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1 ABSTRACT 

The V L A s u f f e r s s e r i o u s i nter-f e r e n c e (RFI) p r o b l e m s in t h e 7 2 . 9 -
7 4 . 7 , 3 0 0 - 3 4 5 , and 1200 - 1740 MHz o b s e r v i n g b a n d s . T h e V L B A 
h a s a much 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 the 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 w e can c a t a g o r i z e i n t e r f e r e n c e a s 
int 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 t h e N R A O 
s i t e , or e x t e r n a l to t h e s i t e ( d i s t a n t ) . T h i s m e m o e x a m i n e s t h e 
local RFI p r o b l e m of t h e VLA in s o m e d e t a i l . It d i s c u s s e s t h e 
ha r m f u l i n t e r f e r e n c e l e v e l s , e s t a b l i s h e s t h e harm 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 lo 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 R F I . 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 h a r m f u l 
R F I , p r i m a r i l y b y s h i e l d i n g , and to 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 R F I . 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 di 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 and 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 

Th 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 
th e r a d i o s p e c t r u m is t h e Int 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 a s 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 the 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 t h 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 t h e 
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 law to t h e e x t e n t a c c e p t e d by eac h 
n a t 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 impl i e d level of 
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 S t a t e s . 

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 U s e d 
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 1 4 9 ) is t h e U S s t a n d a r d for p r o t e c t i o n of the 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 ONLY a p p l i e s in 
the a l 1 o 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 b a n d s , s u b j e c t to t h e 
l i m i t s of f r e q u e n c y s h a r i n g with other r a d i o s e r v i c e s . 
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H o w e v e r , -for our need to cont r o l our own l o c a l l y g e n e r a t e d R F I , 
th e I T U / C C I R R e c . 769 harm f u l l e v e l s of i nter -f er 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 t h e VLA t u n a b l e f r e q u e n c y 
r a n g e s . H e r e we do so! 

We a s s u m e the wo r s t c a s e V LA s i t u a t i o n of sp e c t r a l l i n e m o d e , 
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 e m i t t e r s . W e a l s o a s s u m e t h a t 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 less than or equal to 
t h e s p e c t r a l channel 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 r m f u l l e v e l s b e c o m e for our case : 

F r e q 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) (dB(W/m~2>) 

74 5 1000 100 2 9 0 - 2 0 8 - 2 0 7 

3 2 7 10 4 0 100 2 2 - 2 1 5 - 2 0 4 

611 10 15 100 IB - 2 1 7 - 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 2 0 10 20 3 . 4 - 2 2 0 - 1 8 9 

4 8 3 0 5 0 10 20 2.1 - 2 1 8 - 1 8 3 

w h e r e H P = Harmful P o w e r level at r e c e i v e r i n p u t (feed o u t p u t ) 
H P D = Harmful P o w e r D e n s i t y i n t o 0 dBi s i d e l o b e s 

W e 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 m ay b e added t o t h e 
VLA in t h e f u t u r e . 

3 EMITTER HARMFUL EIRP 

No w t h a t w e h a v e h a r m f u l p o w e r 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 n n a s , w e can look at t h e ha r m f u l e m i t t e d p o w e r by t h e 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 VLA 
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 PD = P / ( 4 p i R / s 2 ) , or 
in d B ( x ) = 101og(x) u n i t s : E I R P ( d B W ) = P D ( d B ( W / m ~ 2 ) ) + 
2 0 1 o g ( R ( m ) ) + 11.0 d B . 

