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PRESENT STATUS OF VLA POINTING AND ASSOCIATED PROBLEMS 

1. Pointing Parameters and Performance Monitoring 

Current procedures for maintaining on-line antenna pointing 

parameters (under the capable guidance of P. Hicks and B. Ross) appear 

to be viable and effective, with exception of data archiving. The 

large line printer outputs from the PEEK program (which are used to 

determine pointing parameters) are too bulky to be permanently stored. 

These outputs are currently being stored on microfiche (a rather 

tedious and expensive process). Experience has shown that it is 

seldom necessary to have more than the last few outputs on hand for 

any purpose. It is suggested that only the six most recent PEEK 

outputs be kept in the operations area and that archiving of pointing 

data be accomplished via saving of the INPNT outputs (.PNT files) on 

magnetic tape. This would allow the most time consuming step in 

pointing data processing (running INPNT) to be done only once, and the 

archived data would be in its most compact currently existing format 

(.PNT files). Such tapes could be permanently assigned to the new 

user P0INTING[13,714] (password POINT). It is further suggested that 

archived .PNT files be properly edited such that only valid pointing 

error measurements are saved. New features for listing and editing 

would have to be added to the INPNT program to accomplish this. 



2 . L o n g T e r m P o i n t i n g P e r t o r m a n c e 

An a n a l v s i s of p o i n t i n g e r r o r s -from n i g h t t i m e S Y S P O I N T r u n s 
d u r i n g 1 9 3 1 - 8 2 h a s been c o n d u c t e d . R e s u l t s tor all a n t e n n a s a r e 
shown in the -following t a b l e : 

E l e v a t i o n R a n g e ( d e g r e e s ) 3 - 9 0 5 5 - 9 9 9 8 - 1 2 5 
R M S A z i m u t h E r r o r ( a r c s e c ) 12.3 12.1 12.1 
R M S E l e v a t i o n Error ( a r c s e c ) 14.4 12.4 12.3 
N u m b e r of P o i n t s " 5 0 0 0 0 ~ 7 0 0 0 " 5 0 0 0 

T h e s e r e s u l t s i n d i c a t e that there is no s i g n i f i c a n t 
d e g r a d a t i o n in p o i n t i n g at o v e r - t h e - t o p e l e v a t i o n s (at least at 
6 c m , the m o s t c o m m o n l y u s e d b a n d in the S Y S P O I N T o b s e r v i n o 
p r o g r a m ) . T h e t a b l e a l s o i n d i c a t e s that e l e v a t i o n p o i n t i n o is 
s i g n i f i c a n t l y w o r s e tor lower e l e v a t i o n s . T w o s u o g e s t i o n s -for 
the c a u s e of this a r e : 1) e r r o r s in a t m o s p h e r i c r e t r a c t i o n 
c o r r e c t i o n s and 2) s u b r e t l e c t o r s h i f t i n g c a u s e d b y l o o s e 
q u a d r i p o d g u y r o d s . T h e latter c o u l d b e r e a d i l y t e s t e d b y 
r e p e a t i n g the a n a l y s i s u s i n g o n l y lower n u m b e r e d a n t e n n a s w h i c h 
h a v e been through overhaul and h a v e p r o p e r l y t e n s i o n e d a u y r o d s . 

3 . A n t e n n a T h e r m a l I n s u l a t i o n 

P o l y u r e t h a n e f o a m i n s u l a t i o n , w h i c h h a s p r o v e n to b e 
e f f e c t i v e in p r e c l u d i n g 1arge (~1 a r c m i n ) tilt d e v i a t i o n s c a u s e d 
by d a y t i m e thermal d e f o r m a t i o n ( c f . U L A T e s t M e m o r a n d u m 1 3 3 ) , is 
c u r r e n t l y i n s t a l l e d on A n t e n n a s 14 and 2 2 . It is now b e i n q 
i n s t a l l e d on A n t e n n a 15 w h i c h is in o v e r h a u l . T h e c u r r e n t " p i an 
will r e q u i r e a p p r o x i m a t e l y 2 . 5 y e a r s to c o m p l e t e f o a m 
i n s t a l l a t i o n on 2 3 a n t e n n a s . 

