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(3.1), (3.2) 00000

D, sin 0 cos 6 0 Dy
D, = —cosfsind sinfsind  cosd Dy (3.3)
D, cosfcosd —sinfcosd sind Dy
Dx sinf —cosfsind cosfcosd D,
Dy = cosf sinfsind —sinfcosd D, (3.4)
Dy 0 cosd sin D,

oood

3.3 Juuouoobuooog

EIRE %

Figure 3.4: 20000000000 VLBIDOOOO

3.3.1 UU00Oobbobouogooboboooon

oboobobooooobobooooboboooobobo ywooOoboooooobooz200
000000000 DO0O0OO0OO0O0O0O00D00 sO00000000O0 er, 0000 (¢cOD0O0)O7,00
00000 (geometrical delay) 00 0000000000000 0O0O0OOFigure3.4000000000

7=-D-s (3.5)

oooobooog

45



oo01

O034dmO0004mO0000 200km 0000000000000 0ODOO0O0O0 20000000
uobooboooobooboooooboooon

oo
0000bOO000OO0bOO 20000000 3°c00000O0obooogoboobooonodg
1
Tg = EDS
1
= —— - 9 15' o __ o
599792158 0 x 10° - cos(90° — 30°)

~ 3.3 x 10 *sec

SR REE
‘Eg """"

[

nt

EEERE T 1
Vi-T

KL

‘/L\:iﬁﬂﬁﬂﬁﬁc(r)

Residual Delay [usec]

Corr. Coefficie

Figure 3.5: (0)0000O00OO00DO00DO0DO0OO0OO0OO00OO0OOOOO0O000000000000000000000D0O00O0
00o00oo000o0oo0o0ooooD00 A/DOO0ODOOOODOOOODOOOODOO0O0OODO0OOD0O0OO0OO0OOOO0OODOO
oo0@)o0ooo0oooooooooo0o0ooUooU0ooLO0O0o00O0oD0O0LO0O00U00LODOD0OOO0O0OU00 rO0DO0OO
0000000000 (D0D00: Residual Delay 000000)0000000000 0000000

00000000 E(t)=Eycos(2rypt) 00000000 DO0O0OOO0OO0OOOODOOO

Vi(t) = a1Epcos(2mypt)
Vo(t) = agEycos[2myy(t — 7g)] (3.6)
oobooooboo gp0oobono v, V200000000 e00000D0OO0ODOOODODOOOOOOO

boooooooboooooboobobobobobobobooobooonbObOObOOO2000000
00000oooooo Cc(rn)oooo

1 [T/2
C(r) = lim —/ Vit —m)V5' (t —7)dt (3.7)
T—oo T Ji—_7)2
1 [T/2
= lim — / Vi cos(2mvy(t — 7)) Vo cos(2mvg(t — 74 — 7))dt
T—o0 T —T/2
1
= §a1a§|E0\2 cos(2muy(T — 71 + Tg)) (3.8)

00000000 C(rn)00o0o0O0U0o00o000o00oUo0o0oU0ooO0r0O00O0DOOOOOOO
OO00Figure 3.6 0000000000000 DODO (fringee 000)0000E200000000000
O00000000000000000000 (intensity) 0000000000

46



Spectrum (Orion KL H,O maser)

0.8

Amplitude
0.4 0.8

0.2
T

L

9 10

s
Frequency [MHz]

0 1 2 3 4 5 6 7

02

o

Corr. Coefficient
01
A A A

2

°©
Residual Delay [usec]

EXPER: j98056a

SOURCE: ORI—IRC2

START: O&6 09-08:00

INTEG: 3.9d9B scc.

ANT: NOBEYA45 — KASHIM34

PEAK = 2,460¢—01
at delay= 1 120 usac
rate = —0.181 psec/sec

SNR = 1967.74

Figure 3.6: 0000000000000 000000000(0): 0000000Crion KLIRC2000000000000 (O
00 22.235 GHzOO J-Net (00O VLBIO)OOOO 45m-00 34m 0000000000000 O00OO00O0OOO0OO0OOOO
00000000 (0): 0000000 7, 000000000000000000000000000O0O0D000000000
oooooooooooooboo rO00O0OG0OO0OO0O0COOOOO0OCOOOOOCOOOOOCOCOOOOOCOOOOOOOOOO0C0O0O0

gdoooooooooooooooooooo

47



AMP [scaled by Tsys]
2x107° 4x10™ 6x107 8x107°

Corr. Coefficient

0

w0

N

9

8 10
Frequency [MHz]

n

Aotp o str A .A..‘.JL.M“. A
T

o

Residual Dslay [usec]

EXPER: j98056a

SOURCE: 4C39.25

START: Q5B 10:35'58

INTEG: 60,965 sec.

ANT: NOBEYA45 — KASHIM34

PEAK = 3.027e—03
at delay= O 003 usec
rote = 0.398 psec/scc

SNR = 94.55

Figure 3.7: 000000D000D00(0): 00000 4C 39250000 22.235 GHz O J-Net (00 VLBIO) 0000
45m-00 34m 00000000000000000000000000 16MHzO0O00000000000000000000
00000000D000D00D00000000000000000000000000000000(0): 0000000 7,00

goooooooooooooooooooboooOooooooobOOObObOOoODOoooooooo

48



ubooobobo-robooo0oboobOobooobooboooobooboooonoag C’(V)DDDD[ID

Clv) = /_00 C(7) exp(—2mivT)dr (3.9)
- %a1a§|Eo|26(u — vp) exp(—2rivo(r; — 7)) (3.10)

gboooooboood C'(V)DDDDDDDDDDDD o0 2mv(r, —7) 000000000000
0(p,=mn))0000000000000000000000O0D0O00O0DOOO0OODO »OOOOOOO
gbooboooboood

3.3.2 U00O0obObOOoooobbobuoooobbbooooboboobog
oobooboboooboobooobOoboooboobooog E(V)IZIIZIIZIIZIDDDD

o0

E(v) = /t E(t) exp(—2mivt)dt

=—00

E(t) = / E(v) exp(2mivt)dy (3.11)
0000000000E()0D0O00OD0O000 »O00000 ¢(v)=Arg{E(r)}0000000000O0
E(»)00O0O Eo(v) 00000 E®W) = Ey(v)e'® 0000000 intensity 1 E(v)E*(v) = E2(v) 0O
0o00o0oo0Oooo0

it) = a; /OO Ey(v) expli(2nvt + ¢(v))]dv

=—00

Va(t) = as /OO Eo(v)expli(2mv(t — 75) + ¢(v))]|dv (3.12)

=—00

000300000000000000000000

1 (T2
C(r) = alaSTlin T/ T/QE(t—Ti)-E*(t—Tg—T)dt
00 =

1 T/2 (o) N
= apajy lim — E(t—mn) E(v)exp [2miv(t — 1, — 7)] dv| dt
T—oo T t=—T/2 v=—00
1

(o]
= aia; lim —/ E(v)exp(2miv(T — 73 + 7))

T—o0 =—00

T/2
/ E(t) exp(27m'ut)dt] dv
t=—T/2

= aa; /‘:’_ [Tlgréo w1 exp(2miv(T — 1 + 75))dv (3.13)

Clv) = /00 C(7) exp(—2mivT)dr

=—00

= aiasEj(v)exp[-2miv(n — 74)] (3.14)
0000000 (3.13)0ooo
. EW)E*(v)
lim —— \"
lTLH;o T
30000 ¢1,92 0000000000000 0000D00D0O00O00O00O0D000O00O0000000

49



00 (A1) 0OOUOO0O0O00O0O000000000000o00o0oooooo (3.14)00 (3.10000000
gobooobooooooooooboooooooooboooobooobobooooooboooooooDo
0000000000 ¢(v) 0000000000000 DO0O0O0OO0O0ODOO0UDO0OOOOO0ODOUD
0000000000000 0O000o0O00oo0O0OO (3100000000000 0U0O0DO0oDUoOOoUOOOoO
0((.14)0000000000000000000000D0O0UO0UOUOUO0O0ODOUOD0ODOD
000000000000 ¢(») 00000000000 0000000000000000000 (13 =17g)
oo0oo0O0oo0o0ooO0oo0ooooooon ¢=2mv(r,—m)00000000000000O0

3.3.3 UUUgbobobouoooobboogoobooboo

0000000000040 0000000000000000000000000 sO0000001700
OoOoOoOOOoOooooo A¢O

As = 2N

ol
Dcos6

c
Dcos6

A

Al

== unz

Al (3.15)

= 27

oooooooo

% = QWV%

o0& ol
2wy D Os

c ol
Dcos@

= 2

TN

(3.16)

O0000OMN=¢/v000000000000000 Deosf/ATDOO0O0OOOO (Spatial Frequency)
obobood«0booog

Ap = 2mull (3.17)

OOO0O0O0O0O0OD00O0OD0D0OD ApO00O00O0OO0 AIDOOOOOO0OO0O00O

3.3.4 ODUOond

00D000«w0D0000000000000000000000000000000000000000
000000D000000000000000000000000000 ¢04¢=2mt0000000
v=-+2200000000000000wDw=-2%0000000000000000000000
000000000000 000000000100000000000000000000000000

obooobOoboooobooooboobooooobooboooooboboooboOobooooobooog

00000 «.0000000000000000000 DecosféOOOODO ANODOOODODOOOOO
0000000000000 0000ooo0O (k- 00000, MA: 00000 OO)0OD0O0OOO

40000000000000000000000000000000

50



oo 2

O03m-00045m000000 200km00000 22GHz2O0O0O0O0OOOOOOOOOOO
boboboooooboobouobobdob 0000000000000 000O0DO000 1 mas
obooobooboooooboboooogo

oo

2.0 x 10° - 22 x 10?

- =1.47 x 107
“ 209792458 7> 107A
A¢ = 1mas=4.85x 10" rad
A¢p = 2mulA€ = 0.447rad = 25.6°

3.3.5 UU0UOOobbOobouoooobn

00000 100000000000000000000000000000000000000000

000000000 E(w)é(l—0h) 0 E(w)d(i—1,)020000000000000000 I(1)0

I(v,1) = E2(1)18(1—11)+ E2(v)26(1—1,) 0000000000000 00000000000/0000

000r=70000000000«00000000000000!=L0006,000000000

000000000000000000000000000000000000000000000000
0000000000 E()00000000000000000000000

Vi(t) = ai(Ei(t) + Ea(t))
va(t) = ag(El (t - Tgl) + Eg(t - ng)) (318)

O0000000000000000 71,7 00000000 ¢1 =217 = 2mul, D00 ¢ = 27070 =
2rul, OO0 OOO0OOCOCOOOOOOOODOODOODODODOODODODOOOODOOOOODOODODO
goggoooooo
C(r) = Ci(r)+Ca(r)
v /oo [lim Ey(v)Ef (v) exp(2miuly) 4+ By (V) E3 (v) exp(2miuly)

oo | T—00 T
exp(2mivT)dy
Clv) = Si(v)+ S (v)
= aja} [E}(v) exp(2miuly) + E3(v) exp(2miuly)] (3.19)

00000000000000000000000000000000000
0000NOOOO I(yi) = |EW)?(—-1,)00000000000000000

M=

Clv) =

k=1

Sk(v)

N
= aja} Z E2(v) exp(2miuly)
k=1

N

= ajaj ZI,%(V,Z) exp(2miuly,) (3.20)
k=1

o1



00000000000 I(yi)=E2(»)000000

Clv) = a1a§/ (v, 1) exp(2miul)dl
source
= aaj / I(v,1) exp(2miul)dl (3.21)
ource

0000000 (321)00I(l) « C(»)000000000000000000000000/000
00000000000000000%00000000 I(»!)=00000000000000000
(-00,00)0000000000000000000000000O0000000O00000000000
0(+~ww000000000000000000 ()00 (321)00000000000000 0O
00000000000000«0000000000000000000000000 «000000
000000 V(e 0OOOOOD0OD0000

V(v,u) = (11(13/ I(v,1) exp(2miul)dl (3.22)

source

00000000000 yYOoUOoOoOoooOooo (visibility) 000000000000 0OOOOOOOO
obobooO0oobO0oooO0o0obO0oobo0obb0o0obo00boobOo0dnFiguwre 36000000000
booooooboobobobowobOoboooboobooboboboboobooooobooboboon
000000000000 (3.22)00000000000000000O0OOOOOO0O0OO0O0UOOOOD
0000000000000 000000000000000D0000000000 (complex visibility)
oooooooono

0322)0000000000V(»,u) 0000000000 «0000000000O00O0O0O0OOO
000oU0oooOoooo I(v))D0OOU0DO0O0O0O0D00O0O0O0DU0O0OO00UOOOODUDOoooOOoOooo
000000 Van Cittert-—Zernike 0 00 0000000000000 O000O0O0O0O0O0OCOOOOOOO
gooboooooboooobbobooooooboboooboobbooboo0oobooobobobooobbobobooo
oboooooboooooooboon

S00000000000000000000000000000000000000
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oo 3
0000000000000 I(l)szxp(—%)DDDDDDDDDDDDDDDDDDV(U)D
l

oboo00gO0O00 1000000

od
V() = Io / exp (——2> exp(2miul)dl
o 20;
= IO/ exp [—4@ WQZUZ w) — 2772012u2] dl
o 20
= exp(—2772012u2)/ Iy exp <—ﬁ> dl
— 00
= Siotal exp(—2m207u?)
godod

Stotal = / I(l)dl = I()Ul\/27T

000000000 (total flux density) 000 O
0000000000000 O00U00o0O00O0O0oOO0oO0O0DOOOoUOoOOoOUOoOoOO (O
000)0O0ooO0o0o00ooOo00oOo00ooOo0oU0oOoOOo0DoOooOOo0ooOOoOoOoooOoOn

J2052+36 at 4.B15 GHz in LL 2000 Nov 17
T T T
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N 1
v
2
2
Clean IL map. Array: BFHKLMNNOPST 2
J2052+36 at 4.815 GHz 2000 Nov 17 E
: T : T
o ]
B
5 - . 1
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°
- 3 1
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5
=
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2
& o
3 1
= ] -
T |
ki 9 ?
K .
o
%
g o -
A ] &
I
, , , , , , , , , o 1
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Right Ascension (mas) i 1
Map center: RA: 20 52 52.058, Dec: +36 35 35.299 (2000.0)
Map peak: 1.01 Jy/beam
Contol : —0.0645 0.0645 0.129 0.258 0.516 1.03 g
Contours %: 2.06 4.13 8.26 165 33 66 St ) ) ) -
Beam FWHM: 3.9 x 2.14 (mas) at —21.3° ! 5 20 20 )
L TTTTTIN——— Radial UV distance alang P.A. 100° (108 A)

Figure 3.8: 20000000000 J2052+3635 000000000
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Clean LL map. Array: BFHKLMNOPS
17494096 at 15.356 GHz 1998 Dec 15

T T T T
o ]
<k 4
17494096 at 15.356 GHz in LL 1998 Dec 15
———— 77—
W, L
@ = &.‘ M‘I%"R‘MQ; Wiz o i
s N 7 7 s i
£ # o,
c © | L
o E i
: @ =
S °Or 7 a o 5
° £
3 <
®
2
EIEN
3 q
i3 ol 1
| | | | |
St T T T T T =
I
< L 4
I
o
3L 1
. v
© | | o
| T o L T e - - N
I I I I I I I <
6 4 2 0 -2 -4 -6 -
Right Ascension (mas) 3
Map center: RA: 17 51 32.819, Dec: +09 39 00.728 (2000.0) -F 5
Mpp kSBSJy/bam !
Contours %: 1 2 4 8 16 32 64
Beam FWHM: 1.08 x 0407 (mos) ot -6.33° S
T T T [N L L L L L o
TN \
o5 i s 2 2.5 3 35 0 100 200 300 400
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Radil UV distance along P.A. —40° (10°)

Figure 3.9: 00000000 17494096 DO OO0OO000O

3.3.6 UUOUOOO

000000 (coherence) 000000000000 OO0OOOUOOOUODODODOOOOOOOOOODO

goboooooobuo L,2000000000 COh(V)DDDDDDDDDDDDD
|S12(v)]

511(1/) Sll(l/)

0000000000000 0000000O00000O000oOoOo<coh(v)<10000O
00000000000000000 s)0000000000000000 m(¢),n(t)00000O0O

a(s(t) + (1))
as(s(t) + na(t))

coh(v) = (3.23)

Vi(t)
Va(t)

obooobOobobo oooooboooooa

000000000000
|@1a55(v) 5" (v)]

O = B T MG EE) T M) @80 T MeNGE6) T o)
_ |a1a2| 1S(v ) ()| (3.24)
la1||az] \/ v) + N1 (v)N;(v)][S(v)S*(v) + Na2(v) N5 (v)]