F r o m V L A d r a w i n g B 2 1 9 0 0 0 1 of t h e S i t e - W y e L a y o u t , we s e e that 
a n t e n n a p a d s WB (always o c c u p i e d ) and W9 a r e a b o u t 175m from t h e 
con t r o l b u i l d i n g ; p a d s W 9 , W 1 0 , and W 1 2 a r e 22 5 m or l e s s from t h e 
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s e r v o , c r y o , and m a c h i n e shops; and p a d s W 1 2 and W 1 4 a r e l e s s 
than 175m fr o m t h e a n t e n n a / t r a n s p o r t e r b a r n s . B e c a u s e t w o 
a d j a c e n t a n t e n n a p a d s m a k e a short b a s e l i n e , t h e no m i n a l d i s t a n c e 
of m o s t local RFI s o u r c e s is about 2 0 0 m e t e r s . 

G i v e n t h e h a r m f u l d i s t a n c e HR o-f 2 0 0 m and t h e harm f u l p o w e r 
d e n s i t i e s H P D a b o v e , w e get harmful e m i s s i o n H E I R P for that and 
ot h e r d i s t a n c e s : 

F r e q H P D H E I R P @ 2 0 0 m HEIRP3)1 km HEIRPS)100km 

(MHz ) (dB (W/m / s2) ) (dB(W)) (dB(W)) (dB(W)) 

74 - 2 0 7 - 1 5 0 - 1 3 6 - 9 6 

3 2 7 - 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 - 8 5 

1665 - 1 9 4 - 1 3 7 - 1 2 3 - 8 3 

2 6 9 5 - 1 8 9 - 1 3 2 - 1 1 8 - 7 8 

4 8 3 0 - 1 8 3 - 1 2 6 - 1 1 2 - 7 2 

F i g u r e 1 s h o w s h a r m f u l E I R P (HEIRP) v s 1 i n e - o f - s i g h t d i s t a n c e for 
VLA h a r m f u l power 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 b a n d s . 
N o t e t h a t m o s t 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 b e a t t e n u a t e d by i n t e r v e n i n g t e r r a i n . Local 
e m i t t e r s c o u l d b e 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 w a l l s , 
r a c k s , e t c . 

4 KNOWN AND SUSPECTED EMITTERS 

D i g i t a l D e v i c e s 

In r e c e n t y e a r s , d i g i t a l 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 V L A 
s i t e . B e s i d e s t h e o b v i o u s c o m p u t i n g d e v i c e s (personnal c o m p u t e r , 
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 i n a l , F A X , m o d e m , p r i n t e r , e t c . ) , 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 high s p e e d d i g i t a l 
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 M H z . S o m e of 
t h e s e d e v i c e s , such a s p r o g r a m m a b l e c o n t r o l l e r s and d i g i t a l 
m o n i t o r c i r c u i t s , w e r e c e n t l y added i n s i d e V L A a n 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 g i t a l c i r c u i t s . For e x a m p l e , 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—meter 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 R F . T h e list g o e s o n . S e e T a b l e 1 for a list of s o m e of 
th e known and s u s p e c t e d e m i t t e r s on t h e VLA s i t e . 
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D i g i t a l 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 broad 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 of 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 t h e 
f i l t e r i n g / s h i e l d i n g of the c i r c u i t s . 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 t h e h i g h e s t f r e q u e n c i e s occur at th e c l 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 VME c o m p u t e r clock f r e q u e n c i e s now a p p r o a c h t h a t 
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 room — 100 M H z . 

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 V M E c o m p u t e r , d a t a 
a c q u i s i t i o n rack (DAR), and r e c o r d e r ) a p p e a r s t o be t h e s t r o n g e s t 
e m i t t e r in t h e co n t r o l b u i l d i n g over the 7 0 to 3 5 0 MHz r a n g e . 
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 d e v i c e , 
g e n e r a t e s t h e most u n i n t e n t i o n a l R F pow e r at t h e VLA s i t e . 
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 r o o m . 
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 t h a t s h i e l d , c o n d u c t 
RFI t h r o u g h t h e s h i e l d , and r a d i a t e it out i n t o t h e c o n t r o l 
b u i l d i n g and to the a n t e n n a s . 

LD L e a k a g e 

In t h e c o n t r o l b u i l d i n g and in each a n t e n n a , 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 (LD) 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 l i n e s at s o m e l e v e l . 

