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1 ABSTRACT

Th e  V L A  s u f f e r s  s e r i o u s  inter-ference (RFI) p r o b l e m s  in t h e  7 2 . 9  - 
74.7, 3 0 0  - 345, and 1200 - 1740 MHz o b s e r v i n g  bands. Th e  V L B A  
h a s  a m u c h  l e s s  s e r i o u s  p r o b l e m ,  in g e n e r a l ,  t h a n  th e  V L A  b e c a u s e  
of g e o g r a p h i c a l  s e p a r a t i o n  of a n t e n n a s  and well s h i e l d e d  local 
e l e c t r o n i c s .  For c o n v e n i e n c e  we can c a t a g o r i z e  i n t e r f e r e n c e  as 
i n t e r n a l  to t h e  r e c e i v e r  s y s t e m  e l e c t r o n i c s ,  local to th e  N R A O  
site, or e x t e r n a l  t o  t h e  s i t e  ( distant). T h i s  m e m o  e x a m i n e s  the 
local RFI p r o b l e m  of t h e  V L A  in s o m e  det a i l .  It d i s c u s s e s  the 
h a r m f u l  i n t e r f e r e n c e  levels, e s t a b l i s h e s  t h e  h a r m f u l  e f f e c t i v e  
i s o t r o p i c  r a d i a t e d  p o w e r  (HEIRP) as a f u n c t i o n  of l o c a t i o n  and 
f r e q u e n c y ,  and p r o p o s e s  m e t h o d s  to i d e n t i f y  i n d i v i d u a l  s o u r c e s  of 
h a r m f u l  RFI. F i n a l l y  it p r o p o s e s  m e t h o d s  to  m i t i g a t e  harmful 
RFI, p r i m a r i l y  by s h i e l d i n g ,  and t o  c o n t r o l / p r e v e n t  a d d i t i o n a l  
p r o l i f e r a t i o n  of local RFI. U n f o r t u n a t e l y ,  t h e  p r o p o s e d  m e t h o d s  
r e q u i r e  a l a r g e  c o m m i t m e n t  of m a n p o w e r  and d o l l a r s .  T h e  d o m i n a n t  
s o u r c e s  of RFI a r e  d i g i t a l  d e v i c e s  of m a n y  k i n d s  and l e a k a g e  of 
local o s c i l l a t o r  an d  r e f e r e n c e  f r e q u e n c i e s .

2 HARMFUL LEVELS OF INTERFERENCE

T h e  i n t e r n a t i o n a l l y  r e c o g n i z e d  a u t h o r i t y  for r e g u l a t i n g  u s e  of 
the r a d i o  s p e c t r u m  is t h e  I n t e r n a t i o n a l  T e l e c o m m u n i c a t i o n s  U n i o n  
(ITU). An o r g a n  of t h e  ITU, t h e  I n t e r n a t i o n a l  R a d i o  C o n s u l t a t i v e  
C o m m i t t e e e  (CCIR), s e r v e s  as t h e  r e c o g n i z e d  a u t h o r i t y  for 
t e c h n i c a l  and o p e r a t i n g  s t a n d a r d s  t h r o u g h  t h e  i s s u a n c e  of 
r e c o m m e n d a t i o n s .  B e c a u s e  th e  ITU F r e q u e n c y  A l l o c a t i o n s  h a v e  the 
f o r c e  of i n t e r n a t i o n a l  t r e a t y  la w  to t h e  e x t e n t  a c c e p t e d  by each 
nat i o n ,  t h e  I T U / C C I R  R e c o m m e n d a t i o n s  h a v e  an i m p l i e d  level o-f 
a u t h o r i t y  in m o s t  c o u n t r i e s ,  i n c l u d i n g  t h e  U n i t e d  States.

T h e r e f o r e ,  I T U / C C I R  R e c o m m e n d a t i o n  7 6 9  " P r o t e c t i o n  C r i t e r i a  Used 
for R a d i o a s t r o n o m i c a l  M e a s u r e m e n t s "  (1992) (AOC L i b r a r y  
T K 5 1 0 1 . A 1 149) is th e  U S  s t a n d a r d  for p r o t e c t i o n  of th e  r a d i o  
a s t r o n o m y  f r e q u e n c y  b a n d s  per t h e  N T I A / F C C  f r e q u e n c y  a l l o c a t i o n  
t a b l e s  and f o o t n o t e s .  T h i s  is t h e  O N L Y  l e v e r a g e  r a d i o  a s t r o n o m y  
h a s  on o t h e r  u s e r s  of t h e  r a d i o  s p e c t r u m ,  and it O N L Y  a p p l i e s  in 
the a l 1o c a t e d / f o o t n o t e d  r a d i o  a s t r o n o m y  bands, s u b j e c t  to the 
l i m i t s  of f r e q u e n c y  s h a r i n g  w i t h  o t h e r  r a d i o  s e r v i c e s .
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H ow e v e r ,  -for our ne e d  to control our own l o c a l l y  g e n e r a t e d  RFI, 
t h e  I T U / C C I R  R e c . 76 9  harmful l e v e l s  o-f i n t e r f e r e n c e  c e r t a i n l y  
can b e  a p p l i e d  by us t h r o u g h o u t  th e  V L A  t u n a b l e  -frequency 
ranges. H e r e  we d o  so!

Me a s s u m e  the wo r s t  c a s e  V L A  s i t u a t i o n  of s p ectral l i n e  mode, 
s h o r t e s t  b a s e l i n e s  in D c o n f i g u r a t i o n  (least r e d u c t i o n  of RFI by 
f r i n g e  r o t a t i o n ) ,  i n t e g r a t i o n  t i m e  of 2 0 0 0  sec (medium 
s e n s i t i v i t y ) ,  and a n t e n n a s  n e a r e s t  b u i l d i n g s  p o i n t i n g  w i t h  0 dBi 
s i d e l o b e s  on t h e  local RFI em i t t e r s .  We a l s o  a s s u m e  that most 
RFI S o u r c e s  h a v e  b a n d w i d t h s  a p p r o x i m a t e l y  le s s  than or equal to 
th e  s p e ctral ch a n n e l  b a n d w i d t h .  Then I T U / C C I R  Rec 7 6 9  T a b l e  2 
h a rmful l e v e l s  b e c o m e  for our case:

F r e a Ch BW A n t T m p R c v T m p D e l t a T HP HPD

(MHz ) (kHz ) (K) (K) (mK) (dBW) ( d B ( W / m ~ 2 ) )

74 5 1000 100 29 0 - 2 0 8 -2 0 7

327 10 40 100 22 - 2 1 5 - 2 0 4

61 1 10 15 100 18 -217 - 2 0 0

1420 20 10 20 3.4 -2 2 0 - 1 9 6

1665 20 10 20 3.4 -2 2 0 - 1 9 4

2 6 9 5 20 10 20 3.4 - 2 2 0 -1 8 9

4 8 3 0 50 10 20 2. 1 - 2 1 8 - 1 8 3

w h j r e  HP = Harmful P o w e r  level at r e c e i v e r  input (feed output) 
H P D  = Harmful P o w e r  Densitv in t o  0 dBi s i d e l o b e s

We i n c l u d e  611 and 2 6 9 5  MHz as t h e s e  b a n d s  ma y  be a d d e d  to the 
V L A  in t h e  future.

