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INTERIM  REPO RT 

FREQUENCY SURVEILLANCE AT VLA SITE 

Ja m e s  L. D olan 

F e b ru a ry  27, 19713

In troduction

T he VLA o n -s i te  sp ec tru m  su rv ey  m e a su re m e n ts  w e re  s ta r te d  on T h u rsd ay , 

D ecem ber 7, 1972. The equipm ent co n s is ted  o f the following:

1) Spectrum  a n a ly z e r . H ew lett P a c k a rd , m odel 8555.

2) A ntenna. D orne and M argolin , o m n i-d ire c tio n a l,

1 to 12 GHz. G ain app ro x im ate ly  iso tro p ic .

3) P re a m p lif ie r . 1 to 2 GHz, A vantek, m odel AM“ 1000N. 

N oise fig u re  2. 5~3 dB. G ain 35 dB.

4) P re a m p lif ie r . 4 to 8 GHz, M ic ro s ta te , m odel ACP~ 

6000-10E2. N o ise  fig u re  «  7 dB. G ain 35 dB.

5) C h a rt r e c o r d e r . Sanborn , m odel 321, dual channel.

M easu rem en t P ro c e d u re s

The two bands o f im m ed ia te  in te r e s t  (1 to 2 GHz and 4 to 5 GHz) w e re  o b se rv ed  

on a lte rn a te  days. The sp ec tru m  an a ly z e r w as ad ju sted  to scan  from  1. 15 to 2. 15 GHz 

a t 1000 sec  p e r  scan  (1 MHz p e r  sec). M axim um  in s tan tan eo u s  bandw idth o f 300 kHz w as 

used  prov id ing  about 330 m illiseco n d s  dw ell on a  m onochrom atic  s ignal. T h e re  w e re  two 

in s tru m e n ta l p ro b lem s in  th is  sy stem .

1) The gain  o f the  4 to 8 GHz p re a m p lif ie r  w as too low , allow ing the  high no ise  

figu re  o f the sp ec tru m  an a ly ze r to co n trib u te  enough no ise  to in c re a s e  sy s tem  no ise  fig ­

u re  to about 12 dB. W ith the  iso tro p ic  an tenna system , se n s itiv ity  w as about 1 x 10^8 

W /m 2. D uring  the period  from  D ecem ber 7, 1972 to Ja n u a ry  22, 1973, no s ig n a ls  e x ­

ceeding th is  lev e l w ere  o b se rv ed  in  the 4. 0 to 5. 0 GHz band. A fte r J a n u a ry  22, som e 

s ig n a ls  w e re  o b serv ed  but m o s t ap p ea r to be feed through.
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2) T he v e r tic a l r i s e  tim e  o f the r e c o rd e r  w as in su ffic ien t to follow ra p id  sw eeping 

and pu lsing  s ig n a ls  such  as ra d a r .  A lthough the p u lsed  s ig n a ls  could be o b se rv ed  on the 

CRT, the  r e c o rd e r  sy stem  would not in d ica te  the  p re s e n c e  o f the  signal.

T he sy s tem  w as o p e ra ted  u nder th e se  conditions from  D ecem b er 7, 1972 to 

Jan u a ry  22, 1973 when som e im p ro v em en ts  w e re  m ade. D ata  fo r th is  p e rio d  is  p re se n te d  

on g rap h s  3 “ 12.

Two new p re a m p lif ie rs  w e re  ob ta ined  and put into o p e ra tio n  on  Ja n u a ry  22. S e n s i­

tiv ity  fo r 1 to 2 GHz w as e s s e n tia lly  unchanged from  the  1 x 10~12 W /m 2. H ow ever, 

the  se n s itiv ity  fo r the 4 to 5 GHz ran g e  w as im proved  to about 1 x 10-10 W /m 2 w ith  the 

is o tro p ic  antenna. In addition  to the  new a m p lif ie rs , a  peak d e tec tio n  sy s tem  w as designed  

and co n s tru c ted  a t G reen  Bank to enab le  the  r e c o rd e r  to follow the  r a d a r  type s ig n a ls . T h is 

sy stem  p e rfo rm e d  a s  expected  and in c re a s e d  o v e ra ll sy stem  e ffec tiv en ess . A fte r Jan u a ry  

22, both  peak  and av e ra g e  output w e re  reco rd ed .

R em ain ing  P ro b le m s

T h is  sy s tem  su ffe rs  from  som e in h e re n t p ro b lem s:

1) No d ire c tiv ity  — im p o ss ib le  to lo c a te  d ire c tio n  o f 

incom ing  s ig n a ls .

2) Feed  th rough  from  low freq u en c ies  to the  4 to 5 GHz 

band.

3) S ta tis tic a l an a ly s is  re q u ire d  b eca u se  o f scann ing  

techn iques. New re c e iv e r s  a r e  being designed  to 

e lim in a te  th e se  p ro b lem s. T a rg e t da te  fo r com pletion  

i s  about 4 to 6 m onths (m id -su m m e r 1973).