A n t e n n a s 

D i g i t a l c l o c k h a r m o n i c s and LD 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 
i n t o 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 
a n t e n n a s . S o m e of t h e f r e q u e n c i e s may r a d i a t e or c o n d u c t 
d i r e c t l y i n t o s o m e p a r t s of t h e f r o n t end or r e c e i v e r c i r c u i t s . 
T h e B - r a c k in ever y a n t e n n a r a d i a t e s so much L O and d i g i t a l 
c i r c u i t RF in the 7 4 , 3 2 7 , and 1400 MHz b a n d s , that w e h a v e s p e n t 
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 f i b e r s . 

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 si 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 o u t of t h e c a b i n e t s and o u t of th e i r 
a n t e n n a s . S o m e a l s o r a d i a t e digital h a s h . S e v e r a l r a d i a t e RFI 
k n o w n t o i n t e r f e r e w i t h 327 MHz o b s e r v a t i o n s . 

2—Way R a d i o s 

T h e s i t e 2 - w a y r a d i o s , used e v e r y w o r k i n g d a y b y m a n y staff and 
afte r h o u r s b y j a n i t o r / g u a r d s , p r o d u c e a ve r y s t r o n g s e c o n d 
harmonic at 324.05 MHz, in the middle of the VLA P-band. 
I n t e r f e r e n c e o c c u r s when t r a n s m i t t i n g , b u t in a d d i t i o n it is 
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p o s s i b l e t h a t t h e r e c e i v e r LO 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 un i t h a s power o n . P r e s e n t l y w e h a v e 47 r a d i o 
u n i t s on s i t e . 

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

M a n y of t h 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 from 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 s t e e p s p e 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 - b a n d . N e w v e h i c l e s c o n t a i n d i g i t a l c o m p u t i n g d e v i c e s . When 
t h e s e v e h i c l e s d r i v e by or work near o n e or m o r e a n t e n n a s , 
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 peak p o w e r l e v e l s i n t o L - b a n d . F i g u r e 3 s h o w s o n e 
such s i t e v e h i c l e ' s peak s p e c t r u m f r o m 1 - 2 GHz when p a s s i n g 
a b o u t 10 m e t e r s from an i s o t r o p i c m o n i t o r i n g a n t e n n a . T h e 
v e 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 po w e r out of t h e 
a n t e n n a in d B ( W ) . T h e s l o p i n g l i n e r e p r e s e n t s an i n c i d e n t p o w e r 
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 
- 6 9 d B ( W ) at a d i s t a n c e of 10 m e t e r s . T h e peak v e h i c l e e m i s s i o n 
at 1360 MHz is ab o u t - 7 8 dB(W> out of t h e a n t e n n a , - 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 a n t e n n a , and - 2 3 d B ( W ) E I R P 
e m i t t e d f r o m t h e v e h i c l e . 

5 FCC PART 15 EMISSION LIMITS FOR DIGITAL DEVICES 

T h e F e d e r a l 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 i n c i d e n t a l 
r a d i o e m i s s i o n from d e v i c e s m a r k e t e d w i t h i n t h e U S . T h e F C C 
s p e c i f i e s t h e r e g u l a t i o n in i t s R u l e s P a r t 15, whi c h d e f i n e s t w o 
c l a s s e s of d i g i t a l d e v i c e s . C l a s s A d i g i t a l 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 , i n d u s t r i a l or b u s i n e s s e n v i r o n m e n t . 
C l a s s B d i g i t a l d e v i c e s a r e 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 a r e ab o u t 10 dB 
lower t h a n C l a s s A d e v i c e s , b u t 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 ) d e v i c e s . 
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F r o m F C C Part 15.109 (Oct 9 1 ) , R a d i a t e d e m i s s i o n l i m i t s , 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 d e v i c e s : 