3 EMITTER HARMFUL EIRP

N o w  that we h a v e  harmful power d e n s i t y  l e v e l s  i n c i d e n t  o n t o  V L A  
a n t e nnas, we can look at the harmful e m i t t e d  p ower b y  the s o u r c e  
in e f f e c t i v e  i s o t r o p i c  r a d i a t e d  p o w e r  (EIRP) for several VL A  
a n t e n n a  p a d s  and s i t e  b u i l d i n g s .  An i s o t r o p i c  r a d i a t o r  of P 
w a t t s  p r o d u c e s  a far f i e l d  p o w e r  d e n s i t y  of PD w a t t s  per s q u a r e  
m e t e r  at a d i s t a n c e  of R m e t e r s  a c c o r d i n g  to P D  = P / ( 4 p i R /s2), or 
in dB(x) - 101og(x) units: E I R P ( d B W )  = PD (dB (W/m/s2) > +
2 0 1 o g ( R ( m ) ) + 11.0 dB.

F r o m  V L A  drawing B 2 1 9 0 0 0 1  of t h e  S i t e—Wy e  Layout, we se e  that 
a n t e n n a  p a d s  WB (always o c c u p i e d )  and W 9  a r e  ab o u t  175m f r o m  t h e  
c o ntrol b u i l d i n g ;  p a d s  W9, W10, and W 1 2  a r e  2 2 5 m  or l e s s  f r o m  the
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servo, cryo, and m a c h i n e  shops; and p a d s  W 1 2  and W1 4  ar e  less 
than 175m -from the a n t e n n a / t r a n s p o r t e r  barns. B e c a u s e  two 
a d j a c e n t  a n t e n n a  p a d s  m a k e  a s hort b a s e l i n e ,  th e  nominal d i s t a n c e  
of most local RFI s o u r c e s  is a bout 2 0 0  meters.

Gi v e n  t h e  harmful d i s t a n c e  HR o-f 2 0 0 m  and the harmful p ower 
d e n s i t i e s  H P D  above, w e  get harm-ful e m i s s i o n  H E I R P  for that and 
o t h e r  d i s t a n c e s :

F r e q HP D H E I R P @ 2 0 0 m H E I R P S 1 k m HEIRPa)100km

( M H z ) ( d B ( W / m ~ 2 ) ) (dB(UI) ) ( d B ( W ) ) ( d B ( W ) )

74 -207 - 1 5 0 -1 3 6 -96

327 - 2 0 4 - 1 4 7 - 1 3 3 - 9 3

611 - 2 0 0 - 1 4 3 -1 2 9 - 8 9

1420 -1 9 6 -1 3 9 -1 2 5 -85

1665 - 1 9 4 - 137 - 1 2 3 -83

2 6 9 5 - 1 8 9 - 1 3 2 - 1 1 8 -78

4 8 3 0 - 1 8 3 - 1 2 6 - 1 1 2 -72

F i g u r e  1 s h o w s  harmful E I R P  (HEIRP) vs 1 i n e - o f - s i g h t  d i s t a n c e  for 
V L A  h a rmful po w e r  d e n s i t y  (HPD) at t h e s e  V L A  f r e q u e n c y  bands.
N o t e  that most t e r r e s t r i a l  e m i t t e r s  b e y o n d  a few k i l o m e t e r s  of 
d i s t a n c e  will be a t t e n u a t e d  by i n t e r v e n i n g  terrain. Local 
e m i t t e r s  c o u l d  be a t t e n u a t e d  by i n t e r v e n i n g  b u i l d i n g  walls, 
racks, etc.

4 KNOWN AND SUSPECTED EMITTERS

D igital D e v i c e s

In r e c e n t  years, digital d e v i c e s  h a v e  p r o l i f e r a t e d  at t h e  VL A  
site. B e s i d e s  the o b v i o u s  c o m p u t i n g  d e v i c e s  (personnal computer, 
V M E  c o m p u t e r ,  w o r k s t a t i o n ,  m i n i—c o m p u t e r , p r o g r a m m a b l e  
c o n t r o l l e r ,  t e r m inal, FAX, modem, p r i nter, etc.), m a n y  other 
c o m m o n  d e v i c e s  c o n t a i n  m i c r o p r o c e s s o r s  or hi g h  s p e e d  digital 
c i r c u i t r y  w h i c h  r a d i a t e  r a d i o  f r e q u e n c i e s  a b o v e  70 MHz. S o m e  of 
t h e s e  d e v ices, such as p r o g r a m m a b l e  c o n t r o l l e r s  and digital 
m o n i t o r  cir c u i t s ,  w e  r e c e n t l y  a d d e d  i n s i d e  V L A  an t e n n a s ,  w i t h o u t  
t e s t i n g  for r a d i o  e m i s s i o n  levels! All but t h e  c h e a p e s t  
u n i n t e r r u p t a b l e  p o w e r  s u p p l y  (UPS) c o n t a i n s  a m i c r o p r o c e s s o r  and 
d i gital c i r c u i t s .  For e x a mple, t h e  S o c o r r o  E l e c t r i c  C o o p e r a t i v e  
p o w e r—d e m a n d—met e r  and their r e m o t e  g e n e r a t o r  s t a r t u p  c o n t r o l l e r  
r a d i a t e  RF. T h e  list g o e s  on. S e e  T a b l e  1 for a list of s o m e  of 
the k n o w n  and s u s p e c t e d  e m i t t e r s  on t h e  V L A  site.
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Digital c i r c u i t s  r a d i a t e  an i m p u l s i v e  b r o a d  c o n t i n u u m  of r a d i o  
•frequencies. T h e  s p e c t r u m  d e p e n d s  on t h e  r i s e  and fall t i m e s  of 
a m u l t i t u d e  o-f c u r r e n t  t r a n s i t i o n s ;  and the r a d i a t e d  p o w e r  
d e p e n d s  on t h e  m a g n i t u d e  of t h e  c u r r e n t  t r a n s i s t i o n s  and the 
f i l t e r i n g / s h i e l d i n g  of t h e  c i r cuits. U s u a l l y  t h e  s t r o n g e s t  
e m i s s i o n s  and the h i g h e s t  f r e q u e n c i e s  oc c u r  at the cl o c k  
f r e q u e n c y  and its h a r m o n i c s .  P e r s o n n a l  c o m p u t e r  (PC), 
w o r k s t a t i o n ,  and V M E  c o m p u t e r  cl o c k  f r e q u e n c i e s  n o w  a p p r o a c h  that 
of t h e  V L A  c o r r e l a t o r  in the s h i e l d e d  r o o m  —  100 MHz.

