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WMAP
results:

• CMB=380 kyr
• Stars=0.2 Gyr
• Now=13.7 Gyr
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The Moon:
�

= 850 micron 
thermal emission
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The Moon:
70cm 
bistatic radar
(Arecibo/GBT)

Also: 
Mercury rotation
Venus surface

National Radio Astronomy Observatory

July 10, 2005 – Single-dish Summer School

The hidden
surface
of Venus

Magellan/
Arecibo

radar image
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Cygnus A
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Quasar (3C 273) and host galaxy 
with quasar subtracted
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408 MHz continuum — nonthermal radiation
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Betelgeuse: 
45 GHz 
thermal emission
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Cas A: 
supernova 
remnant 
at 1.4, 5, 
and 8 GHz
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Free-free 
emission:
Orion Nebula
HII region
8.4 GHz
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Arp 220
(HST)
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VLBA/HSA image of starburst
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Synchrotron (dash-dot curve), free-free (dashes),
and dust (dots) spectra typical of spiral galaxies
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Dust emission at high redshifts
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850 micron SCUBA/JCMT image of the HDFN
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115 GHz CO emission and optical dust absorption, 
first quadrant of the Galaxy
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How and when did the first galaxies form?

The GBT can see one or more CO lines at all z > 1.3
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Gravitational
radiation

PSR B1913+16

discovered and
timed at Arecibo
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Millisecond
Pulsars

B1937+21
P=1.5578 ms
discovered at
Arecibo
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The first extrasolar planets
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Strong-field Gravity:
Double Pulsar J3037-3039

• PA = 0.022699378556138 s
• PB = 2.7734607474 s
• Pb = 0.1022515628 day   eccentric, edge-on
• Periastron advance =16.900 deg yr-1     MA+MB 

= 2.587
• Orbital decay ~ 85 Myr  
• MA/MB = 1.071  (Kepler’s 3rd law)
• MA = 1.338 ± 0.001
• MB = 1.249 ± 0.001
• sGR/sobs = 1.0002
• spin-orbit coupling
• I � Equation of state
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Quark-gluon plasmas
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Radio astronomy: Discoveries

• Nonthermal radiation
• The violent universe of SMBHs
• Cosmological evolution
• Emission from cool interstellar gas
• The cosmic microwave background
• Neutron stars
• Gravitational radiation
• Extrasolar planets
• Gravitational lensing
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“Discovery space”
of radio sources

• 5 decades of 
�

• 10 decades of Tb
• Resolution to 10-9 rad
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ALFA
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1420 MHz HI line emission, galactic coordinates
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Measuring the Universe: expansion rate
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How and when did the first galaxies form?
VLA/EVLA  

• CO during EoR 
(z = 6.42)

• Starburst plus 
SMBH
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VLBA
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Measuring the Universe: Dark Matter
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