F r e q (MHz) 74 327 61 1 1400 2 6 9 5 

F C C Max F i e l d ( u V / m ) 90 210 2 1 0 3 0 0 3 0 0 

S) F CC D i s t a n c e <m> 10 10 10 10 10 

5) F C C B a n d w i d t h (MHz ) 0 . 1 0. 1 0 . 1 1 1 

M a x P D @ F C C d i s t ( p W / m 2 ) 2 1 . 5 117 117 2 3 9 2 3 9 

Max E I R P (nW) 27 147 147 3 0 0 3 0 0 

Max E I R P (dB(W)) - 7 6 - 6 8 - 6 8 - 6 5 - 6 5 

HEIRPa)200m (dB (W) > - 1 5 0 - 1 4 7 - 1 4 3 - 1 3 9 - 1 3 2 

H P D (dB(W/m2)) - 2 0 7 - 2 0 4 - 2 0 0 - 1 9 6 - 1 8 9 

D i s t a n c e S H P D (km) 1000 1780 1120 1000 4 5 0 

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 F C C C l a s s A l i m i t s at t h e 
V L A s i t e and d i r e c t l y to VLA a n t e n n a s e x c e e d t h e harmful l e v e l s 
by 7 0 t o 8 0 d B . To be b e l o w t h e harmful l e v e l s , a C l a s s A d e v i c 
w o 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 k m . 
T h a t ' s medium—earth-orbit1 

W e a s s u m e t h e wo r s t c a s e , w h 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 the 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 than 10 k H z , such a s h a r m o n i c s of a clock 
f r e q u e n c y . 

6 PEELING THE RFI ONION 

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

W e will n e v e r 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 down t 
t h e h a r m f u l l e v e l s g i v e n a b o v e . 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 t i m e , p e o p l e t i m e , 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 t o d o a c o m p l e t e j o b . H o w e v e r , 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 p e o p l e , t i m e , and e q u i p m e n t , w e can start b y 
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 l i m i t . 
T h e n w e can m i t i g a t e t h e w o r s t down to t h e limit of f u n d s , 
p e o p l e , i m p a c t on s i t e m a i n t e n a n c e , and im p a c t 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 a n t e n n a , low n o i s e a m p l i f i e r , and s w e p t 
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 pick out s t r o n g e m i t t e r s in an 
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 could b e a log p e r i o d i c for 
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the b a n d s b e l o w 1 G H z , and ridged h o r n s with low back l o b e s -for 
th e b a n d s a b o v e 1 G H z . T h e s p e c t r u m a n a l y z e r must b e 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 error d o w n to 10 k H z . T h e 
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 t h e 
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 m a s t . 

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 a) W 8 & 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 beam in a z i m u t h at low e l e v a t i o n (B to 10 
d e g r e e s ) p a s t s i t e b u i l d i n g s w o u l d p i c k out local e m i t t e r s . 
T r i a n g u l a t i n g with 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 line with s i t e b u i l d i n g s . A sw e p t 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 t h e w o r s t 
( s t r o n g e s t ) o f f e n d e r s w i t h f r e q u e n c y e r r o r down t o 10 k H z . Pad 
WB a l w a y s h a s an a n t e n n a and is t h e c l o s e s t to t h e co n t r o l 
b u i 1 d i 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 c t r a l L i n e 

L o w e r level RFI coul 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 
us 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 t o s i t e b u i l d i n g s and b y 
us i n g t h e c o r r e l a t o r in spectral l i n e m o d e . T h e s u b a r r a y w o u l d 
p o i n t at t h e north c e l e s t i a l p o l e t o 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 r o t a t i o n . S p e c t r a l s n a p s h o t s of 12.5 MHz b a n d w i d t h w o u l d 
step t h r o u g h a f r e q u e n c y band (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 s e t 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 R F I 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 h e l p 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 o n e s . T h i s is c o s t l y in a r r a y and p e o p l e 
ti m e . 