S um m ary

F ig u re s  1 and 2 a r e  p lo ts  o f d a ta  rece iv ed  from  the  E lec tro m ag n e tic  C om patib ility  

A n alysis  C e n te r  (ECAC) a t A nnapolis, M aryland. F ig u re  1 is  fo r  th e  a r e a  around  £ r e e n  

Bank and F ig u re  2 i s  fo r the  s i te  Y15, n e a r  M agadelena, New M exico. T he in fo rm atio n  

is  from  re c o rd s  kep t a t ECAC and does not inc lude som e frequency  ass ig n m e n ts  m ade by 

the  a r e a  c o o rd in a to r  a t W hite Sands, New M exico. T he in fo rm atio n  w as p rov ided  as 

pow er d en s ity  v e rs u s  frequency  fo r c e r ta in  frequency  bands sp ec ified  by NRAO. The
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pow er d en s ity  w as sum m ed in  5 MHz in c re m e n e ts . E ach  t r a n s m it te r  capab le  o f tuning 

w ith in  a  g iven  5 MHz a r e a  w as included in  the pow er sum m ation  fo r th a t in c re m en t. I t 

can  be seen  by d ir e c t  co m p ariso n  th a t the  sp e c tru m  in  the  Y15 a r e a  is  m o re  crow ded 

w ith  la r g e r  pow er d e n s itie s  than  the  G reen  Bank a re a .

S ta rtin g  w ith  F ig u re  3, the  g rap h s  p re s e n t  d a ta  from  th e  NRAO m on ito ring  

s ta tio n  a t Y15. T he d a ta  w as taken  m anually  from  the s t r ip  c h a r ts  re tu rn e d  to the  

NRAO by p e rso n n e l at the  New M exico In s titu te  o f M ining and Technology. T he am p li­

tude is  e s tim a te d  to be c o r r e c t  to about an o rd e r  o f m agnitude and frequency  to about 

± 20 MHz as i t  is  som ew hat d ifficu lt to r e s e t  the b an d sp read  to exac t freq u en c ie s , and 

the  o s c il la to r  s ta b ility  is  re la te d  to te m p e ra tu re . T he re so lu tio n  on the  s tr ip  c h a r t  is  

13 MHz p e r  m illim e te r . Two g rap h s  p e r  o b se rv a tio n  p e rio d  a re  n e c e s s a ry  to p re s e n t 

a ll the  data . O ne g rap h  show s am plitude v e rsu s  frequency  and the  o th e r  show s p e rc e n t 

o f  o b se rv a tio n  tim e  a  signal w as o b serv ed . T he tim e  w as d e riv e d  a s  follows:

a) T he sc a n  tim e  w as 1000 seconds. If  the  s ignal 

ap p ea red  du rin g  a  sc a n  i t  w as assu m ed  p re s e n t 

fo r th e  e n t ire  1000 seconds.

b) T he tim e  w as then  sum m ed and p re se n te d  as 

p e rc e n t o f o b se rv a tio n  tim e.

On Ja n u a ry  22 the  sy s tem  w as s lig h tly  m odified . T he new 1 to 2 GHz p ream p  does 

not ap p ea r to p rov id e  a  n o ise  fig u re  a s  low a s  the  p rev io u s  a m p lifie r . T he 4 to 5 GHz 

sy s tem  is  b e t te r ,  but i t  i s  tro u b led  by w hat a p p e a rs  to be feed through. A low confidence 

lev e l i s  p laced  on the g rap h s  fo r 4 to 5 GHz. T he peak d e te c to r  im p ro v ed  th e  sy stem  

se n s itiv ity  re la tiv e  to p u lse  s ig n a ls  and a  d e fin ite  in c re a s e  in  th e  num ber o f s ig n a ls  is  

noted a f te r  Ja n u a ry  22. No s ig n a ls  could be found on the  re c o rd s  fo r the  4 to 5 GHz 

ran g e  b e fo re  Ja n u a ry  22.

O ne anom ally  is  the  la ck  o f ac tiv ity  betw een J a n u a ry  1 and Ja n u a ry  22. The 

re c o rd s  w e re  double checked and no in s tru m e n ta l changes w e re  m ade d u ring  th is  perio d .

I t a p p e a rs  th a t the  p erio d  w as re la tiv e ly  f re e  from  ac tiv ity . T he s ignal a t 2. 15 GHz is  

from  a  m icrow ave re la y  to w er lo ca ted  on the  e a s te rn  edge o f s i te  Y15. I t  w as used  as 

a  c a l ib ra to r  and in d ic a to r  o f sy stem  re lia b ility .
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NATIONAL RADIO ASTRONOMY OBSERVATORY 

ADDENDUM TO VLA MEMORANDUM 108

Frequency  S u rv e i l la n c e  a t  VLA S i t e  

James L . D olan 

A p r i l  4 , 1973

S in ce  th e  p re v io u s  r e p o r t  was w r i t t e n  (27 F eb ru a ry  1 9 7 3 ), th e  spectrum  

s u r v e i l l a n c e  a t  th e  VLA s i t e  has c o n t in u e d , w ith  th e  fo llo w in g  changes in  

equ ipm ent.