T h e  VLBI r e c o r d i n g  s y s t e m  (VLBA s t a t i o n  VM E  c o m p uter, d a t a  
a c q u i s i t i o n  rack ( D A R ) , and r e c o rder) a p p e a r s  to be th e  s t r o n g e s t  
e m i t t e r  in t h e  control b u i l d i n g  over the 70 to 3 5 0  MHz range. 
F i g u r e  2 s h o w s  an e x a m p l e  of the VLBI s y s t e m  e m i s s i o n s .

T h e  c o r r e l a t o r ,  a l a r g e  and power h u n g r y  digital device, 
g e n e r a t e s  th e  most u n i n t e n t i o n a l  RF p o w e r  at th e  V L A  site. 
F o r t u n a t e l y ,  it is i n s i d e  a v e r y  well s h i e l d e d  room. 
U n f o r t u n a t e l y ,  a n u m b e r  of c a b l e s  p e n e t r a t e  that shield, con d u c t  
RFI t h r o u g h  the shield, and r a d i a t e  it out into th e  control 
b u i l d i n g  and to t h e  antennas.

LO L e a k a g e

In the control b u i l d i n g  and in each antenna, v i r t u a l l y  e v e r y  
local o s c i l l a t o r  (LO) and r e f e r e n c e  f r e q u e n c y  r a d i a t e s  out of 
m o d u l e s  and t r a n s m i s s i o n  li n e s  at s o m e  level.

A n t e n n a s

Digital c l o c k  h a r m o n i c s  and LO l e a k a g e  w i t h i n  an a n t e n n a  r a d i a t e  
into t h e  f e e d s  of itself and into the f e e d s  of a d j a c e n t  
an t ennas. S o m e  of t h e  f r e q u e n c i e s  m a y  r a d i a t e  or c o n d u c t  
d i r e c t l y  in t o  s o m e  p a r t s  of t h e  front end or r e c e i v e r  circuits. 
Th e  B - r a c k  in e v e r y  a n t e n n a  r a d i a t e s  so much LO and digital 
c i r c u i t  RF in the 74, 327, and 1400 MHz bands, that w e  h a v e  spent 
and still a r e  s p e n d i n g  m a n y  d o l l a r s  and p e r s o n  m o n t h s  to s u p p r e s s  
it w i t h  s h i e l d i n g  and optical fibers.

R a d i o s  and S c a n n e r s

F M / A M  r a d i o s  and s c a n n e r s  on s i t e  r a d i a t e  LO and h a r m o n i c  
f r e q u e n c i s  d i r e c t l y  out of the c a b i n e t s  and out of th e i r  
ant e n n a s .  S o m e  a l s o  r a d i a t e  digital hash. Several r a d i a t e  RFI 
k nown to  i n t e r f e r e  wi t h  327 MHz o b s e r v a t i o n s .

2 - W a y  R a d i o s

The site 2-way radios, used every working day by many staff and 

after hours by janitor/guards, produce a very strong second 
harmonic at 324.05 MHz, in the middle of the VLA P—band. 
Interference occurs when transmitting, but in addition it is
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p o s s i b l e  that th e  r e c e i v e r  L O  c o u l d  r a d i a t e  at a s i g n i f i c a n t  
level w h i l e  t h e  unit h a s  po w e r  on. P r e s e n t l y  we h a v e  47 r a d i o  
u n i t s  on site.

V e h i c l e  E m i s s i o n s

M a n y  of th e  ol d e r  s i t e  v e h i c l e s  g e n e r a t e  v e r y  s t r o n g  b r o a d  band 
RFI i m p u l s e s  f r o m  e l e c t r i c  a r c s  in t h e  e n g i n e  i g n i t i o n  and 
g e n e r a t o r / r e g u l a t o r . T h e s e  i m p u l s e s  h a v e  a st e e p  spe c t r u m ;  
g e n e r a l l y  v e r y  s t r o n g  at 74 MHz and s i g n i f i c a n t l y  w e a k e r  at 
L-band. N e w  v e h i c l e s  c o n t a i n  digital c o m p u t i n g  d e vices. When 
t h e s e  v e h i c l e s  d r i v e  by or wo r k  near o n e  or m o r e  a n t ennas, 
e s p e c i a l l y  in t h e  C and D c o n f i g u r a t i o n s ,  t h e s e  RFI i m p u l s e s  can 
p r o d u c e  high pe a k  p o w e r  l e v e l s  i n t o  L-band. F i g u r e  3 s h o w s  on e  
such s i t e  v e h i c l e’s pea k  s p e c t r u m  f r o m  1 - 2  GHz w h e n  p a s s i n g  
a b o u t  10 m e t e r s  f r o m  an i s o t r o p i c  m o n i t o r i n g  antenna. The 
ve r t i c a l  s c a l e  on t h e  ri g h t  s i d e  g i v e s  t h e  p o w e r  out of the 
a n t e n n a  in dB(W). T h e  s l o p i n g  li n e  r e p r e s e n t s  an i n c i d e n t  power 
d e n s i t y  of - 1 0 0  d B ( W / m ~ 2 > ,  w h i c h  c o r r e s p o n d s  to v e h i c l e  E I R P  of 
-69 dB(W) at a d i s t a n c e  of 10 meters. Th e  pe a k  v e h i c l e  e m i s s i o n  
at 1360 MHz is about - 7 8  dB(W) out of t h e  antenna, - 5 4  d B ( W / m /,'2) 
p o w e r  d e n s i t y  i n c i d e n t  o n t o  t h e  antenna, and -23 dB(W) E I R P  
e m i t t e d  f r o m  t h e  vehicle.