7 LOCATING EMITTERS: FINDING NEEDLES IN THE HAYSTACK 

S p e 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 knowing s p 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 t h e o n i o n m e t h o d s d e s c r i b e d a b o v e . T h e s p e c t r a l 
s i g n a t u r e i n c l u d e s t h 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 b e v e r y d i f f i c u l t 
to l o c a t e . 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 b e 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 t h e 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 from b u i l d i n g w a l l s and r a c k s s e t 
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 even an e n t i r e b u i l d i n g . 
T h e R F I signal s e e m s to b e e v e r y w h e r e and s e e m s to c o m e o u t 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 a r e a ( s ) of h i g h e s t level p r o v i d e s t h e m o s t 
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e f f i c i e n t t e c h n i q u e . T h i s is t i m e c o n s u m i n g , 3 0 to 6 0 m i n u t e s 
per e m i t t e r . 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. LD 
le a k a g e ) c o n s u m e even m o r e t i m e . 

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 t h a t , given a f r e q u n c y + /- 10 k H z , a w a l k a b o u t 
u s 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 b e 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 M H z . W e 
ha v e u s e d an Icom IC-R1 r e c e i v e r p l u s 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 i v e r . 

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 M H z , 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 c a r t . It r e q u i r e s two 
p e o p l e , o n e to walk t h e a n t e n n a and o n e to wa t c h t h e a n a l y z e r for 
signal m a x i m a . 

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

L o c a t i n g o n e e m i t t e r a m o n g s e v e r a l at t h e s a m e f r e q u e n c y m ay 
r e q u i r e a n e a r - f i e l d p r o b e a s 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 
th e ha n d held r e c e i v e r or to t h e a n a l y z e r . T h e p r o b e can be a 
co m m e r c i a l u n i t or a small w i r e loop on t h e end of a b u l k h e a d 
c o a x i a l c o n n e c t o r . 

P o w e r O n / O f f 

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 e m i t t e r m a y 
r e q u i r e t u r n i n g off i t s power ( c o m p l e t e l y ) . B e w a r e t h a t s o m e 
c o m m e r c i a l d e v i c e s ' power—off s w i t c h m ay leave s o m e internal 
c i r c u i t s p o w e r e d and a c t i v e . 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 th a t power off m e a n s l o s s 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 . 

B MITIGATING EXISTING EMITTERS 

S h i e l d i n g / F i l t e r i n g D e v i c e s 

S h i e l d i n g and f i l t e r i n g i n d 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 b y 
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 s c r e e n s . All c a b l e s p e n e t r a t i n g a sh i e l d must b e 
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 d e v i c e . 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 
d e v i c e . T h e V L A s i t e h a s m a n y e m i t t i n g d e v i c e s . 

A filter or isolating amplifier on the antenna port may 

e f f e c t i v e l y r e d u c e L D l e a k a g e to a r a d i o / s c a n n e r a n t e n n a . 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 -from 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 -from t h e c a s e or power w i r i n g . Low 
p a s s -filters -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 s p a c e , 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 , o r d e r , and i n s t a l l . 

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 VLA e l e c t r o n i c s m o d u l e s which e m i t 
h a r m f u l RFI is not p r a c t i c a l . The m o d u l e h o u s i n g w o u l d h a v e t o 
b e r e b u i l t or r e p l a c e d . T h e AMP 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 n o 
e q u i v a l e n t w i t h RFI f i l t e r e d p i n s , even if d i g i t a l 
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 f i 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 t h e B - r a c k s h i e l d s ) . T h e 
p u s h - o n c o a x i a l 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 B N C 
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 c o n t r o l 
b u i l d i n g , m o s t of w h i c h p r o b a b l y e m i t h a r m f u l R F I , is n o t 
p r a c t i c a l . T h e s h i e l d i n g cost and e f f o r t w o u l d be s e v e r a l t i m e s 
t h a t of t h e B - r a c k s h i e l d s in the V L A a n t e n n a vertex r o o m s . 
N u m e r o u s c o a x i a l and d i g i t a l c a b l e s e n t e r e a c h rack t h r o u g h t h e 
f l o o r . M o s t or all d i g i t a l c a b l e s w o u l d need to be r e p l a c e d with 
o p t i c a l f i b e r 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 

