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A b s t r a c t 

G e o d e t i c VLBI e x p e r i m e n t s a r e u s u a l l y c o n d u c t e d a t S/X dua l bands . 

Some a d v a n t a g e s can be g a i n e d a t some h i g h e r f r e q u e n c y band and i n 

p a r t i c u l a r a t 22 GHz band (K b a n d ) . We o r g a n i z e d a g e o d e t i c VLBI e x p e r -

iment on t h e 1 6 t h o f F e b r u a r y 1991 between Kashima 34m a n t e n n a o f t h e 

C o m m u n i c a t i o n R e s e a r c h L a b o r a t o r y (CRL)/ in Japan and M e d i c i n a 32 m 

t e l e s c o p e o f t h e I n s t i t u t e o f a n t e n n a ( I RA)/ in I t a l y . The phase c a l i -

b r a t o r was d e v e l o p e d u s i n g a new " u p - c o n v e r s i o n " scheme f o r Κ band. 

Data r e l a t i v e t o 212 o b s e r v a t i o n s o f 40 s o u r c e s were c o r r e l a t e d and f o r 

152 scans we o b t a i n e d c o r r e l a t e d a m p l i t u d e s / d e l a y s and d e l a y r a t e s . 

The r . m . s . r e s i d u a l s have been found t o be 100 PS f o r d e l a y s / and 74 

f s / s f o r d e l a y r a t e s . The c o h e r e n c e l o s s o f c o r r e l a t i o n a m p l i t u d e 

becomes l a r g e a t h i g h e r f r e q u e n c y band t h a n 22GHz due t o the a t m o s p h e r i c 

s c i n t i l l a t i o n . The e s t i m a t e d method o f t he c o h e r e n c e l o s s was p r e s e n t -

ed. The c o r r e l a t e d f l u x d e n s i t i e s a t Κ band e v a l u a t e d f rom them were 

f o u n d t o be s m a l l e r t h a n the ones a t X band in g e n e r a l . 

1 . I n t r o d u c t i o n 

C o m m u n i c a t i o n s R e s e a r c h L a b o r a t o r y (CRL) has been p a r t i c i p a t e d in 

t h e many CDP ( C r u s t a l Dynamics P r o j e c t s ) e x p e r i m e n t s s i n c e 1984/ IRIS 

e x p e r i m e n t s / and USNO's e x p e r i m e n t s . We a re d e v e l o p i n g t h e VLBI t e c h -

n i q u e s such as K4 VLBI t e r m i n a l / s i m p l e i o n o s p h e r i c d e l a y c o r r e c t i o n 

s y s t e m / m o b i l e VLBI s t a t i o n s f o r sea l e v e l m o n i t o r i n g / A n t a r c t i c a VLBI 

e x p e r i m e n t . In t h i s p a p e r / t he 22GHz g e o d e t i c VLBI i s p r e s e n t e d . The 

VLBI e x p e r i m e n t s a re c o n d u c t e d a t S /X dua l band p r e s e n t l y . H i g h e r 

f r e q u e n c y bands l i k e t h e r a d i o a s t r o n o m y VLBI c e n t e r e d a round 22 GHz/ 

c o u l d be u t i l i z e d w i t h some a d v a n t a g e s . The b e n e f i t s o f a g e o d e t i c VLBI 

e x p e r i m e n t a t 22 GHz band can be d e s c r i b e d as f o l l o w s . 

1) The o b s e r v a t i o n band w i d t h more than 1 GHz i s f e a s i b l e e a s i l y / and 

t h e n o i s e e r r o r s can be d e c r e a s e d . 

2) The n o i s e e r r o r i n t h e d e l a y r a t e becomes s m a l l . 

3) The i o n o s p h e r i c d e l a y c o n t r i b u t i o n can be reduced a t 22GHz band. 

U s i n g t h e s i m p l e i o n o s p h e r i c measure sys tem w i t h GPS/ a l l t he c a p a c i t y 

o f t h e d a t a a c q u i s i t i o n t e r m i n a l can be o c c u p i e d a t s i n g l e band in o r d e r 

t o improve t h e s e n s i t i v i t y . The weaker r a d i o s o u r c e s can be o b s e r v e d . 