T h e r e h a s been s o m e c o n c e r n over the e x i s t e n c e of r a t h e r 
high <~3°C) m e a s u r e d t e m p e r a t u r e d i f f e r e n c e s b e t w e e n the 
i n s u l a t e d y o k e f a c e s in A n t e n n a 2 2 . S . v o n H o e r n e r h a s 
s u g g e s t e d that these d i f f e r e n c e s a r e c a u s e d b y thermal 
c o n d u c t i o n into the back y o k e f a c e from the l a r g e , p l a t f o r m 
a t t a c h e d to the f a c e . E i g h t a d d i t i o n a l s e n s o r s w e r e p l a c e d in 
the A n t e n n a 2 2 y o k e in A u g u s t 1932 to a s s i s t in s t u d y i n g this 
e f f e c t . T h e new s e n s o r s m e a s u r e t e m p e r a t u r e d i f f e r e n c e s b e t w e e n 
the n a r r o w y o k e arm f a c e s as wel1 as the b r o a d f a c e s at the b a s e 
of the y o k e . T e s t s w e r e c o n d u c t e d in w h i c h the sun w a s t r a c k e d 
for an e n t i r e d a y w i t h o n e y o k e f a c e (or the o t h e r ) . In these 
t e s t s , the b r o a d y o k e f a c e w i t h the p l a t f o r m b e c a m e w a r m e r 
d u r i n g the d a y r e g a r d l e s s of w h i c h f a c e w a s t r a c k i n g the s u n . 
A l s o , the p l a t f o r m f a c e c o n s i s t e n t l y g e t s c o l d e r a t n i o h t than 
the f r o n t f a c e . T h e s e r e s u l t s i n d i c a t e that c o n d u c t i o n from air 
into the p l a t f o r m is s i g n i f i c a n t but that thermal input to the 
p l a t f o r m from the sun is n o t . T h i s w o u l d i n d i c a t e that s h a d i n g 
the p l a t f o r m w o u l d not be e f f e c t i v e in r e d u c i n g these thermal 
d i f f e r e n c e s . T h e s e s a m e tests s h e w e d that s m a l l e r (~1.5°C) 
d i f f e r e n c e s d e v e l o p e d b e t w e e n the faces in the s l e n d e r y o k e a r m s 
(which a r e s o m e w h a t r e m o v e d from the p l a t f o r m a t t a c h m e n t p o i n t s ; 
as o p p o s e d to the larger < ~3°C.V d i f f e r e n c e s o b s e r v e d in th* 



b r o a d f a c e s . S i n c e thermal d i f f e r e n c e s in the s l e n d e r a r m s will 
p r o d u c e m o r e s i g n i f i c a n t y o k e d e f o r m a t i o n than d i f f e r e n c e s in 
the b r o a d f a c e s , it is s u g g e s t e d that d e f o r m a t i o n c a u s e d by the 
o b s e r v e d d i f f e r e n c e s m i g h t be a c c e p t a b l y =m a 11 . M o r e sun 
t r a c k i n g tests u s i n g the A n t e n n a 22 y o k e t e m p e r a t u r e s e n s o r s a s 
well a s n e w thermal d e f o r m a t i o n c a l c u l a t i o n s <or m e a s u r e m e n t s ) 
a r e n e e d e d to v e r i f y this s u g g e s t i o n . 
4 . N e w F o c u s / R o t a t i o n S y s t e m ( A n t e n n a 12) 

T h e new f o c u s / r o t a t i o n (F/R) s y s t e m i n s t a l l e d on A n t e n n a 12 
i n c o r p o r a t e s an i m p r o v e d m e c h a n i c a l d e s i g n w h i c h i n c l u d e s a 
l o c k i n g pin to m i n i m i z e s u b r e f l e c t o r m o v e m e n t at a given b a n d 
s e t t i n g . Special p o i n t i n g tests w e r e c o n d u c t e d u s i n g all 
a n t e n n a s at the four U L A b a n d s . C a l c u l a t i o n s of R M S a v e r a g e 
p o i n t i n g e r r o r s s h o w e d A n t e n n a 12 to b e s u p e r i o r at 2 and 1.3 
c m , a v e r a g e at 6 c m , and poor at 20 c m . H o w e v e r , c o m p a r i s o n of 
these R M S v a l u e s for A n t e n n a 12 to those f r o m S Y S O F F S E T r u n s 
m a d e p r i o r to the F/R m o d i f i c a t i o n i n d i c a t e that p o i n t i n g 
p e r f o r m a n c e is a b o u t the s a m e at 20 cm and 6 cm w i t h small 
<~16X) i m p r o v e m e n t at 2 and 1.3 c m . A n a l y s i s of o t h e r four 
f r e q u e n c y p o i n t i n g tests is n e e d e d to b e t t e r q u a n t i f y this 
i m p r o v e m e n t , but it is e x p e c t e d that it will not b e l a r g e . A 
d e c i s i o n on i n c o r p o r a t i o n of the F / R m o d i f i c a t i o n in all 
a n t e n n a s s h o u l d b e m a d e on the b a s i s of i m p r o v e d r e l i a b i l i t y , 
m a i n t a i n a b i l i t y , o p e r a b i l i t y , and c o s t . 