A n y s h i e l d a r o u n d a d e v i c e i s e f f e c t i v e o n l y t o 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 t h e s h i e l d is f i l t e r e d , at t h e p o i n t of 
p e n e t r a t i o n , t o a t t e n u a t e t h e p a s s a g e of R F I . A s m e n t i o n e d 
a b o v e , 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 t h e 
f u n c t i o n i n g of d i g i t a l c i r c u i t s . F 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 b e 
a v o i d e d if t h e w i r e s can be s h i e l d e d c o n t i n u o u s l y from o n e 
s h i e l d i n g c a g e to a n o t h e r . G e n e r a l l y t h i s i s d i f f i c u l t t o 
a c h i e v e , e s p e c i a l l y e l i m i n a t i n g l e 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 s y s t e m , w e h a v e used m u c h f l e x i b l e 
c o a x i a l c a b l e to c a r r y LO r e f e r e n c e and o t h e r 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 b a n d s . S o m e of t h i s coax h a s 
o n l y a s i n g l e layer of b r a i d e d s h i e l d , 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 h a r m f u l RFI c o u l d 
b e r e p l a c e d w i t h d o u b l e - l a y e r b r a i d e d c o a x , w h i c h h a s 2 0 t o 3 0 dB 
l e s s l e a k a g e . In e x t r e m e c a s e s , s e m i - r i g i d s o l i d - s h i e l d coax m a y 
b e n e c e s s a r y . 
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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 

A l i m i t e d amount of V L A e q u i p m e n t w h i c h e m i t s h i g h a b o v e t h e 
h a r m f u l l e v e l s could b e r e l o c a t e d i n s i d e 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 . T o avoid an i n o r d i n a t e a m o u n t of c a b l e p e n e t r a t i n g t h e 
r o o m s h i e l d , t h e 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 the VLBI r a c k s (amoung t h e w o r s t e m i t t e r s in 
t h e c o n t r o l b u i l d i n g at P - b a n d ) . H o w e v e r , t h e r e m ay b e a 
c a t c h - 2 2 s i t u a t i o n , a s t h e VL B I 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 m a y b e s u s c e p t i b l e to 
p e n e t r a t i o n by t h e hig h a m b i e n t RFI i n s i d e t h e c o r r e l a t o r r o o m . 

W h e n 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 s y s t e m , it m a y a l s o 
h a v e to g o into t h e c o r r e l a t o r r o o m or i n t o its own s h i e l d e d 
c a g e . H o w e v e r , t h e p u l s a r b a s e b a n d p r o c e s s o r (old M K I I I VLBI 
t e r m i n a l ) m a y a l s o lack a d e q u a t e i m m u n i t y from t h e a m b i e n t R F I . 

T h i s is a cla 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 t y (EMC) p r o b l e m , 
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 cri t i c a l r o l e ! 

S h i e l d i n g / F i l 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 t o 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 f u t u r e ) 
d e v i c e s , r a c k s and c a b l e s , c o u l d b e 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 y e a r s , a r c h i t e c t u r a l s h i e l d i n g h a 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 c o s t e f f e c t i v e n e s s . It is mo s t c o s t 
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 t h e b u i l d i n g , b u t 
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 i n t o an e x i s t i n g 
b u 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 w i n d o w s , 
d o o r s , c e i 1 i n g / f 1 o o r / w a l 1 j u n c t i o n s , and f i l t e r i n g at sh 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 h a s an e x c e l l e n t r e f e r e n c e book b y 
L . H e m m i n g , " 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 H a n d b o o k " , 
1 9 9 1 , T K 4 5 4 . 4 . M 3 3 A 7 7 . 