4) The o b s e r v a t i o n d a t a as the w a t e r vapo r r a d i o m e t e r w i l l be ob -

t a i n e d by t h e same l a r g e a n t e n n a t o be u s e f u l f o r t he c o r r e c t i o n f o r t h e 

a t m o s p h e r i c d e l a y o f wet componen t . 

5) The i n f o r m a t i o n on c o r r e l a t e d f l u x / s o u r c e s t r u c t u r e s and the 

p r o p a g a t i o n c h a r a c t e r i s t i c s a t 22GHz band w i l l be o b t a i n e d t o g e t h e r w i t h 
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the geodet i c r e s u I t s . 
6) The p o s i t i o n s of both H^O masers and quasars w i l l be observed a t 

t h i s band. The p o s i t i o n s of quasars a t 22GHz w i l l be d e t e r m i n e d . Then, 
the r e l a t i v e p o s i t i o n s of h^O masers w i t h r e s p e c t to quasars can be 
measured w i t h i n 10 m i c r o a r c s e c . The p roper m o t i o n of the maser sources 
c o u l d be measu red . 

7) The i n t e r f e r e n c e problems are much less s e v e r e , t r o u b l e f r e e 
d e t e c t i o n in compar ison w i t h the S band crowded man-made s i g n a l s . 

2 . Phase c a l i b r a t i o n system 

In g e o d e t i c VLBI , the bandwid th s y n t h e s i s is the i n d i s p e n s a b l e 
t e c h n i q u e . The c o r r e l a t e d f u n c t i o n of a l l channe ls c o u l d be s y n t h e s i z e d 
in a c o h e r e n t way by the c o r r e c t i o n of phase c a l i b r a t i o n s i g n a l . In the 
s t a n d a r d M a r k - I l l da ta a c q u i s i t i o n t e r m i n a l , a broadband comb g e n e r a t o r 
m u l t i p l i e s the 5 MHz r e f e r e n c e f r e q u e n c y f rom Η-Maser up to the o b s e r v a -
t i o n f r e q u e n c y band in j u s t one s t e p . The m u l t i p l i c a t i o n f a c t o r becomes 
more than one thousand . The comb tone s i g n a l i s then a r ranged to g i v e 
r a i l s every 1 MHz UP to X band, in o r d e r to c a l i b r a t e each c h a n n e l . I t 
is tuned a t a d e s i r e d o b s e r v a t i o n f r e q u e n c y . The a v a i l a b l e power be-
comes low a t h i g h f r e q u e n c y and i t is q u e s t i o n a b l e i f i t w i l l be s u f f i -
c i e n t to o p e r a t e a t 22 6Hz w i t h o u t an a m p l i f i c a t i o n s t a g e . The new 
d e v i c e s deve loped f o r t h i s purpose are c o n s i d e r e d ( R . A m b r o s i η i , 1990) . 

To overcome these p r o b -
lems, CRL des igned a phase 
c a l i b r a t i o n sys tem, u t i l i z -
ing the " u p - c o n v e r s i on" 
scheme. The comb tone 
s i g n a l is f i r s t gene ra ted 
a t IF band ( s e v e r a l hundred 
MHz), then i t is c o n v e r t e d 
up to o b s e r v a t i o n f r e q u e n c y 
u s i n g f r e q u e n c y c o n v e r s i o n . 
S i n c e in t h i s case the 
mu 11 i Ρ 1 i c a t i on f a c t o r i s 
l ess than one hundred , i t 
is easy to ach ieve a good 
phase s t a b i l i t y . The phase 
c a l i b r a t i o n s i g n a l s can be 
made a t any o b s e r v a t i o n 
band. However, a f r e q u e n c y 
c o n v e r t e r u n i t is needed 
f o r each o b s e r v a t i o n band 
such as S, X and Κ band. 
The o u t l i n e of our phase 
c a l i b r a t i o n i s shown i η 
f i g u r e 1. 