On March 20, th e  4 .0  to  5 .0  GHz system  was equ ipped  w ith  a t r a c k in g

YIG p r e s e le c to r  t h a t  a p p e a rs  to  s o lv e  th e  s p u r io u s  p rob lem . I t  i s  somewhat

p rem a tu re  to  comment on C b and , b u t  a t  l e a s t  up to  th e  p r e s e n t  no s ig n a l s

above ou r d e t e c t io n  l e v e l  have been  d e f i n i t e l y  i d e n t i f i e d .  The a n ten n a  i s

-4  2o f sm a ll c a p tu re  a r e a  ( -  2 x 10 m ) ,  k eep in g  s e n s i t i v i t y  down to  ab o u t 
_9 —10 2

10 to  10 w/m . A new a n ten n a  th a t  w i l l  im prove s e n s i t i v i t y  by an  o rd e r

o f  m agnitude w i l l  be i n s t a l l e d .

The accom panying g rap h s  f o r  1 .2  to  2 .2  GHz a r e  a c o n t in u a t io n  o f th o se

p re s e n te d  in  Memo 108, w ith  th e  e x c e p tio n  o f th e  tim e b e in g  n o te d  on th e

f re q u e n c y -a m p litu d e  g ra p h .

The fo u r  bands o f p a r t i c u l a r  i n t e r e s t  in  th e  L band r e g io n s ,

1 .3 5  to  1 .4 0  GHz 

1 .4 0  to  1 .4 5  GHz 

1 .605  to  1 .6 2 0  GHz 

1 .6 6 0  to  1 .675  GHz

w ere checked on a l l  r e c o rd s  to  t h i s  d a te  f o r  in fo rm a tio n  on t o t a l  power in  

th e  band w ith  r e s p e c t  to  tim e . We in te n d e d  to  p l o t  t h i s  d a t a ,  b u t a t a b le



seemed to  be th e  b e s t  way to  show th e  sm a ll p e rc e n t o f tim e th e  bands con­

ta in e d  power d e n s i t i e s  l a r g e  enough to  d e t e c t .  (Our d e t e c t io n  l e v e l  i s  

ab o u t an  o rd e r  o f m agn itude l e s s  th a n  th e  l e v e l  t h a t  w i l l  i n t e r f e r e  w ith  

th e  VLA o p e r a t io n .  T h e re fo re ,  any s ig n a l  we se e  i s  a p o t e n t i a l  p ro b lem .)

The ta b le  shows w o rs t c a s e  c o n d i t io n s ,  b eca u se  some o f  th e  s ig n a l s  a r e  peak  

and no e f f o r t  was made to  d e te rm in e  a v e ra g e  power from  th e  p u lse d  s ig n a l s .  

A lso  on th e  narrow  b an d s , fre q u e n c y  r e s o lu t io n  was somewhat p o o r, so a l l  

s ig n a l s  a d ja c e n t  to  th e  bands w ere in c lu d e d . The tim es  shown on th e  t a b le  

a r e  n o t c u m u la tiv e . For exam ple, th e  lo n g e s t  tim e any band c o n ta in e d  i n t e r ­

fe re n c e  was 0.2%. The 1 .6 0 2  -  1 .6 2 2  GHz band c o n ta in e d  power d e n s i ty  o f 
—8 2

1 x 10 w/m f o r  2 h o u rs .  (T h is  shows up on th e  cu rv e  a s  2 h o u rs  a t  a l l

—8 2 l e v e l s  below  1 x 10 w/m .)

R ecen t c o n v e rs a t io n s  w ith  th e  a r e a  freq u en cy  c o o r d in a to r ,  Mr. H ungate , 

in d ic a te d  th a t  th e  s tro n g  c o n tin u o u s  r a d a r  o b serv ed  n e a r  1 .3  GHz p ro b ab ly  

b e lo n g s  to  th e  F .A .A ., an d , a s  s u s p e c te d , i t  i s  lo c a te d  n e a r  A lbuquerque 

a t  a p la c e  c a l le d  West M esa. Mr. H ungate f e e l s  t h a t  th e  s ig n a l s  o b served  

in  th e  OH r e g io n  1 .6 6 0  to  1 .700  GHz a r e  m o s tly  ra d io so n d e  equ ipm en t. The 

e n t i r e  segm ent i s  a s s ig n e d  to  m e te o ro lo g ic a l  a i d s ,  some s a t e l l i t e  b o rn e .

Many ra d io so n d e s  a r e  u sed  in  th e  a r e a .  The r a d io  astronom y s e r v ic e  i s  

a s s ig n e d  th e  band 1 .6 6 0  — 1 .6 7 0  GHz, b u t m ust a c c e p t i n t e r f e r e n c e  from 

m e te o ro lo g ic a l  s a t e l l i t e s .  R adiosonde u s e r s  in  t h i s  band a r e  supposed  to  

n o t i f y  U .S . r a d io  a s tro n o m e rs , b u t I  d o u b t t h a t  th ey  d o .

- 2 -
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