
Tes t o f Phase- re fe rence Mapping f o r Switched Observat ions 

Walter A l e f 
Max-Planck- Ins t i tu t für Radioastronomie 
Auf dem Hügel 69 
D-5300 Bonn 1 
West Germany 

ABSTRACT. An obse rv ing scheme and sof tware f o r s i n g l e frequency switched 
p h a s e - r e f e r e n c i n g obse rva t i ons have been deve loped and t e s t e d on a source 
p a i r separa ted by 0 .5° (0248+430, 0249+436) . The phase c o n n e c t i o n was 
done u t i l i z i n g c l o s u r e p r o p e r t i e s o f phase and phase - r a t e . A c o m p a r i s o n 
o f the phase - r e fe rence map with a h y b r i d map shows the s u c c e s s o f the 
method. 

1. Mot iva t i on f o r Phase- re ference Mapping 

S e l f c a l i b r a t i o n a lgor i thms f o r the i n t e r f e rome te r v i s i b i l i t y have proven 
t o work w e l l i n the h igh s i g n a l - t o - n o i s e c a s e . When the s i g n a l - t o - n o i s e 
i s low, however, the interferometer phase cannot be determined unambiguously. 
And be low a f l u x l i m i t imposed by r e l a t i v e l y s h o r t c o h e r e n c e t imes no 
s i g n a l can be d e t e c t e d at a l l . 

To be ab le to map ve ry weak r ad io sources we wanted to e x p l o r e the 
f e a s i b i l i t y and the l i m i t a t i o n s o f phase - r e fe rence mapping f o r s w i t c h e d 
o b s e r v a t i o n s . Our aim was to deve lop a t e c h n i q u e f o r s i n g l e f r e q u e n c y 
o b s e r v a t i o n s , which would be easy to use , and c o u l d hopefully work without 
the need f o r a d d i t i o n a l a t m o s p h e r i c / i o n o s p h e r i c c a l i b r a t i o n measurements. 

2 . Switched Observa t ion o f 0248+430 and 0249+436 

We conducted a f i r s t t e s t o f the phase - r e fe rence mapping t e c h n i q u e f o r 
s i n g l e f requency swi tched obse rva t i ons in the spr ing o f 1984. The source 
p a i r 0248+430 ( - 1 . 2 Jy at 6 cm) and 0249+436 ( - 0 . 2 Jy a t 6 cm) w i t h a 
s e p a r a t i o n o f 3 3 ' was o b s e r v e d w i t h the r a d i o t e l e s c o p e s in Onsala, 
Effelsberg, Westerbork, Green Bank, and Owens V a l l e y . We chose the observ ing 
f r e q u e n c y o f 5 GHz i n o r d e r t o m i n i m i z e the combined atmospheric and 
i o n o s p h e r i c e f f e c t s . The data were r eco rded us ing the Mk3 system in mode 
E, so that one tape c o u l d r e c o r d four 13-minute i n t e r v a l s o f data . 

In o rder t o remove s t r u c t u r a l phase e f f e c t s from the reference source 
0248+430 we mapped i t wi th h igh dynamic range ( s ee f i g . 1 ) . The phases 
o f the r e f e r e n c e source were connec ted us ing c l o s u r e p r o p e r t i e s o f the 
phase and the phase rate to eliminate ambiguities. The remaining instrumental 
phase v a r i a t i o n s are due on ly to atmospheric and o s c i l l a t o r i n s t ab i l i t i e s . 
Sub t rac t ing these from the v i s i b i l i t i e s o f the weak s o u r c e p r o v i d e d an 
i n t e r f e rome te r s i g n a l , approximately f r ee from phase c o r r u p t i o n s , which 
con t a in s in format ion about the source s t ruc tu re and p o s i t i o n o n l y . The 
data were g r idded , i nve r t ed , and CLEANed us ing standard mapping programs. 
The r e s u l t i n g phase - re fe rence map i s d i s p l a y e d in f i g . 2 . 
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A comparison with a hybr id map o f the same source ( f i g . 3) shows that 
bo th maps agree w e l l down to the 10% l e v e l . The h igher n o i s e l eve l in the 
phase - r e f e r ence map and i t s seemingly more complex s t ruc tu re a r e due t o 
a d d i t i o n a l phase n o i s e which i s in t roduced by i n t e r p o l a t i n g the reference 
phase ( e r r o r s o f the o rde r o f ± 3 0 ° ) , and systematic errors which are caused 
by i n a c c u r a c i e s o f the c o r r e l a t o r models f o r the in t e r f e rome te r geometry, 
a t m o s p h e r e , e a r t h r o t a t i o n , e t c . The l a r g e s t s y s t e m a t i c e r r o r s are 
i n t r o d u c e d b y n o t m o d e l l i n g the b e h a v i o u r o f t he ionosphere and the 
t roposphe re , which show up as spur ious s t r uc tu r e s i n a phase - r e f e r e n c e 
map. From the low l e v e l o f such f a l s e components we can conclude that our 
phase - r e f e r ence mapping t e s t was no t dominated by systematic phase errors. 
However, i t i s d i f f i c u l t t o g i v e an es t imate o f their magnitude. We believe 
tha t t y p i c a l phase o f f s e t s are o f the o rder o f 30° t o 5 0 ° . 

0248+430 HYBRID NAP OF REFERENCE SOURCE 

. 0249+436 HYBRID NAP OF SIGNAL SOURCE 
τ—ι—ι—ι—ι—ι—ι—ι—ι—ι—ι—ι—ι—ι—ι—ι—ι ι—ι—ι—ι—ι—ι—ι—Γ 

0249+436 PHASE-REFERENCE NAP 

Contour l e v e l s : 

In Reference s o u r c e : 
0 . 5 , 1, 2 , 5, 10, 20, 
30, 50, 70, 90% o f peak 
0 .64 Jy/beam 

Signal source bo th maps: 
1, 2 , 5, 10, 20, 30, 
50, 70, 90% o f peak 
0 .031 Jy/beam 
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