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TO: VLBI Data A c q u i s i t i o n  Group
FROM: A. E. E. Rogers
SUBJECT: VLBA Bandpass and Closure  Phase E r ro r s

In a c q u i s i t i o n  memo #48 I  sugges ted  the  use of B u t te rwor th  7 -p o le  low pass 
f i l t e r s .  F ig u r e  1 shows the  pole  l o c a t i o n s  f o r  3 b a s i c  types  o f  low p a s s  
f i l t e r .  F ig u r e  2 shows the  ampli tude  and group delay  c h a r a c t e r i s t i c s  of  7 
and 8 pole  B u t t e r w o r t h  and Chebyschev 0.1  dB r i p p l e  f i l t e r s .  The B e s s e l  
f i l t e r  has maxim al ly  f l a t  de lay  but  has an unaccep tab ly  poor bandpass shape 
w hich  r e s u l t s  i n  a v e r y  h ig h  f o l d o v e r  l o s s .  The t a b l e  below shows the  
c lo s u re  phase e r r o r s ,  r i p p l e  and fo ldove r  l o s s :

CLOSURE PHASE ERRORS (Deg)
FILTER TZPE L0% Fringe 

Rate
10% Fjl t .  
Error

10% All 
Pass err

RIPPLE4 POLHtfER 
Loss A

Shape Factor 
Loss V

7-pole Butterwarth 0.12 0.12 0.001 max.flat 2.0 1
8-pole Butterworth 0.13 0.18 0.001 max. f lat 1.6 0.5
7-pole Ch.0.1 dB 0.60 0.59 0.001 0.1 dB 1.3 0.1
8-pole Ch.0.1 dB 1.10 1.67 0.001 0.1 dB 0.6 0.1
6-pole Ch.0.005 dB7 0.18 0.23 0.001 0.005 dB 1.6 0.3

NOTES:
1 . )  Closure  phase  e r r o r s  which r e s u l t  from bandpass o f f se t s  due to 102 fr inge 
r a t e  ( i . e . ,  800 KHz in  8 MHz BW). [Assuming the  lower 5% of t h e  b a n d p a s s  
i s  h igh  pass  f i l t e r e d  i n  the  da ta  p r o c e s s i n g . ]  This e r r o r  i s  app ro x im a te ly  
p r o p o r t i o n a l  t o  the  f r i n g e  r a t e  squared on the  b a s e l i n e  w i t h  t h e  l a r g e s t  
f r i n g e  r a t e  and  g o e s  t o  z e r o  i f  t h e  f r i n g e  r a t e  on any b a s e l i n e  of the  
t r i a n g l e  i s  z e r o .
2 . )  Closure  e r r o r  which r e s u l t s  from d i f f e r e n c e s  between f i l t e r s  of 10% (the 
h ig h e s t  Q p o l e  be ing  most c r i t i c a l ) .  As the  t a b l e  shows t h e  B u t t e r w o r t h  
f i l t e r  i s  much l e s s  s e n s i t i v e  to  component d i f f e r e n c e s .



3 . )  E r ro r s  i n  t h e  a l l  pass f i l t e r  phases have very  l i t t l e  e f f e c t  on closure 
phase because  c lo s u r e  phase e r r o r s  a re  p r o p o r t i o n a l  to a l l  pass phase e rrors  
cubed.
4 . )  The Chebyschev f i l t e r s  have some r i p p l e  -  but  have a b e t t e r  b a n d p a s s  
w i thou t  t h e  h ig h  f r equency  "droop" of  the  B u t te rw o r th .
5 . )  Loss due to  energy  which i s  fo lded  in  sampling.
6 . )  C on t in u um  l o s s  due t o  s h a p e  o f  b an d pass  which r e s u l t s  i n  a reduced 
e f f e c t i v e  bandw id th .  (For 2 - l e v e l  sampling the  lo s s  i s  a minimum b e c a u s e  
the reduced bandwidth i s  compensated to some degree by an e f f e c t i v e  oversampl ing 
g a i n . )
7 . )  A 6 -p o l e  f i l t e r  which has only  s l i g h t l y  h igher  component  s e n s i t i v i t y  
t h a n  B u t t e r w o r t h  f i l t e r  w h i l e  r e t a i n i n g  a good shape f a c t o r  w i th  fewer 
component s .
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