3 . Exper imen t F i g u r e 1 Scheme of phase c a l i b r a t i o n system 

The g e o d e t i c VLBI e x p e r i m e n t a t 22GHz band between the Kashima 34m 
antenna in Japan and M e d i c i n a 32m antenna in I t a l y , was conduc ted d u r i n g 
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27 h o u r s s i n c e 8 : 5 7 on the 1 6 t h F e b r u a r y 1991. 

The p u r p o s e s o f t h i s e x p e r i m e n t a re C1) tο check o f our phase c a l i -

b r a t i o n s y s t e m ; ( 2 ) t o o b t a i n t he d a t a in g e o d e t i c VLBI and the c o r r e l a -

t i o n f l u x d e n s i t i e s o f r a d i o s o u r c e s a t Κ band; ( 3 ) t o d e m o n s t r a t e t h e 

"K4" VLBI t e r m i n a l d e v e l o p e d by CRL ( K i u c h i , 1 9 9 1 ) . 

To make the e x p e r i m e n t / we t e m p o r a l l y t r a n s p o r t e d a f u l l " K 4 " VLBI 

d a t a a c q u i s i t i o n t e r m i n a l and phase c a l i b r a t i o n sys tem t o the M e d i c i n a 

s t a t i o n . They a r r i v e d a t t he M e d i c i n a s t a t i o n j u s t one day b e f o r e t h e 

e x p e r i m e n t , and we had t o s e t them d u r i n g s e v e r a l h o u r s . 

We had 240 scans o f 40 s o u r c e s . We have been a b l e t o d e t e c t f r i n g e s 

when SNR was g r e a t e r t h a n 8 , and c o r r e l a t i o n f l u x g r e a t e r t h a n 0 . 2 J y . 

The lower Κ band r e c e i v e r o f Kashima is s p a n n i n g f r o m 2 1 . 9 GHz t o 

22 .4GHz, and t h e f i x e d band o f t he M e d i c i n a r e c e i v e r i s abou t 2 2 . 0 6 -

22 .56GHz. The o b s e r v a t i o n band became 2 2 . 0 8 5 - 2 2 . 4 4 5 GHz w i t h a t o t a l 

b a n d w i d t h o f 360 MHz t h a t was a l m o s t t h e same as one a t X band. The 

number o f v i d e o c o n v e r t e r s was 14 c h a n n e l s and i t s b a n d w i d t h i s 2MHz. 

The e f f e c t i v e f r e q u e n c y band w i d t h t o make a s y n t h e s i s was 133 MHz. The 

o b s e r v a t i o n d u r a t i o n was s e t i n t o 300 s e c . 

4 . R e s u 1 t s 

The c o r r e l a t i o n p r o c e s s i n g t o o k p l a c e a t Kashima w i t h t h e K - 3 VLBI 

c o r r e l a t o r . We made c o r r e l a t i o n p r o c e s s i n g f o r 212 o b s e r v a t i o n s . The 

b a n d w i d t h s y n t h e s i s was s u c c e s s f u l f o r 152 o b s e r v a t i o n s . 

4 . 1 B a s e l i n e a n a l y s i s 

The b a s e l i n e a n a l y s i s was made u s i n g t h e d e l a y and d e l a y r a t e . The 

b a s e l i n e v e c t o r , t he a t m o s p h e r i c d e l a y o f the z e n i t h d i r e c t i o n f o r e v e r y 

3 h o u r s and a few c l o c k p a r a m e t e r s , were e s t i m a t e d w i t h o u t a p p l y i n g any 

c o r r e c t i o n o f i o n o s p h e r i c d e l a y . The s o u r c e p o s i t i o n s a re r e f e r r e d t o 

t h e ICRF90 in t he 1990 IERS 

t e r s a r e used the i n t e r p o -

l a t e d v a l u e o f f i v e day 

v a l u e s o f IERS-92C02, and 

t h e s t a t i o n p o s i t i o n s a t 

1 9 8 8 . 0 a re ITRF91 f r o m the 

1991 IERS annua l r e p o r t . 

The p o s i t i o n s a t t h e e x p e r -

iment were c a l c u l a t e d by 

t h e r e s u l t s o f GSFC (C.MA 

1 9 9 2 ) . F i g u r e 2 shows the 

r e s i d u a l o f t he d e l a y a f t e r 

t h e a n a l y s i s by SOLVE. The 

used d a t a were 138 o b s e r v a -

t i ons . The r e s i d u a l r . m . s . 

