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T h is  re p o rt w ill show some phase e r ro r  calculations and w ill 

p resen t these e rro rs  as a component th a t re su lts  in an apparent 

source position s h if t ,  p lus a component th a t adds random phase 

e rro rs  to the  data.

I A . C a lib ra to r Position E rro rs

The phase o f the  c a lib ra to r, <j>c , is g iven by

<|> = BT#6S + C Tc c
where 6Sc = ca lib ra to r position e r ro r  ve c to r and

B = baseline ve c to r (m a tr ix  n o ta tio n ).

Assuming th e re  is no source position o ffs e t, the  ca lib ra ted  

source phase is ,

which we attem pt to  model as a source postion o ffs e t, 6Ss p lus a 

noise te rm .

The problem is th a t we know 6Sc in its  local sky  fram e,

and want to  express i t  in the  ta n g e n t frame of the  source. 

F irs t ro ta te  about x (s k y )  to  align the  y (s k y )  axis w ith  z 
(e a r th )  ax is

C = is the  instrum enta l phase



1 0
R = j 0 cos6 sinfi 

x  VO -s in fi cosfi.

where 6 is the  declination o f the  c a lib ra to r. Then ro ta te  about 

the  new y ' axis = z (e a rth )  by  Aa, the  r .a .  d iffe re n ce  o f 

ca labra to r to  source.

cosAa 0 -sinAa 
R%/, = I 0 1 0 

sinAa 0 cosAa

N ext ro ta te  about the  x 1 axis to  ge t to  the  sky  frame o f the 

source.

/ 1 0
= 0 cosfi

0 s in fi1

where fi1 is the  declination o f the source. The fu ll ro ta tion  is 

R = RX> Ry. RX‘
Doing the  m u ltip lica tio n : 

cosAa sinAa sin6 -sinAa cos6 \
R = I -sinAa sin6‘ cos6 cos6‘ + cosAa sin6 s in fi1 sin6 cos6‘

-cosAa cos6 sin6‘

sinAa cos6' cos6 sinfi' - cosAa sinfi cosfi' sinfi s in fi1
+cosAa cosfi cosfi1/

To make th in g s  a b it  more pleasant, use small angle approxim a

tions fo r  Aa and Afi, where fi1 = 6 + A fi

R = -Aa sinfi 
Aa cosfi

Aa sinfi 
1

Afi

-Aa cosfi 
-Afi 

1

to  1st o rd e r in Aa , Afi.

So p u ttin g  e v e ry th in g  in the  sky  fram e o f the source,
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4> = -B T -(R 6S )

= - (U , V , W) R | Y, 
0(

/  X

X + Y Aa sin6 c c

- (U , V , W) I  Yc - X c Aa sin6 = B *6S + d> s Yn

0 + X  Aa cos6 + Y A6 I  c. r  t

The term s th a t m u ltlip ly  U and V correspond to  a source 

tra n s la tio n ,

x c = -x„ - y o es c c
Y = -Y  + X 0 s c c

which is the  ca lib ra to r position e r ro r  ro ta ted by 0 = Aa sin6 p lus

a W term  th a t adds phase noise

<b = W (X „  Aa cos6 + Y A6). n c c

IB . Example

For: X = 1" c
A6 ~Aa cosfi ~10° ~ .2  rad 

U ~y  /n/35 Km ~6 x  105 A a t 6 cm

<b tra n s la tio n  ~X U ~3 lobes c
<t> ~w X Aa cosS ~6 x 105-5 x 1 ( f6 - .2  n c

^ .6  lobes, ~100°.

IC. N ote:

1) <|>n corresponds to  a s low ly v a ry in g  phase e rro r  which is 

not removed by  the  ca lib ra tion  and is somewhat random fo r  

the whole a rra y  over a fu ll syn thes is . T h is  phase e rro r  

can be qu ite  large fo r  the  A co n fig u ra tio n  w ith  a lousy 

c a lib ra to r.

2) The ro ta tion  o f the  o ffse t is zero i f  Aa = 0 o r 6 = 0. The 

m agnitude o f the  o ffse t is not e xactly  p re serve d ; the  small 

angle approxim ation is somewhat m arginal.

3) The phase d is to r tio n . <b = 0 i f  Aa = A6 = 0, and d> w illTn Tn
in cre a se  lin e a r ly  w ith so u rce -ca l separation  and ca lib ra to r  

position e rro r .

4) T h e  <J>n is  antenna based and w :ll be removed b y S E L C A L .
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I IA.  Baseline Errors

E rro rs  in the  antenna positions (baseline e rro rs )  also add

phase noise and re s u lt in position e rro rs . The ca lib ra ted  phase,

w ith  no source position e r ro rs , is g iven  by

(J>s - <j>c = 6B^ #(S g - Sc ) where

6B = B - B the  baseline e r ro r ,o
Sg = the  source position ve c to r.