00000000000000000100000000]a1a}]=]ai|la:] 00 Ny =N, =000000
0Ooooooo
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N;=N,=0000000000000000000000000000000000000000O0
0 a=lalexp(ip) 000000 (3.24)00000

| (a1a3) | .
T = | (exp(i(ér — ¢2)) |
| {a1) || {az2) |
000000 ¢010200000000000000000 ¢1—¢e=const. 00000000000
010000
000 ¢ro=¢ —¢, 00000 0, 00000

1 2
P(¢12) = O_(b\/%eXp [_713]

oboobooooboooood

coh = /¢ exp(ip12) P(p12)dd12

12=—00

- 1 oo (¢r2 —i03)? b1y
= T)m /12_00 exp l—izji exp <—7> dpia
2
~ o (-2) (3.25)

O000Figure 3.100 00000000 o4, 0000000000000O0000O0O0O0O0 0900000
0000000000000 046 rad]000000O0OOOOO
oooooo0oooobo0ooooDobOoOoooboOo0oOooDboOoOo4s51000000DD00O

1

Cocberecr)ce _
AU,

o
[\

0 ..5 l 1 5 2 2 :5 3
Standard diviation of phases o, [rad]

Figure 3.10: 00D0OD0O00 0, 000000000000
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3.4 U0000O0O0O0OOOOOOOOO0OOOOOO0

boboboboobooboobooboobooooooOooooooooOooboooOoooboooOooboOobOobaoon
gooooooboooobooooboooobooboobooooobOooboboboobDoooDobobDoOoo
obooooboooboboooboobooboooOooboobooboobooboooboooOobooobooooon
gbooobOobooooboboooboobooooboobooooboboooooboooboOobonbn
gboooobooooooboooobooboooooboboooooboooooboOoboooaon

3.4.1 0OOOgoO

bbb oo oo oo ooooooooo
gdooouooouobouoobobobobooooooobooooooooOooUoOUoUoo
goooooobodobooooooooodooooooo oo oooooobo oo oboooooooon
doboododoobodoobobobooooobobooooooon
O0oUooooooovi)=Ww(l)+Vs(t)DOOUDOOOUOD (DO0O0O00oooooosoooo
000)0000000ooU0oO0ooooooo
< O(T) > = < (VNJ(t) + Vs71(t ) . (VNQ(t — T) + VS,Q(t — T)) >

= < VN71(t)VN)2(t — 7') >+ < VN,1(t)Vs72(t —7)>

+ < Vs,l(t)VN,g(t — T) >4 < Vs’l(t)VS,Q(t — 7’) >
= <Vsa(®)Vsp(t—7)> (3.26)

gbooobooooooon

1 [T/2
lim —/ dt
T—oo T Ji——7)2
ooboo0o0ob <«>0000b0b000b00ooobooooboooobooooooooooooboooooooon
gobooboooboooobooobooboobobooboobooooboooboooboooooboooaoon
gboboobooboooobooboooobooboooooooobooboooooboooboaoon

000000000000 D0O0O0OD0OD0D0D0D0000000000000000000 6200< C?(1) >
-<C(r)>?00000000000000000000

<C*1)> = < (Vna(t) +Ve1(t)*(Vna(t —7) + Vsa(t — 7)) >

= < (Vaa(t) + Vai(t)? >< (Vwa(t — 7) + Vaa(t — 7)) >

+ 2< (Vi) + Va1 (8)(Va(t — 7) + Vot — 7)) >2

= (VR >+ < VG (1) >) (K VR L) > + < Vo(t) >)

+ 2< Ve (t) Vet —7) >2 (3.27)
<C(r)>? = <Vg1(t)Vsa(t—1) >2

o2 = <C*1)>—-<C(1)>?
= (VR >+ < VG (1) >) (K VR L) > + < Vo(t) >)
+ < Vsi(t)Vsa(t —7) >2 (3.28)

Ofdo0o0oo0oooooooooboo4000000000000
< 21292324 >=< 2129 >< 2324 > + < 2123 >< 2024 > + < 2124 >< 2923 >

00000000VOO0000000000000000 <V2(t—1)>=<V2(t)>0000
0000000000000000000000000000000000000000000000
0000000000000000000000000000
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3.4.2 0O000OO0OO0OOO0OOOOOOOO

oo0000ooOo0oo0oooO0O00o0oooOo0O000oooO00000ooOO00O000b00O0bO0O000
000000000000 00000000 328)0000MOU00oO0Dn0oo0oo0oooooooo
oooooOoD0OO0OO

00000000 (system noise temperature) T, 0000 000000000000000O000O0
00000o0oooO0oo Kjoooo

ooooOo0O00o0o0o0ooooooOoOO0oO00oO0O0ooobooooOooOOOO0OO0OO000bObOOODbO kOOBO
000000 7T, 000000000000000000000000000000 (system equivalent
flux density) SEFD O O0OO0O0O0O0O0O

_ SW)A(v)
) = ——5;
SEFD = ijsys (3.29)

gboooboobobooobooboboobobooboobbooboobbooboobboob g d
oo

Sw) = g<Vi(t) >
SEFD = g < VZ(t) > (3.30)
000000000000000 (3.23) 0000000
o (v,u,v) = (SEFD; + S(v)) - (SEFDy + S(v)) + V2(u) (3.31)
000000D00000D0000000 (signal-to-noise ratio) Rs, 0O

Ren = V(w) (3.32)
' /(SEFD, + S(v)) - (SEFDy + S(v)) + V, (u) '

ogoooooo

3.4.3 U0U0O0OO0OOOOOOOODOOOO

gooooooooooooooooooooboooboobobobobobooobobooboooboooboo
oboocoooocoooooooooooooboobooboob -O00b00b0oboobobooboooooo
gboboooooooooboooooooboooboobooboboobobOoboboboboboboooboooo
goboooobooobooboooobooobooooboobooooobooooOooobooobooaon
obooboooobobooobooboooobooooooboooobobooooboobon

goooobooogoboooooooboooobooooboooobbooooobooboboobooo
0000O000o0ooood »(r)oo

< (Vau(t) + V() - (Ve ot — 1) 4+ Vot — 7)) >

\/< (Vs’l(t) + VN,l(t))z >< (VS,Q(t) + VN,Q(t))z >
< Vs’l(t)Vsyg(t —-7)>

r(r) =

_ (3.33)
\/(< V@ (1) >+ <V >)(< VE,(t) > + < VR (1) >)
0000oo0o00ooooOoooooO SyvyDoooooooo (3.30)DD (3.29)DDDDDDD
v/ Apg 1A >~ S(v) exp(2mwivT)dy
r(7) 0,1410,2 f,foo (v) exp( ) (3_34)

2kB \/(TSysl + TAl)(TsySQ + TAQ)
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good
gobobooobooboobooboboboboboobo C’(V)DD

A Ap1 A
Cw) = v Ao,140,2 S(v) (3.35)
2ks \/(Tigst + Ta1)(Tuys2 + Taz)

oood
Oo0oUooooooooo I(Lmy) 0000000000000 (3.3)0000000ooooooon
goooboooboo

A 1A I(1 2mi(ul dld
V(U7U7V) — 0,1410,2 ffsourcc ( ’m’ V) eXp( Trz(u +Um)) m (3.36)

2kB \/(TSysl + TAl)(TsySQ + TAZ)

goooobooo
oooooo000000000000000000000000000000000000 Ta < Tyys

00000 (3.35) 0
A 1 Ael AeZ
C(v :—’/ ’ ’/ = S(v 3.37
( ) 2kB Tsysl Tsy52 ( ) ( )
gogooooo

gboboobooboooboooooooboooboooooboobooboooboooboooboooboaoon
O00000000000000000000 Tax Ty, 000000000000 000000000
oboooooboooooooboon

3.5 U0o0obooooooobbod

3.5.1 Van Cittert—Zernike O O O

0000 10000000000000000000000000D00000000 200000000
0000000000000 000D 200000000000000000000000
0000000000Figure 3.300000000000000 310000000
000000000000 sO00000 s+As=(,mn)0000000000000000000
O0000P+m?+n?2=10000n>0000n=+1-12—-m20000
0000000 (,bmn) 0000000 (x,y,2)000000000 (D,,D,,D,)000000000
00 i(s+As)-DOOOOLYDI+Dym+D.n)0000

0000000 sO00000000DO0OO000DO0OO0O0ODOOO0O0DO ¢o0O0O

VDII +Dym+D.,n—14

¢ = 27
c
= 2n(ul+vm+w(/1-12—-m2-1)) (3.38)
oooooooogoo
_ (D Dy D,
(u,v,0) = (57, =5 7 (3.39)

O0O0(z,y,2)000000000000000000000I1,m«10000000 (3.38)0
000D0000000000000000




¢ = 2m(ul + vm) (3.40)

0Ooo0oo

OD00D0000Figure 3.1 000000000000000000000000000000 (I, m,n)
0000000000 dO000000000000000 I,(,md2000000000000000
0C(r)000000000000 Sv)000000000s000000000000000 (3.10)0
000 (3.38)00000

dS(v) = ara3,(I,m)exp(2mi(ul + vm + w(v/1 — 12 —m?2 — 1))dQ (3.41)

ocooooooboooooooOooooooobo0ooobOoooboOooDOoOob0 FOOODOOODOOO
0000000000000 00000UD (34)0000DO0O0OUOOO

Sv) = /z/ arasl, (I,m)exp(2mi(ul + vm + w(v/1 —12 —m? — 1))% (3.42)

1—12 —m?

O000Ixl,mk1O0000000DO
Sv) = // a1a3l, (I, m)exp(2mi(ul + vm)dl dm (3.43)
lJm

0oooooo

0 (343)007L,(,m) < S(»)00000000000000000000000000000000
00000000000 (I,m)« (4,v)000000000000000 S(»)00 (343)0000000
0000000 (u,v)000000000000000 (v,v)00000000000000000000
00000 (u,v)00000000000000000V,(u,w)000000000000

V,(u,v) = a1a3 // I,(l,m) exp(—i27mi(ux + vm))dl dm (3.44)

oooobooog
0 3440000000000V, (w,v)DO00O0O0O0OOOO (w,v)DOO0O0OO0OOOOOOOOOO
0o0oo0o0oooooUOo L,(,bm)00OO0DO0O0O0O00DO0O0O0O0DO0DO0O0OODOOOOOOOO

aiasl,(I,m) = //Vy(u,v) exp(2mi(ul + vm)du dv (3.45)

000 (3.45) O Van Cittert-Zernike 0 D0 0000000000000 0O0O0OO0ODOO0OOOOOOO
ooboboooboboooboooobooooooobooooboooobobooboooobooooon

3.6 LUOOOOOO

ooooboooooooo

goboooobooboobooobooooboooobooooboooooooboobboobooOoooboooobooaoon
boooooocoooboooooobooboobobobobobobooboooobooooooooboooo
oooo0ooooood (wyv)JO0OOO0OO0OO0OO0OOO0OOO0OO0O0OOOOOOOOOODOOOOOODOO
0O (u,v) 00000000000 (u,v) 0000000000000 ODO0OOOO0OOOOOODOOOOO
00000000000 000000U00000O00o0DUooooOO0OoUOUoO (wyv)y0O0OODOOOO
00o000o00o0oU0oO0o0o0o0oU0oo0UdU0(w,v) 0000000000000 UDOOOOOOUOOO
oood
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(u,v) coverage

0000000000000000 (u,0)00 (support) 0 U(u,v) 00000000000000000
000V(u,v)000000000V(u,v)0000

V(u,v) = V(u,v)U(u,v) (3.46)

50 at 4.B16 GHr 1938 Jul 04

(a) CLEAN image = (b) (u, v) coverage

(d) Dirty image

Figure 3.11: 0000000000 () 0 VSOPOOODOOOODOOOD 3C38000000000000000000000
CLEAN Image 0000000000000 00O0DO0O00DO0O0O0ODO((M) 000000 (u,v) coveragel D OOO0ODOOODO
000000000000 (c) 00000000000 XO0OOOOOOOOOODOOOO point spread functionD0 0000000
00000000000000000000D000000000000(d) O dirty image 000000000 synthesize beam O
00000000000 00000000000000 dirty image OO0

000000 U(u,v) 00 (u,v) coverage” 0000

"D0000000000000000000000D000MM 00000 Correlation Held u-v 000 000 000 Osupport
000O0OOsupport 000000000000 f(2) 000000 A= {x;f(z)#0} 000 ADO f(z) 00 (support) 1000
oooooooooo
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0000000 (u,v) coverage

0000000 (v,v) 00000000000000000000 (3.39)000 (3.3)000000000
0000000 (Dx,Dy,Dz)000000 A0000 (u,v,w) 0

sin(GST + A — «) cos(GST + A — «) 0 Dx
v = —| —cos(GST+A—a)sind sin(GST+ A —a)sind  cosd Dy | (3.47)
cos(GST + XA —a)cosd —sin(GST+ A —a)cosd  sind Dy

O00000O00ooO0o0ooOoO0 GSTOOOOOO (wyv,w)0 100000000000 OCOOOO

vA

<y

Figure 3.12: 000000000 (u,v) 0000000000000000 (u,v)0 (—w,—v)000000000000000
000000000000 +v000 B2cesd) 0000000000 4/D% +D2/X, 0000 (/D% +D%sind/A00000

gobooboooooooooooooOoooooooooOoO0oOoooboOooooOoOoO0oboOooOoOoooOOoOo0oOooboOoooooboOoOoo
gooooooooooboooooo

0 (347)00

2
Dy 2 2
5 v — SZ cosd D5 + Dy
D X 7y 4
“ ( sin & > A2 (348)

000000000000000000000 (4,v)0000000000000000000000
(0,82 cos6) 00000000 /D% + DZ/A, 0000 /D% + DZsiné/A0000

Figure 3120000000000 (4,0)00000000000000000000 (u,0)0 (—u, —v)
000000000000000000000000000000000000000000000000
0000000000000000000000000

000000000000(u,v)coverage 00 0000000000000 N,00000000 Nu(Na—
1)/20000N,(N,—1)0000000 (u,0) 0000000

100000000000 (u,v)0000000000000000 (u,v) coverage 000000000
00000000000000000000000000000000000000000 (u,v) coverage
000000000000000000
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00000600000 (w,v) 0000000000 DOO0OO (u,v) coverage 00D 0OODO0O0OOOODO
goboooboooooobooooobooobooboooboooooobooobooooooobDooooooo
goooboobooooobobooooobooooooboooo

gboooboooboooo veBIOOOoooooooooooooooobooooooobooobooo
0000000000000 000000000000O0U00000O0U0O000OO0O0O(u,v)0000O
0000000000000 (u,v) coverage0 0000000 DOOOOO0ODOOOOOOOOOOOOOOO
00oo0oo00oo0oo0oUo0oo0o0oo (ww)00D00D0O0OO06=00000000000000000
gbooooooooboooboo veBlIOOobooOoboooooooooooooooooooooboboo
O00000000000000(w,v) coverage0 00000000000 OD0O0OO0OOODOOODOODOO
ooboooooooboboooobooooooooboooooobooboooooobooooooooboooboOon
obooobOobooooobooooooboooon

(u,v) coverage 00O OO0
0 346)0 0000000000

FT {)A)(u, U)} = FT{V(u,v)} *«FT{U(u,v)}
I(l,m) *xB(l,m) (3.49)

000000000 20000000 (convolution)TB(I,m) = FT{U(u,v)} 000000 (synthesized
beam) 00O O0O0O0OOODOO

f(l,m):FT{f;(u,u)}D dirty image 0000000000000 (dirty image) 000000000
synthesized beam 0 0000000000000 O0OD0OO0OOO0ODOODOODOOOOODOOOOOOODOOO
O Osynthesized beam OO0 0000000000000 DDOCOO0O0O0OO0OO0OOOODODOODOOOO
gooobooboboboobooooboobobooUooboobobooobooobobDoobooo
goboobooboboooboooobobooboboobboobbo0obooboobooboboomoonoo
goooboobooboooboooobooboobooboobooboboobbooobag

3.6.1 0000

Figure 3480000 (v,v) 0000000000000 OOO0OOOOOUODOOOOOOOOOOOOO
oooooooOoooooooD (w,v)00O0 (w,v,) D0OODO0OO0O0ODOOOO:00000000O00OOO
00 (u,v) coverage U(u,v) 0 (u;,v;) D0D00000000D0000O00O0O0O0OO0ODO0O0O0OO0OOOO
oooooo w,00000b0booooobo0oooooOoo

M1
Ulu,v) = Z Wid(u — ugy v — vy;) (3.50)