was 100 ps f o r d e l a y and 74 

f s / s f o r d e l a y r a t e . The 

a d j u s t e d Χ , Υ , Ζ components 

o f b a s e l i n e were 2 . 7 ± 2 . 7 c m , 

- 5 . 5 i 1 . 6 c m , and - 1 . 7 i 2 . 8 c m 

r e s p e c t i v e l y . The r . m . s . 
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w i t h o u t i o n o s p h e r i c de lay c o r r e c t i o n was a lmos t agreed w i t h the t y p i c a l 
v a l u e a t X band. In the f u t u r e / The i o n o s p h e r i c de lay w i l l become 
c o r r e c t by o t h e r equipment u s i n g GPS/ and the bandwid th w i l l be w idened . 

4 . 2 C o r r e l a t e d a m p l i t u d e 

The complex c o r r e l a t e d f u n c t i o n o b t a i n e d a t the o u t p u t o f the c o r r e -
l a t i n g p r o c e s s o r / has to be maximized w i t h r e s p e c t to de lay and d e l a y 
r a t e . The maximized a b s o l u t e v a l u e is the c o r r e l a t e d a m p l i t u d e . 

F ( n / A t / À t ) is the summation of c o r r e l a t e d complex f u n c t i o n f o r n ' t h 
channel a long the whole o b s e r v a t i o n p e r i o d ; A t are the a d j u s t e d 
v a l u e s of de lay and de lay r a t e / and η is the channel number. The whole 
o b s e r v a t i o n is d i v i d e d i n t o the s e v e r a l segments s h o r t e r than 1 m i n u t e . 
f ( n # 4 t / A t ; k ) i s d e f i n e d as the c o r r e l a t e d complex f u n c t i o n a long the 
k ' t h segment. Κ is the number of segments and k r e p r e s e n t s a segment # κ * 
number. F ( n / A t / A t ) is d e s c r i b e d as 1/K * f ( n / A t / A t ; k ) . 

We c a l c u l a t e d the f o l l o w i n g t h r e e c o r r e l a t e d a m p l i t u d e s . 

FO = Max of { I 1/N ί F ( n , A t , A t ) » > Ν ο 
Fl = Max of { 1/N £ I F ( n , A t , A t ) I } 
F2 = Max of { 1 / k £ * 1 1/N Ζ f ( n , A t , z > t ; k ) U α. ι 

where Ν is the number of c h a n n e l s . FO is the " t r u e " c o h e r e n t c o r r e l a t e d 
a m p l i t u d e / in the sense i t has been o b t a i n e d f rom an average over 
t o t a l o b s e r v a t i o n f r e q u e n c y bandwid th and the whole o b s e r v a t i o n p e r i -
od. Fl is the average of the c o r r e l a t e d complex f u n c t i o n over the whole 
o b s e r v a t i o n p e r i o d / but i t t akes the c o n t r i b u t i o n of each channel sepa-
r a t e l y , t h a t i s , i t is averaged w i t h o u t the phase i n f o r m a t i o n between 
c h a n n e l s . So t h i s a m p l i t u d e can be c o n s i d e r e d to be " i n c o h e r e n t " w i t h 
r e s p e c t to the bandwid th s y n t h e s i s p r o c e s s . 

The d e v i a t i o n f rom 1 in the r a t i o F0/F1 r e p r e s e n t s the coherence loss 
due to the mismatch of phase c a l i b r a t i o n . In the i dea l case t h a t the 
phase c a l i b r a t i o n i s e x a c t l y c o r r e c t / the r a t i o F0/F1 is equal to 1. 
Tab le 1 shows the r a t i o s f o r each sou rce / and they are a lmost equal to 
1. T h i s means v e r i f y i n g the accuracy of our phase c a l i b r a t i o n sys tem. 