Sc = the  ca lib ra tion  position ve c to r, and

SB = (+E +a) Bq + F
which are all ways in which the  baselines could be o ff .

F = (F , F , F ) , a  random a d d itive  e r ro r  ve c to r, v x '  y '  '

f a  0 0 \
a =( 0 a9 0 \ a fra c tio n a l scaling e r ro r ,

\ °  0 a3 /

-t -x \
E = | t  0 y  a d iffe re n tia l ro ta tion  m a trix ,

-y o j
where t  corresponds to  a clock 

e r ro r  and x , and y  are polar 

dev ia tions, x  ly in g  in the  plane o f 

the  local m eridian.

We w ill model th is  phase e rro r  as a source position change 

plus a phase noise te rm .

A* = 4>s -  * c = [(E  + a)B 0 + F ]T (S s -  Sc ) = B ^ -6 S s + <t>n 

Examine one term  a t a tim e.

IIB . The Rotation Term

A* = (E B )T (S s -  Sc ) = BT ET  (S s -  Sc )

I f  we h a d n 't ca lib ra ted  the  data , the  source change 6Sg

would ju s t be the  apparen t motion o f the  source due to  the  s h ift

of earth coordinate system E^S . The difference vector (S -
S ) in tro d u ces phase e r r o r s  as well as a s h if t . 

c TE given above is expressed in the earth based coordinate
system . In the local coord inate  system  in the d irectio n  of the  

source, at declination 6, hour angle H,
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ET . = M ET M_1 where sky

cosH 0
sin6 sinH cos6 
-cos6 sinH sin6 /

IIB a . T im ing E rro r

Consider on ly  the  clock e r ro r  t ,  then

0 t  sin6
- t  sin6 0 
t  cos6 0

- t  cos6 
0 
0

using small angle approxim ations fo r  the  so u rce -ca lib ra to r 

separation:

Again the  f i r s t  two term s look like  a position s h ift  

X = A6 t  sin6

Y = -Aa cos6 t  sin6 

w hile  the  th ird  term  is like  a noise term  th a t slow ly va ries as W 

varies

Note: A tim ing e rro r  causes

1) an E/W s h if t  fo r  a so u rce -ca lib ra to r declination change

2) a N/S s h ift  fo r  a so u rce -ca lib ra to r r .a .  change

3) no s h if t  i f  6 = 0

4) a phase e rro r  th a t is zero i f  Aa = 0

IIB b . Polar Motion

Consider the x te rm , the  pole w andering s lig h tly  down the  

local m eridian.

d> = W Aa cos6 t  cos6. n
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As be fore , go to  the  sky  coordinate system in the  d irec tion  

o f the  source.

As before th e re  is an apparent source position s h ift  

X = -A6 x  sinH cosS

Y = Aa cos6 x  sinH cos6 

p lus a noise term

(J>n = Wx (Aa cos6 sinH sin6 -A6 cosH) 

which va ries slow ly as H and W v a ry .

A sim ilar analysis can be done fo r  the  po lar motion term  y , 

a t HA = 6 hours .

IIB c . Example

rad ian . T h is  may be a b it  op tim is tic  fo r  x and y . Again 

t o ,  A6 ~10° ~0.2 rad 

U ~V ~W ~6 x 10s X a t 6 cm 

apparent position s h ifts  6S§ are ~0.2 x  V01 —V002 w ith  co rre s 

ponding phase s h ifts  fo r  <|)n ~0.006 lobes. In e ffe c t, the  small 

e rro rs  in time and polar motion are m ultip lied  by  the  source- 

ca lib ra to r separation in rad ians.

I IC.  Random Baseline E rro rs

A<|> = BT  6S0 + <b = BT  ET . (S -  S ) T s Tn sky  v s c y

_o
A ll th re e  polar motion te rm s, t ,  x ,  y  are ~5 x  10

The term  F g ives a random phase e r ro r .

T y p ic a lly  F ~0.05 to  0.10 K at 6 cm

<J> 10 x .2 ~. 02 lobes ~7°. Tn
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I ID . The Expansion Term

The baseline e r ro r  in th e  form  SB = a B is a scaling e r ro r ,  

due to , fo r  instance, a fre q u e n cy  e r ro r .

T h is  term  re su lts  in on ly  a position s h if t ,  which to  1st o rd e r is 

a fra c tio n  o f the  so u rce -ca lib ra to r ve c to r separation . There  is 

no evidence th a t th is  typ e  o f e r ro r  e x is ts  in o u r antenna 

positions.

111 Conclusion

These re su lts  agree w ith  in tu it iv e  estimates th a t one would 

make, b u t the  more e x p lic it re su lts  g iven here are re a ssurin g . 

One item th a t is not genera lly  recognized is the  m agnitude o f the 

no ise -like  phase e rro r  th a t some o f o u r w ors t typ e  T ca lib ra to rs  

may have in troduced  in the  data . (Section I B . )

T  T  s c 
= B 1 a 1 (S - S ) v s c J
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