1=

00w, 00000000000 000000D0 w;, Density Weight D;, 000 Taper 7; DO OO0
googooo

goooooo

oooooooooooooocobooooooOOoCOcCbOOoOoOoooooooDbOOobOcCOoOoOoOoooooOoad
0000D00000D0000000 0000000000 DO0D:0000000000O0O00O0O%0 oy
0000000000 NO0OO00000000000000000000000000000000000000000000

gobl1o000o0o0ooooooooooooooooooOoOoOoODOODOODOODOOOOOOOOOO0OO0O0000O0O0OO0ObOO
ooooo
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O0000o0o00D w; 0w, xe?000000D0000D00O p0O Weighing Power UO0O0p=-200
0000000000000

booooooooboooooobobobdbp=—-20000000000000000000
ooboooooo veBIODODODOOp=-20000000000000000000000O0O00ODOO
gbobobooobobobbooboboobooobobooboboobbooboboobdp=0
Op=—-1000000000000000

Density Weight

(uv,v) 00000000000 0CO00OOO0OCOO0OODOOUO0OOOO0OOOOODOO0OOOOOOOn
000000000o0ooooooooDooo0000U0oooooooooooooooooooOooog
0000000000000 0000O0000 At0000 (4,0)At00004=(D xw,)-e/A0000
0000000000000 0o0U00oU000o000U0D(w,Y) 00000000 OD0OO0DO0OOD0OOUDO VLBI
00 (Aw,Av) 00000000000 0O0OO0DO0O0ODO0OO0OODOOOO

D;,=10000000000000000000O000DODOD0O00O00DDOOO00DOOODDOOOO
Density Weight 0 O 0 O O Natural Weight O O 0 ONatural Weight 0 0000000000000 (u,v)
O00000ooooooooooDoO0oOo0o00oO0ooooooDooooOooDooOoOoOooOoOoOoOoOoOg
O000DoooOooDooooooooooDoooooDooog

D;00(u,v)0000 (Au,Av)0000D000000 N,0000 D; 1/N; 000 (Au,Av) 00
0000000000000 00000Uniform Weight 0 0 O O Uniform Weight 0 O O Density Weight
0 (w,v) 0000000000000 000000000O00O00O0O0O0O0O0O0OO0UOUOOOD0ODO0OOOO
O0000o0o00ooo0oooooooooooooooooooooon

Briggs (1995) U O Natutal Weight O Uniform Weight 00000000 O Robust Weight 00 0 00O
0000000000000 0000 UniformO000000C0O0 Natwral OOOOOOODOODOODOOO
OO0 Robustness U0 O0O0OO00O0O0DOOOODODOOOFigure 3.13 O O Uniform, Natural, Robust O O
ooooooooooooo

Taper

Taper T; 00 (v,v) 00000000000 Vu?+0?00000000000000000D00000ODO
goboobobOooboobooobooooboobooboooooOoobooboOob0TaperdonoQonQ
oobooboooobOobooooobobooooobooooobOobooonooDn

0000000 Taper 000 O0DO0OO Gaussian

2,2
T, = exp {— (uiQ;Qvi )} (3.51)

0000000000 FOT;01/e0000000000Gaussian0000000O00 GaussianO0O
obooboobooboboooboobooooobooon

O000000Photoshop OO ODOOOO0DOOOOO0O0O0ODOOOOODDOODOOO0ODOT TaperdO
0000000000000 GawssianOOO0O0O0O0O0O0O0O0OCOOOOOOOOOOOODODOOOOOO
000000000 0000D0ODOD0O000 Gaussian Taper OO0 O00OO0O0O0ODOOOOOODODOOO
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Speroidal
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FT FT
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Table 4.1: 2000000000 18000000000 O0O0O0DOOOODOOO
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oo T OO0 T+t

ooooogd Ant. i 0 deg. 0 deg.

Ant. j 0 deg. 180 deg.
OO0 (@oooo) Ant. i S + N(DC) S + N(DC)

Ant. j S+ N(DC) —S + N(DC)
oooooo Ant. i 0 deg. 0 deg.

Ant. j 0 deg. 180 deg.
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oooo S? + N? S? — N2
oooooogoono 282(00000000)
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Mixing 0 (IFO0)
LSB:  {exp{i(wLo — wir)t + oL} }* exp{iwrot + ¢Lo}
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Table 4.3: 900000000000 0O0OO0DOOCOO0ODOO
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l=—o00

w(il) = t(k)*t(k):/t(k’)t(k—k’)dk’

-2K 2K
Figure 4.45: ¢(k) D0ODODO0O W(I)
w(z)
X(f) = i W (I)ri; (1o + 1o7) e 27107
I=—o00
2Kt
Figure 4.46: W (r)
|sinc| & sinc”2
1.25
1
0.75
> 05
0.25
0
-0.25

X

Figure 4.47: sinc function (000) O sinc20000 (FWHM) O sinc 0 3.80sinc2 0 2.8 0000 00000000 sinc
000000000000000

124



c.0opooooooooooog

XFOOOOOOOOOOOmonochromaticOOOOOOOOOOOOODOOOODODOOOOOOOO
00000000000 T(fH)00000U00O0D000D0U0D () 00000000000

(OD0)=6(f - fo) * [T(f) * S(f)] = T(fo) = S(fo) (4.157)

0000000000000000000000T(fp) O sine function 00000000000 0OOOO
00000 fO00000O0000000O0DDOODOOO0O0O0O0O0wW(n) O ¢r)DO0OODO0OODDOODOO
DDDDDT(f):T(f)*W(f)DDDDDDDDDDDDDDDDDDDDDDWDDDDDDDDD
000000000000 0000000INumination pattern 000000000000 OOOCODOOO
O00O0O00Ovon HanOOBlackman OO OOOOOO0OOOO0O

4.7 0000

47.1 OD0OO0OOOOOODOO

oboooooooobooooooooooooooooooooooboooOoobOobooobooboooon
boooobobOoobooooboboboooboobooobooboooboooOobOoooobOoobo
vViBIOODODOOOODOOOO

viBIOOOOODOOOOOOOODOOOOOoOooDoOoOoOoooooOob2e00000000000
uoboobooboobooooboooon

boooooobooomuobooobooboboooooooooooooboboboobooobooooo
oboooobooboobooomuobooboooooboooboooobooboobobooboo
goboobooooboboooooobooogoon

e J000DOOOOODOODOODOOOOOOODOODOOODDOODOODOOOOODOODO
o0 vLBIOODODOOOOOOO

oboboooboooobooooooveBIOOOOOOOOOoOOooOOoooOOoobOoooooooon
gbobooooobobooo,booboobobobobooboobobooooboobOobooooooon
gboooboobooboobooooooobooboboooobooboooobooooon
gboooooooon

gbobobobobooboooooobooboooboobooboboboboobooobooooooboooon
gooooooooooooooooooveBlIODOODOOooOoOOoOOoooOoOOoOoooDoOOoOoooDo
gooooooboooooboobooooboboobooooboobooboboo

gbboobooboooobooboooboooooobobooboooboobooboobOooooonbo
goboooooboooobooog

gbboobooboboobooooobooboooOoobooboOoboooboobOoobooboon
000000000000000000000000 (truncation function) ¢(r) 000000000
goooboooboooobooooooboooooooobobooboooboooboobobbooDbooo
obobooobooboobooobobooooboobobooonog

gbooobOobooooobobooogooboo

gbboobooobooobooboooooooobooboobobooobo0ooobooboooboon
gboooobooooobooboooobooboooooobaoon

125



e JO0OUDOOODOOOOOOLOODOOUDOODOODOODOODOODOODOODOODOOO
gooooooooooboboooveBlIOOoooooooobobooobooooooboboo
ooo

e 0D 0ODOOODOODLOODODODODODODOODLOODLOODOODOODODDODLDOO

ooboOoooooobooooboooooviBloOooooooooooboooooooooobooobooooo
oooooooooooooooooooooooooooOobO VvVEBIDDOOOOOOOOOOOOooOoo
boboobooobooooobooobooobooobooooobooboooobobooboOoooobooobooon
obooobobooobobooooooboobooooooobooooboooobooooboobooooooboaon
ooo

472 0O0OO0OOODOODOOO
oood

000000000000 00000O0000O000O000UO0OO0nOO fs (OO sps: sample per second)
00000000 N (OO bit) DODOOOO0ODO AvO0000O Nyquist sampling00000000O00O0O
o000 f,0 fe=2Av000000000000C0000DODO0O0OODODOOODOOOODODOOODODODOO
O0000O0NoOOOODOOOOOO0COOOOOOOO0O0O0 2Ne 00 ODOODODOD0D0ODOOO0O0O0O0OO
Oo0oo0o0oooboO00oo0oO00oO0ooOo0bo0o0obO0o0oO00b00o0000000000 fsNoOOooO
00000 bps (bit persecond) 0000000000000 0O0O0OO0OOOO0OOO0OOOOOVLBI
ooooooboooooboboonog

000000000000 00 2Ghps000000O0O0OO0OODOOOOO0ON bit/sampledOO0O
00 fs =1Gsps, Av =500 MHzOOOOOO2 bit/sample 00000 Av =250 MHzOOOOOOO
ooooo

00o0odooooooooooDooooooooooooooo0ooOoooooOooooooooooo
gooodboodooOoooOoOobooOobooO0OoboO0oooobOoOobooO0obDoooDooobbooooOoo
g0o00Od0o0o0o0O0obOOo0o0O0oOdooOooOobOo0oOO0oDOO0bOoOOoDOoDOOoooOoDOoo

good

OooooobooO0o0o0ooooooOo00ooooDo0O00oooDOoObO0o0oooDoODOn M byte
=8Mbit 00D000000000000 T=8M/f;/NoODODO
O00000000D0D0D0D0D0OO0OVERAOOODOODODODODOD 640 Ghyte OO ODDODOODODO
0001024 MbpsODDOOOODOOOOO83OOOOOOOODOO
0000000000000 MarkIlVOOOOOOOOO 14000035 ecmd,0100002.5cm0d
OO000O00000D0O000 1800000000848 mODOODDOOODOO 680 Gbyted OO 01024
MbpsOOOOO 8OODOOODODODOOO
gbobooooobooobooooboooboooooboooboooboooboooboobOooboOoooaon
gb100000boooooboooooo
gbbooboooboooooboobooooboobo1oob0obooobooobOoxboobooobooooooboao
0008000000000 ODOODOD 400 GhyteD ODOOO3.2ThyteDODOOOOOODOOODOOOO
ooooo
gooooobooooboooboboooooobooobooobobboooooobboooooobboo
ooboooobOooboooboooooboobooobooooooobooooboooboooobooOoooboon
gboboooboooooobOoobOooobooobOooooobooooooooooboooboooooooon
gobooooooboooooobooooboooobooooboooooboooboooooooboaon
bboobooooobobooboobooooboobooooboooooboooo

126



oood

vioBIODOOOOOODOODOOooooooooooboobooooooooooobooboooooooooo
ooboooboooobOobooooooobooooboooobOooobooobobooboboooobooooogn
gobooooboobobooooboooboobooobooobooooobooobooboooboooobooOoobooboaon
goood

gobooooobooooboboooboobooobooobooooooboooooboooDbooDboooDo
gobooooooobooooboooboooooooobooboooooobooooobooobDoobboboobooo
ooboooobOooboooboboboooobooooboooooooobooooobooooooobbooooOon
gooooo

gboooboooooboobooooboobooooooboa

—F—TETHE

=

Figure 4.48: 00000000000 0000000000000000000000000000000000000000
ooo

data tack annotatbn track

..... /\/// 7

7 —TET

controltack

Figure 4.49: 000000000000 00000000O000O000000000O0O O control track O annotation track
0000000000000 00000000000000000000000000

1. 00oooboooooao

gooooboooboobooboobobooooooboobooboooooboobooboooooooDboooD
gooobooboooobooobooooooooboobooboooooobooobbobOoboDbooon
obooboobobooooboooboooooboooboooooboooboooooboooboon
gbbooboobobooooboooooooboooboobooobooobooOoOoooobooboon
gbboooboooboooboobooooooobooboobooooobboooobooboon
goooooobobooooboooooobooooboooboooobboobbobobooDbooo
obooboooobooobooooooooobooboooboooooboooOoooboobooboOoon
obboooboobooobooooooooooboooboobOoobooobobOoooboOoboooboon
gbbooboobooboooboobooobooboobooobooboooooboobOooboon
gboobooboooobobooooobooog

127



2.00000000000

0dd0D0Oo00dd0DbO0ododbOodooboo0o0oooOo0oooDoogoooDoooooooa
00 NODOOOOODOODOOOOoOooooOo 10000 NODDOOOoOoobDoDbhoooooooo
0000DOO0000oooo00o0ooo0ooobobo0o0ooooOo0o0ooooOoooooooOooooag
0000000000 00000D0000000D00000control track O annotation track( O O
000000000 oOo0o00o0oo00ooDooo0doDoo0o0ooooooooooooog
000000000 oOod0dboDoO0o0dobooo0ooooooooDooDooooDooooooooa
0d0000d0ooObOO0od0oOO0o00obObOo0o00o0oDoOoO00o0ooDoOoOoooDobOOoOoOooooa
0000DO0000ooOoo0oobOoo0oboooo0oooOoOo0o0oooooboDoooooooooog
oooooooo

. Ubooobooobgon

obooboooooboooboooboooboooooboooooooobooobooooooaon
gobobooobooobboooboooooobboooobooooooooboooooboooooboooonn
goboooboooooobooboooooooooooooboobooboobbooboooboobDOoo
obooboboooboooboboooboooboooboooooooooobooobooboooboooboon
ooboooooooooooboobooobOobooobooobooboooboobooboobooooboon
oboooboooobobooood

gooood

O0000000000000000000000O0 (BER: Bit Error Rate) 00 000000000000
oobooooobooobooobooboooobooOooobobboOoobooob BEROODOOOOOOOO

gbooobooobooobooobooboboobooobobobooboobooooobOoooobooo
O000OBER~ 10" 000000000000000000O0D0D0O0DOO0O0O0OOOOOODOOODOO
BEROOUOODODOODODOOOOODOOODOOODOOODOOOOOOOO0OOO0DbODOO BERODODOODOOO

00000000 BEROOOODODOOOOOOOOOOOBER~10720000000000000
01%00000000000000000000000000O0000000O000ooOoUooOoooOo
BERODODOOOOOOOOOODOOOOOOODOOOOOODOOOOODOOOOOODOOOODODOO
oboooboboboobooooboooboobooooooooooboooooooboooobooobooaon
ooooooooooooo

4.73 0ODO0OOOOOO
Table 4400VLBIOOOODOOOOOOOOOODOOOODOD

References

[1] Jarosik, N. et al. 2003, ApJS, 145, 413
[2] Kooi, J. W. et al. 2000, Int J. IR and MM Waves, 21, 689
[3] Vila Vilaré, B. et al. 2005, ALMA Memo 531

128



Figure 4.50: OOOVERADOODOOOODOODOOODO DIR-20000000000DIR-2000000000000

Figure 4.51: 0000000000000 00000800000000000000000000O00O0200 DIR-100000
0 DIR-2000 0016 0000000000000000

Figure 4.52: 000000000 00000 S2000 VLBAOOOOOOOVLBAOOOO

129



Table 4.4: 00O VLBIOOODO

oooooo 0OOoOo oooo oooo oooo 00 ooo
(Mbps) (GB)

Mark-3 1977 0000000 Honeywell M96 112 11 MIT /Haystack
K-3 1983 OO0OO0OO0O0OO00 Honeywell M96 128 12 ooooo
Mark-3A 1984 OO0000O0O Honeywell M96 112 138 MIT/Haystack
K-4 1990 OOoO0ooOoOogd DIR-1000 256 115 ooooo
VLBA 1990 OO0000O0O0 Honeywell M96 256 138 NRAO

S-2 1992 ooOo0Ox 8 Honeywell M96 128 230 SGL/NRC
VSOP 1994 goooooo  DIR-1000 256 115 ooooo
Mark 4 1997 OO0000O00O Honeywell M96 1024 680 MIT/Haystack
VERA 2001 0000000  Sony DIR-2000 1024 640 ooooo
K-5 2002 3.5 HDDx8 ooooooo 2048 120x8 0OO0O0O00O
Mark 5 2002 3.5 HDDx8 ooooooo 1024 120 x 8 MIT/Haystack
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Chapter 5
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5.1 U0O0OO0OOOOO0OO0OODODOOO0O

ooboooooooooobooobooobobooooooooooobooooooobooooooooo
0002000000000000000000000000O0O0O00O0OOO0UOOOO (O 33nOoOoo
gbo2000000000000000O00O00O00O00O0O0O0O0O0O0O0OO0ODOOO0ODOOOODbOOO0
0 (03.14) 0000000000000 0oo0o0o0oo0o0ooooo0ooooooooooOooo
gooboooooboobooooobooobooooobooobooboboobobooobboobbooobooDbbooOoo
ooboooobooooboooboooobooooboooobo0ooobooooooooboooobobbooobooboOon
oobooooboooboooooboooboooboooooboooooooboooobooooooobobooooOon
goboooooobooobooboobooboooobooboooboooobooboobooooboaoon
uboboobobooboobooooboobooooboooooaon