E s t i m a t e d cost of m a t e r i a l s and labor: T B D (maybe s e v e r a l 
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 ) . 

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 p e 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 P a r t 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 w e nor t h e 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 s a l e s , 
where w e need c o m m e r c i a l (Class A) d e v i c e s . 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 being o n l y a b o u t 10 dB lower than Class A , still 
e m i t 70 d B a b o v e our n e e d s ! P u c h a s i n g t o m i l i t a r y emission s p e c s 
is 10 to 100 times more costly, and rarely available. 
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R e q u i r e T e s t i n g and S h i e l d i n g 

W e c o u l d r e q u i r e t e s t i n g t h e e m i s s i o n l e v e l s of e v e r y d i g i t a l 
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 t h e V L A . 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 t e s t 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 t o r e d u c e e m i s s i o n s by t h e ty p i c a l 70 - 80 d B . T h e 
d e d i c a t e d t e s t e q u i p m e n t and s h i e l d e d r o o m would a l s o b e c o s t l y . 

It s i m p l y is not p r a c t i c a l t o 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 r m f u l l e v e l , so w e could j u s t ban it from t h e s i t e and 
f o r c e t h e u s e r t o find or build a s u b s t i t u t e c o m p l i a n t at s o m e 
c o m p r o m i s e 1 e v e l . 

E s s e n t i a l E m i t t e r s : Power 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 a r e e s s e n t i a l t o 
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 t h e V L A , t h 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 t o each d u r i n g n o n - w o r k 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 . W e m u s t 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 l t e r 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 o b s e r v i n g , 
e g . o n l i n e s y s t e m , m a s t e r L O , D - r a c k s , e t c . Power off r e q u i r e s 
t h e 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 s t a f f , 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 t h e RFI p r o b l e m . Of c o u r s e , all harmful e m i t t e r s 
a m e n a b l e t o p o w e r off m u s t b e 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 . 

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 t h e 
3 2 7 MHz b a n d a s s u g g e s t e d in s e c t i o n s 6 , 7 , and 8 a b o v e . W h e n 
e x p e r i e n c e w i t h p e r s o n h o u r s , d o l l a r c o s t s , and i n c o n v e n i e n c e to 
s i t e staff i n d i c a t e , s t o p , e v a l u a t e t h e RFI level a c h i e v e d 
r e l a t i v e t o t h e ha r m f u l l e v e l , 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 cont r o l m e a s u r e s . 

W e 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 E M C e n g i n e e r e x t r a c t s P - b a n d (300-345 M H z ) o b s e r v i n g f r o m 
t h e 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 t w o d o c u m e n t s ; o n e for 
t h 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 w h e n t h e VLBI s y s t e m will b e 
p o w e r e d off and whe n it will b e o n , and o n e for p o s t i n g in s i t e 
b u i l d i n g s s h o w i n g when s u s p e c t e m i t t e r s (PCs, s c a n n e r s , and 
c e r t a i n t e s t e q u i p m e n t ) s h o u l d b e p o w e r e d o f f . From t h e p o s t e d 
s c h e d u l e , t h e 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 t h e P—band o b s e r v i n g . T h e A O C 
r e c o r d e r g r o u p r e s t o r e s t h e VLBI s y s t e m t o 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 p e r i o d . 

page 11 



2 . T h e E M 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 
e m i t t e r s , e s p e c i a l l y prior to o b s e r v i n g r u n s at P - b a n d and 
4 - b a n d . H e h a s set up and c o n t i n u e s to i m p r o v e a b a 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 a s t h e m a n y e x t e r n a l e m i s s i o n s . 

3 . D u r i n g and f o l l o w i n g 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 t o local 
and e x t e r n a l R F I , t h e 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 t h e p r i n c i p a l o b s e r v e r t o i d e n t i f y R F I , 
f r e q u e n c i e s , and e m i t t e r s . 