5 FCC PART IS EMISSION LIMITS FOR DIGITAL DEVICES

T h e  F e deral C o m m u n i c a t i o n s  C o m m i s s i o n  (FCC) r e g u l a t e s  incidental 
r a d i o  e m i s s i o n  f r o m  d e v i c e s  m a r k e t e d  w i t h i n  th e  US. T h e  FCC 
s p e c i f i e s  th e  r e g u l a t i o n  in its R u l e s  Part 15, w h i c h  d e f i n e s  two 
c l a s s e s  of d i gital dev i c e s .  C l a s s  A digital d e v i c e s  a r e  m a r k e t e d  
for u s e  in a c o m m e r c i a l ,  industrial o»" b u s : n e s s  e n v i r o n m e n t .
C l a s s  B d i gital d e v i c e s  are m a r k e t e d  for u s e  in a r e s i d e n t i a l  
e n v i r o n m e n t .  C l a s s  B d e v i c e  e m i s s i o n  l i m i t s  ar e  a b o u t  10 dB 
lower than C l a s s  A devices, but N R A O  r a r e l y  p u r c h a s e s  C l a s s  B 
(home e n t e r t a i n m e n t )  devices.
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F r o m  F C C  Part 1 5 . 1 0 9  (Oct 91), R a d i a t e d  e m i s s i o n  limits, we 
d e r i v e  t h e s e  r e l e v a n t  p a r a m e t e r s  for C l a s s  A devices:

F r e q  (MHz) 74 327 611 1400 26 9 5

F C C  Max F i e l d ( u V / m ) 90 210 21 0 300 300

3 F C C  D i s t a n c e  (m) 10 10 10 10 10

S> F C C  Bandwi dth (MHz ) 0. 1 0. 1 0. 1 1 1

MaxPD<DFCCdi st (pW/m2> 21 . 5 117 117 239 239

Max E I R P  (nW) 27 147 147 300 300

Max E I R P  ( d B ( W ) ) -76 -68 -68 -65 -65

HEIRPS)200m (dB(W)> -1 5 0 -147 - 1 4 3 -139 -1 3 2

H P D  ( d B ( W / m 2 ) ) -207 -204 - 2 0 0 -196 -1 8 9

D i s t a n c e S H P D  (km) 1000 1780 1120 1000 450

T h e r e f o r e  digital d e v i c e s  r a d i a t i n g  at FC C  C l a s s  A l i m i t s  at the 
V L A  s i t e  and d i r e c t l y  to V L A  a n t e n n a s  e x c e e d  the harmful l e v e l s  
by 70 to 80 dB. To b e  b e l o w  the harmful levels, a C l a s s  A d e v i c e  
wo u l d  h a v e  to be b e y o n d  a 1 i n e - o f - s i g h t  d i s t a n c e  of 1780 km. 
T h a t ' s  m e d i u m - e a r t h - o r b i t !

W e  a s s u m e  the wo r s t  case, wh i c h  o f t e n  is t h e  actual c a s e  at our 
f r e q u e n c i e s ,  that t h e  d e v i c e  r a d i a t e s  d i s c r e t e  f r e q u e n c i e s  of 
b a n d w i d t h  less th a n  10 kHz, such as h a r m o n i c s  of a cl o c k  
frequency.

6 PEELING THE RFI ONION

F i r s t  th e  W o r s t  O f f e n d e r s

We  will never find and e l i m i n a t e  or m i t i g a t e  all e m i t t e r s  do w n  to 
the h a rmful l e v e l s  g i v e n  above. T h e r e  s i m p l y  is not s u f f i c i e n t  
a n t e n n a / s u b a r r a y  time, p e o p l e  time, e q u i p m e n t  s e n s i t i v i t y ,  and 
f u n d s  to do a c o m p l e t e  job. However, g i v e n  a r e a s o n a b l e  
c o m m i t m e n t  of people, time, and e q u i p m e n t ,  we  can s t a r t  by 
i d e n t i f y i n g  t h e  w o r s t  o f f e n d e r s  down to s o m e  p r a c t i c a l  limit.
Then we  can m i t i g a t e  t h e  worst do w n  to t h e  limit of funds, 
people, im p a c t  on s i t e  m a i n t e n a n c e ,  and i m pact on o b s e r v i n g .

D i r e c t i o n a l  A n t e n n a  & S p e c t r u m  A n a l y z e r  O u t s i d e  B u i l d i n g s

A r o t a t a b l e  d i r e c t i o n a l  antenna, low n o i s e  a m p l i f i e r ,  and swept 
f r e q u e n c y  s p e c t r u m  a n a l y z e r  w o u l d  pi c k  out s t r o n g  e m i t t e r s  in and 
a b o u t  s i t e  b u i l d i n g s .  T h e  a n t e n n a s  c o u l d  b e  a log p e r i o d i c  for
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th e  b a n d s  b e l o w  1 GHz, and r i d g e d  h o r n s  with low back lo b e s  for 
th e  b a n d s  a b o v e  1 GHz. Th e  s p e c t r u m  a n a l y z e r  must be a b l e  to 
m e a s u r e  RFI f r e q u e n c i e s  with e r r o r  do w n  to 10 kHz. The 
a n t e n n a / a n a l y z e r  s y s t e m  must be p o r t a b l e ,  p o s s i b l y  u s i n g  the 
e n v i r o n m e n t a l  RFI m o n i t o r  t r a i l e r  and r o t a t a b l e  mast.

F r e q u e n c i e s  & L e v e l s  - V L A  A n t e n n a  9 W8 & S p e c t r u m  A n a l y z e r

S w e e p i n g  a V L A  a n t e n n a  b e a m  in a z i m u t h  at low e l e v a t i o n  (8 to 10 
degrees) past s i t e  b u i l d i n g s  w o u l d  pi c k  out local e m i t ters. 
T r i a n g u l a t i n g  wi t h  t w o  a n t e n n a s  c o u l d  r e j e c t  d i s t a n t  o v e r - t h e -  
h o r i z o n  e m i t t e r s  in l i n e  with s i t e  b u i l d i n g s .  A swept f r e q u e n c y  
s p e c t r u m  a n a l y z e r  t a p p e d  into a D - r a c k  IF c o u l d  d e t e c t  the w orst 
(strongest) o f f e n d e r s  wi t h  f r e q u e n c y  er r o r  do w n  to 10 kHz. Pad 
W8 a l w a y s  h a s  an a n t e n n a  and is the c l o s e s t  to the control 
b u i 1di n g .