F2 is the average of c o r r e l a t e d complex f u n c t i o n f o r the a l l chan-
n e l s over each segment/ but i t t akes the c o n t r i b u t i o n of each segment 
s e p a r a t e l y / t h a t i s / i t i s averaged w i t h o u t the phase i n f o r m a t i o n be-
tween every segments. T h i s a m p l i t u d e can be c o n s i d e r e d to be " i n c o h e r -
e n t " w i t h r e s p e c t to the p e r i o d l onger than the segment p e r i o d . 

The d e v i a t i o n f rom 1 in the r a t i o F0/F2 r e p r e s e n t s the coherence 
loss caused by the phase v a r i a t i o n d u r i n g the whole o b s e r v a t i o n . The 
phase v a r i a t i o n is due to the a t m o s p h e r i c s c i n t i l l a t i o n / the f r e q u e n c y 
s t a n d a r d and r e c e i v e r system such as Phase Lock O s c i l l a t o r . We have 
assumed the a t m o s p h e r i c s c i n t i l l a t i o n and the r e c e i v e r system to be the 
r e s p o n s i b l e f o r the d e v i a t i o n f rom 1 in t h i s r a t i o . A lmost a l l the 
v a l u e s , r e p o r t e d in Tab le 2/ are about 0 . 8 / as one would expec t f rom an 
a t m o s p h e r i c s t a b i l i t y o f 5 x 1 0 " ^ t o be c o r r e c t e d f o r the e l e v a t i o n 
e f f e c t . T h i s f i g u r e is c o n s i s t e n t w i t h t y p i c a l VLBI measurements under 
good weather c o n d i t i o n s in w i n t e r season/ as i t happened to be on the 
day of the main e x p e r i m e n t . In c o n c l u s i o n we have used the F2 a m p l i t u d e 
to e v a l u a t e the c o r r e l a t e d f l u x d e n s i t y due to the a tmosphere . 
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Tab le 3 C o r r e l a t e d F lux D e n s i t y ( J y ) 

SOURCE Kashi ma-Med i c h i n a Kashima-Mojave R a t i o 
NAME a t 22GHz band a t X band 22GHz/X-ban 

0106+013 .4 9 .5 
0212+735 .7 1. 0 .6 
4C67.05 .4 
0234+285 .7 1. 9 .4 
0235+164 1 .5 1. ,2 1 .1 
0300+470 .4 
3C84 .7 
0333+321 .6 
NRA0150 .6 
0420-014 1 .4 3. ,2 .4 
0528+134 .3 1. ,0 .3 
0552+398 1 .4 2 .7 .4 
0735+178 .5 1. .2 .4 
0J287 .6 2. .8 .2 
4C39.25 .4 1. .8 . 2 
1055+018 .6 1. .7 .4 
3C273B 1 .3 2, .0 .6 
3C279 1 .4 .7 1 .9 
1510-089 .8 3, .3 .2 
1546+027 .4 
1611+343 .9 
3C345 2 . 6 Γ .6 1.3 
1739+522 1 .5 
1741-038 .7 2 .9 .3 
1803+784 .8 1 .5 .5 
3C380 .5 
2021+614 .4 
2134+00 .3 2 .2 .2 
2145+067 .7 3 .2 . 2 
CTA102 .4 
3C454.3 2 . 1 2 .1 .9 
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T a b 1 e - 1 C o h e r e n c e 1 o s s by p h a s e T a b l e - 2 C o h e r e n c e l o s s by 
c a l i b r a t i o n ( F 0 / F 1 ) a t m o s p h e r i c s e i η t i 1 1 a t i on 

( F 0 / F 2 ) 

