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In c o n j u n c t i o n  w i t h  N A S A  Cruital D y n a m i o s  m e e t i n g s  in P a s a ­
dena, a m a t t i n g  w a s  h a l d  among H a y s t a c k ,  N R A O , and C a l t a o h  per- 
• onnal on Sept. 27 to d i i ou it  tha i nt a r f a o a  b a t w a a n  tha V L B A  D a t a  
P 1ay b ao k S y s t e m  (DPS) to be d a i i v a r a d  by H a y s t a o k  and tha V L B A  
C o r r a l a t o r  to ba d a i i v a r a d  by Caltaoh.

A1 tmtiftfg, • B. F. Burka, L. D ' A d d a r i o ,  M. S. Ewing, D. N. 
Fort, H. Hint ar a g g a r , S. F. Kator, A. T. Moffat, T. J. F aa rsa n,  
B. ftayhrar, A. C. S. R aa dh aa d,  A. E. E. H o g a n ,  R. C. V a l ka r , J . 
Wabbar, A. R. V hi tna y.

A l a n  R o g e r *  b a g a n  w i t h  a s u m m a r y  p r a a a n t a t i o n  of tha 
H a y a t a o k  v i a w  of tha A.g,g.lll,l W o n  S y s t e m , w h i o h  was l a r g a l y  tha 
sama as tha w r i t e u p  a v a i l a b l e  in "Blue Book** form  of tha Pr oje ct  
Book. T h a r a  will ba 16 vi da o o e n v a t t a r s  (with i nda pan da nt L O s > , 
aaoh of w h i o h  wi ll g a n a r a t a  a USB and LSB pair. All 82 IF 
oh a n n a l s  wi l l ba d i g i t i s e d  and wil l ba a v a i l a b l e  for re oording.

We  n o t e d  that this co u ld  ba a oase of e x oe ed in g tha "basio" 
VLBA  r e q u i r e m e n t s ;  p e r h a p s  tha s e c o n d  16 oh an na ls s ho u l d  ba 
c o n s i d e r e d  a " p o s i t i v e  op ti on ."  C o m p a r e d  to a U - o h a n n e l  system, 
a 3 2 - o h a n n e l  s y s t e m  has batter p ot e nt ia l for <1> r ec or d i n g  m o r e  
b a n d w i d t h ,  (2) h a n d l i n g  d i sp er se d p u l s a r  sign als  at n a r r o w e r  
bands, a n d  (3) e v a d i n g  RFI.

B a n d w i d t h s  ( sa mp l i n g  rates) from 8 <16) Mhi down to 42.5 
(125) kHs are p r o v i d e d  in powers of two. An external s a m p l e  
rata and IF filter are als o included. Ch an n e l s  are s a m p l e d  w i t h  
I- or 2- b it  r es ol uti on.  R e s tr io ti en : All oha nna ls must ba s a m p ­
led at tha sa me  rate and w i t h  t he s am a quant i sa t i o n .

C E w i n g  po i n t e d  out that in the ou rrent co rr el at or  p e r s p e c ­
tive, b a n d w i d t h  (sa mp le  rate) and q u a n t i s a t i o n  are se par a te d.  
That is, tha co r r e l a t o r  a o o e p t s  a o e r t a l n  nu mb er  of s a m pl es  per 
second r e g a r d l e s s  of 1- or 2-bit q u a n t is at io n.  For 1-blt o p e r a ­
tion, the l o w- ord er bit Is ignored. If tape o o n s u m p t i o n  is not a 
strong l i m i t a t i o n  in the VLBA, 2-bit s a m p l i n g  w o u l d  be the n o rm al  
mode, s l n o e  thara is no lass of b a n d w i d t h . 3

T h e  A c q u i s i t i o n  S y s t e m  is p l a n n e d  to use 32 tape traoks to 
h o l d  the 2-bit s am pl es of 16 oh an na ls  or the I -t> i t sam pl es  of 32 
oh a nna ls . In this s e n s e  there will still be a tradeoff b e t w e e n
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number of oha nntls an d quant i i a t i on . Of o o u r n «  tha c o r r e l a t o r  
(as n o w  o on o t i  v e d > will  aooept only 16 o h a n n t l i  at one*.