F r e q u e n c i e s  & L e v e l s  - S u b a r r a y  in S p e ctral L i n e

Lo w e r  level RFI c o u l d  b e  i d e n t i f i e d  in f r e q u e n c y  and level by 
u s i n g  a s u b a r r a y  of 3 a n t e n n a s  c l o s e s t  to s i t e  b u i l d i n g s  and by 
u s i n g  t h e  c o r r e l a t o r  in spectral li n e  mode. Th e  s u b a r r a y  wo u l d  
po i n t  at the n o r t h  c e l e s t i a l  p o l e  to m i n i m i z e  RFI r e j e c t i o n  by 
f r i n g e  rot a t i o n .  S p e ctral s n a p s h o t s  of 12.5 MHz b a n d w i d t h  wo u l d  
step t h r o u g h  a f r e q u e n c y  ba n d  (similar to S Y S L Q U I K  RFI 
s n a p s h o t s ) .  C o r r e l a t o r  and f l u k e  set c o n s t r a i n t s  m i g h t  limit 
c o m p a t i b i l i t y  with o b s e r v i n g .  I n v e r s e - s q u a r e - o f - d i s t a n c e  e f f e c t s  
on RFI a m p l i t u d e s  on t h e  3 b a s e l i n e s  c o u l d  help s e p a r a t e  local 
s i g n a l s  f r o m  d i s t a n t  ones. T h i s  is c o s t l y  in a r r a y  and p e o p l e  
t i me.

7 LOCATING EMITTERS: FINDING NEEDLES IN THE HAYSTACK

Spe c t r a l  S i g n a t u r e s

L o c a t i n g  e m i t t e r s  r e q u i r e s  k n o w i n g  sp e c t r a l  s i g n a t u r e s  m e a s u r e d  
by p e e l i n g  the on i o n  m e t h o d s  d e s c r i b e d  above. The spectral 
s i g n a t u r e  i n c l u d e s  th e  f r e q u e n c y  +/- 10 kHz for d i s c r e t e  
f r e q u e n c i e s ,  and b a n d w i d t h / a m p l i t u d e  m o d u l a t i o n  for b r o a d  
e m i t t e r s .  V e r y  b r o a d  c o n t i n u u m  e m i t t e r s  will be v e r y  d i f f i c u l t  
to locate. I n t e r m i t t a n t  e m i t t e r s  will a l s o  be v e r y  d i f f i c u l t .

S t a n d i n g  W a v e  P r o b l e m

L o c a t i n g  local e m i t t e r s  b e c o m e s  d i f f i c u l t  in the c o m m o n  s i t e  
e n v i r o n m e n t  w h e r e  r e f l e c t i o n s  f r o m  b u i l d i n g  w a l l s  and r a c k s  set 
up s t a n d i n g  w a v e s  t h r o u g h o u t  a r o o m  or ev e n  an e n t i r e  building. 
T h e  RFI signal s e e m s  to be e v e r y w h e r e  and s e e m s  to c o m e  out of 
e v e r y t h i n g .  An a n t e n n a / p r o b e  w a l k a b o u t  t h r o u g h  t h e  s t a n d i n g  
w a v e s  to find t h e  area(s) of h i g h e s t  level p r o v i d e s  th e  most
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e f f i c i e n t  tec h n i q u e .  T h i s  is t i m e  c o n s u m i n g ,  30 to 60 m i n u t e s  
per emitter. M u l t i p l e  e m i t t e r s  at t h e  s a m e  f r e q u e n c y  (eg. LO 
leakage) c o n s u m e  even m o r e  time.

R e c e i v e r  W a l k a b o u t ,  F r e q  < 1300 MHz

E x p e r i e n c e  s h o w s  that, g i v e n  a f r e q u n c y  +/- 10 kHz, a w a l k a b o u t  
us i n g  a h a n d h e l d  r e c e i v e r  with r u b b e r - d u c k i e  a n t e n n a  and v a r i a b l e  
a t t e n u a t o r  can be v e r y  e f f e c t i v e  for f r e q u e n c i e s  < 1300 MHz. We 
h a v e  u s e d  an Icom IC-R1 r e c e i v e r  ^ 1 us a small v a r i a b l e  a t t e n u a t o r  
b e t w e e n  a n t e n n a  and r e c e iver.

Small A n t e n n a  W a l k a b o u t  & S p e c t r u m  A n a l y z e r ,  F r e q  > 1300 MHz

For f r e q u e n c i e s  > 1300 MHz, a w a l k a b o u t  with a small d i r e c t i o n a l  
a n t e n n a  can b e  e f f e c t i v e .  T h e  low n o i s e  a m p l i f i e r  and s p e c t r u m  
a n a l y z e r  s h o u l d  be quasi m o b i l e  on a cart. It r e q u i r e s  two 
people, o n e  to walk th e  a n t e n n a  and o n e  to w a t c h  the a n a l y z e r  for 

signal maxima.

N e a r - f i e l d  P r o b e

L o c a t i n g  on e  e m i t t e r  a m o n g  several at th e  s a m e  f r e q u e n c y  may 
r e q u i r e  a n e a r - f i e l d  p r o b e  as a s u b s t i t u t e  a n t e n n a  c o n n e c t e d  to 
the hand he l d  r e c e i v e r  or to the a n a l yzer. Th e  p r o b e  can be a 
c o m m e r c i a l  unit or a small w i r e  loop on the end of a b u l k h e a d  
coaxial c o n n e c t o r .

P o w e r  On/Off

U l t i m a t e  v e r i f i c a t i o n  that a s p e c i f i c  d e v i c e  is t h e  emitter may 
r e q u i r e  t u r n i n g  off its po w e r  (completely). B e w a r e  that s o m e  
c o m m e r c i a l  d e v i c e s 7 p o w e r - o f f  s w i t c h  m a y  l e a v e  s o m e  internal 
c i r c u i t s  p o w e r e d  and active. S o m e  e m i t t e r s  a r e  e s s e n t i a l  to 
a r r a y  o p e r a t i o n  so that po w e r  off m e a n s  loss of o b s e r v i n g  d a t a  
for s o m e  p e r i o d  of t i m e  u n l e s s  d o n e  d u r i n g  a r r a y  m a i n t e n a n c e .

8 MITIGATING EXISTING EMITTERS

Shielding/Filtering Devices

S h i e l d i n g  and f i l t e r i n g  ind i v i d u a l  c o m m e r c i a l  d e v i c e s  g e n e r a l l y  
is i m p r a c t i c a l .  S h i e l d i n g  u s u a l l y  i n t e r f e r e s  w i t h  t h e  user by 
c o v e r i n g  k e y s / b u t t o n s / s w i t c h e s  and o b s c u r i n g  visual i n d i c a t o r s  
and m o n i t o r  screens. All c a b l e s  p e n e t r a t i n g  a s h i e l d  must be 
f i l t e r e d  w i t h o u t  d e g r a d i n g  t h e  p e r f o r m a n c e  of t h e  device. All 
t h i s  r e q u i r e s  c o s t l y  h a r d w a r e  and m a n y  e x p e r t  p e r s o n  h o u r s  per 
device. The VLA site has many emitting devices.