SOURCE F0/F1 SOURCE F0/F1 SOURCE F0/F2 SOURCE F0/F2 

0106+013 1 .03 0212+735 1.00 0106+013 0.60 0212+735 0.86 
4C67.05 1 .05 0234+285 0 .99 4C67.05 0.87 0234+285 0.83 
0235+164 0 . 9 8 0300+470 1.00 0235+164 0.87 0300+470 0 .72 
3C84 1 .01 0333+321 0 .98 3C84 0.86 0333+321 0 .81 
NRA0150 1 .03 0420-014 0 .98 NRA0150 0.80 0420-014 0 .92 
0528+134 0 . 9 8 0552+398 0 .99 0528+134 0.71 0552+398 0.88 
0735+178 0 . 9 8 0J287 0 .97 0735+178 0.76 0J287 0 .81 
4C39.25 0 . 9 7 1055+018 0 .97 4C39.25 0.71 1055+018 0.70 
3C273B 0 . 9 8 3C279 0 .97 3C273B 0.79 3C279 0.80 
1510-089 0 . 9 8 1546+027 1.00 1510-089 0.7-7 1546+027 0.67 
1611+343 0 . 9 8 3C345 0 .99 1611+343 0.88 3C345 0 .92 
1739+522 0 . 9 8 1741-038 1 .02 1739+522 0.89 1741-038 0.66 
1803+784 1 .05 3C380 1.10 1803+784 0.92 3C380 0.78 
2021+614 0 . 9 8 2134+00 1.00 2021+614 0.63 2134+00 0 .62 
2145+067 0 . 9 9 CTA102 0 .98 2145+067 0.81 CTA102 0.67 
3C454.3 0 . 9 8 3C454.3 0.84 

4 . 3 c o r r e l a t e d f l u x d e n s i t i e s 

We c a l c u l a t e d the c o r r e l a t e d f l u x d e n s i t i e s . The system tempera-
t u r e s a t Κ band are 120+40 /S iη (Ε 1) Κ f o r Kashima and a c o n s t a n t va lue of 
200 Κ f o r M e d i c i n a . The antenna e f f i c i e n c i e s a t Κ band are ( 5 7 - | E L - 4 5 ° | 
x0 .7 )% f o r Kashima and about 37 % f o r M e d i c i n a . 

Tab le 3 shows, on the f i r s t co lumn, the c o r r e l a t e d f l u x d e n s i t i e s 
o b t a i n e d a t Κ band on the Kash ima-Med ic ina b a s e l i n e (8000km) d u r i n g t h i s 
e x p e r i m e n t . For compar ison the f o l l o w i n g column d i s p l a y the f l u x d e n s i -
t i e s on the Kashima-Mojave (USA) b a s e l i n e (8000km) o b t a i n e d a t X band 
f rom CDP (CDP) ( T a k a h a s h i , 1 9 9 1 ) ; f i n a l l y the r a t i o of the f i r s t to the 
second co lumns. In genera l the c o r r e l a t e d f l u x d e n s i t i e s a t Κ band have 
second found to be h a l f s m a l l e r than X band. 

6 . Cone 1 us i on 

We have s t a r t e d the g e o d e t i c VLBI e x p e r i m e n t s a t Κ band. We have 
a l s o deve loped a phase c a l i b r a t i o n system u t i l i z i n g the " u p - c o n v e r t i n g " 
method. The g e o d e t i c VLBI e x p e r i m e n t a t Κ band has been o r g a n i z e d 
between the Kashima 34m antenna in Japan and the 32 m M e d i c i n a antenna 
in I t a l y . The r e s u l t o f b a s e l i n e a n a l y s i s a t Κ band w i t h o u t the i o n o -
s p h e r i c de lay c o r r e c t i o n are agreed w i t h t h a t a t S/X bands. 

The good per fo rmance of the phase c a l i b r a t i o n system has been v e r i -
f i e d by compar ing the c o h e r e n t c o r r e l a t e d a m p l i t u d e w i t h the i n c o h e r e n t 
c o r r e l a t e d a m p l i t u d e w i t h o u t a phase i n f o r m a t i o n of each c h a n n e l . We 
have a l s o p r e s e n t e d the method to o b t a i n the c o r r e l a t e d a m p l i t u d e w i t h -
ou t the e f f e c t o f a t m o s p h e r i c coherence l o s s . The c o r r e l a t e d f l u x 
d e n s i t i e s a t Κ band have been g e n e r a l l y found s m a l l e r than the ones 
o b t a i n e d a t X band on b a s e l i n e s of a lmos t same l e n g t h . 
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