5 . A z i m u t h B e a r i n g Deformations-

A f t e r t i l t m e t e r s w e r e i n s t a l l e d on A n t e n n a 6 in c o n n e c t i o n 
w i t h thermal d e f o r m a t i o n s t u d i e s , m e a s u r e m e n t s of tilt as a 
f u n c t i o n of a n t e n n a azimuth c o n s i s t e n t l y s h o w e d s i g n i f i c a n t tilt 
d e v i a t i o n s up to about 38 a r c s e c over a p a r t i c u l a r a z i m u t h 
r a n g e . M e a s u r e m e n t s of a z i m u t h b e a r i n g r u n o u t (radial m o t i o n of 
the m o v i n g r a c e w i t h r e s p e c t to the f i x e d r a c e at a s p e c i f i c 
p o i n t on the f i x e d race) and tilt (axial m o t i o n of the m o v i n g 
r a c e w i t h r e s p e c t to the f i x e d r a c e at a s p e c i f i c p o i n t ) s h o w e d 
a d i r e c t c o r r e s p o n d e n c e w i t h the t i l t m e t e r d e v i a t i o n s . A s e a r c h 
for t h i s sort of d i s c r e p a n c y in o t h e r a n t e n n a s w a s m a d e b y 
p l o t t i n g e l e v a t i o n error m e a s u r e m e n t s f r o m the d a t a d i s c u s s e d in 
P a r a g r a p h 2 ( a b o v e ) v e r s u s true a z i m u t h for each a n t e n n a (with 
the e x c e p t i o n of A n t e n n a 9 w h i c h had c h a n g e d a r m s d u r i n g the two 
year p e r i o d ) . A b o u t eight of the 27 a n t e n n a s s e e m e d to show 
s i g n i f i c a n t e l e v a t i o n e r r o r s over s p e c i f i c a z i m u t h r a n g e s 
( i n c l u d i n g A n t e n n a <£) . I t wi 1 1 be n e c e s s a r y to m e a s u r e the 
a z i m u t h b e a r i n g s in these a n t e n n a s to d e t e r m i n e if these e r r o r s 
a r e r e l a t e d to b e a r i n g d e f o r m a t i o n s as in the c a s e of A n t e n n a 6 . 

L . T e m p l e h a s s u g g e s t e d that the a n t e n n a 6 b e a r i n g 
d e f o r m a t i o n s a r e likely to h a v e been c a u s e d by i riper fee t i o n s in 
the s u b s t r u c t u r e s into w h i c h the b e a r i n g r a c e s are b o l t e d , and 
that r e p l a c e m e n t of the b e a r i n g (a r a t h e r f o r m i d a b l e task) w o u l d 
likely not i m p r o v e the e l e v a t i o n p o i n t i n g . It t h e r e f o r e s e e m s 
m o s t r e a s o n a b l e to deal w i t h the p r o o l e m bv s o m e sort of 



c o m p e n s a t i o n t e c n n i q u e sucn as additional p a r a m e t e r s in the 
M O D C O M P ' s A n t e n n a s F i l e s ( B . Clark t h i n k s that t h i s w o u l d be 
f e a s i D l e -for a -few a n t e n n a s ) . 

6. T i 1 t m e t e r s and R e a l - T i m e C o r r e c t i o n s 

T h e u s e of t i l t m e t e r s to m e a s u r e a n g u l a r d e f o r m a t i o n s of 
the a n t e n n a s t r u c t u r e b e l o w the e l e v a t i o n a x i s is c u r r e n t l y 
b e i n g i n v e s t i g a t e d . T h e u l t i m a t e p u r p o s e ot such measurements-
is to a l l o w r e a l - t i m e c o m p e n s a t i o n -for p o i n t i n g e r r o r s c a u s e d b y 
such d e f o r m a t i o n s . W i t h the s u c c e s s of thermal i n s u l a t i o n in 
r e d u c i n g thermal d e f o r m a t i o n s of this t y p e , the d o m i n a n t e f f e c t 
for w h i c h r e a l - t i m e c o m p e n s a t i o n is d e s i r e d a r e w i n d - i n d u c e d 
d e f o r m a t i o n s (up to 1 a r c m i n p o i n t i n g e r r o r s h a v e b e e n o b s e r v e d 
in 3 9 - 3 5 m p n w i n d s ) . In v i e w of t h i s , it is c r i t i c a l that the 
f r a c t i o n of w i n d - i n d u c e d p o i n t i n g e r r o r c a u s e d b y d e f o r m a t i o n s 
b e l o w the e l e v a t i o n a x i s <as o p p o s e d to d i s h , b a c k u p s t r u c t u r e , 
or q u a d r i p o d d e f o r m a t i o n s ; be d e t e r m i n e d in o r d e r to a s s e s s the 
f e a s i b i l i t y of the t e c h n i q u e . O n e w a y this m i g h t be d o n e is to 
m a k e s i m u l t a n e o u s tilt ana p o i n t i n g error m e a s u r e m e n t s d u r i n g 
w i n d y c o n d i t i o n s . T h i s w a s a t t e m p t e d in the S p r i n g of 1932, but 
w a s not s u c c e s s f u l d u e to t i l t m e t e r r e l a t e d p r o b l e m s as 
d i s c u s s e d in the f o l l o w i n g p a r a g r a p h . 