On tha subjeot of y n  LlJULt flllUt, «>npl ina (VPS): J i m  L e v i n e  
and R t f  Eso of fie r ara s t u d y i n g  tha b e n e f i t s  and impaot of u s in g 
this s o h a a a  (as found, a.g., at tha VLA> in tha V L B A . What w o u l d  
tha oost be?

W h a t  is tha " l og ioa l" impaot of VPS? Tha s t a t i o n  o o m p u t a r  
mu s t a o o u r a t a l y  o a l o u l a t a  s our oa g a o m a t r y  and k n o w  UTC  . Tha  
modal u s a d  by tha oom pu ta r must ba a v a i l a b l e  to tha c o r r e l a t o r  to 
apply p h a s a  oorreot io ns.

CNote: tha V L A  doas this "opan loop". Tha o o r r a l a t o r  
a s su ma s that V P B  p a r f a o t l y  adjus ts  da la y so that no ph asa c o r r e c ­
tions a r a  ne eess&ry. Th i s seams vary w o r r i s o m e  to ge o d e t  io- 
o r i e n t e d  VLB! people. Do a s this limit VLA  d yn am io range? One 
s i x t e e n t h  of a bit in delay is quite a lot of p h a s e . 3

T w o  w a y s  w a r e  s u g g e s t e d  to o o m m u n i o a t e  VP S ph asa to the D P S  
and  o o r r e l a t o r .  One w o u l d  be simply to rely on pre oi se  r e p l i c a ­
tion of the an ten na  delay al go ri t h m s  at the DPS and to be sure 
that tha same pa r a m e t e r s  w e r e  used. A n o t h e r  w o u l d  be to in c r e a s e  
the p r e o i s i o n  of the tape time tags (by 4 bits) to r e s ol ve  the 
steps of the VPS.

If the h i g h - r e s o 1u t i on  time tag w a r e  used, the o o r r e l a t e r  
oo nt rol  o o m p u t a r  oo uld si mp ly present its " r eq ue s te d t i m e 11 to the 
DP S  in tha same h ig h  resolution. No further i n t e r f a c e  
o o m p l i o a t i o n  w o u l d  result in prinoiple. However, in p r a o t i o e  the 
D P S  w o u l d  have to o o m m u n i o a t e  the de lay error baok to the o o r r e ­
lator. T h a  error oou ld be larger than 1/16 bit if tha s t a t i o n  in 
q u e s t i o n  has no VPS (e.g., is a Ma rk  IZI station) or if the VPS 
at the a n t e n n a  s o m e h o w  w e r e  tra oking inoorreotly. (This oou ld  
h a p p e n  if you w er e  t r a o k i n g  a point away fr om the de lay  oe n t e t . )

S i n o e  fo rei gn  a n t e n n a s  w i th ou t V P S  must be i n c lu da bl e  in the 
VLBA, the  full f rac ti ona l bit shift c o r r e c t i o n  mu st be a v a i l a b l e  
in tha o o r r a l a t o r .  G i v i n g  VPS  to VL B A  st a ti o ns  will i n o re a se  the 
number of speoial oa ses that s o f tw ar e mu st  a l l o w  for. T h e r a  wil l 
be 3 o l a s s e s  of b a s e l i n e s  if some st at i o n s  have VP S  and oth er s do 
not. C o u l d  there be o l o s u r e  proble ms?

T h e  se n se  of the m e e t i n g  se a me d to ba that V P S  adds 
o o m p l a x i t y  to tha Ar ray , es pe ci al ly  at the antennas, w i t h o u t  a 
clear s c i e n t i f i c  benefit. The benefit of V P S  is a po te nt ia l gain 
of 3.5%  in s e n s i t i v i t y  for continuum, a l t h o u g h  tha i m p r o v e m e n t  is 
hi g he r at the band a dge s in speotral line mode.