5.2 00O

00000000000000000000000000000000000000000000000
000000 MO00000000000000000000000 (troposphere) 100000000
0000000000000000000000000000000000000000 10kms0000
0000000000000 N,000 00,0000 H,00000000000000,0 H,0OOOOO
00000000000000000000000000000000 Figure5.10000000000
00000000H,000000000000000000000000000000000,00000
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000022 GHz(H,0)0 60 GHz(05)0 118 GHz(0,)0 183 GHz(H,0) 00000000022
GH0000000000000000000000000000000000000045m00000
S400000 S80000000000000000000000000000 115 GHzO 2CO(J=1-0)
000000000000000000000000000000 109 GHzO C80(J=1-0) 0 110 GHz
0 8COo(J=1-0)0000000000000000000000000000000000000000
00000000000000000H,0000000000000 00325 GHzO380 GHzO 439 GHzO
448 GHz0 475 GHz0 557 GHz0 621 GHz0 752 GHz0 988 GHz0 1097 GHz 0000000000000
000000000000000000000000000000000000000000000000
00000000000000000 (Figue 5.1)000000000000000 1000m000000
000000000000000000000000000000000000000000000000
0000000000000000000000000000000

5.2.1 0UU0O0OO0OODOOOOO

ooboooooboooboooboooooooboobooooboobooOoooboooboOooooooboboOon
oooooooono

Figure 5200 00000000000000000O0O0O0O0OD Z=35-FEFLO0O0O0O0OODOOOO
00 L, 00000000 ZO00O0OOOO0O0O0OO L(Z)=Lo/cosZ =LgsecZO000O000O0O0OOOOO
000000000000 0O000D000 L(2) 00000000000 ZooUooooooooOoO 7(2)
00000000000 L(Z)000000000000000000000 700000

T(Z) = m9sec”Z (5.1)
secZ = 1/cosZ (5.2)

goooboooboo
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Figure 5.1: 00000000000000000 (Matsuo et al. 1998)0000000000000000 cOOCIOOOOO
oooooooooo

000000000000000000 T, 00000000 ZO0OOOOO00000000000
000 V(Z)O

V(Z) = GTatm(l—e %) 4 Tpp + Topy + ... (5.3)

0000000000G,'/000000000000000 7T0000000000000000 VOO
oooooooooooobo 2000007, 0000000000000 O0OODODOOOOOODOODOO
T...00000000O0O00DOOOO0O000OO00ooOO00ooObo0oooO.0oobooooboooooDo
00000o0o0ooOo (b3)000000000D0O0UDOU0DOU0DO0OO0OO0DO0OO0OOOD 400000
0000000000000 0000 7, 000000 (00000000000 0OOO0OOR-SkyO OO
00000)000000000O0O0O0OUOOOOOOoOO Vo

Vr = Gs [Tamb + Trg + Tane + ] (54)

ooootdTy,ooooooooooooooooooooobooooobobooboT,,, 00o0ooooaoo
Oo00oooo0o01kmOD0OD0OO0OO0O0O0O0O0OODOOOOOOODODOOOOOOOODOOOOODOOO
gobooboooooboooboooobTIy,yoooobOoooobooooobooooboboooboo
0T, 00O0O0ODDOODOODOD0OD0OO0OO00O0OD00000 (5.3)0(5.4)0

Ve —V(Z) = Gg[Tame ™5¢7] (5.5)
000000000000000 (5.4)0(.5) 00 G,0000000

Vr — V(Z) _ Tatm e~ To sec Z (56)

VR Tatm+Trw+Tant+--~
l0oooo0o0000 sSSBOO00000000000DD0D0ONONO DSBOOOOOOO0O0O0O00OOOOO
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observation
4
/

/ atmosphere

Figure 5.2: 0O0oO0OoOoooOooOnO

0000000 (b6)D000000D0O0DOO

In [w] = ln[ Tatm —T1osecZ (5.7)

VR Tatm + Tmc + Tant + ..

0000000 (b.IUO0O0OO0U0OO0DOO0OUOOOUOO0OU0OOOUDOOUOOOUODOOUD pU0Oo
O0000O0oooooooooO0O0O0O0O0000000000O00d Figureb300DO0O0O0O0O0OOO
000000000000000000000000000000000000000(Tyg + Tant+...) O
goooboobooooobooobooooobooboooooooooobDOobobDoboooDbobobooo
0000000000000 00000000U0o0oO0o0oDooooUOoo (r1s07.1.6000)0

-0.55 [T

——y =-0.54199 - 0.057871x

-0.65 |-

20.70 |-

IN[1-10F@-PRI10]

y=

075 [

_0_807””\””\HH\HH\HHMH‘\HHMH ]
0.5 1.0 15 2.0 25 3.0 35 40 45

X=secZ

Figure 5.3: VERAOODOOOOOOOODOODOOO0OOO0OO00000O00O0OOT =0.057871000 0000000000
0000000000 (Tre + Tane+...)=196.5 KOOOODODOOOOOOOOOOOODO Tsys=2263 KOOO00O0O

0000000000000 0U0U0UUUUU ALMADDOOODOOOOOOOODOOOODODODODO
O00Figure 5.1 000000000O0CSO00O00OOO0O00OOOOOOO0OOOOOOOO ALMAOOO
O00000000000000000 225 GHz(220 GHz) 000000000000 O0O0OO0D0OOO0OOO
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uooobooooooao

Taos ~ 0.01+0.04 x [ —— (5.8)
[mm]
T345 =~ 0.05 4+ 2.5 X 7995 (59)
T820 & Teoo = Tago = 20 X (7225 — 0.01) (5.10)

000000000000 (Masson 1994; Hirota et al. 1998) 0 0000w 0000 O (precipitable water
vapor column) 00000 mmO000

obooooooooooobooooobooboooboooooooboooobooooooooboon
00000 (Matsuo et al. 1998; Matsushita et al. 1999; Matsushita & Matsuo 2003)0

5.2.2 0O000O0OODOO

gooooooooobooooooobooooooobobobobobobobooboooobobooboo
oooooo T, 000000000000000000000000000000000O000000
oobooooboooboooboooooooooboooboobooooooobooOoooooooboooooOon
oobooboooobooood

skoooooooooobooooobooooooooo sOOoOooOOOO0ODOOOODDOOODO
ooooboooobogoboo

IL(r) = Iu,cmbei‘r + Iy,atm(l —e ) (5.11)
2h13 1

c2 exp (Z—;) -1

(5.12)

000000000000 O000O0 Rayleigh-JeansOOOOOOODOOOOODDOOO

2kT >
2

I, ~ (5.13)

C

00000000000000000000000000000000000000 (0000)00000
0 (5.11) O

T(r) = Tempe " +Tam(l —€7) (5.14)

oooo0ooooUooT(rn)00o000O00O000O00 (00000 )W T, ODODODOODOOODOO
(~2.73K)0T,, 0000000000 T,, 000000000000 CO0OO0OODOOOOOOOOOO
0000000000000 0000000C00O00UD (b22)000000ODOO0OOUODOOOUOOO
000 (5.13) 00000000000 (5.14)0000 100000000000 OO0OO 2000000
boboooooooobooboobooboboobobobobobobooboooooboooboooobooobooo
000000000000000000000000000 (5.3)00000

T(r) = Tompe "+ Tatm(1 — € 7) + Tog + Tt + .. (5.15)

ydodooobbob 200ooboobbbobobobbbbodddooooobDobLDbbL bbb
000000 (SNR, Signal-to-Noise Ratio) O O

Tcmbe_T

SNR =
Totm(l—e ™)+ Trp + Tont + -

TCTI’L
= b (5.16)
€ [Tatm(1—e ™)+ Trp + Tant + ...

135



goooo0oooooooboocoooooooo TsySD
Toys = € [Tam(l—e )+ Ty + Tont + -] (5.17)
goooooooooooooooooooooooooboboboooooooo

SNR = aie™/Bi (5.18)
sys
0000000000 100000000000000(00000000000000000000)0
0oooo
000000 Z0OOOOOO0000000000000 T, 000 (53)000000000 2
D0000000000000000 V(Z)O

V(Z) = ToysGse™ ™ sec? (5.19)

O0000000000oo0ooooo (5.3)0(5.4)0(.5)0(.19 000000000000 DO0OOOODO
oooobooobooba
V(Z)
Tos(Z2) = —2) . 5.20
0000000000 (52000 Tsy(Z=0)0 M O00000000000000O0O0O0OO Ty, 0on
gooooooo

5.2.3 U0UO0bOUOOOOObOObDbOObOObOO0

0 (.200000000000000000000000ODOOO0OODOOODO Z(OO %—Z)DEIDEIEID
000000000000 00000 1000000000000000 (Chopper-wheel methodO Ulich
& Haars 19760 Kutner & Ulich 1981) 000 0000000000000 00OOOCOOOR-Skyd0OO
gobooobooobooooooobobooooooboooooobooooboobooboooooooboaon
gobooooooooooboooooobooooobooooobooooooboooobDoooboboooboobooo
oooooooooooobooobooon

00 7., 000000 (R)O0OOOOO0O0OOO VzkOOO (54)000000000O0OCOO0O DSB

O0000oO00oUoooooo (s4)0

VR = GSJ(VsyTamb) +GiJ(Vi7Tamb) +V;":r (521)
000000000G0G; 00000 signal sideband v40 image sideband v»; 0000000000 Vi,
goooood

hv/k

Jw,T) = S fRT 1

(5.22)

O00 TOOODO 000000000 O000DORayleigh-Jeans0O 0000000000 J(w,T)=T
00000000 (Sky)D0D00DD00000 Vi, 000 (5.3)000000000000000 DSBOO
obooooOobooooobobooooobooooon

Viky = GS[UZJI(V& To) + (1 —m)J (vs, Tspr)] + Gi[nljl(’/i,Ti) + (1 =m)J (v, Tspr)] + Vi (5.23)
00000000 O rearward spillover] blockage[ radiation loss 0 OO0 OO0 00O OO

m = Nrsshir (524)
fy Pa()dS2
rss T 2
" I, Pu )0 (>:29)
G
= 4Wf%(9)dﬂ (5.26)
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00000o0opP,0GUO0O0O0OU0O0O0O0OUO0OO0OOOUOUOUOUOOOOOOJ (vs,Ts)OJ (v, T;)
O signal sideband0 image sideband 000000000000 OCO0OODOO

J (e, Ts) = JWe, Tp)[l — e ™4 4+ J(vs, Tog)e ™4 (5.27)
J (i, Ty) = Ji,Tm)[1 — e "4 + J(vi, Tyg)e ™4 (5.28)

ooooooooooT,0r,0r,0A0D0D0OCCOOO0O0ODOCODOOO000OD O signal sidebandd image
sideband 000 0000000000000 O00000C0C0O0O airmass0000A=secZ0000000O
OOO0O0OD0OR-SkyOOOODOOO

AVear = Ve — Vi
= GS[J(V87Tamb) - nlJ/(VSaTs) - (1 - nl)J(V37str)]
+  GilJ (i, Tamp) — mJ" (vi, Ti) — (1 — m)J (vi, Tapr)] (5.29)
ogoooon
000000000000 00000000 Vseuree 00O
Viource = G [nl(]- - nf)J/(st Ts) + 77177f{=](’/sv Tem)(l - eiT)eiTSA
+ (s, Tog)e e ™A + T (v, Ton) (1 — €77 )} + (1= m)J (vs, Ter )]
+ GilmJ (vi, To) + (1 =) T Vi, Tor)] + Vi (5.30)

00000ns O forward beam coupling efficiency O O

fsource P"(l:[/ - Q)Bn(\:[l)d\:[j
’[7 =
! I Pa(2)d02

(5.31)

oooo0o0ooooOoB,(v)OOODODUODODODODUDOODOOUDOOUODOOODUOODOUDOOOO (Booo)o
oooood

AVvsourz:e = ‘/source - V;ky
= Gempe ™1 — e ) I (Vs, Tew) — J(Vs, Thy)] (5.32)

00000000000 0000 (rearward spilloverd blockaged radiation lossD 00000000000
0000ooo0o)oo

AV,
™ = source 5.33
a Gsnle*TsA ( )
AVvsource
= Vsourcen 34
Achal (5 3 )
= 77f(1 - e_T)[J(V57 Tew) - J(st Tbg)] (535)
A‘/cal
T. = Z——% 5.36
Gsnle*TsA ( )
G,
= J(VSa str) - J(VSaTbg) + G_[J(Vistbr) - J(Vinbg)]
G;
+ (eTsA _ 1)[J(Vs, str) — J(VS,Tm) —+ G—{J(l/i,st,,«) — J(VzaTm)}]
Gi  rian
+ ol ATTA D) [T (i, Ton) — T (i, Thy)]
eTsA Gl
+ [J(VsaTamb) - J(Vsastr) + _{J(ViaTamb) - J(Vistbr)H (537)

Ul Gs
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ooooosSBOOOOG; kG000

TC = [J(VS’TWL) - J(V37Tbg)]
+ 67'514[.](1/57 str) — J(VS, Tm)]
TsA
+ 677 [J(V87Tamb) - J(VS7str)] (5.38)
]

00000000000 (b.383)00 100000000000O0OO0OODOO0OODO 200000000
rearward spillover[ blockagel radiation loss 000 000000000000 300 ROODOO rearward
spillover[ blockageO radiation loss 0 0 000000000000 DOO0O0OODOODOOODSBOOOOO
G;0 G, 00000000000 bO00O00oDO0bOoooOobDOoooOooDOoooon

O00000DDOOOD0O0ORDODOOOrearward spilloverd blockagel radiation lossD OO OOOOOO
000000000000 0D0O000000000000d Rayleigh-JeansOOOOOOOOOOOO
oooo

T, ~ Tomp (5.39)

0000000000000 0000ooooon (5.34)0(5.39) 000

* A‘/source
N (5.40)
0000000000oO00oDo0oUoo0oo (h40)D00O0DOOO0OTFrOOO0OOOOOODODO
0000000000000 0D0O000000AO0rrearward spilloverd blockaged radiative loss 0 0 0 O O
goooooooooooooooooo
0000000000000 T, 000 (52000000000000000 (5.20000 (5.40)000
gogoobobbbboooooobobobbobooooo

T* AV‘}O'ILTCG

a ™ WTsys (541)

ooooooo

oo0o0O0O00QOO00O0O00oOooOoOO0OOOO0O0OoOoOoooOOOROSkyOOOOODOOOOOOO
AViource 0 AV 0O 00 AVouree 0 Ve OOOOOOOOOOOOOOO0O0O0O0O0O0O0O0O0O0O0O0OO
goooo

1. Rayleigh-Jeans 00O 00000 (J(v,T) ~T)O

2. 000000000000 (Thy < Tams 0 0)0

3. rearward spillover 0000000000000 0ROOOOOO0O0O0O0 (Tepr ~ Tampy)O
4. ROODOD0ODDO0O0O0O0D0000O0000000 (T ~ Tams)O

0000000000000 00000000000000O0O00UO0D00ODOOODUODOOoOoUO0O0%-
100%0000000000000000000000300KODODOD0DODROODODODUDOOD0OOD0ODO0O0OOO
000 430 KOUOODODOODOOOOODODO0O0O0O0oo0ooooo 10%0000000000000000

5.3 UU

goboobobolioooooooooooboooboooboooooooooooooooooboooobooan
gboboooboooboobobooboboboboooboobOobobOooobooboooboooboooboooo
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O000O00OFigure 540000000000000DO00000O0ODOOOO0OOOOODOOOOOOO
goboooooboboobooooobooobboooooooboboooobooobooooboOooboooboogooo
goboooobooboooooooooboobooooboooboooboooobooobbobooobbooobooOoo
oboocoooocoooooooooboooobooobobobobobooboboobobooobooooboooo
oboboooboooboboooboooboooboooboooboooboooboooboooboooboOobooboOoobooo

boooooobobobooooooobuobdnebOObObOOOOOOOOODODODOO
ooooooon

N = (ng—1) x 10° (5.42)

