I ‘| L : ) ]
o f ! y : / H
I : ’
;‘ j‘,\ : ) wMercury

Wind/WAVES (Earth view):
20 kHz—14 MHz

STEREO/WAVES: =4

10 kHz—16 MHz .'%'W prosmesaTe l | f 1

Parker Solar Probe/FIELDS: i it s | i ‘ | W” N mm"
(0.5 kMoo 19 2 MHz B FE : . ‘ "“I.all "Wil...lhh'lhll I o il

10:00 12:00 14:00 16:00
Solar Orbiter/RPW:

kHz—-16 MHz

https://cdaw.gsfc.nasa.gov/

https://stereo-ssc.nascom.nasa.gov/cgi-b
in/make_where_qif

A R
AR RE R 4y YR https://secchirh.obspm.fr/

™

| (

10:00 12:00 14:00 16:00


https://cdaw.gsfc.nasa.gov/
https://stereo-ssc.nascom.nasa.gov/cgi-bin/make_where_gif
https://stereo-ssc.nascom.nasa.gov/cgi-bin/make_where_gif
https://secchirh.obspm.fr/
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(dm->km spectra) survey
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Obijectives

Home News Work Packages Consortium Team Sen

LOFAR Space Weather School

https://stellar-h2020.eu/index.php/lofar_space_weather_school/

19 - 23 June, 2023

Organizers:

Where:


https://secchirh.obspm.fr/
http://soleil.i4ds.ch/solarradio/callistoQuicklooks/
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https://solar.nro.nao.ac.jp/norh/html/daily/
https://stellar-h2020.eu/index.php/lofar_space_weather_school/
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Selected links

http://home.ustc.edu.cn/~pjer1316/lofarsun/

https://lofar-sun-tools.readthedocs.io/en/latest/

https://doi.org/10.1051/0004-6361/201220873

http://www.ncra.tifr.res.in/ncra/gmrt/gmrt-users/low-frequency-radio-astronomy

https://www.cv.nrao.edu/~sransom/web/xxx.html

https://web.njit.edu/~gary/728/

https://en.wikipedia.org/wiki/List_of radio_telescopes

https://science.astron.nl/telescopes/lofar/lofar-system-overview/observing-modes/lofar-imaging-capabilities-and-sensitivity/

https://www.omnicalculator.com/physics/wavelength

https://www.justintools.com/unit-conversion/

ASTRRON @ DIAS

Institidid Ard-Léil ‘DH\H(f
Bhaile Atha Cliat h


http://home.ustc.edu.cn/~pjer1316/lofarsun/
https://lofar-sun-tools.readthedocs.io/en/latest/
https://doi.org/10.1051/0004-6361/201220873
http://www.ncra.tifr.res.in/ncra/gmrt/gmrt-users/low-frequency-radio-astronomy
https://www.cv.nrao.edu/~sransom/web/xxx.html
https://web.njit.edu/~gary/728/
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