A filter or isolating amplifier on the antenna port may 
effectively reduce LD leakage to a radio/scanner antenna. A low 

p a s s  f i l t e r  will r e d u c e  h a r m o n i c  l e v e l s  of 2 - w a y  r a d i o
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t r a n s m i s s i o n s  r a d i a t e d  f r o m  a n t e n n a s ,  but will not r e d u c e  
e m i s s i o n s  r a d i a t i n g  d i r e c t l y  f r o m  th e  c a s e  or power wiring. Lo w  
p a s s  f i l t e r s  for 47 s i t e  r a d i o s  w o u l d  cost over 5 k$, d e p e n d i n g  
on l i m i t a t i o n s  of c o n n e c t o r s  and space, p l u s  m a n y  p e r s o n  h o u r s  to 
r e s e a r c h ,  order, and install.

S h i e l d i n g / F i l t e r i n g  M o d u l e s

S h i e l d i n g  and f i l t e r i n g  V L A  e l e c t r o n i c s  m o d u l e s  w h i c h  emit 
h a rmful RFI is not p r a c t i c a l .  T h e  m o d u l e  h o u s i n g  w o u l d  h a v e  to 
be  r e b u i l t  or r e p l a c e d .  T h e  A M P  p u s h - o n  c o n n e c t o r  b l o c k s  h a v e  no 
e q u i v a l e n t  w i t h  RFI f i l t e r e d  pins, ev e n  if digital 
d r i v e r / r e c e i v e r  c i r c u i t s  c o u l d  f u n c t i o n  with t h e  fi l t e r  
c a p a c i t a n c e  (a v e x i n g  p r o b l e m  with th e  B - r a c k  shields). The 
p u s h - o n  coaxial c o n n e c t o r s  g e n e r a l l y  leak RF w o r s e  than BNC 
c o n n e c t o r s .

S h i e l d i n g / F i l t e r i n g  R a c k s

S h i e l d i n g  and f i l t e r i n g  e l e c t r o n i c  s y s t e m  r a c k s  in t h e  control 
b u i l d i n g ,  most of w h i c h  p r o b a b l y  emit harmful RFI, is not 
pr a c t i c a l .  The s h i e l d i n g  cost and e f f o r t  w o u l d  be several t i m e s  
that of the B - r a c k  s h i e l d s  in t h e  V L A  a n t e n n a  vertex rooms. 
N u m e r o u s  coaxial and digital c a b l e s  en t e r  each rack t h r o u g h  the 
floor. Most or all digital c a b l e s  w o u l d  ne e d  to be r e p l a c e d  with 
optical fiber and t r a n s m i t / r e c e i v e  i n t e r f a c e s  (very e x p e n s i v e ) .

S h i e l d i n g / F i l t e r i n g  C a b l e s

Any s h i e l d  a r o u n d  a d e v i c e  is e f f e c t i v e  o n l y  to t h e  e x t e n t  E V E R Y  
w i r e  p e n e t r a t i n g  tn e  s h i e l d  is f i l tered, at th e  po i n t  of 
p e n e t r a t i o n ,  to a t t e n u a t e  t h e  p a s s a g e  of RFI. As m e n t i o n e d  
above, t h e  c a p a c i t a n c e  of LC f i l t e r s  can i n t e r f e r e  w i t h  the 
f u n c t i o n i n g  of digital cir c u i t s .  P e r r i t e  c h o k e s  a r o u n d  w i r e s  and 
c a b l e s  h a v e  l i m i t e d  a t t e n u a t i o n .  S o m e t i m e s  f i l t e r i n g  can be 
a v o i d e d  if the w i r e s  can b e  s h i e l d e d  c o n t i n u o u s l y  f r o m  on e  
s h i e l d i n g  c a g e  to a n other. G e n e r a l l y  t h i s  is d i f f i c u l t  to 
achieve, e s p e c i a l l y  e l i m i n a t i n g  le a k y  g a p s  at j u n c t i o n s  and 
c o n n e c t o r s .

S h i e l d i n g  Coax

T h r o u g h o u t  t h e  V L A  e l e c t r o n i c s  system, w e  h a v e  u s e d  mu c h  f l e x i b l e  
coaxial c a b l e  to carry LO r e f e r e n c e  and o ther s i g n a l s  at 
f r e q u e n c i e s  w i t h i n  our o b s e r v i n g  bands. S o m e  of t h i s  coax ha s  
o n l y  a s i n g l e  layer of b r a i d e d  shield, w h i c h  l e a k s  s i g n i f i c a n t l y  
at h i g h e r  f r e q u e n c i e s .  Such coax f o u n d  l e a k i n g  harmful RFI co u l d  
be r e p l a c e d  wi t h  d o u b l e - l a y e r  b r a i d e d  coax, w h i c h  h a s  20 to 30 dB 
less leakage. In e x t r e m e  cases, s e m i - r i g i d  s o l i d - s h i e l d  coax may 
b e  n e c e s s a r y .
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A l i m i t e d  a m o u n t  o-f V L A  e q u i p m e n t  w h i c h  e m i t s  high a b o v e  the 
h a rmful l e v e l s  c o u l d  be  r e l o c a t e d  i n s i d e  the c o r r e l a t o r  s h i e l d e d  
room. To a v o i d  an i n o r d i n a t e  a m o u n t  o-f c a b l e  p e n e t r a t i n g  the 
r o o m  shield, the most a m e n a b l e  e q u i p m e n t  most e f f e c t i v e l y  
s i l e n c e d  w o u l d  b e  t h e  VLBI r a c k s  (amoung the w orst e m i t t e r s  in 
the c o ntrol b u i l d i n g  at P-band). However, t h e r e  ma y  be a 
c a t c h - 2 2  s i t u a t i o n ,  as the VLBI D A R - r a c k  c o n t a i n s  5 0 0  - 1000 MHz 
IF a m p l i f i e r s  and b a s e b a n d  c o n v e r t e r s  w h i c h  ma y  be s u s c e p t i b l e  to 
p e n e t r a t i o n  by th e  h i g h  a m b i e n t  RFI i n s i d e  the c o r r e l a t o r  room.

When t h e  p u l s a r  p r o c e s s o r  g e t s  a V M E - b a s e d  system, it m a y  a l s o  
h a v e  to go into th e  c o r r e l a t o r  r o o m  or into its own s h i e l d e d  
cage. However, the p u l s a r  b a s e b a n d  p r o c e s s o r  (old MKIII VLBI 
t e r m inal) ma y  a l s o  lack a d e q u a t e  i m m u n i t y  f r o m  th e  a m b i e n t  RFI.