4 . A r r a y s p e c t r a l s n a p s h o t s of t h e full t u n a b l e band 1220 - 1750 
M H z , S Y S L Q U I K , will b e e x t e n d e d to P - b a n d , and later t o other 
b a n d s . S u c h s n a p s h o t s , taken with t h e a r r a y p o i n t i n g at t h e n o t h 
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 r o t a t i o n , r e v e a l 
s t r o n g i n t e r n a l , l o c a l , and e x t e r n a l R F I . 
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TABLE 1: SOME KNOWN It 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 ) 

D i g i t a l D a t a S w i t c h Control Bldg (CB) 
M o d e m s Control Bldg (CB) 7 3 - 3 4 5 
M o d e m s Ant Assm Bldg (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—c o r r e l 
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 a c q CB el ex r o o m 3 2 0 - 3 2 5 
VLBI V M E c o m p u t e r CB el ex r o o m 1 6 , 2 0 , 2 5 4 - 2 1 7 3 - 3 4 5 
VLBI bar c o d e rdr CB 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 CB comp rm 3 2 0 . 0 
U P S IPM CB 1 5 . 0 0 2 0 - 2 3 3 0 0 - 3 4 5 
U P S B e s t C B & Tech S e r v 7 . 3 7 2 8 1 0 - 4 6 7 3 - 3 4 5 
U P S B e s t C B 1 1 . 0 5 9 2 2 8 - 3 1 3 0 0 - 3 4 5 
U P S B e s t C B 1 4 . 7 4 5 6 5 - 2 3 7 3 - 3 4 5 
U P S B e s t CB 1 4 . 7 7 5 6 5 - 2 3 7 3 - 3 4 5 
U P S B e s t C B 1 7 . 7 5 4 17-19 3 0 0 - 3 4 5 
T e l e p h o n e C o PBX CB 8 . 192 9 - 4 2 7 3 - 3 4 5 
P e r s o n n a l C o m p u t e r s C B , Tech S e r v , .. 7 3 - 3 4 5 
PC p r i n t e r s C B , Tech S e r v , .. 7 3 . 7 7 0 
PC p r i n t e r s C B , Tech S e r v , .. 7 3 . 7 5 5 
Ant C o n t r o l U n i t E a c h a n t e n n a 1 2 . 8 0 0 2 3 - 3 0 3 0 0 - 3 4 5 
D a t a S e t Ml Each a n t e n n a 1 0 . 0 0 0 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 1 1 . 0 5 9 2 2 7 - 3 1 3 0 0 - 3 4 5 
R a d i o s , 2 - w a y S i t e 1 6 2 . 0 2 5 2 3 2 4 . 0 0 
P L C A n t t r a n s p o r t e r 1 1 . 0 0 0 2 7 - 3 1 3 0 0 - 3 4 5 
P L C G e n e r a t o r bldg 1 1 . 0 0 0 2 7 - 3 1 3 0 0 - 3 4 5 
Fuel p u m p c a r d / c t r l 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 S e r v , A A B 7 3 - 3 4 5 
N u m 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 l e s S i t e 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 S i t e 7 3 - 3 4 5 
V C R ' s V S Q , V i s i t o r C t r 7 3 - 3 4 5 
M a s t e r Local Osc CB elex rm 7 3 - 1 7 0 0 
D - r a c k s CB elex rm 7 3 - 1 7 0 0 
Copi e r s C B , T e c h S e r v i c e s 
Ctrl Bldg H V A C C B 
FAX C B 
S E C p o w e r d e m a n d mtr G e n e r a t o r bldg 
M a s e r d i s s o c i ator C B 
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F I G U R E Is Em i t t e r H a r m f u l E I R P v s Line-o-f-Sight D i s t a n c e 
at Several VLA Freauency Bands. 
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