0000000ONOOOOODOOOOOO0O0O0O (Thompson et al. 2001)0

N = 77.6%[’ + 64.8% +3.776 x 105% (5.43)
P v v
= 1765 - 12.8% +3.776 x 105% (5.44)
7.6 .
S (P+ 4810%) (5.45)

pp0p, 0 POO0O0OOO0OOOOOOOOUODOOUOOOOP=pp+p, 000 hPa@7TOOO (K)
00000 (543)00 1000 20000000000000000OU0OODOOOOUODOOOODOOD
000003000000000000000000000000000000 (5.45) 0 Smith-Weintraub
0000000 20KOOO100GHz2O0O0ODOOOODOOOO (5450000 100GHzOOOO 1%00
0000000000000 000000000O00000o0O0o0OUooOO (43)000000O0OOOO
000000000O0O000o0O (h43)003000000000O

PbD Do
N ~ 77.6— + 64.8— 5.46

ooooboooobooooood
00000 pys O00OCrane(1976) D0 OO

T \*° 25.2(T — 273.16)

O000000000000000007T=240-310KO00001%00000000000000 HOOp,/pus
00000000 (b45) 00000000000 OO0O0OOOOOOUOOOOOODOOOO p, 0000
ooooooooooo0lkmdO0DO0OO0000DOOOO0OODOOOOODOODOOOOOOOODDOOO
goooooobooooobooobooobooooboooooobooobboobooobboooDboobooo
oboocoooocoooooooooboooobooboboboboboboooboobooooooooo
oobOoboboooboobooooobobooobooboooooboooobooonoo

Figure 5400 0000000000000 OO0OOOCOOO

Az ~ ajtanzg—astan®zy [rad] (5.48)
a1 = (np—1)(1—H) [rad] (5.49)
ag = —%(no — 1) = (ng — 1)H [rad] (5.50)

273.15+ T
H = 0.001254 | ————— bl
0.00125 ( 273.15 ) (5:51)

000000000 (0000000000 00O00O000O0000000O0O Thompson et al. 20010
Stone 1996 000D ) 00000 HFOOODOOOODOOOUOOOOOOOOODOOOODOOOOOAZzO
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booooboobobooboobuobbebe, O0D0O0OO0OOOOODOOOOOOOOODOODOOO
0000000000a; ~56000ay~00700000000 (Thompson et al. 2001)0
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De
L. =A-% =nD 5.53

oobooboobooboobooooboboooooboon

N = Ng+ Ny, (5.54)
Ny = 2.2x10°p40 (5.55)
Ny, = 1.7x 1072w (5.56)

atm

00000000000 000ONOOOOn0OO (b42)00000000000O0O0OON;,OO0O0O00OOO
000N 000000000 000000 (000 gem3)0pe, 000000 (000 gem™3)
00000000 (precipitable water vapor column)w O O

1 o0
w o= — Puwvdh (5.57)
Pw Jo
E» (5.58)
pw '

000000000p,0000000p,=1gem300000 (5.52)0(5.53)0(5.56) 0000000
0oooo

L. = 1.7x10°

~ 6.3w (5.59)

atm
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5.5 UJUUuoonogogd

OO00000D0O00000000O00DOO000000O0O00DOOO0OD0OO00DOOO00O0O phase screen
0000000 (Figure 55)0 0000000000000 0OO0OO0OOOO0OOOOO20000000A0
gbogobooobooboooboobobooboobbuoobbooboobbooboooboobg
gobooobooobobobooubooobooboobbbbbooobbooobboobboobo
bbb boobuooboobooboobobobooooo

000000000000000000000000 ((spatial phase) structure function) Dy (b) O O
ogooood

Dg(b) =< (®(z + b) — ®(x))* > (5.61)

000000000 (000 Carilli & Holdaway 1999 00O 00O00)O®(x) 00000 2000000
00000o0ooUo®(z+b0200000000000000000DO00O<..>000000
ooboobooooooobobooobooboboooboooooboooboboooboobooobooooon
oooooOosDOOO0000000O0ODOOO0DOODOOOO

®,ms = /Do (b) (5.62)
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Root Phase Structure Function (5400 sec) -- Jan. 27, 1997, 13mm
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Root Phase Structure Function -- Jan. 27, 1997, 13mm
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6.2 U0O0OOOOOOOOODODOOO

6.2.1 NMA, RAIMBOW

NMA (Nobeyama Millimeter Array) 000000000000 10mO0000 600000000000
000000000 100 GHzO150 GHzO0230 GHzOO 30000000000010GHzO0OOOOO
O0000ooooooooooooooon0 13-82mbodooono bOo0O02e-163mO0000 CO
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0000000000000 00000000000O0000000DO0O00000O0ODOO0000000
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Table 6.1: NMA/RAINBOW OO OO

goooooad 3 mm O 2 mm O 1 mm O
ooooooooo 86 GHz-116 GHz O 126-152 GHz 213-237 GHz
ooo 88 GHz 110 GHz 147 GHz 230 GHz
Tsys(SSB) [K] 450 650 800 1500
oooo 0.65/0.46  (0.60)/0.38 0.50/0.20 0.30/(0.10)
0 00 FWHPO [arcsec] 85/26 68/21 51/16 33/12
00000000 (NMAO ABOO) [arcsec] 2.0/1.7 1.6/1.4 1.2/1.0 0.77/0.65
00000000 (NMAO ABOO) [arcsec] 8.2/74 6.5/5.9 4.8/4.3 3.1/2.9
oooooooo @ [Jy] 0.8/0.2 1.3/0.4 1.9/0.7 5.8/2.8
O0oo00o0o0ooD (ooooo )b [mJy/beam] 250/96 380/150 570/280 1800,/1200
00000000 (000000)¢ [mJy/beam] 11/4.2 17/6.9 25/12 78/47
0000oo0oOo(ooo )d [mJy/beam] 1.0/0.38 1.5/0.60 2.2/1.1 7.0/4.2

0000 NMA(I0mOOOOO10 m-10 mO0)/RAINBOW(45 mOO000045 m-10mO0)0000
a: 1GHzOO160000b5e

b: 3125 kHzO0O040000010

c: 16 MHzOO400O00O0O1o

d:2GHzO0DO400000O10
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Figure 6.2: OVRO(0O) O BIMA(D)OOOO

6.2.3 IRAM PdBI
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6.2.4 SMA
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Figure 6.4: SMADODDODOOOOOOOO CSOOOO0 2000000000 JCMTO

6.2.5 ALMA
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goboobo2000000000000O000O00DO0OO0OOODOODOOOOOOOOOOOODOn

Table 6.2: ALMA 0O00O0O0D0OO0OOOOO)

oooo
00000000000 12mx64 (0000O0)

0 7Tmx12 (ACA: 00D0O0)
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Figure 6.5: ALMAOODOOOOOODOOOOOOO00O ACAD
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Figure 6.7: 0oO0O0OO0OO0O0OOOO0O

6.3.2 VLA, EVLA

VLA(Very Large Array) 00000000000 (NRAO)ODOOOOOOO 25 mO0000 2700
0000000000000000000002150m00000000000000021km0 YOO
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Figure 6.8: vLAODOODO
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Figure 6.9: 0000000000000 00000000000O00000000O00
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Figure 6.10: SKAOOOOOOOOOOOOO(DO0)00000000000000000000000000(00)0000
0000000000000 0000000000000000000000000000000000(@O0)0000000000
00 12m0000000000000000000000000000(@O0)0000000000 aperture array 000000
(00)00000000000000 7m0 6400 Luneberg Lenses 100 00000000000(0O0)000000000
000 110mx15mO0000000000000000
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6.4 VLBI

6.4.1 VERA

VERA (VLBI Exprolation of Radio Astrometry) 00000 400000 20m 00000000000
OoOO00 2300km 0O VLBIOOOOOOOOOD?200200 400000000000000000000
oooooooooobooooboooooocooobooobooooooooooooooononD 2000
0000032200 20002000)00000000000 VLBIODOODOODOOOOOOOOODO
0000000000000000000 (Figure 6.12)022 GHz043 GHzO 20000 2000000
OO0O000o00ODOO00 10000000 VLBIOO 2GHZzO08GHzO 200000000000000O
00002000000000000 VLBIOOOOOOOOOOOOOO AppendixBOOOOOOOO
VERAOOO200000000000000000000000000O0C0O000O0O0O0O0000G0O00
00000000 H,O0OSio00oo0o0oooo0o0oooo0o00o0o00000000000000B00O0
gboboooobobobobooboobooboobooboooboobbobooboon

Table 6.3: VERA O OO
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0ooooo 2300 km (00-000)

goog

ooooon 20 m

oooooo 0.25 mm(rms) 00000000 0.15 mm(rms)

goooon gooobooooboboooobooooogoon
200000 0.3-2.20

0oooo 000200 (00 7m/s00)

goog

SR 22 GHz043 GHz(20 00 )02 GHZO8 GHz(1O OO OO OO)
oooog 00 HEMT OO0 (22 GHzO 43 GHz)
000000000OoO0OO0 8MHz256 MHZ(OOOOOOUOOOOOODOOOOOOOODOOOOO)
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Figure 6.11: (0)VERAODOODOOOOOODOOOOODOO-0000 2300km0(0)VERAODODOOOOO
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6.4.2 VLBA, HSA

VLBA (Very Long Baseline Array) 0 000 00000000000000002mO00000 1000
0000000000 8000kmO VLBIDOOOOODOOOOO0D0O0000000000090 em(0.312 -
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6.4.3 EVN

EVN(European VLBI Network) 00 0000000000000 O00O0O0OO 4000000000000
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ubobooboooboooboogbo 18em6emUJ00 10001 em 000 9000000005 emO
0060000000 DO0ODOODODUOODDOOODUOODDOODDODOODDOODOOODDOODnDGO
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Figure 6.15: MERLINOOOOOOOOOOOO0O

6.4.4 MERLIN, e-MERLIN

00000000070 0000000000D000000000 200 km O MERLIN(Multi-Element
Radio Linked Interferometer Network) 0000000000000 Jodrell Bank Observatory 0 0 O O
O00000000vLBIOOOOOOOOOOOOOOOOOO0OO0O0O0000O0O00O0O0O0O00G000O
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0 (BROSCUOOO)UOOOOOUODO VLBIDOOODODOOOOODODODODOOOOODOO (3mm)O00 VSOP
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6.4.6 LBA

Australian Long Baseline Array(LBA) 00000000000 700000000000 VLBIOOO
000000000 100-3000 kmO0000000 HartRAOODODOOOOOOOOOOO VELBIOOOOO
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6.4.7 KVN
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Figure 6.17: KXvNOOoOoOooOoOoOO

162



6.4.8 VSOP, VSOP-2

VSOP(VLBI Space Observatory Programme) 000 0000000000000 0O0O0O0O0O0OOOO
000000000000 8mIO0OO00O000000O0O0O0OHALCA (Highly Advanced Laboratory
for Communications and AstronomyJ 000 )00000000000000O0OO VLBIODOOOOOO
0000010003000 o0ododnodooooo0Do0oob0o0o0oooon 1.6 GHzO 5 GHzO
000000000 21600 kmO0000 560 km 000000000000 30000kmOO0O000O0O0O0O
0000019970 20 1200 M-VOOOOOOOOODODOODOODOOOODODODOOOOOOODOOO
000000ooooooooooooooooooDoo e 00000000000 OODODOOOODOOO
0000000000000000000000000 22GHz200000000 01%00000000
0016 GHz2 O GHzOOODODODODOODODODODODOODODOODDODOOODOODOODOoOooDoOoood
0000000000000000000000000000000000000000000000

Table 6.4: VSOP O VSOP-200000
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gooon 21400 km 30000 km
ogoooo 560 km 1000 km
goooon 3-80 m 3 cm
good 0°.0375/0 0°.3/0
gooon gd gd
good ggd god
oo0oooooooOo 128 Mbps >1 Gbps
ooooo 0.45 mas(5 GHz) 38 pas (43 GHz)
goooooo a a
good googd a
googoon gd a
gooo 0o 0

Figure 6.18: VSOP(0O) 0O VSOP-2(0)0VSOPOOO 8m 1000000000000 VSOP-2000000000000
00 9mO0000000000000000000
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7.1 Oodooood

00 (Calibration) 0000000000000 OOOOOOOOOOUOOOOOOUOOOOOOOOOO
ooooooboooboooboooboooobooobooobooboooobooooboooooboaon
goooobooooooobooooobobooooooboboooooboooogooboo

Observable y

.....

Figure 7.1: 00000000000000000000000 yOOOO0O00 x00000 f(p1,pe,---;2) 000000
00000000y 0 2 000000000000000000000000000000000000000000000000
pi,p2,--- 00000000000000000000000

gboboobooboooboooooobooobooooobooobooobooobooobooobooOoboooboaoon
boobooboooooboooboobooboooobooobooooboobOobooobooobooon
goboooobooooboogooooooobboooooooboooooboooooooooooooobobOoo
oobooooooooobooobooobooooboooobooooboooboobooooobooooooboOon
0000000000 O0D000O (epriei: U00)000000O0O0OO0DOOOUOOOOOOOOOOOO
gbooobOobooooboboooboobooooobooboo

711 O000000OO000OO00ObOOobO00bOoOoDo

0000000 L(I,m) 0000000V, (u,v) 000000 van Cittert—Zernike theorem 0000 0O
gboooooboooooaoo

Vo(u,v) = //.A(l,m)[,,(l,m) exp [—2mi(ul + vm)] dldm (7.1)

o000lLmO0O00000000D00000ACODODOOOODODOOOOODDOOOODO (7.1)000
oooo000 A(Lm)L(,m)D00000000D0000000ODODODO0O0O0O00 ;000000
000D0000000D000 (u¥(t),y™(t)0000000 (7.1) 000000000

V) = //A(l,m)]u(l,m) exp [—2mi(u™? ()l + v (t)m)] dldm (7.2)
D000000000000VY()0000000000000Vy () 00000000

V) = gi(t)g; (VI (1) + ey (7.3)

Oo00oooooooood gO0dooo0o0ooooo0o0doddg;000000000000000
Ub0gOO0OO0DOO0O0O0O0DOODOOODOODOOOODOOOOODn
FXOooooooboooooooooooobobooooooboooooooboooooooooooo
0000000000000 XFOOOOOODOOOOOOOO p(r) 00000000000 7« v0O
obooboooooooooooocooooboooooooooobOobOobOobobobooboboooboon
goboooooobooobobooooooboooboboooobOoooobOoobooooooooboooobooaon
oooooooo0ooooooboo0ooooboObO00o0oDO0o000Do0O00d Figwre 720000
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000000 7,0000000000000000000000000000000000 K (Kelvin)
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Ta = 5 (7.4)
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000000020000000002000000010000000000000000000
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0000000000000000000000000000000000000000000000
00000000000000000 7,0000000000000000000000000000
00T, 0000000000 7.0000007.0000000000000

2T,

Se A

(7.5)

obobooboobooooboboooobooooboobooooobooogn
oboboooooboooboobooono pO00bOO0b0OOcO0oO0OOcOobOOoobOooboOoboooobooooboon
goboobooooobooooooboooon

AV4 Tcich

pij =
! \/(TAi + Tsysi)(TAj + Tsysj)

(7.6)

Oo0o0o0ooooooooobooD g, jbo0g0oooooooocoooooooooooOoOogoOog s,
0000o0oO00oooooo (re)00 (75000000000

2k Tai + Tsysi) (Taj + Toysj
_ \/( A Y )( Aj Y.])p._ (77)

Scij - /—AeiAej ij
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0 (77)000000000000000 p;000000000000 800000000000 S,
0000000000D000000 Sy;(t)0000000000000000 (u,v)000000000
0 Se(u,v) 000000000 Se(u,v)0 (u,0)— (I,m) 0 20000000000000000000
I(l,m)D0000000000

000000 SO000000000 Jy (=102 WHz !m=2) 0000000000
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Table 7.1: 0000000000 SEFD

00000 00 (m) 000000 (m?) 00000000 (K) SEFD (Jy) 0o

ooooo 8 27.1 80 8,140 4.8 GHz O
NMA 10m 10 50 300 16,600 90 GHz O
VLBA 25 330 30 250 4.8 GHz O
000 45m 45 1000 100 280 22 GHz O
Effelsberg 100 3780 26 19 1.6 GHz O
Arecibo 305 30400 28 2.5 1.6 GHzO

*000000000O0000O0000O0000o0O0OUoOOOoDOooOooOod

0000000000000 00000 SEFD (System Equivalent Flux Density) O

sppp — K0 + Toys)

o (7.8)
00000000 (7.7)0
Scij = Pij\V/ SEFD1 . SEFDJ (79)

oo0o0O0o0oOoooooOO SsEFDOOOOOO0O0OOOOCCOODOOOOMOOOOOOOOOODOOOO
ooooOoOOOOOOOOSEFDOOOOOOOOOOOOOOOOOO

OO000000000TAx T, 00000000000000004mO000000000001
JyOoooooooobo3KOOoOoooooooooooooooboooo wwoKOooboooo
000000000000 0oo0oOo0oUoooooo (7.8)0