D e f o r m a t i o n s of the a n t e n n a s t r u c t u r e b e l o w the e l e v a t i o n 
a x i s can a f f e c t p o i n t i n g in f i v e i n d e p e n d e n t t e r m s . T h e s e a r e : 
1> E - N tilt of the a z i m u t h r o t a t i o n a x i s , 2) N - S tilt of this 
a x i s , 3) parallel d i s p l a c e m e n t of the e l e v a t i o n a x i s in the 
a z i m u t h r o t a t i o n p l a n e ( e l e v a t i o n o f f s e t ) , 4) a n g u l a r 
d i s p l a c e m e n t of the e l e v a t i o n a x i s in the a z i m u t h r o t a t i o n p l a n e 
( a z i m u t h o f f s e t ) , and 5) a n g u l a r d i s p l a c e m e n t of the e l e v a t i o n 
a x i s out of the a z i m u t h r o t a t i o n p l a n e ( a z i m u t h - e l e v a t i o n 
p e r p e n d i c u 1 a r i t y ) . E f f e c t s 1) and 2) m u s t be m e a s u r e d in the 
v i c i n i t y of the a z i m u t h b e a r i n g . In the c u r r e n t i n s t r u m e n t a t i o n 
c o n f i g u r a t i o n ( A n t e n n a s 6 and 2 2 ) , such t i l t m e t e r s a r e m o u n t e d 
on the y o k e b a s e p l a t e near the a z i m u t h a x i s . T e s t s h a v e shown 
that this b a s e p l a t e is s u b j e c t to c o n s i d e r a b l e n o n p l a n a r 
d i s t o r t i o n <~38 a r c s e c at the t i l t m e t e r m o u n t i n g l o c a t i o n ) a s 
the i n s t r u m e n t e d r a d i u s p a s s e s over the h a r d p o i n t s in the top 
of the p e d e s t a l s t r u c t u r e . T h e s e d e f o r m a t i o n s m a k e it e x t r e m e l y 
d i f f i c u l t to d e t e r m i n e the two tilt terms for the a z i m u t h a x i s 
from tilt m e a s u r e m e n t s m a d e at a s i n g l e a z i m u t h . F u r t h e r , it is 
n e c e s s a r y to d e t e r m i n e the a z i m u t h a x i s tilt t e r m s b e f o r e a n y of 
the o t h e r three terms can be d e t e r m i n e d f r o m tilt m e a s u r e m e n t s 
m a d e near the e l e v a t i o n a x i s ( w h e r e the r e m a i n i n g t i l t m e t e r s are 
c u r r e n t l y m o u n t e d ) s i n c e these m e a s u r e m e n t s i n c l u d e the e f f e c t s 
of c h a n g e s in a z i m u t h a x i s t i l t . T h u s , it is c o n c l u d e d that it 
is not f e a s i b l e to d e t e r m i n e b e i c w - e 1 e v a t i o n - a x i s p o i n t i n g e r r o r 
t e r m s b y tilt m e a s u r e m e n t s in the c u r r e n t t i l t m e t e r 
con-figuration. 

T h e t i l t m e t e r s m o u n t e d on the y o k e arm just b e l o w the 
e l e v a t i o n a x i s a p p e a r to be a d e q u a t e for m e a s u r i n g tilts d u e to 
the c o m o i n a t i o n of y o k e d e f o r m a t i o n s and tilt of the azimuth 



a x i s . H o w e v e r , m e a s u r e m e n t of d e f o r m s t i on of o n e y o k e ^rm 
p r o v i d e s o n l y part of the in-format ion on d e v i a t i o n s ot the 
e l e v a t i o n a x i s w h i c h a f f e c t the e l e v a t i o n o f f s e t , azimuth 
ot-f s e t , ind ?.x i s p e r p e n a i c u 1 a r i t y t e r m s . It is n e c e s s a r y to 
m e a s u r e d e f o r m a t i o n s ot the other y o k e arm to c o m p l e t e l y 
d e t e r m i n e the e l e v a t i o n a x i s d e v i a t i o n s . An a d d i t i o n a l 
i n s t r u m e n t p a c k a g e c o n t a i n i n g two o r t h o g o n a l t i l t m e t e r s p i a c e d 
on the o t h e r y o k e arm in the same p o s i t i o n b e l o w the e l e v a t i o n 
a x i s s h o u l d be s u f f i c i e n t -for t h i s . 

T h e t i l t m e t e r i n s t r u m e n t p a c k a g e d e s i g n ( m o u n t i n g h a r d w a r e , 
e l e c t r o n i c s , thermal c o n t r o l , etc.) a p p e a r s to b e a d e q u a t e w i t h 
the e x c e p t i o n that no s i m o l e m e a n s tor introduci nq a c a l i b r a t i o n 
tilt d e f l e c t i o n is i n c o r p o r a t e a . C u r r e n t l y , the best m e t h o d tor 
c a l i b r a t i n g t i l t m e t e r g a i n s i n v o l v e s p l a c i n g a shim b e t w e e n o n e 
ot the a n t e n n a m o u n t i n g p i e r s and the a n t e n n a and c o m p a r i n g the 
t i l t m e t e r r e a d i n g s w i t h those ot the u n s h i m m e d a n t e n n a . T h i s 
p r o c e d u r e r e q u i r e s an antenna t r a n s p o r t e r and c r e w tor several 
h o u r s a n d is c e r t a i n l y not s a t i s f a c t o r y -for p e r i o d i c t i l t m e t e r 
c a l i b r a t i o n s on all a n t e n n a s . 