Th i s  is a c l a s s i c a l  e l e c t r o m a g n e t i c  c o m p a t  i b i 1 i tv (EMC) problem, 
w h e r e  e n v i r o n m e n t a l  i m m u n i t y  of e q u i p m e n t  p l a y s  a c r i tical role!

Shi e l d i n g / F i 1 t e r i n g  B u i l d i n g s

An a l t e r n a t i v e  to s h i e l d i n g / f i l t e r i n g  m a n y  e x i s t i n g  (and future) 
devices, r a c k s  and cables, c o u l d  be s h i e l d i n g  e n t i r e  b u i l d i n g s .
In r e c e n t  years, a r c h i t e c t u r a l  s h i e l d i n g  ha s  d e v e l o p e d  r a p i d l y  in 
s h i e l d i n g  e f f e c t i v e n e s s  and cost e f f e c t i v e n e s s .  It is most cost 
e f f e c t i v e  when d e s i g n e d  into c o n s t r u c t i o n  of the b u i l d i n g ,  but 
s i g n i f i c a n t l y  m o r e  e x p e n s i v e  when r e t r o f i t t e d  into an e x i s t i n g  
bu i l d i n g .  Most d i f f i c u l t  is s h i e l d  c o n t i n u i t y  a c r o s s  windows, 
doors, c e i 1 i n g / f 1o o r / w a l 1 jun c t i o n s ,  and f i l t e r i n g  at s h i e l d  
p e n e t r a t i o n s .  Our A O C  l i b r a r y  ha s  an e x c e l l e n t  r e f e r e n c e  book by 
L. H e m ming, "A r c h i t e c t u r a l  E l e c t r o m a g n e t i c  S h i e l d i n g  Han d b o o k " ,
19°1, T K 4 5 4 . 4 . M33A77.

E s t i m a t e d  cost of m a t e r i a l s  and labor: TBD (maybe several 
h u n d r e d  k$ M & S  + 6 p e r s o n  m o n t h s  d e s i g n  + 20 p e r s o n  m o n t h s  
i n s t a l l i n g ) .

U s i n g  t h e  C o r r e l a t o r  S h i e l d e d  R o o m

9 PREVENTION; a.k.a. CONTROL

F u t i l i t y  of P u r c h a s i n g  RFI S p e c i f i c a t i o n s

R e c e n t  a t t e m p t s  to p u r c h a s e  pe r s o n a l  c o m p u t e r s  and p e r i p h e r a l s ,  
and u n i n t e r r u p t a b l e  p o w e r  s u p p l i e s  m e e t i n g  F C C  Part 15 C l a s s  B 
e m i s s i o n  l i m i t s  f a i l e d  b e c a u s e  n e i t h e r  we nor the v e n d o r s  
u n d e r s t o o d  that C l a s s  B d e v i c e s  a r e  o n l y  m a d e  for c o n s u m e r  sales, 
w h e r e  w e  need c o m m e r c i a l  (Class A) devices. F u r t h e r m o r e ,  C l a s s  B 
e m i s s i o n  l i m i t s  b e i n g  o n l y  a bout 10 dB lower than C l a s s  A, still 
emit 70 dB above our needs! Puchasing to m i l i t a r y  emission specs 
is 10 to 100 t i m e s  m o r e  costly, and r a r e l y  a v a i l a b l e .
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We c o u l d  r e q u i r e  t e s t i n g  th e  e m i s s i o n  l e v e l s  of e v e r y  digital 
d e v i c e  and a d d i n g  n e c e s s a r y  f i l t e r i n g  and s h i e l d i n g  b e f o r e  
a l l o w i n g  u s e  at the VLA. But t h i s  c o n s u m e s  several p e r s o n  h o u r s  
per test p l u s  u n e s t i m a b l e  h o u r s  and d o l l a r s  s h i e l d i n g  and 
f i l t e r i n g  to r e d u c e  e m i s s i o n s  by t h e  typical 70 - 80 dB. The 
d e d i c a t e d  test e q u i p m e n t  and s h i e l d e d  r o o m  wo u l d  a l s o  be costly.

It s i m p l y  is not p r a c t i c a l  to s h i e l d / f i l t e r  each d e v i c e  to b e l o w  
t h e  h a rmful level, so we c o u l d  just ban it f r o m  the s i t e  and 
f o r c e  t h e  user to find or b u i l d  a s u b s t i t u t e  c o m p l i a n t  at so m e  
c o m p r o m i s e  level.

Es s e n t i a l  Em i t t e r s :  Po w e r  Off

S i n c e  t h e r e  a r e  so m a n y  harmful e m i t t e r s  w h i c h  are e s s e n t i a l  to 
t h e  o p e r a t i o n  or m a i n t e n a n c e  of the VLA, th e  o n l y  a l t e r n a t i v e  is 
to turn off all p o w e r  to each d u r i n g  n o n—work h o u r s  or d u r i n g  
a f f e c t e d  o b s e r v i n g .  We must a c c e p t  RFI or s p e c i a l l y  
s h i e l d / f i 1 ter t h o s e  e m i t t e r s  w h i c h  a r e  e s s e n t i a l  for obs e r v i n g ,  
eg. o n l i n e  system, m a s t e r  LO, D—racks, etc. Power off r e q u i r e s  
the c o o p e r a t i o n  and v i g i l a n c e  of all s i t e  staff, w h i c h  d e p e n d s  on 
u n d e r s t a n d i n g  the RFI p r oblem. Of course, all harmful e m i t t e r s  
a m e n a b l e  to p o w e r  off must be i d e n t i f i e d .  P e r i o d i c  RFI 
s u r v e i l l a n c e  w o u l d  b e  n e c e s s a r y .

R e q u i r e  T e s t i n g  and S h i e l d i n g

10 WHERE TO START & WHERE TO STOP

S t a r t  by i d e n t i f y i n g  and m i t i g a t i n g  t h e  s t r o n g e s t  e m i t t e r s  in the 
32 7  MHz band as s u g g e s t e d  in s e c t i o n s  6, 7, and 8 above. When 
e x p e r i e n c e  wi t h  p e r s o n  hours, J nllar costs, and inconvenienct. -o 
s i t e  staff indicate, stop, e v a l u a t e  the RFI level a c h i e v e d  
r e l a t i v e  to t h e  harmful level, and e v a l u a t e  a l t e r n a t i v e  
m i t i g a t i o n  and c o ntrol measures.

We h a v e  s t a r t e d  s o m e  p r o c e d u r e s .