N e x t  the m e e t i n g  turn ed to c h a s e  c al ib rat io n. T h e r a  are 
va ri ous  m a r g i n a l  re a s o n s  to prefer h a v i n g  the ph as e oal tones 
d a t e o t e d  u p s t r e a m  f r o m  tha correla tor : Phase oal is a p r o p e r t y  
of the a n t e n n a s  and oan se r v e as a d i a g n o s t i o  in real time; Pha sa 
oal is m o r e  ea sil y d a t e o t e d  before the dalay oo rre oti on ; and it 
is u s e f u l  to kn ow  the ph a s e  oal results from the o b s e r v i n g  log
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f i 1• b » f o r #  ooritltt ion begins. H o w t v t r , it a p pe ar s  that the 
o o r r e l a t o r  is still r e qu i r e d  to h a nd le  data from fo r ei gn  a n te n na s 
wi th out  r e c o r d - t i m e  p ha s e  oal d e t e o t o r s  and so the ph ase  oal 
h a r d w a r e  must be provided. The phase oal h a r d w a r e  is oo m p a r a b l e  
in o o m p l e s i t y  to a lobe rot at or,  but there are m a n y  fewer phase 
oal d e t e o t o r s  <a n t e n n a - 1 i k e ) than lobe rot ato rs <base 1 i n e - 1 i k e >. 
We will o o n t i n u e  to pl an for ph ase eal d e t e o t o r s  in the c o r r e l a ­
tor .

Is there a ne e d to gather m o r e  s t a t i o n  s t a t i s t i c s  in the 
p h a s e - o a 1 / a ut oo or re 1ator m o d u l e s ?  R o g e r s  ( A c q u i s i t i o n  M e m o  29) 
su g g e s t s  us ing the o o r r e l a t o r  to m e a s u r e  s am p l i n g  t h r es ho ld  
biases in s t e a d  of h a v i n g  ph as e s w i t c h i n g  at the antenna. This  is 
fairly easy to im ple me nt in the o or r e l a t o r ,  but there was no 
d e a r  o o n s e n s u s  on w h e t h e r  this w o u l d  o b v i a t e  the need for phase 
swi t o h i n g .

The  d i s o u s s i o n  m o v e d  on to the DF_S I n t er fa c e . s p e c i f I o a 11y , 
T i m i n g . R o g e r s  o o n t i n u e d  to prese nt his A c q u i s i t i o n  Me m o s  19 and 
20. T h e  fund ame nt al o l o ok  signal is 16 M H s , s u p p l i e d  by the 
o o rr el at or . This signa l will  run some kind of ol ook or oosnter 
in the DPS. This ol oo k w i l l  be s y n c h r o n i s e d  w i t h  the c or re l a t o r  
olo ok  by m e a n s  of a time syn o pulse, 1 pps in the H a y s t a o k  memos. 
Som e of the group felt that 0.1 pps w o u l d  be easier for the 
oontrol oomputer to ide nt if y w i t h o u t  am bi gu it y;  this rate is 
c o m p a t i b l e  w i t h  H a y s t a o k ' s  thinking.

It is important to no t e  that the 0.! pps signal is usei only 
for s y n c h r o n i s i n g  ol o ok s (muoh the same as VLBI fo rma tte r olook s 
are o o n v e n t i o n a 1 ly s y n c h r o n i s e d ) .  Ev e nt s in the DP S oan be 
s c h e d u l e d  to ooour at any bit nu mb e r (in p rin oi ple ). 
R e a l i s t i c a l l y ,  some o o n v e n i e n t  oo mp ut er  interrupt rate will 
define the times at w h i c h  D P S  a c t i v i t i e s  ooour. (This rate mi ght 
b« c h o se n  in the ra nge 10 - 500 H s , X guess. —  MSE)

B e n n o  inject ed his thought that a m o r e  eff io ien t or logical 
a p p r o a o h  w o u l d  be for the D P S  not to k n o w  a ny t h i n g  about time 
( w a l l - o l o o k  or tape-) exoep t to send the ta p e- ti me  u p s t r e a m  to 
the o o r r e l a t o r  oontrol o o mp ut er  (CC>, as in Bl o ok  XI. Th e CC 
then w o u l d  "close the loop** by o o m p a r i n g  the ta p e- ti me  w i t h  its 
de si red  time, and send c o r r e c t i o n  (delta-t> o o mm an d s down to tlie 
DPS. (C or re la to r M e m o  VC 02 9)