O n e v e r y i m p o r t a n t q u e s t i o n i n v o l v i n g t i l t m e t e r 
i n s t r u m e n t a t i o n w h i c n h a s not been s a t i s f a c t o r i 1 y r e s o l v e d is 
that ot type ot tilt t r a n s d u c e r to be u s e d . T h e c u r r e n t 
i n s t r u m e n t p a c k a g e s (which h a v e been i n s t a l l e d in A n t e n n a s 6 and 
22 -for a b o u t 2@ m o n t h s ) c o n t a i n b o b w e i g h t type s e n s o r s 
( S h a e v i t z ) and e l e c t r o l y t i c spirit level type s e n s o r s ( b u b b l e ) . 
It w a s i n t e n d e d that the r a t h e r e x p e n s i v e (~"$1K) S h a e v i t z 
t i l t m e t e r s w n i c h w e r e known to m e e t V L A r e q u i r e m e n t s be u s e d to 
e v a l u a t e the p e r f o r m a n c e c h a r a c t e r i s t i c s of the i n e x p e n s i v e 
("52Q) b u b b l e t i l t m e t e r s . It is known that t h e s e b u b b l e s a r e 
c a p a b l e of ~1 a r c s e c s e n s i t i v i t i e s , but they are poor 1y 
d o c u m e n t e d d e v i c e s ana little is k n o w n about their 
c h a r a c t e r i s t i c s in d y n a m i c e n v i r o n m e n t s . A s u D s t a n t i a l a m o u n t 
of d i f f i c u l t y w a s e n c o u n t e r e d in i n i t i a l l y g e t t i n g the b u b b l e s 
to f u n c t i o n p r o p e r l y . T h i s w a s l a r g e l y d u e to e r r o n e o u s 
i n f o r m a t i o n o b t a i n e d from the m a n u f a c t u r e r r e g a r d i n g o p e r a t i n g 
p a r a m e t e r s . . O n c e these p r o b l e m s w e r e s o l v e d it w a s d e t e r m i n e d 
that b u b b l e s w e r e u n s a t i s f a c t o r y for u s e in w i n d y c o n d i t i o n s 
b e c a u s e of long s e t t l i n g t i m e s . H o w e v e r , I now feel that this 
d e t e r m i nat i on m a y h a v e been s o m e w h a t p r e m a t u r e and that f u r t h e r 
( and m o r e q u a n t i t a t i v e ) t e s t i n g be d o n e b e f o r e the bubbles- a r e 
a b a n d o n e d . T h i s s u g g e s t i o n is b a s e d on q u a l i t a t i v e e x a m i n a t i o n 
of t i l t m e t e r d a t a taken over m a n y m o n t h s and a v a r i e t y of w i n d 
c o n d i t i o n s w h i c h i n d i c a t e s v e r y c l o s e c o r r e s p o n d e n c e b e t w e e n 
S h a e v i t z and b u b b l e t i l t m e t e r s in n e a r l y all c a s e s . T h e r e is no 
d o u D t that the b u b b l e s a r e s u b s tantial 1y m o r e d i f f i c u l t to deal 
w i t h in terms of i n s t a l l a t i o n , a d j u s t m e n t , i n t e r f a c i n g , and 
r e l i a b i l i t y , but the s i z a o l e cost r e d u c t i o n o b t a i n e d w h e n 
i n s t a l l i n g several t i l t m e t e r s on each ot 23 a n t e n n a s m a y p r o v e 
to be a s u f f i c i e n t t r a d e o f f . A p r o p e r q u a n t i t a t i v e a n a l y s i s of 
the w e a l t h of e x i s t i n g tilt data taken s i m u l t a n e o u s l y from both 
types of t r a n s d u c e r s over a b r o a d r a n g e ot c o n d i t i o n s =nould 
a l l o w the c o r r e c t dec i = i or« to O e m a d e . 



