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Island of Malta 
Ggantija ~3500 B.C. 
Mnajdra ~3200 B.C. 

Astrometry goes back over 5000 years! 

Mnajdra solar alignments 

Mnajdra, 
Malta 
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Y yo, minimo ser, 
ebrio del gran vacío constelado, 
a semejanza, a imagen del misterio, 
me sentí parte pura del abismo, 
rodé con las estrellas, 
mi corazón se desató en el viento. 
  - Pablo Neruda 

And I, infinitesimal being, 
inebriated on the great  starry void, 
likeness, image of mystery, 
I felt myself  a pure part of the abyss, 
I rode with the stars, 
my heart broke free onto the open sky. 




	Slide Number 1
	Slide Number 2
	Celestial Reference Frames
	Outline
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	How Does VLBI Work? It’s Simple ;-)
	How Does VLBI Work?��Combine signals �from a�Phased Array
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Paradigm of “Sailing by the stars”
	NASA Navigation System Accuracy
	How Does VLBI Work?��The Concept:��Point Source at Infinity
	Slide Number 28
	Why observe in Radio? The ‘Window’
	AGN Centaurus-A in X-ray, Optical, Radio
	Active Galatic Nuclei (AGN) schematic
	Source Structure vs. Frequency
	Active Galactic Nuclei (Marscher)
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Planetary Ephemeris to ICRF Frame Tie
	Overview
	Error Budget for �Reference Frame �VLBI��The Tall Tent Poles
	Slide Number 52
	Overview
	Slide Number 54
	Slide Number 55
	Focus Work on the Tall Tent Poles
	• SNR can be improved +6 to 9 dB!��• Instrumentation:�   Phase calibration with test signals �    Digital Baseband Conversion & Filtering   ��• Troposphere cals: WVR��• Southern Geometry
	Results have been limited by SNR
	Phased implementation, testing
	Slide Number 60
	• SNR can be improved +8 dB!��• Instrumentation:�   Phase calibration with test signals �    Digital Baseband Conversion & Filtering   ��• Troposphere cals: WVR��• Southern Geometry
	Results limited by No BWG Phase cal
	• Concept: Tunnel diode �   Alan Rogers et al (Haystack)���• JPL prototype BWG phase cal: �  Hammel, Tucker, & Calhoun, �  JPL Progress Report, 2003�  tmo.jpl.nasa.gov/progress_report/42-154/154H.pdf��• Production units:   Blake Tucker
	 
	Slide Number 65
	Summary of Instrumental Improvements
	• SNR can be improved +8 dB!��• Instrumentation:�   Phase calibration with test signals �    Digital Baseband Conversion & Filtering   ��• Troposphere cals: WVR��• Southern Geometry
	Troposphere Solution 1: Better Estimation
	Calibrating Troposphere Turbulence
	• SNR can be improved +8 dB!�• Instrumentation:�   Phase calibration with test signals �    Digital Baseband Conversion & Filtering   �• Troposphere cals: WVR��• Southern �  Geometry�
	Need 2nd Station in South
	Southern Stations?
	DSS 34 to Malargue, Argentina (DSA-3)
	Simulation of Added Southern Station
	Malargüe: The Next X/Ka VLBI Station
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	III.C.   ICRF-3
	III.C.   ICRF-3 Needs
	III.C.   ICRF-3 Needs
	III.C.   ICRF-3 Needs
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Conclusions
	Slide Number 93
	Slide Number 94