2k Toye

EFD =
5 Aei

(7.10)
ooooooo
Table 7.1 000000000000000 SEFDOOOOOO

713 0000000000

OOo0oo0ooOo0oooo0oOooDooOgOo SEFDOO0OO0OOOOODOOOODOOOODODOOODODODOO
00 A 000000000 T, 00000000000000000000000O000O0O0O00O0D00O
ooooooO0O0oooOoo0oooooOoOooOo SEFDO0OOOOOODOOOOODODOOODOODOOO

714 0O00O0O00OOO0ODO

gooboboobooooboooboboboboboboooobobob0obobobobooooog
00004mO0000000000000 9000 1000000000000000000 WebO?20
0000000MO000%0 VLBAYOOOODODOOODOOOODDODOO0O00D0OO0000D000
goboboobooobooboobobboobboobbouboobboobboobbobboo
0000000000 SO0000000000OO0T,A00 (74 000000000000 O0O0O0OO
000000000000 ()0oo0o00o0o0O0U0o000O0oU000o0O0oUoo0oOOoOoUooooooon
0000000000000 0O00o00o0o0o0OoO00UD0@) UoooDUooooooooUoo
2NRO45m 00 000 http://www.nro.nao.ac.jp/~nrodbmrt/NEWA5M/4A50PENUSE/OpenUse/ef£2001 . html

300000000000 http://www.vsop.isas.ac. jp/obs/HALCAcal.html
4VLBA OOODOOODODO ftp.aoc.nrao.edu/pub/vlba_gains.key
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sys
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tbocmuoboooobobooooboooooobobooooobooboobobooooboon

71.6 0OOO0O0O0O0O0
0000000 Ty 000000000 T KODOOOOOO 700000D0000000DO

Tsky = atm(l - e_T) (715)

172



ooo0OO00000ooooOO0O0OO0000O0ooooooooOOOO0o0DOoOooooooDOoOD S,0000
O0000Do0o00poOooO000pDoDg S=Se 000000000 rO000DDOOOODODOO
gbooood

SecZ Measurement

2.5x10%

x107
T

Tam =271 £ 35K
7= 0.07674 *+ 0.0001

oise Temperature [K]
1.5x10° 2
T

102
T

Figure 7.6: 0000D0000000000000 45m00000 43GHz000000000000000 ZODO0O (secant)
0000000000000000000000000Tam =271+35K, 7 =0.07674+0.00001 000000r=00000
000 Ty, 00000000D0000000000000000000000000000000000000000000000
oooo

0000000000000 00-0000 ZO0DOOOOD 7=7msecZ0000000000 700
00000000000 ooUooooo (715000000

Taey = Tagm (1 — e7 05 %) (7.16)

00000000000000000000000000 Ty, 00000000000000000 Tam
07,00000007,000000000000000 (0000 ,000000000000)000
00000000000 -0000000000000000000C0

000000 (7.16)0 1< 10000 Ty 0 700000000000 Ty ~ TamTosec Z 000 0
0 Twmmo 00000000000 00000O0000000O000000 T, 0OOOOOOOOOO
0000000000000000000000000050

0000Tum=The: 000000000000000000000000000000000000
0000000000000 00000000000000000000000000000000000
000000000000 000000000000000000000000000@M 0000000
000000000000000000 7%, 0000000000000000000 G'T*. 00000

sys sys
0000000000000 G (T +Tey) DOOOODDOOOO

sys

G'(Tgys + Thot)

Y* = 717
a'Ts, (7.17)
DEIEIEIEIEID]DDDDDDDDDDDDDTS*;,SD
% Thot
T = o (7.18)

ooooooon
gboboobooboobobooooboboobobooboboobobobooboboan
ooboobobooobOOobooooobooooooon

S00000000000000000000000000000000000000000000000000

173



7.1.7 0000000

0000 p0O000OO00OODOOO S.0000000Q0OO (7.7)0O0O0OO0U0COOOODOODOOOOOO
gbooobooboooobooboooooboobooooga

goooo

bobooobooooobooooooooooooooboooooooooobOobobOoboboboooon
bobooboboobooooboooobooooooboo 1o 3oobooooono 200 8000o0oaon
000000200000000000000000000000O00O00O0OUOUOUOOO0 12%0
00 %O O00D00)00000000000O00O00DO00O0O00D0DO0O0O0DOOUOOOOOD
oboooOoboooobooooooboooooobooboooobobooog

gboboooboooboooboobooooboooboooooboooboooboooboooboobOoooOoooboaoon
gboboobooobooobooboooboobooobooobooooooobomooobooooobooooon
gooboooobooooogoobooooboooobooooooboobobboobboobbooooboobobooo
goooooo

gooobooan

gobooboboooboobboobooboboooboooboobboobobobboobobooooba
gboooboooboooo

HDEE

BIEER

ERIEBSRS

-45° .
0 FEEEm B

Figure 7.7: 000000000000 000000000000000000000000000000000000000O0
000000000 1/2000000000000000000000000000O0O0DO0O0OOOO0OOOO0OODO0OODOOOO
ooooooo

00000000000000000000000000000000000000000000000
000000000000000000000000000000000 Ar000000000000 fir
000000000 A¢ =2r(fir—f)Ar0000000 f,000000000000000000000
fe=1B(BODOD)0000000D0O00000000OOO00DDOO00 BO20)0000000
00000000000000000000 1/2B000000000 -4 <Ar< 00000000
00000000000000000000000000000 —n(fir— fu)/2B < A¢ < n(fir— fu)/2B
0000000000 —7/4<A¢<7x/400000000000000000 cosA¢O00000000

174



000000 <p>0 fir 000000

15 cos [27(fir — £)AT] dAT

<nlfiw)> = Ao (7.19)
fﬁf:—ﬁ dAT
_ 2B sin 71'(le - B/2)
7(fir — B/2) 2B

Osine000000000000O00DO00O 0.90(10%000)000000000000000000O0
uobooboooobooboobd <p>0000

B
d
<n> = ffIFZO < n(fir) > dfie (7.20)

Jp_o dfir

1
|
|

00000 0.966 (0 34%000) 0000

00 FXOOOOOOO0OO0OOOO0O0OOO0O0O0O0O000000000000000000000000
0000000000000000 AwOO0O0O0O0O00000000000000000000000 N
00000 AwDO0ODOD0OD0O0000000 —45 <A7< #;000000000000000
00000 cos 00000000000 20000000000000 ~1/N200000000000

0000000000000000000000000ONMAOOOOOOOOOOOOO000000
000000000000000000000000000000000000000000000000
00000000@MVLBIOOOOOOOOO0O0000000000000000000000000
000000000000000000000000000000000000000000000000
00oooo

imaginary part

real part

Figure 7.8: 00000000 300000000000000000000000+40-000000000000000000
000000000000000000000000000000000000000000 —n/8<A¢<7/80000000
o000 102000000000

XFOOOOOOOODOOOOO00O00000000000030000000000000000
D000 OFigue 7.8 00000000000000000000000000000000000000
D000000000000000000 -7/8<A¢<7/80000000000000000000C
sin(r/8)/(r/8) ~0.9740000000000 10 v200000000000000000000000
D000000000000000000000000000000000000000000000 o?
000w, 00000000000000 020

2 _ Y witor (7.21)

o =  —/————

(> wi)?

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDgggz&ﬁ;:&&4¢®DDDD

175



6(3—2v2) ~ V6
000096000 4%0000000
FXOOOOOOOOOOOOOO0OOO0OO0oOoO000O00oo0Oo0000o0o0o00oo0oo vsopoooOoO
00000007000 (128000)00000000000000000O0000 107°000000000

goooooooo ,/ L =12 L0930 0000000000000000000000000

goooooo

o0 vioBlIOOOOOOOOOoooOoooOoooooooooboOoOoOooOOoUooooboooooooooooDo
gbooooooooooooo viBlODgoooboboooooooooooooboobobobooboo
oboboooboooooooooooooooooooooooooooboooOooboOobooboboobon
ooo00Oo0ooO0o0ooOo0o0oooOo0oooOo0oooobo0oobbOoOooobOoOO0ooOoOoooO0oO0on0 vVeBIOO
OO0 VLBIODODOOOODOOOODO

oo0oooo0 poOOooO00O0OOOO00ODOOO0ODOODOOODOOOO AvOO

D.s
Cc

Av =1y (7.22)
gooooobobo0 ywoboboobobbsboboboooobobooobuoooobobooo
0000000000000000000000000 we~7x107° [rads_l]DDDD

D-s = (Dxwe)-s
~  Deywwe (7.23)

00000000 230GHz (00O 1.3mm) 08000 km 000 VLBIOOOOOOOOOOOOOOOO
000000000 430kHzO0000000O
oooo0o viBlOOOOOOooOOoOoOooOooooOoooooooooooooooooooooooooo
00000 6emOD000000000000O0O0OO 10kms™'0000000D0O0O0O0OO0 170 kHz
gooooo
gooooooobooooooooboooboooobooboooobboboobobooooDboo
obooobOoboooobooooboobooooobobo0oobooboboooboOobooooobooog

gooooood

goboooboooobooooboooobboooooooooooboobobooooboooobooboboboobooo
ooboooboooobooboooboobooboooooooooooooooooooooboooobooaon
boboooooooooooooobooooooooboobOoboOobOobobooboboobobooooon
goboooooobooooooobooboobooobooobooobooooboobooooooboaon
uboboobobooooobooooboboooooboooon

oooooooooOooddg egbOoOoOOOOOOOOOO0OOOOOOOOOOOOOOODOOO

000000 (325000000 exp<—¢7?2)DDDDDDDFigures.mDDm

7.1.8 U00OO0OOOOOOOOO

obobooooooooooooooooooooboobobobOobooboboobobooboooobooon
goboooooooobooboooooobooobooooooooooboooboboobooOooooooboooon
OSEFD000000O0O0O0O0O0O0O0O0O0O0O0O0N0O0N0N0NONNNNoooooooooooooooog
gboboobobooboobooooboboooooboobooooboobooong

176



ooo0o0o000o00000000000 S 00000000000000000000O00O0O0O0O0
000000000D p; 0000000000000 (790

log S.(1,0) 1100 log p1,0
log S.(2,0) 1 01 0 log go log p2,0
log S.(2,1) 01 10 log g1 log p2.1
logS.(3,0) | —| 1 0 0 1 loggs | 4| logpso (7.24)
log S.(3,1) 01 01 log g3 log ps.1
log S.(3,2) 0 011 : log p3.2

Ooboobooooob0 g=vSEFDOOOOODOOOOODOOOO gO0OOOOODOODOODO
SEFDO0000000C0CCOOOO0O0000O03000oo0oo0ooooooooooooooooo
obooboooobobooobOobooooboooobooobooon

log S.(1,0) log p1.0
log S.(2,0) log go log p2.0
log Sc(2,1) log g1 log p2 1
S=| 10g5:(3,0) [ g=| logg2 | p=| logpso |, (7.25)
log S¢(3,1) log g3 log p3.1
log S.(3,2) : log p3,2
110 0
1010
0110
P= 1 0 0 1
010 1
00 1 1
00000000000 (7.24)0
S—p=Pg (7.26)
0000000000 PPOO00O0O0OOOO
g=(P"P)"'PT(S - p) (7.27)

000000000000 300000 PPPOOOOOOOOOOOODOODDODOO
gbooobOoboooooboooobooboooooono

1. 00ooobooboooooboooboo
2. 0000000000 0DO0ODbOO
. 000ob0oboooooboooooboobooooboooooonoa

oooooooooooboboboobooobooboboboooboooooboOobOoboobobooonoo
goboobooobobooobooobooobboobooboobooboobOoooboooboooOoon
ooooboooooo viBIOOOooOoooooooooooooooooooooobooo

177



0000000 SO00000000000000 I(l,m)=2S6(1—1l,m—my) 0000000000
00000000 (ly,m) 000000000000000000000000000000000000
Se(u,v) = Sexp[—2mi(uly +vme)]0000000000000000 (v,0)0000 S00000000O
ooooo

719 0O00000OO00OO0DOOObOOO0bOo0bo0obonn

O000000000oo0oooo0o0000000DoOo0o0oOogon CalibratorDOOOO0DO QSOO
00000000 FlwxOOOOOOOOODOOODOOOOOoOoOoooooo
QS0OU0D0O0U00O0O0oU0DO0UDO0UDOoO0U0DODU00OO0UDOOO0OooODUOOOoOoOooOoon
000000000 (Secondary Calibrator) O O O O Secondary Calibrator 0000000000000
oo ooooooooooooooooooo
0000000 0oooooDooo0o0doOooO0ooooooDoooOoooooooDoooOoooooOog
000000000000 00D00O00 Primary Calibrator 0 000
Flux0OO0O0OO0OOOD0OO0O0OOOOOOCalibrator 000000000 OODODODOQOO Zero Baseline O
0000000000 Calibrator 0000000 ODOOOQO OO Bootstrapping O O O [TJ

5 arcsec
25 arcsec - 1

D
1k D

0.8 |

Amplitude

0.4 r

0.2 -

0 Y R R N S Nt e e .
0 10 20 30 40 50 60 70 80

Baseline Length [kA]

Figure 7.9: 0000000000000 O0O0000D0O000O00000000000O000OOO 5000 2500000000
00000000000 00000Firsst NUllOOO0O0O0O0000000D000ODO 082000000000

00000000000 00000O00OU0O0D0OOOU0OOlOD0o0o0oOOnO 00000 (7.28)
oooooooono

J1(7T9DD)\)

Dy)| =2
V(D) = 25070

(7.28)
000 Dy=+vw?+¢200000000000000000000,6,0000000, 5,000
00000000000 ,000 Sy=n3l,/40000Figwe 790 000000000000000
oooo
00000000000000000000000 1.42000000First Null 000000 0.820
00000000000000000000000000000000000 1.,500000000000
0000000000 (7.28)0000000000000000000000000

178



obooobooobooobooooobooooboobooooboobooboobooooooboo
O UranusO OO0 35 00000000Neptunel 000 23000000000000000O00000O
036-20000000000000000DO0O00O0O0ODOODO

Matian Angular Diameter Angular Diameter

(arcsec.)
al i
v o (arcsec.) Uranus, Neptune, & Ceres

2 15 NAAAAAAAAA, —

| -
NN NS

o i L i i i i i i i i 0 L n 1 L L 1 I n 2 2 4
0 365 730 1095 1460 1825 2190 2555 2920 3285 3650 0 365 730 1095 1460 1825 2190 2555 2920 3285 3650 4015

Day form May 11, 2005 Day form May 15, 2005

Figure 7.10: 00 100000000000000(0):0000000(0):000,000,00000000000

gboooboboooboobooooboobooooono

e JO00DOO0ODLDOODOODOOLUOODODOOLOOODOOODOO

e 10 00O Secondary Calibrator 0 0 Bootstrapping O O O O

Uranus, Neptune 0 0 0 0000000000000 0000000O0O00DO0O0O0O0OOO (Griffin &
Orton 1993) 000000000000 00O0O0OO ODO00OO0DOO0OUODOOOOOOI%0O000000000
O00O0O0OD00ODOBootstrapping 0 000D 0OO0DOO0O0O0OOOOOODOOO0OODOOOODODOOOODO
Joooooooooooobobobbobobobbbbobobooo0dddooooooooooooooo
000000000000000000%000000000000000000000 NMAOO A=3
mm 0 0 000 0Bootstrapping 0 0 O O O Repeatability) 0 1 -2%00000000000000000
goooobooboboobooboboobooobooboooboobooobooO.mp ™
0000000000000 O000O00bO00DO0OD0oO0OD0o0o000DO00FxOOdooOooooooag
oogoooooo

gbooobooooboobooboooboooobobooobooobooboooboboooooooboon
obooobooooboboooboobooooobooboooobooboooooboobooo

O0ODO0O0OWMAPOUOOUOOUODOOODOOODOO 2%00000000000000000000O
OFigwre 711 0000000000000 DOOOOOOOOOO0O0OODOOOOODOOOOOOOO
gobooboboboooobooooooboboooooboooo

00000 1emO0 BIMAOOOOOOODOOOODOOOOOODODOODOODODODOOOOOOO
00 Figure 7.11 000

200r0000Planck000D0O000DOOCOOODOOOOOOOODOOOODOOOOODOOODOO
oooooobooooboooboboobooobooooobooobooOoboOoobooooobooboooOoon
goboooobooboooobooobommoobooboobooooobooobooobobooboon
uobooboobooboooobooooon

179



600 + T RS

F—_— Mod:l 1.0E—4 NH, at lrEcP 2 bar; 1007 R
7Mod11054|\l'1= at 0.8<P<2 bar; ID%RH at P<0.81 bar

500 F——- Model: 1.0E-1 NH, at BG(P(Z Ler 1 end 50% RH at P<.D 61 bar
C Model: 7.0E-5 NH, at 0.8<P<2 bar; 10% RH

—— Model: 2.0E-4 NH<I at 0.6<P<2 bar: 10% RH 1

400

Brightness temperatura (K}

100 PR T L PR R

220 T T

£
£ 200
E
oL
180 BIMA
4 160 5 N
T WMAP TS /
% 140 - Sy ]
m| -
| 1 | 1
b 0.4 0.6 08 1 2 4
Wavelength (cm)

180 — T e

g | g
2 180 - 2 AP
3 E|
ki = ]
g T
a. a.
E £ -
3 )
@ %
g T
] 2
= =
p-d o -
& &
. P IS N | Figure 1: The overall arrangement for the gam measurement. Either the
0.4 0.6 0.8 1 1.2 1.5 1.8 standard gan horn or the regular feed can be conmected to the receiver of
[ Wavelength {cm) d  Wavelength {cm) the antenna on the left.