In c o n c l u s i o n , I feel that the f o l l o w i n g s t e p s s h o u l d be 
taken (in o r d e r ) to d e t e r m i n e the f e a s i b i l i t y of u s i n g tiltmeter 
m e a s u r e m e n t s for real—time p o i n t i n g error c c m o e n s a t i o n i 

A . F i n d tiltmeter m o u n t i n g locations w h i c n will a d e q u a t e l y 
d e t e r m i n e the azimuth axis tilt N - 3 and E-W) w i t h the 
a n t e n n a p o s i t i o n e d at any a r b i t r a r y a z i m u t h . N . H o m e ' s 
T a l l y Uel t i l t m e t e r s m i g h t be helpful in this e n a e a v o r . T h e 
m a i n d i f f i c u l t y in a c c o m c i i s h i n g this is the n o n p l a n a r 
d i s t o r t i o n of the s t r u c t u r e in the region of the azimuth 
b e a r i n g . It is s u g g e s t e d that the best p l a c e m e n t m i g h t be 
over o n e or m o r e of the hard p o i n t s in the "pedestal plates" 
area just b e l o w the y o k e . T h r e e sets of two orthooonal 
t i l t m e t e r s (one for each hard point) w o u l d m o s t a c c u r a t e l v 
d e t e r m i n e azimuth axis t i l t . W i t h four tiltmeters on the 
y o k e near the e l e v a t i o n axis (as s u g g e s t e d above) this w o u l d 
r e q u i r e a total of ten t i l t m e t e r s per a n t e n n a . T h e U L A 
c u r r e n t l y o w n s six Shaevitz t i l t m e t e r s . Four m o r e w o u l d be 
h a v e to be p r o c u r e d to test this c o n f i g u r a t i o n on a =inole • 
a n t e n n a . I n s t r u m e n t a t i o n p a c k a g e s p r o d u c e d for this effort 
s h o u l d i n c o r p o r a t e a m e c n a n i c a l d e v i c e for input of a known 
tilt d i s p l a c e m e n t (calibration signal) to the t i l t m e t e r s . 

B . O n c e it is known that a c c u r a t e m e a s u r e m e n t s of tilt of 
the azimuth a x i s can be m a d e for all azimuth p o s i t i o n s , the 
next s t e p is to d e t e r m i n e the fraction of w i n d - i n d u c e d 
p o i n t i n g e r r o r s c a u s e d by d e f o r m a t i o n b e l o w the e l e v a t i o n 
a x i s . T h i s can be d o n e by s i m u l t a n e o u s p o i n t i n g error and 
tiltmeter m e a s u r e m e n t s d u r i n g w i n d y c o n d i t i o n s . T h i s 
critical q u e s t i o n m u s t be a n s w e r e d b e f o r e any r e a l - t i m e 
c o m p e n s a t i o n s y s t e m design is c o n s i d e r e d . 

C . O n c e it is proven that tiltmeter m e a s u r e m e n t s can be u s e d 
to adequatel y c o m p e n s a t e for wind—induced p o i n t i n q e r r o r s , a 
c h o i c e of tilt transducer m u s t b e m a a e . T h e c o s t ~ d i f f e r e n c e 
b e t w e e n the types c u r r e n t l y under c o n s i d e r a t i o n (Shaevitz and 
b u b b l e ) is q u i t e s i g n i f i c a n t and will c e r t a i n l y be a 1arqe 
tradeoff c o n s i d e r a t i o n in this d e c i s i o n . Other t r a n s d u c e r s 
s h o u l d also b e c o n s i d e r e d at this point (a s u g g e s t i o n has 
even been m a d e to u s e Inertial N a v i g a t i o n S y s t e m s ! ) . 

7 . Ha If-Power P o i n t i n g T e s t s 

P . N a p i e r i n s t i t u t e d a w e e k l y test p r o g r a m (PN3DB) w h i c h 
tracks point s o u r c e s at the antenna half power p o i n t s ( d i s p l a c e d 
in azimuth and e l e v a t i o n ) . T h e s e tests h a v e been useful in 
s h o w i n g the e x i s t e n c e of m i s c e l l a n e o u s h a r d w a r e faults (antenna 
control u n i t s , position e n c o d e r s , s e r v o - s y s t e m s . etc.) w h i c h 
h a v e not been indicated by any other m e a n s , and they s h o u l d be 
con t i n u e d . 



S . High F r e q u e n c y O v e r - t h e - T o p P o i n t i n g 

T h e c u r r e n t s y s t e m d e f a u l t a l l o w s o v e r - t h e - t o o p o i n t i n g (to 
m i n i m i z e a n t e n n a m o v e time) at o b s e r v i n g w a v e l e n g t h s of 20 ana 6 
c m , but p r e c l u d e s it for h i g n e r f r e q u e n c i e s (2 and 1.3 c m ) . 
O v e r - t h e - t o p p o i n t i n g t e s t s at 2 cm h a v e shown that R M S p o i n t i n g 
e r r o r s a r e not a f f e c t e d at o v e r - t h e - t o p e l e v a t i o n s . On this 
b a s i s , o b s e r v e r s a r e a d v i s e d to o v e r r i d e the s y s t e m d e f a u l t in 
c a s e s w h e r e s i g n i f i c a n t m o v e time s a v i n g s can be a c h i e v e d . 
H o w e v e r , the 2 cm o v e r - t h e - t o p tests h a v e a l s o shown that the 
best fit p o i n t i n g p a r a m e t e r s c h a n g e in a w a v w h i c h is c u r r e n t l y 
not u n d e r s t o o d . C h a n g i n g of the system d e f a u l t to a l l o w high 
f r e q u e n c y o v e r - t h e - t o p is a w a i t i n g a c h i e v e m e n t of this 
u n d e r s t a n d i n g . 