T h e  group r e s p o n d e d  w i t h  the g en era l feeling that the CC 
shoul d not be asked to d o s e  the loop for 20+ DPS  units; that 
w o u l d  be a C PU  and o o m m u n i o a t i o n s  burden. Xn general it shou ld 
be s uf fi c i e n t  to s p e o i f y  the d e s i r e d  bit to appear at a sp e ci fi c 
(mutual) olook time, and a l l o w  the D P S  oomput er to p e r f o r m  the 
se r v o  funoti on.  Of oourse, the D P S  and CC mus t be c o o r d i n a t e d  so 
that the CC will al wa y s  ask for a r e a s o n a b l e  sync time. (Don't 
ask for a bit that a p p e a r s  on an u n l o a d e d  tape, for instanoe.) 
Also, the CC must poll the DP S  un its re gu l a r l y  to see if the DPS 
has lost syno or e n o o u n t e r e d  some other e x ce pt io n al  oondition. 
Poll in g w o u l d  have low time reso lut io n. The DPS  w o u l d  rely on 
the 16 MHs val id it y  bit s t r e a m  to s p eo if y the o o r r e o t n e s s  of
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output da ta  on a bit -b y- bi t basis.

CNote: Vs  cs al i s s d  in this d l s o u s s i o n  that ws will ne e d 
sons tlaboratft taps n a n a g i m t n t  funotions, along w i t h  s o ft w a r s  to 
ge n e r a t e  o o r r e l a t o r  oo nt r ol  blocks. Som e or all of this will be 
s u p p l i e d  by the M o n i t o r  & Contr ol  Croup, w e  think. This 
in t e r f a o e  is not yet speoif ie d, ho we ve r.]

N o w  w h a t  about the Bional Inter faoe? H a y s t a o k  env is io ns  the 
output o l o o k  rate be ing 16 Mb/s at all time. T h e r e  is a natural 
bias w i t h  the lon git ud ina l reo or de rs  al wa ys  to play baok at full 
speed. If w i d e l y  va ry in g pl ay b a o k  rates are to be handled, estra 
e q u a l i s e r s  are required. On the other hand, the o o r r e l a t o r ' s  
fringe t r ao kin g b u r d e n  is in or eas ed in p r o p o r t i o n  to wh at e v e r  
p l ay b a o k  s p e e d u p  faotor is used. Th is  a r g u e s  for slower pl a y b a o k  
for n a r r o w b a n d  e x p e r i m e n t s . (Without r s o i r o u 1 a t i o n , however, the 
o o r r e l a t o r  oannot trade off fre qu en oy  r e s o l u t i o n  for ban dw id t h. )

T h e  V L B A  must a l l o w  s a m p l i n g  rates d o w n  to 4 Ms/s for Mark  
III o o m p a t i b l 1 ity and to 125 kHz for s pe o t r a l  line work. In 
sp e ot ra l line work, 4x o v e r s a m p l i n g  w o u l d  n o r m a l l y  be used, 
however, br in gi ng the s amp le  rate up to 500 kHs for 62.5 kHs 
ban d wi dt h.  A se p ar at e sampl e olook oan be p r o v i d e d  by the DPS to 
the o o r r e l a t o r ,  but this is p r o b a b l y  redundant, si no e the 
i n f o r m a t i o n  may  be o on v e y e d  i m pl io i tl y t h r ou gh  the oo rre l at or  
se tup b l o o k s  and D PS  timing. Th e i n t e r f a c e  s p e c i f 1oa tio a needs 
to be o l a r i f i e d  on output sam pl e rates and ol ook rates.

B e n n o  raise d the issue of wh e t h e r  ECL b a l a n o e d  line dr ivers 
and r e o e i v e r s  w e r e  desira bl e, w i t h  their l ow  vol ta ge  swings. He 
no t es  that Bl ook II has had trouble e ve n w i t h  T TL  r eo ei ve rs that 
ha v e m u o h  better o o m n o n - m o d e  rejection. T h e  pr ob le ms us ua ll y lie 
w i t h  g r o u n d  loops.

Ew i n g  added that the o o rr el at or  gr o u p  is c o n s i d e r i n g  h i g h ­
s p ee d m u l t i p l e x  t r a n s m i s s i o n  of a n t e n n a  data streams through the 
o o r re la to r.  Perhaps it w o u l d  be s e n s i b l e  to have one e n g i n e e r i n g  
gr o up  r e s p o n s i b l e  for both s e n d i n g  and reo eiving. If the o o r r e ­
lator g r o u p  did this, we w o u l d  ask for sp a oe  in the DPS  raok for 
the line driver box. In this case the D P S - 1 o - o o r r e 1 ator
e l e o t r i c a l  interfaoe w o u l d  only hav e c a b le s  a few feet long 
inside a s i ng l e raok.