Figure 7.11: 00): 00000000000 (Page et al. 2003; Gibson et al. 20050 WMAP 0000000 9, 7.6, 5,
3mmO00000001-1.5%000000000000BIMAOOOOOOOOOONOOOOO 105mm 0000000000
(0):BIMAOOOOOOOOOOOOOOOOO0O0000000000000000000000000000000000000
0000000000000000000000 (SH)O0D0D00000 (6m) 000000000 Gsu/Gem 00000000
00000000000 000000000000000000000000000000 Que 000000000000000
000000 Ty measured = (2/2MB) - Tg Jupiter 0000000000285 GHz000000000000000

7.1.10 ODOO0O0OO00O
goooooo

0000000000000 0000000000000000000000000000 (phase center)
gbooobOoobooooboboooobooooooboOooobOoboooobobooooboOoDbo

0000000000000 0000000000000000D0D0000 As=(Aa,A0)00DO
OOoOoO0OOoOoOoOooooo AgO

A 21 (uAa + vAJ) (7.29)

%ZD As (7.30)

oboooboooboboooobooooboooooobooboooooobobooobooobooooo

1 a¢ D - As
T ooy c

(7.31)
00000000

180



boboobooooooooboobooboobooobw,vb 100000000000 0ODOOO0
gboooobooboobobooob11boobboobooboboobbooboo10bo0oboooobdg
gbooboooboooobooboaon

gboooobgoooo

EXPER  : g01016

SOURCE  : NGC1052

BASELINE : USUDA — TSUKUBA

TIME  : 2001 O16d 10:40:33
T

T
SS =1

AMP [scaled by Tsys]
2x107% 4x1072 Bx107° 8x107°
2x1073 4x107% Bx1073 8x1073

0
0

2
2

PHASE [rad]
0
0

. . . . . .
8500 8510 8520 8530 8540 8550 8560
Frequency [MHz]

Figure 7.12: 000000000 (0)00000000 (0)000000000000000000000000000000
0000000000000 0000000000000000000000O000 (SS=0000)000000000O00000
000000 SS=100000000000 —-3/20 (—234375nsec) 00 000000000000 DO0ODOOODOODOOOOO
oooo

oooboooooooooooooboooooobooooboooobooooooooOoooo0o poooooo
obooboobooboboooboobooooobooon
0000000 7,0 Ds/c000000OFigure3.300000000000 D=(X,Y,Z)00000O

1
Tg = [-X sindcos H+ Y sindsin H + Z cos ¢ (7.32)

000000000 HéOOODDDOOODO0OO0O0O0O0O0000000o00 (AX,AY,AZ)Oooooo
(732) 0000000000000 OOO0OOOO

Ooo0o0o0o0o0000 X, yoooooo1ooooooooooooooobooooooooboooo
oooooboooooobobooooo0oo ZzoooooooooooboboooooOoboOooooOboO0oooDoo
goboobooboobooboooooobobooooboboooobooooooboooo

0000000000 (u,v) 0000000000000 0D0O0O0DOO0O0DOO0OOOOOOO
00000000000o00000o0000ooO00oUooOO00oUooo0O0 (Hyyyoooooooooo
000000000 (732) 000000000000 (AX,AY,AZ)DO000O00OO0OO0OOOOOOOO
boboooooooooooobooboboboboboboboboobobooboobooooboooboooo
ooo

vioBIOOOOOOOOOOOOOOOoOOoOooOooooooboooobooboooboobooooogn ~10
emyr ! 0000000000000 O0O0O0DOO0O0O0OOOOOOOODOOOOOODOOOOOOO000
oooobooooooooooooooooobooboovLBIOOOODODOODOOOOOOOOOODODOOO
0000000000000 00000 VLBI (geodetic VLBI) 0O OO

181



gooooood

gogbboooboooboooboooboodbbooooob bbb bbobboobo
ooboooobOooboooboooboooobooobooooooboooobooboooboobooooobooon
bobooooooooboooooobooooobooooboobooboobooboboobobooboboooon
0000000%0000000000v0000»~200000000000000000000000
000000000 1emO000000000D000O0O0ODO0OOODOO0ODOODOOO Thompson et al.
(2001) 0000

O0000000000000 (excesspathy 000000000000 O0O0OOOOOOOOOOOO
O00000000000000O0O excesspathODOO0OOOO0O00O00000O0O0ODOOO0O0OO P
[(hWPa) 0OD0O0DO0OOT[K]OODODDOODOOODOUDOO 20000 secz000000000000O0
000000000000 00000000000000000000 py 000000 excess path L [m]
0 O Thompson et al. (2001) 00000

750py sec z

L = 0.00228 Py sec z(1 — 0.0013 tan? 2) + T (1 —0.0003 tan? z) (7.33)
O00000000000py 00000 HOOODOOOOO pys J00000000pys O Crane (1976)
000000000

T \°° 25.2(T — 273.16)
=611 =0 7.34
pvs (27&16) exP(i T ) (7:34)

000D00oO0o0oo0oOoOo00bOoO000o0o0ooooo0o00Doo0ooDOooDOo0oooDOoOoon =0
OO excesspath OO0 0000000000000 OO0OO0DOO0ODOODOOODOOOODOOODOOOODOO

0000000oo0000Doooo000oooo0ooooDooo00oooooooooooooon
000000000000000000000000000000000000000000700000
O000000D0 excesspath OO O O0O00O0O0OO0OO00OO0ODOOOOO0OODODOOO0ODOOOOOOOO
OexcesspathO0 00000000000 0DO0ODOO0ODOOO0OOOOOOODOOODOOODOOODOOOO
Oo0ooooooooooooooog

000000 excesspath OO0 0000000 O0OOODOODOOOOOOODOOOOOOODOODOO
OO000oo00o0ooooooooo0oooooo0DoOo0ooDoo00ooDoo0oooDooOoooDoo

excess path0 00000000 0OCOCOO0O00000OO0OODODOOOOOOOOO0OODOOODOOOOOO
0000000000000 0D000000000000D0D000 phasescreen 0000000 O0O0OO
0000000000000 0DO0D0OO0000000O0DO excesspathOOOOOD0OOOOOODOOOO
00000000 phasescreen 00000000000 excesspathOOOOO0OO00OOO0OOOODOOOO
0000000000000 000000D0O0O0O0 (structure function) 000000000000 OO
o000oo0oooooo0oooooooUooo00oodooDoooooooooooDooooDooDd
000000000 D0Oexcess pathO OO O0O0O0O0OO0O0ODOO0OO0ODOOOOODOODOODOOODOO
0000000 0DO0O000O00DO0O0DO0O0DO0O0DO0D0ODO0DbODO0D0ODOO excesspathOOOOQOQOO
oooooood

OO0 VLBIOOOOOOOOODO excesspathOOOOOOOODOOOO00OODO excesspathOOOOO
000do0oo0o0gooooooooooooooooO0oooooooOooooooooooooogg
O00000oooooooooooo0oo00000ooooooooooooooooooooo00g
000000000 00Do00oDo00oo0o0oo0ooooooo0ooooooooooooDooag
oOooo0ooooo vViBIOOOOOODOOOOOOoOOoOOoUOOOoOODOoOOoDOobOOobOobooboo
000000000000 0DOo0d00OvVERADOOODO 200000000000000000O0O00O00
OO000oooooooooo veBIOOOOoOOO

‘0000000000000 00000000000000000000000
"M00000000000000000000000000M00000000000000000000000000000
gooooooooboooooBbooo

182



uobooboooobooboooood

viBIODOOOOOODODOOOOOOoooooooOoOOOoOoooooooooooooooboooooDooo
O000000D0DODOOO0O0OD0O0000000000000 Apd0oooono

oboboooooboooobooboooboooboooboobooobooobooboooooooOoobooooboon
oboobobooobooobooooboooboooobooobooboooboooboOoooOoboobooboon
ooooooooboooobo0oooooobobooooDooOooobooOo veEBIOODOOOOOOOOOODODOO
gobooboooboobooboooobobooooboboooooboobooooboooo

000000000 (IF) 0000000000000 00000D0O0O00UO0DoOoOOooOoO
goboooboobobooobooooboboboooboooobooobbooooob veBIODODODODODOOO
oobooboooooooooobooobOoobooobooboobooobooOoooobobooboonon VLBI
000000 GPS (global positioning system) 00 0000000000000 0OO0OOOOOOOOO
~107"sec000000000O0DDOOO MHzOODOOO0OO0O0O0OOOOOODODOOODOOOOO0OO0OOO
gobooboooboobooooobooogn

oooooo

EXPER @ 198135

SOURCE  : 2145+067

BASELINE : SHANGHAI — HART

TIME 1998 136d 01:30:02
T

T
SS =1

AMP [scaled by Tsys]
1073 2x1073 3x1073 4x1073 sx1073
T T T

1070 2x1073 3x107 4x107° 5x1073

0
0

d]
2
2

PHASE [ra

L L L L L
4930 4935 4940 4850 4955 4960

4945
Frequency [MHz]

Figure 7.13: 0000 21454067 O Shanghai-Hartbeesthoek 100 00000000000000000000000000
gddbooooobooooooooooooooOoOobObOOOOOO0OO0OO0O0OO0bO0OO0O00000000000000000000O0
go0o0ooooooooooOoOOO0O0O0O0000000000 32MHzO 16 MHzOOODOOOOOOOOOOO0OO0OO0OO0OO0OO

gbobooooooboooooboooooboooboobooooboobooboobooooboon
ggodooooooboobooboobbbobbobboboddoooooob oL bbb o
000000000000000000000000000082 (bandpass characteristics) 0000000
000 H(v)=|H(v)|exp(igp(r)) OO OO

000000000 S(,m,v)=Sw)I(,m)000000000000000 (0000)00000
oooobOobooobooboooooonod S'Lj(l/)lj

i) = H,()HI(1)Sw) /:O /Oo 1(1, m) exp(2ri(ul + vm))didm (7.35)

m=—0oo

S00000000000000M0O000000000000000

183



good

Figure 7.13000000000000000DODOOO0O00O0O0O0OO0ODODOOOOOOOOODOOO
gbooobooboooboobooooobaoo

gbobooboooboooobooobooobooobooooobooooboooboooooboooboooboaon
gboooooooobooooooooooooooobooobobobooboooboboobooobooo
obobooboooooobooooboooobooboooboooboooobooobooobooooobooooon
obobooooooooooooooooooobobOobobOobOoboboobobooboooobooon
gbooobOoboooooboooooan

ooooooooon

gbooobooobooboobobboobbooboobd

1. 00o0obooboooan

oobooooooobooobooboooboooobooooboooooooo,bboooboo,booao
gboooboboo,0oob0boooooboboooooboooooboan

2.0000000000

oboobooooooooboobooobooooobooooooooooobooobooooaoon
uboooboooooan

oboobooooooboooboobooboobool1oobooboooboobooobooobo 1o
1000boooogooooooooDo

. Ubooobooboboo

gbobooobobobooboboooboobooboboobooobobobobobooobon
oooooobooog

7111 ODO00O0OO00ooOOobbOOoboon
goooo

00000 VIBIOODODOOODODODOOOOOOOOODOOODoOoOOooooooooooooooooad
0000oo0oooooooooooooo,00000,00000000,000000000000
0000000000000 oooooooo000000000o0o0ooooooooooooOoooog
000000000000000000000000 0000 VLBIOOODODODOOODODODOOOOOO
goooobooooooooobbooooob b oo b uoooooboooboog
O00000000ooo0o0oooo00ooo0oooooooooooovLBIoOOODOoDooooood

000 VLBIOOODODOOOOOOOOODOODOUOOOOOOOOO0oO0ooDOoooooooo 1/2B0O
0000000000000000000000000000 BOOOOOOOOODOOOOOOO00O0Od
OO0000o0d0oooo0ooooooooooooooog r200000™

000000000000 0000000000000000000000000000000000
0000000000000 0000000000000 (fringe search 000 O fringe finding) 00 00
000 VLBIOOOOOOOODODODODOOOO0O0O0O0DO Ar000000000000 A700000

DDDDDi,jDDDDDDDDDDDDDDD]}MDDDDDDDDDDVMDDDDDDDDDD

184



RESULTS FROM FRINGE SEARCH

‘ EXPER : t98135
a
5| ‘ ' T T T T _
X
©
i
5 I —
o X
o <+
2]
N
Q
% u‘j HOBART
3 o // ]
B &
: ¥ S EP P HART
T T S eeeeese NOTO |
REFANT : SHANGHA
S SPREPSEPS S 20 8 S
=h .Mfffkkkkf&7¢’4* e e o ]
§eor : MR ]
[
: 4
3
>
g =
o ot ]
o
o
7T |
‘ 4
REFANT : SHANGHA
| N | N | N | . i ) ‘ ‘
01710 20" 30" 40™ 50" 02"00™

TIME from 1998 136 day

Figure 7.14: 000000000000 O0000O0OO0 (0)00000000 (0)00000000000000000000
Shanghail 0000000000000 000000VSOPUZOOOO000000O000000O0000000O0OO00O0O0O0
000000000000000000000000000000000000000000000000000000000000

oooooo
f)i’j = / /gig;Vi,jdudt + €5
VIR t
— syl [ [explitor— o) Wisdvit + e (7.30
vip Yt
i = i+ 2mvAT

= ¢i0 =+ 2T |:I/0AT7;0 + (1/ — Vo)ATiO + I/ATl(t - to) + %I/A’I}(t — to)z —+ ...