? . P o i n t i n g F i l e s and D a t a A w a i t i n g A n a l y s i s 

D u e to the r e c e n t d e p a r t u r e of R . Newel 1 from the U L A , m o s t 
of the special test w o r k and a n a l y s i s p e r t a i n i n g to V L A p o i n t i n g 
p r o b l e m s h a s t e m p o r a r i l y s t o o p e d . It is p l a n n e d that this w o r k 
will r e s u m e w h e n a r e p l a c e m e n t is o b t a i n e d . In the m e a n t i m e , 
all a p p r o p r i a t e f i l e s , d a t a , and i n f o r m a t i o n are in the c u s t o d y 
of C . W a d e . C u r r e n t l y e x i s t i n g d a t a w h i c h h a s yet to be 
a n a l y z e d i n c l u d e s : 

A . Several 2 cm over—the-top p o i n t i n g t e s t s . 

B . Several four f r e q u e n c y p o i n t i n g t e s t s i n v o l v i n g A n t e n n a 

12 ( m o d i f i e d F / R s y s t e m ) . 

C . Q u i d r i p o d thermal d e f o r m a t i o n t e s t . 

D . Several m o n t h s of o n - l i n e t i l t m e t e r d a t a ( S h a e v i t z v e r s u s b u b b l e t i l t m e t e r p e r f o r m a n c e ) . 

D e t a i l s of t h e s e test d a t a and r e q u i r e d a n a l y s e s a r e 
c o n t a i n e d in the a p p r o p r i a t e f i l e s . 



S U G G E S T E D F U T U R E W O R K 

T h e spec i-fie tests and d e v e l o p m e n t s m e n t i o n e d in the 
p r e c e e a i n g s e c t i o n w h i c h h a v e not yet been a c c o m p l i s h e d a r e 
summar 1z ed b e 1 o w : 

1. D e t e r m i n e c a u s e ot high R M S e l e v a t i o n e r r o r s at low 
e l e v a t i o n s ( s u g g e s t e d p o s s i b i l i t i e s are r e f r a c t i o n and loose q u y 
r o d s ) . 

2 . D e t e r m i n e long term d a y time R M S p o i n t i n g e r r o r s . 

3 . C o n t i n u e to m o n i t o r p e r f o r m a n c e ot the f i r s t t h e r m a l l y 
i n s u l a t e d a n t e n n a ( n o . 22) to d e t e r m i n e long term e f f e c t s on 
d a y t i m e R M S p o i n t i n g . 

4 . P e r f o r m a d d i t i o n a l t e s t s to d e t e r m i n e the c a u s e of 
t e m p e r a t u r e d i f f e r e n c e s D e t w e e n lower y o k e faces in i n s u l a t e d 
a n t e n n a s a n d its e f f e c t on p o i n t i n g . 

5 . M e a s u r e a z i m u t h b e a r i n g s (radial and axial m o t i o n of o n e 
r a c e w i t h r e s p e c t to the other at a f i x e d p o i n t on the 
s t a t i o n a r y r a c e ) of t h o s e a n t e n n a s w h i c h s h o w long term 
s y s t e m a t i c e l e v a t i o n e r r o r s over s p e c i f i c a z i m u t h r a n g e s . T h i s 
will d e t e r m i n e if the c a u s e of the e r r o r s is d u e to b e a r i n q 
d e f o r m a t i o n (as in the c a s e of A n t e n n a 6 ) . I n v e s t i g a t e 
t e c h n i q u e s (such a s o n - l i n e c o r r e c t i o n ) for c o m p e n s a t i n g for 
such e l e v a t i o n e r r o r s . 

6 . F i n d t i l t m e t e r m o u n t i n g l o c a t i o n s w h i c h will a l l o w 
m e a s u r e m e n t of a z i m u t h a x i s tilt (N-S and E-W> w i t h the a n t e n n a 
p o s i t i o n e d at a n y a r b i t r a r y a z i m u t h . I n c o r p o r a t e a c a l i b r a t i o n 
f e a t u r e in t i l t m e t e r i n s t r u m e n t a t i o n p a c k a g e s . 

7 . D e t e r m i n e that f r a c t i o n of w i n d - i n d u c e d p o i n t i n q e r r o r s 
c a u s e d b y s t r u c t u r a l d e f o r m a t i o n b e l o w the e l e v a t i o n a x i s . 

8 . D e t e r m i n e the c a p a b i l i t y of b u b b l e type t i l t m e t e r s to m e e t 
V L A tilt m e a s u r e m e n t r e q u i r e m e n t s . 