D ' A d d a r i o  po in ts out that e l e c t r i o a l  interf ao es (ECL/TTL) 
and p a r t i c u l a r l y  sp e o i f i o  o a b l in g  and o o nn ec to r  ohoioes are 
p r o b a b l y  p re m a t u r e  now. First we s h o u l d  pin down logioal 
i n t e r f a o e s  .

R o g e r s  oontinued. R a t h e r  general s w i t o h i n g  in the DP S  w o u l d  
a l l o w  any  output ohannel to o r i g i n a t e  f r o m  any IF ohannel w i t h  
I n d e p e n d e n t l y  p r o g r a m m a b l e  delay s ( w i th in  limits). T h e r e  are 82 
IF "o ha n n e l * "  from the video o o n v e r t e r s  and 16 oo rr ela tor  input 
ohanne ls , but in faot 32 1-bit o h a n n e l s  m a y  be a v ai la bl e  on tape 
if desired. We need  a m or e  d et a i l e d  s p e o i f i e a t i o n  of s wi to hi ng 
op t i o n e .
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D P S  d es k e w i n g  R A M  will p r o b a b l y  a l l o w  a +/- 32X bit 
e l e c t r o n i c  delay, says Whit ne y. T h e  pu r p o s e  of lu oh  « large 
delay is to p r o m o t e  fast tape s y n c h r o n i s a t i o n .  It Al so  allows 
s t a g g e r e d  delays on sever al output o A a n n e l s  per IF ohannel, 
al l o w i n g  a natural m e a n s  of a c h i e v i n g  hi g h f r e qu en oy  r e s o l u t i o n  
in s p e c t r o s o o p i o  modes. M e m o r y  is oheap, anyway.

Larry r e m in de d  us that the M o n i t o r  & Con tr ol  Bus (MCB) ean 
be u s e d  for the DPS interfaoe, but that is not wha t it was 
inv en ted  for. It does not d i r ec tl y pr o v i d e  an ASCII c o m m u n i c a ­
tions oha?tnel, as we  m i g ht  wish. R at he r, it t ra n s m i t s  16-bit 
data to and from a 64 K W  a d d re ss  space, w i t h  d e v i o e s  m a p p e d  into 
blook s of the address spaoe. Th e r e  is no global o o m m a n d  opt io n  
(send same oo mm an d to all devioe s),  a l t h o u g h  this mig ht  be i m p l e ­
mented. T h e r e  are p r o b l e m s  si noe  eao h dev io e is s u p p o s e d  to 
a c k n o w l e d g e  all tr an sf ers  a d d r e s s e d  to it.

D P S  units mi ght use the MCB, s in o e  the Data A c q u i s i t i o n  
Sy st em s will have to do so at the antennas. Howe ve r, s ta n d a r d  
R S - 2 3 2  ASCII lines to the oontrol c o m p u t e r  w o u l d  be q u i t e  f e a s ­
ible also. The latter w o u l d  be a t t r a o t i v e  in that tke com put er  
oould a d d r e s s  DPS u n i t s  in parall el , and a c e r t a i n  amount of 
r e l i a b i l i t y  w o u l d  be add ed t h ro ug h re du nd an cy.  Also, the s im ple  
serial lines are e a s i l y  i n t e r f a c e d  to n or m a l  C R T  te r mi n a l s  for 
o h eo ko u t .

H a y s t a o k  is c o n s i d e r i n g  a oo mp v t e r  si milar to *n IBM XT 
(AT?) to oontrol eaoh DPS. W a l k e r  no te s that if the DPS  o om pu ter  
is lifted out of the "dumb c o n t r o l l e r "  olass, it b e oo me s  a 
o a n d i d a t e  for r e g u l a t i o n  by the C o m p u t e r  A d v i s o r y  Co mmi tt ee,  
w h i o h  is seek in g to hold down the n u m b e r  of oomputer types and 
to be sure that V L B A  o o m p u t e r  s ys te ms are g e n e r a l l y  m a i n t a i n a b l e .

W e a r y  but not d o w n t r o d d e n ,  the c o n t e s t a n t s  r e t r e a t e d  from 
the field of honor to fight ag ai n  a no th er day.