1. T h e  EM C  e n g i n e e r  e x t r a c t s  P - b a n d  (300-345 MHz) o b s e r v i n g  from 
the V L A  s c h e d u l e  e a c h  m o n t h  and g e n e r a t e s  two d o c u m e n t s ;  o n e  for 
th e  a r r a y  o p e r a t o r s  w h i c h  s h o w s  wh e n  the VLBI s y s t e m  will be 
powered off and when it will be on, and one for posting in site 

b u i l d i n g s  s h o w i n g  wh e n  s u s p e c t  e m i t t e r s  (PCs, s c a nners, and 
c e r t a i n  test e q u i p m e n t )  s h o u l d  be p o w e r e d  off. F r o m  th e  p o s t e d  
s ch e d u l e ,  the s i t e  g u a r d  k e e p s  a log s h o w i n g  t i m e s  of m o b i l e  
r a d i o  t r a n s m i s s i o n s  d u r i n g  the P - b a n d  o b s e r v i n g .  Th e  AOC 
r e c o r d e r  g r o u p  r e s t o r e s  th e  VLBI s y s t e m  to o p e r a t i o n a l  s t a t u s  
a f t e r  t h e  s h u t - d o w n  period.
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2. T h e  EM C  e n g i n e e r  p l a n s  and c o n d u c t s  t e s t s  to i d e n t i f y  
emi t t e r s ,  e s p e c i a l l y  pr i o r  to o b s e r v i n g  r u n s  at P - b a n d  and 
4-band. He h a s  set up and c o n t i n u e s  to i m p r o v e  a ba s i c  
e n v i r o n m e n t a l  s p e c t r u m  m o n i t o r  w h i c h  r e v e a l s  s o m e  local e m i s s i o n s  
as well as the m a n y  e x t e r n a l  emi s s i o n s .

3. D u r i n g  and -following o b s e r v i n g  p r o g r a m s  s u s c e p t i b l e  to local 
and ext e r n a l  RFI, the E M C  e n g i n e e r  c o m m u n i c a t e s  with a r r a y  
o p e r a t o r s  and the p r i n c i p a l  o b s e r v e r  to i d e n t i f y  RFI, 
f r e q u e n c i e s ,  and e m i tters.

4. A r r a y  spectral s n a p s h o t s  of the full t u n a b l e  ba n d  1220 - 1750 
MHz, S Y S L QUIK, will be e x t e n d e d  to P-band, and later to other 
bands. Such s n a p s h o t s ,  ta k e n  with th e  a r r a y  p o i n t i n g  at the noth 
c e l e s t i a l  p o l e  to r e m o v e  RFI r e j e c t i o n  by f r i n g e  rot a t i o n ,  reveal 
s t r o n g  internal, local, and e x t ernal RFI.
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TABLE 1: SOME KNOWN & SUSPECTED RFI EMITTERS

E M I T T E R L O C A T I O N F o ( M H z ) H a r m # F n ( M H z )

Digital D a t a  S w i t c h Control Bldg (CB)
M o d e m s C o ntrol Bldg (CB) 7 3 - 3 4 5
M o d e m s Ant A s s m  Bl d g  (AAB) 7 3 - 3 4 5
C o m p u t e r  t e r m i n a l s S i t e 7 3 - 3 4 5
Sun W o r k s t a t i o n CB
4 8 2 0  p a r a l l e l  link CB c o m p— correl
P u l s a r  v i d e o  c o n v CB  el ex r o o m 1 0 0 - 2 0 0 3 3 0 0 - 6 0 0
P u l s a r  c o m p u t e r C B  el ex r o o m
P u l s a r  e q u i p m e n t C B  el ex r o o m
VLBI d a t a  acq C B  el ex r o o m 3 2 0 - 3 2 5
VLBI VM E  c o m p u t e r CB el ex r o o m 1 6 , 2 0 , 2 5 4-21 7 3 - 3 4 5
VLBI bar c o d e  rdr C B  el ex r o o m 3 2 2 . 7 3 5
M o d C o m p  c o m p u t e r s C B  comp rm 3 2 0 . 0
U P S  IPM CB 15.00 2 0 - 2 3 3 0 0 - 3 4 5
U P S  Best C B  & Tech S e r v 7 . 3 7 2 8 10-46 7 3 - 3 4 5
U P S  Best CB 1 1 . 0 5 9 2 28-31 3 0 0 - 3 4 5
U P S  Best CB 1 4. 7 4 5 6 5 - 2 3 7 3 - 3 4 5
UP S  Best CB 1 4 . 7 7 5 6 5 - 2 3 7 3 - 3 4 5
U P S  Best CB 17.754 17-19 3 0 0 - 3 4 5
T e l e p h o n e  Co PBX CB 8. 192 9 - 4 2 7 3 - 3 4 5
Pe r s o n n a l  C o m p u t e r s CB, Tech Serv, .. 7 3 - 3 4 5
PC p r i n t e r s CB, Tech Serv, .. 7 3 . 7 7 0
PC p r i n t e r s CB, Tech Serv, .. 7 3 . 7 5 5
Ant Control Unit Ea c h  a n t e n n a 12.800 2 3 - 3 0 3 0 0 - 3 4 5
D a t a  Set Ml Ea c h  a n t e n n a 1 0.000 3 0 - 3 4 3 0 0 - 3 4 5
W y e  C o m m Each a n t e n n a 11 . 0 5 9 2 27-31 3 0 0 - 3 4 5
Radios, 2 - w a y S i t e 1 6 2 . 0 2 5 2 3 2 4 . 0 0
PL C Ant t r a n s p o r t e r 11 . 0 0 0 27-31 3 0 0 - 3 4 5
PLC G e n e r a t o r  bldg 11.000 27-31 3 0 0 - 3 4 5
Fuel pu m p  c a r d/ctrl T e c h S e r v 7 3 - 3 4 5
T h e r m o s t a t s / c n t c t r s T e c h Serv, AAri 7 3 - 3 4 5
Num r C t r l  m a c h i n e  shp T e c h S e r v 7 3 - 3 4 5
Vehi c 1es Si te 7 3 - 1 7 0 0
V e n d i n g  m a c h i n e s S i t e 7 3 - 3 4 5
R a d i o  s c a n n e r s Si te 7 3 - 3 4 5
V C R ’s VSQ, V i s i t o r  Ctr 7 3 - 3 4 5
M a s t e r  Local Osc CB  el ex rm 7 3 - 1 7 0 0
D - r a c k s CB el ex rm 7 3 - 1 7 0 0
Copi er s CB, T e c h S e r v i c e s
Ctrl B l d g  H V A C CB
FAX CB
SE C  p o w e r  d e m a n d  mtr G e n e r a t o r  bldg
Ma s e r  d i s s o c i a t o r CB
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F I G U R E  Is E m i t t e r  Harm-ful E I R P  vs Line-o-f-Sight D i s t a n c e  
at Several VLA Freauency Bands.
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