C O M P U T E R S O F T W A R E A N D D O C U M E N T A T I O N 

All a p p l i c a b l e p r o g r a m s a r e c o n t a i n e d in D E C - 1 0 user area 
C13,7143 ( p a s s w o r d P O I N T ) . T h e area a l s o c o n t a i n s d o c u m e n t a t i o n 
f i l e s for the m o n i t o r d a t a p r o g r a m s . T h e two m a j o r p o i n t i n o d a t a 
p r o g r a m s ( I N T P N T and P E E K ) w h i c h a r e u s e d r o u t i n e l y b y V L A 
o p e r a t o r s for m a i n t e n a n c e of a n t e n n a p o i n t i n g p a r a m e t e r s a r e a l s o 
c o n t a i n e d in P . H i c k s a r e a [ 2 1 , 1 7 2 3 . H e is the c u r r e n t r e s i d e n t 
e x p e r t on the u s e of these p r o g r a m s . A list of C13,7143 
p r o g r a m s f o l l o w s : 

1. I N T P N T 

R e a d s i n t e r f e r o m e t r i c p o i n t i n g d a t a f r o m a M O D C O M P d a t a 
tape and c r e a t e s a p o i n t i n g d a t a b a s e for u s e b y the P E E K and 
A 2 P E E K p r o g r a m s . 

2 . P E E K 

R e a d s a p o i n t i n g d a t a b a s e , c o m p u t e s p o i n t i n g e r r o r s , and 
c a l c u l a t e s a n t e n n a p o i n t i n g p a r a m e t e r s by least s q u a r e s f i t t i n o . 
D i s p l a y s p o i n t i n g e r r o r s and other d a t a . 

3 . A 2 P E E K 

R e a d s a p o i n t i n g d a t a b a s e and c o m p u t e s p o i n t i n o e r r o r s w i t h 
s t a t i s t i c a l a n a l y s e s . D i s p l a y s p o i n t i n g e r r o r s a n d s t a t i s t i c a l 
r e s u l t s . C r e a t e s f i l e s of p o i n t i n g e r r o r s as f u n c t i o n s of t i m e , 
a z i m u t h , and e l e v a t i o n . T h e s e f i l e s car. be u s e d by s e m e of the 
m o n i t o r d a t a p r o g r a m s d e s c r i b e d b e l o w . 

4 . M O N M A K 

M a k e s d a t a f i l e s from m o n i t o r d a t a b a s e s for u « e b y o t h e r 
M O N ? ? ? p r o g r a m s . 

5 . M O N A V G 

A v e r a g e s m o n i t o r d a t a in a v a r i e t y of w a y s . 

6 . M Q N D I F 

S u b t r a c t s (or adds) m o n i t o r d a t a p o i n t s . 

7 . M O N L I S 

L i s t s m o n i t o r d a t a f i l e s . 

8 . M O N P L O 

P l o t s m o n i t o r d a t a f i l e s . 



9 . M G N B I N 

B i n s m o n i t o r d a t a -for h i s t o g r a m s . 

16. M O N T L T 

Pr o c e s s e s t i l t m e t e r data in a v a r i e t y of w a y s . Its m o s t 
i m p o r t a n t u s e is to d e t e r m i n e the f i v e p o m t i n q e r r o r t e r m s from 
m e a s u r e d t i l t s . 

P O I N T I N G I N S T R U M E N T A T I O N H A R D W A R E 

D o c u m e n t a t i o n for a n t e n n a mour.tea p o i n t i n g i n s t r u m e n t a t i o n is 
m a i n t a i n e d b y D . W e b e r < s o m e is d u o ! i c a t e d in the f i l e s h e l d by cl 
W a d e ) . D o c u m e n t a t i o n for e n v i r o n m e n t a l p a r a m e t e r m e a s u r e m e n t 
i n s t r u m e n t a t i o n is m a i n t a i n e d bv J . S o a r g o . D o c u m e n t a t i o n for the 
t h e o d o l i t e (used for r e l a t i v e trans 1 ational and r o t a t i o n a l 
d e f o r m a t i o n m e a s u r e m e n t s ) and p o i n t i n g s e r v o - s y s t e m e q u i p m e n t is 
m a i n t a i n e d b y L . T e m p l e . rt list of h a r c w a r e f o l l o w s : 

1. A n t e n n a M o u n t e d I n s t r u m e n t a t i o n 

A . I n s t a l l e d in A n t e n n a s 6 and 2 2 ( c f . U L A T e s t M e m o . 133) 

1) Shaevi tz T i l t m e t e r s (6) 

2) B u b b l e T i l t m e t e r s (8) 

3) T e m p e r a t u r e S e n s o r s (16) 

B . T a l l y Vel T i l t m e t e r s (2) ( c u r r e n t l y in A n t e n n a 17) 

C . A d d i t i o n a l Y o k e T e m p e r a t u r e S e n s o r s (8) in A n t e n n a 22 

2 . E n v i r o n m e n t a l I n s t r u m e n t a t i o n 

A . W e a t h e r S t a t i o n s 

1) A r r a y C e n t e r 

2) L a s t A n t e n n a on SW A r m 

B . S o l a r Flux B a l l s ( a r r a y c e n t e r ) 

3 . A u t o c o l 1 i m a t i n g T h e o d o l i t e 


