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The resolution of a telescope
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© New York Times, May 5th, 1933



300 m dish in Arecibo: l / D ~ 48” at = 6 cm (5 GHz)





Double-slit Experiment



Interferometer

To source

• Wegunterschied zu Teleskopen führt dazu, dass die 
Wellen mit verschiedenen Phasen ankommen
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• Im Himmel gibt es Regionen die konstruktiv und 
destruktiv interferieren

Meridian EastWest



Breite der Streifen hängt von dem Abstand zwischen den 
Teleskopen und der Wellenlänge ab

Meridian EastWest

l/(2B) 
radians



• Da die Erde rotiert, bewegen sich Quellen über den 
Himmel und interferieren abwechselnd konstruktiv und 
destruktiv

Meridian EastWest

output signal



Radiotelescope Arrays
VLA:
27 Antennas with 25 meters 
diameter

Maximal Baseline:  36 km

75 Mhz to 43 GHz



Very Long Baseline Array
• 10 ´ 25m Antennas
• Across continents: 

Durchmesser: 5400 
Miles
– 6 cm/5400 Miles 

= 0.001 arc-second
• Höchste Auflösung:
1 milli-arc-second = reading a 

newspaper from a distance of 
2000 km



Lange Wellen werden von der 
Ionosphäre reflektiert



~ 50 km 

> 5 km <5 km 

Ionosphere 

¾ Waves in the ionosphere 
introduce rapid phase variations 
(~1°/s on 35 km BL) 
  
¾ Phase coherence is 
preserved on BL < 5km 
(gradient) 

 
¾ BL > 5 km have limited 
coherence times  
  
¾ Without proper algorithms this 
limits the capabilities of low 
frequency instruments 
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¾ Ionosphere introduces phase errors in radio signal  



Chip
(2 processors)

Compute Card
(2 chips, 2x1x1)

Node Board
(32 chips, 4x4x2)

16 Compute Cards

System
(64 cabinets, 64x32x32)

Cabinet
(32 Node boards, 8x8x16)

2.8/5.6 GF/s
4 MB

5.6/11.2 GF/s
0.5 GB DDR

90/180 GF/s
8 GB DDR

2.9/5.7 TF/s
256 GB DDR

180/360 TF/s
16 TB DDR

Electronic beamforming

Blue GeneTM (IBM)

0.5 Tbit/s

25 Tflops



SKA poster (multi-beams)
Phased arrays offer:  many beams

:  great flexibility









Why low frequencies?



Low Frequency Emission 

Thompson, Moran, & Swenson 

Synchrotron  self 
absorption or 
free-free 
absorption 

Thermal: 

Rayleigh-Jeans 

Synchrotron 

Synchrotron Continuum:  
¾ Best observed at ®�����GHz 

¾ Relativistic e- in magnetic fields 

¾ F(energy of the e-, density, B) 
¾ Emission is polarized 
¾ Coherent or incoherent  

Redshifted 21cm Line: 
¾ ®�= 1420/(1+z) MHz�
Radio Recombination Lines:  
¾ Probe of ISM conditions: low temp, low   
   density 
Bremsstrahlung: (thermal free-free):  
¾ Best observed at ®�!���GHz 
¾ Acceleration of  free electrons by ions 



Synchrotron Emission



Credit: G. Heald

M51



610 MHz GMRT map

3 Mpc

z=0.25

1RXS J0603.3+4213

largest relic known
to date





Epoch of Re-ionization



WHAT IS SKA?

● Global non-profit Organisation

● Headquarters in Manchester, United Kingdom

● Ten member countries 





What is the SKA?

Science  Director’s  Report,  BD-12-17

250,000 element
Low Frequency  Aperture Array
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>250,000 element
Low Frequency  Aperture Array

2500 dishes

Mid Frequency Aperture 
Array
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96 survey enabled dishes

Cosmic Dawn & Reionization Pulsars Cosmic Magnetism Cradle of LifeCosmology &
Galaxy Evolution



WHERE ARE THEY DOING IT?

South Africa



WHERE ARE THEY DOING IT?

South African Karoo Region 



WHERE ARE THEY DOING IT?

Australia



WHERE ARE THEY DOING IT?

Western Australia’s Murchison Shire





How did we choose the sites?

(< 4 km-2)





SKA PHASE 1



SKA as the ultimate Big Data Challenge

• The SKA will generate 123 TB/s.

• Storage 1 Exabytes/yr

• The computer power needed for the SKA will be about 3 
times more powerful than the most powerful supercomputer
in 2013 

• equivalent to the processing power of about one hundred
million PCs of the same era. It is on the order of a trillion
times more computing power than sent humankind to the
Moon.















MEERKAT Antenna



MeerKAT

Dishes

Dish Diameter

Total collecting area

Pairs of dishes

Maximum baseline

Resolution

Ae / Tsys (per dish)

Observing 
frequency

Bandwidth

Spectral Channels

Jordan Collier | 30 Oct 2019 | EMU Meeting

64

13.5 m

9161 m2

2016

8 km

6” (robust = -0.5)

~6 m2 K-1

(1.7 over spec!)

580 – 3500 MHz

~800 MHz

32,768









MeerKAT

Jordan Collier | 30 Oct 2019 | EMU Meeting



Key ASKAP innovation

• Phased Array Feeds (PAF) give 30 sq deg FOV and an 
amazing survey speed

• Impact on radio-astronomy will be similar to the move 
in optical astronomy in the 1960’s from single-channel 
photometers to CCD’s

PAF = Phased Array Feed



Size of radio continuum surveys over time

NVSS=1.8 million

ASKAP Radio Continuum survey: EMU = 70 million

current total=2.5 million

(From Norris, 2017, 2017NatAs...1..671N)



Wiggly jets and a Giant Radio 
Galaxy

IC5063

EMU

1.5 Mpc





Govoni, MB, et al. (2019)

LOFAR 140 MHz LOFAR + Planck

Continuum emission from bridges between clusters

Only detected by LOFAR     no spectrum.
Weak shocks or volume-filling turbulence?



Halo front

Streams

The bridge in the Coma cluster seen with LOFAR

Bonafede, MB, et al. (2020)



Brüggen et al. (2020)

Emissivity (1 GHz) 
< 1.2×10−44 W Hz−1

m−3

Possible reason: 
Turbulent velocities
small than in A399-
401 because of
smaller mass and
earlier merger
state.



The future is bright...



Vielen Dank für Ihre Aufmerksamkeit!


