
















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Causes for variations in timing of phase cal pulses 
 
 
Accurate measurement of instrumental contributions to group and phase 
delays requires that the phase cal “time ticks” be generated as stably as 
possible with respect to the maser “time ticks”.  The epochs at which the 
phase cal pulses are generated may vary due to: 
 

• Variations in delay of 5 MHz signal from maser through ground unit 
o High-stability 5 MHz buffer amplifiers should be used, and the 

temperature of the electronics should be well controlled. 
• Changes in electrical length of cable carrying 5 MHz to phase cal 

antenna unit 
o These changes are measured with the cable calibration system 

and can be corrected for in the analysis stage. 
• Variations in 5 MHz signal delay through antenna unit, due primarily 

to temperature variations 
o Temperature sensitivity of delay through standard (Haystack-

designed) antenna unit is low: ~2 ps/°C. 
o Antenna units are operated in temperature-controlled 

enclosures. 
• If 5 MHz to antenna unit is temporarily interrupted, epoch of pulses 

will shift by 0-4 cycles of 5 MHz = (0-4) x 200 ns. 
o The phase cal-corrected multiband delay will shift by the same 

amount as the change in pulse epoch, unless the frequency 
channels are spaced in multiples of 5 MHz, in which case there 
is no change in multiband delay. 

 Example: S-band IVS-R1/R&D sequence has spacings in 
multiples of 8 MHz.  Interrupting the 5 MHz will usually 
cause a jump in the multiband delays. 

o As a general rule, 5 MHz between ground and antenna units 
should not be interrupted during a geodetic or astrometric 
observing session.  Testing of cable measurement system 
should be done before or after a session. 











Vector sum of true phase cal and spurious signal 
as phase of true phase cal rotates through 360° 

 
 

True phase cal, rotated in steps of 90° 

Spurious signal 

Vector sum of true phase cal & spurious signal  
 
 

 
1) Spurious signal of constant amplitude and phase – 
Amplitude of vector sum varies through one cycles: 

short-long-short 

 
 
 

2) Spurious signal = phase cal at image frequency – 
Amplitude of vector sum varies through two cycles: 

short-long-short-long-short 

 























 
 












