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VLA 5GHZ

Crab Nebula 
Supernovae recorded by Chinese 
astronomers 1054AD
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VLA 5GHz

33ms pulsar detected at Arecibo
Hankins 2015 7
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VLA, 5GHz

33ms pulsar detected at Arecibo
Hankins 2015 7

But wait theres more…

Chandra, Xrays
The brightest X-ray source in the sky.
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Note Moon for scale 600 kpc
Compare: Distance to Andromeda 800kpc

VLBI

ATCA 5Ghz



V E R Y  L O N G  B A S E L I N E  A R R AY

8611 km

1.4mas at 5Ghz
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Cygnus A 
Brightest radio source in the sky!



C Y G N U S  A

Carilli et al 
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3 C  2 7 3
V I S I B L E  I N  T H E  O P T I C A L  T O O !

Looks like a star, sort of
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The optical sky is very different

Stars and Galaxies
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M81 in Optical



physicsopenlab.org



M81 in Optical M81 in HI - 21cm







P U L S A R S

Cambridge/ Mullard RAO Interplanetary Scintillation Array 
ca 1968



Pulsars are ubiquitous.

The IPS array today.   

Copper thieves have had their way with it.



D I S C O V E R Y

• Object name: PSR1919+21 

• Pulses are extremely regular 

• Pulses are delayed at lower frequencies

Hewish, Burnell, et al 1967



PSR 0823+26 

I 

• 
... ... 
• 

• 

I 

-20 

PSA 2021+51 

H 
M 

-40 

0 

0 

OM:19.475 

0.1 GHz 

0.2GHz 

0.4 GHz 

PSA 1642-03 

.,_ 
1--4 

II 

DM=35.73 

0.1 GHz 

02GHz 

:,____ / (\" __ o_.s_G_Hz_ j I\\.. 0.4 GHz 

I 
I 

H 

1.4 GHz 

4.7GHz 

• 

• 

• • 
• 

• 

PSR 1133+16 

20 -20 0 20 -20 

DM=22.55 

0.2 GHz 

40 

PSR 2020+28 

M 
II 

M 
M 

-40 0 

DM=24.62 

0.1 GHz 

0.2GHz 

0.4GHz 

0.6 GHz 

1.4 GHz 

4.7GHz 

PSA 0329+54 

• 

II 
N 

40 -40 

0 

0 

DM:s4.847 

0.2GHz 

0.4 GHz 

0.6GHz 

1.4GHz 

4.7GHz 

10.5GHz 

20 

OM=26.TT1 

0.1 GHz 

0.2GHz 

4.7GHz 

tO.S GHz 

40 

Fig. 11.10 Integrated pulse profiles plotted in the same rotation scale for each pulsar for frequen-
cies 0.1-10.5 GHz. The pulse dispersion has been removed (figure from data in Kuzmin et al. 
1998) 
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Fig. 11.9 Distribution of 558 pulsars in Galactic coordinates (from Taylor et al. 1993) 





Saturn
NRAO/AUI/NSF | Credit: I. de Pater, J.R. Dickel; NRAO/AUI/NSF



Jupiter 
VLA - NRAO 
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R O TAT I O N  S Y N T H E S I S



• Discussion: Why Radio 
is tricky (re ALMA 
ProxCen analysis) 

• Brightness  

• Emission mechanisms

• For next Monday, read and 
comment on. 

• Anglada et al 2017 
ui.adsabs.harvard.edu/abs/2017ApJ...850L...6A/ 

• Macgregor et al 2018 
ui.adsabs.harvard.edu/abs/2018ApJ...855L...2M/
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