12

Pio + 27 [ir ATio + 1o ATi(t — to)] (7.37)

000 4000000 (LO)00000ur=v-1 0IF00000000000000000000
0D02mAry0000¢: 0000 ¢, 000000000000000000000000000000
000000000000000000000000000000

000000000 (7.37)0000000 (A7,A+)00000000000(V,,/000000000
000000000000000000000Figue3.7000000 (Ar,A7)0000 [V;,/00000
00000000000

0 (7.37)0000000Am < vr 000 1A% < (t—t0)000000000000000000
0000000000000000000000000000000000000 (FFT)0000000
000000000

185



0000000000000000000000 A -A-000000000 A —-A700000
0000000000 o0oUo0o (724 0000000000000D0O0DO0O0UOODOO0OOOOD
goboobobooobooobooboooboobbooboooboobboboboobboooba
goooOoOoOo0Oo0O0OObODAUUOUODOOOOOOOOOOOOOOO

AT 1 0 0 O

ATz 0 1 0 0 Ar

ATy, -1 1 0 0 ATl

Amsg =] 0 0 10 Ar (7.38)
A7'371 —1 0 1 0

A7—3’2 0 -1 1 0

0 (733)0000000000000000000000000O0O0O0OUOOO00OUOOOOOOOoo
booobobooooobooooobooooong

gooon

A . EXPER ; 198135
Visibility Amplitude and Phase SOURCE: 2145+067
RANGE : 1998 136 01:10:02 — 0159:58
BASELINE: SHANGHAI — HART

orr. Coeff.
3x1073 4x107% 5x1073
3x1073 4x107% 5x1073

C

2x1073
T

2x1073

03
03

a1Mom 20™ 30 40 50 02"00™ 01"10™ 20" 30 40™ 50" 02"00™
Time

Figure 7.15: 000000000000000000000000000000000000000O0000000000000
goooooooooooooooooa

goboobooboooooboooooooooooboooobooooboooobooobooobooooobooooo
gooboooooooooobooooobooboooboooobooooobbooooooDoobobooboboOoo
0o00oo0oO0O00000o0o0000o0000oDooo0oo0o0on (r37)0 ¢, 0000000000000
obooobooboooboboooboboboobO0bOo0oobO0ob0b0OFigure 7.150000000000000
goboboboooboooooooboobooboooooooobooobooOoooboooobooobooaon
boboobooboooboobooboobooobooooobooooooboobobooboooobooobooon

186



bobooooobooobooooboooboobooooobooboooooboooooboobooobon
gboooboooboobboobooboooboobboobobooboobbooboobobdg
000000000000 O0oU00O00O00O000o00o0oD0ooD0oUOUO0ODODOUO0OOO (u,v)
ooooboooooooooon

Vi,j(u,v) = |V| (739)

oooo (7.36)|:||:||:|DDDD
Vij = l9ig;lexp(i(dio — j0))Vij + €i (7.40)
bij = dio— Pjo (7.41)

goooooooooooooobooobooboobooobobooboboboooboobooboobobo
00000 ¢, 0000000000000000000O000 (v41)0000000000O00O0O0
000000000000000 (v38) 0000000000000 UOoOO0oOoUOoOoOoUbOoO
O00 2nr 0000 (ambiguity) 000000000000 0O0OO0OOOO0OOOOOOOOOOODOO
goobobobooboboobooboooboobooooooboooooobbooobobooboboDbOoo
oooooooon

OO0 viBIOOOOOOOOOOOOOOOODOOOooOOOOOOoOoOooOoOOOoOooooobooOooo
Oo0ooOo0ooobOooobOoOoOooDO vVeBIOOOODOOOOOOOOOoOOOOoOOOoOoDOOoOoDDoDO
bobooooooooooooooboobooboboboboboboobooooboooooobooobooo
0000000000000 000O0O00D00O0000A0 self calibration 000 0O0O00O00OOOO

ooooboooo

0000000000000000000 S(»)00000000000000000000000000
000000000000000000000000000000000000000000000000
0000 (7350000 S()0000000000000000000000S;,(»)000000000
00 H(»)0OOOOOOOOOOOOOOO0O000000000000000000000000000
0000000 10000000000000
000000000000000000000000000000

1. 00o0oboooooboooooooboo

2. 0000000000O00O00O0O0O0O0O0O0O0OOObOObObO0O0OOODbOn

ooo0O vhBIOOOOOOOOOOoOoOoOoobooooooobooobooobooooooooo
oobooboooobooboocobOoboooooono

7.1.12 Self Calibration

goboooobooboobooboboooooboooboooooooooboooooboooboooboooooaon
bobooooooooboooooooboooooboobobobobobobobooboboobobooooo
gooooooooobooooooooooooobooboobobOobobobooboooobobooboo
000000000000 O0000O0OOdSelf CalibrationOOOOO0O0OOOOOO

ooooooogon f(l,m)DDDDDDDDDDDDDDDDDD I(l,m)0000O0OOOOOOO
goboooobooobooobooobobooboboooboooobooobooooobooooboooooboooan
000000000000 é(,m000D000000000000000000O000O0000O0UO00O0

187



000D00000000000000V;,;(#)°000000000000g:¢3V;,;()00000000
000000000 ¢g0000000000000000000000000000000000000
000D0g¢g=10000000004,,00000000000

00000000000V,,;()00000000000000000000000g,93V,;(t)0000
0000000000000000000000000000000000000000000 ¢’'000
0000000000000000000000

\)%:J

Viodel(t) = g;gg'*vxix;idel(t) (7.42)

000000000000 VY () 00000000000 20

¢ = X w00 - Vil P

ij Ut

3 / wi (DI () — glgl Vil ()Pt (7.43)

i Ut

000000 000000000000000000000000O00000000O0O00O000000
000 self calibration 10000000 (743)0 w,;(¢) 0000000000000 O00O0OO0OO0OO
000000000000000 oy 0000 w;;x1/0%00000000000000000000O
gboobOoboooboobooooboobooooboboooooboobooon

oboooboooboobooobooboboooboooboooOoooooboobooobooobooooon
0000000 S/NOOOOOOoUooooooooooooooo

0 (743)00000000000O00000O0OO0O0O0O0OCOO0OOOOUOOUOOUOOOOOOOOO
OOCO0O0O0O0O0O0O0O0D0D0O0O0OD0ODODOOself calibration 000000 OOOOOOO

Self Calibration Flow Chart

on g Tentatively-
R ?R’.e calibratiop calibrated Trial Image Final Image
visibilities A visibilities
Tentative
complex gain v

[}

gain
correction

Solution for gains to
minimize the residuals of
tentative visibilities from
the model visibilities

Model visibilities
calculated from the
CLEAN components

CLEAN
components

Figure 7.16: Self Calibratoin 000 O

1. 00b0ooboooboobooboobooboobobbobooboan
2. 0000000000 CLEANOOO

3. CLEANODOODOODOO0ODOOoDooooooad
‘000000000000 (4e)0OODOO0D0000000 400000 (u(t),v(t)) 00000000000

188



VSOP (2 & %3C 84 #il---Self Calibration M%h R

Self Calibration @ &l MRIC & B fI48Self Cal. Self Cal. DER#EHER

ESEYT 4 DRABZS > TR0 MEDFRETNEFZT, fIBICDONTD T7N2EDEA P SEBHETINESAT, fiI

CERDOAT—HBHELTNS Bself calibration %58 LR, f1iBne 18 & IRIBT 5 (<D VT sdlf calibration 25
BOTND—DBERLTELD, HOET LiER,

WERRBBIEDHICELRTTNS,

Figure 7.17: Self Calibratoin 0 0 O

4. 0 (743)0000000000000000O0 CLEANOOUOODODODODOOODOODOOOOOO
goboboobooboobood

o. OobOoOOobOOoboboooboooooobooooobaon

6. 0000 oOO0obOOoO0bOO0o0obOo0bono

0(r43)000000000000000D00DO0O0OO0OO0OOOOUOODODODOUOOOOUD
ooboooobooooooobooobooo N,OooboOooooooooooooooooo %Na(Na—l)DD
000000000 N,—-10°000000000000 (743)000000 N,0OOOODODOODOOO
goo %Na(Na—l)NtDEIDEIEIEIEIEI (N,—1)N,0O0ODO0O0OOO N OOOOOOOOOOooooo
00010000000000000003000000000000000000 (degree of freedom) O

dof. = %Na(Na —1)N, — (N, — 1)N, — 3N, (7.44)

0000000000000000000000 (reduced x?) = x?/dof. 0000000000000
goo

obOobooobooobooboooboooooooboooboobooooobOobobobooobooooon
(724)000000000000OO0OOOOUOOOO0OO0OOO0OODOOOOUOOO0OOOOOOOOO
self calibration 000 0000000000000 O0OOOOOOOOOOO

0000000000000 0O00000DO0O000000D0DOD0O0 self calibrationDOOO00O00O
goboooboobooobooboooboooooooboooooooboooboooooboooooobooboOoooOon
oboooobooobooooooobooboobooboooobooobooboOooooomobooon
O self calibration 0 000 0000000000000 00O0O00O0O00OO0O0O00OO00OO0O0O0O0O0O00O0O
OO0OVLBIODOOOO self calibration 00 0000000000000 000OO0OO0O0OODODOOOCOOOO
ooooboooogoooo

NMAO vVLAOOOOOOOOOOOOOOOOoOOoOooOooOOOOOOOOOOOoOooooooo
0000000000000 O000DOO000OO000DOOO0DODOO00bODOOO0 self calibration 0

VOopDoOoD0D000D000000000000000000000000000000000000000000000000
oooo0oooOoO0o0o0oOooOO0OO0o0O0OoOO0OOoO0boOoOo0

189



00000000000000000D0000000000000000000000000000Y00
goboooooooobboobooooooooooooooooooooooveBIDODOODOOO
000000O0O00O0O0O0O0OVERAODODOODODODODODODODODODODO0DO0D000000000000000O0O0
oboboooooooooooocooooobooooooooboobooboooOoooboOoobooboboooon
OO0000 VvVLBIODOOO

self calibration 0 O OO OAIPSO0OO Difmap 0000000 OODOOOOOCOOOOOOOOO
O0000O0O0OAIPSODO calib000000O0Difmap 00 selfcal D000 O0O00O0OOOOOOOO
gbooobOoobooooobooon

Self Calibration 00000000000 0OCOOO0OOCOOOO

oo
0000000000000000 (lp,m)DO0ODODD0OODUDO0OOODOOOOUOOOO 44,0000
ooo

Vij(uij,viz) = 9,95 // I(l,m) exp(2mi(us;l + viym))dldm
= gieimg;e*id’j // I(l — lg,m — myg) exp(2mi(u;;l + vi;m))dldm (7.45)
0000000000000 éy, dy,...,6y 000000

g

g,e i gse i // I(l —lp,m — mg) exp(2mi(u;;l + vi;m))dldm
source

= 9,95 exp(i(¢; — &;)) exp(2mi(uqjlo + vijmo)) // I(l, m) exp(2mi(u;;l + vi;m))dldm (7.46)

source

0000¢; —¢; = —2m(uilo+v;me) 00 00000000000000 61, ¢,...,¢oy 0000
ooooooo
000000000000000000000000¢; =-2n(uiolo+vieme) 000000000

¢i—¢j = = —2m((up — ujo)lo + (vio — vjo)mo)
= —27T(uijlo + ’Uijmo) (747)

DDDDDDDDDDDUUZUZ‘()—U]‘(),Uij:UiQ—UjQDDDDDDDDDDD

(0ooo

Closure Phase [0 Closure Amplitude

Self Calibration OO0 0000000000 D0D0O0O0ODODODOOOODDODOOODODOOOOODOAOC closure
phase (OO0 0) 00O closure amplitude (D000 0) 000000000 OO closure phase ¢ 000
closure amplitude Ajjg 0000000000000

Hooo00o000000000000000000000000000000000 self calibration 0000000000000
gooooooooOoOoOoooOoOoOo0ooooOoOoOooon

190



ik = &+ Ok + Pk (7.48)
Vi Vil

A = 0 7.49

J VillVir (7.49)

Self Calibration 0000000000000 ¢4,¢4,0, 0000000000000 closure phase ¢jjx
goobooooooobooooad

Gk = i+ Gk + b
= (¢ + b — ¢5) + (D + @5 — Dk) + (dki + Pk — i)

= ¢+ Ok + dxi = dijk (7.50)
0000000000000000000Oa; =la;/000000closure amplitude D 000000
- Viil[Vi
Aia - = Wil[Vial AJH fdl
Vil Vil

laia;Vijllaga Vil
|laia Vikllaja Vi
Vil Vial
= (7.51)
Vil [ Vil

0000000000000 0000D000000A0 closure phase O closure amplitude 000 OO
dodooooooooooooooooodddodooonooobooooooo
oooono

e J0OODODOOOOD closure 100000000 OOD0ODOODOODOODOOOOOOO closure
phase 00D 0O0O00OO0OOOO0OODOODOODO closure amplitude 00000000

e JOOUOODDODOOclosure0000000DDOODOOOOOODOOOOOO OOOODOO
OO00D0QOclosure phase 00000000000 OOO0O0OOODOOODODOOODODOO

e closure phase 0 300000 Oclosure amplitude 00 40000000000 0O0OO0OOOOOO
0000000000000000 closure amplitude 0000000000000 COO0O0OOOO
0000000000000 000000000O0OCclosure amplitude 00 000000000000
ooooooooooon

O0O00O0OOclosure 0000000000000 O0ODOOOOOO0OOOODODODDOOOOOOOO
0000 closure phase 0 0 O O closure amplitude 0 1 0000000000000 DO0OO0O

72 O0O0000O0O0O0OOd

bobooooooooboooooooooboobooooooooooboobobobobooboobooooo
obooobooooobooooooooooboooboooooobooooboobooobooooobooon
ooooooooog

721 00000

ATPSO Difmap 0 0000000000000 O0O0OO0ODOOOOOOOO(,m) 000000000
0000000000000 00000000000D0O00000O000O0OO0OgJy/beamO00000O0O
OO0000O0oooooon “peam” 00000000 OOOOOCODODOOOODOCODOOOOOOOOO
oooobooooobogooboo

00000000000 Jy/beam 0000000 Jysr 000000 KOODOODDODOOODO

191



Jy./beam O Jy sr—!

0000000000000 00000OCLEAN beamO0O0 GaussianO OO OOO00 10000FWHM
(Full Width at Half Maximum) O0000000000 6,45,0mi» 0000000 Gaussian 00000
Omaj UmszDD

1
Omai = ———0mai 7.52
! 2yIn2 (7.52)
1
Omin — —emin 7.53
24/1n 2 ( )
(7.54)
000000000 Gaussian beem OO0 00000
l/2 ml2
U'.m) = —_ 7.55
p( ,m) P [ 2072naj 207271aj ( )
oooooooo !V, »000000000000000
000000000000 Qpeam OO
o0 o0
Qbeam = / / p(l',m")dl'dm’
l/=—0c0 Jm/=—oc0
= 27Tamaj0min
™
= ——0naifmin 7.56
4In2 ) ( )

oooo

0(756) 0000000 Qpeare D000 sy DOODOODOFWHMOOOO rad 00000000000
00 arcsec 00 00 mas (milliarcsec) 000 FWHMOOOOOOODOOOOOOOOT1 rad = 206264.8
arcsec0 0000000 sr, FWHMO arcsec00 0000000 (7.56) 0000000

Q m 9m j emin
(ﬁ> = 2.66326 x 10~ ! (—al) ( ) (7.57)
st arcsec / \ arcsec
good
good
Il/ Hm j - emin ! S
= 3.75479 x 10'° 2 —_— (7.58)
Jy /st arcsec arcsec Jy/beam
good

oooooooo

O000OO0Jy/beam 00000000 [K]OOOODOOOOOOOO vy0OOOOOO IOOOODOTIs0
goooo

2

5 = —1, 7.59
BT k2 (7.59)
0000000000000 (758) 0000000000 GHzOOUOODOOOUOOOOO Jyooooo
good

T 6 amaj - Omin ! v —2 S

2 _122x10 (ar) (5o 7.60

K % ( arcsec arcsec GHz Jy/beam (7.60)

ooboooobooooooboooobooobobooobooboooooboooboooboooboOoooooobooboon
boboboooooboooooboobooooooooooboooooooooooooooooobooooon
booooOobooooboobooon

192



722 00000O0OO0OOOO

tbobooooooooooooooooooooobobobOobooooboOoboooboooooboooo
000000000000 000 AGNUOOOOOODO0OOD0O00D (knot) 000O0DO0OODOOOOODOO
gbobobobobooboboboboboboboboboooooboobobobobobooboobg
oooooooon

goboobooooboobooo

Clean LL map. Array: BFHKLMNOPS
DA193 at 8.424 GHz 2001 Aug 17
—— ]

(mas)

Relative Declination

| TR I P S T P PR B
2 1 0 —1 -2
Right Ascension (mas)

Map center: RA: 05 55 30.806, Dec: +39 48 49.165 (2000.0)
Map peak: 3.92 Jy/beam

Contours %: 1 2 4 8 16 32 64

Bearn FWHM: 1.74 x 0.731 (mas) at 0.187°

Figure 7.18: 00000000000 0O0ODA 1930 VLBA84GHz2O0ODOODOODOD0200000 Gaussian0O000000
0000000000000000000000000000000000000000000 (0000)00000000000
000000000 00000000000000000000

0000000000000 00000000000000000000000000000000
0000 (modelfit) 0000000000000 0O0OOOOOOOOOOON00000000000
000000000000000000000000000010000000000000 »0000
0000 (po,p1s---,pn-1) O Ineaer(l,m) = F(I,m;po,p1,...,p,) 00000000000000000
00000000000 Viede(u,v) = FT[Imodel (I, m)] = F(u, v;po, p1,...,pn1) 0 n00000000
00000000000000000000Vaw(u,0)00000000000000000000000

uobooboobo oobobooboooboobooog

193



00000000000000000000000000X?20000000000

N-1 2
Vobs Ui, Vg _Vmodcl U,y Vi
=0
000000000, 00000000000000000000000000000
x>
X _0(k=0,1,....n—1 7.62
=0 ) (7.62)

oboocoooboobooboobobooooboboooooboboobooobobooooOoorlsooooboon
boboooooooooooooobooooboooobooboboOobOoboboboboobobooooon
ubobooboboooooboooobooooog

0000000000 00000 Gaussian OO OOOOOOODO S,00000000000000
(lo,mp), 000000 FWHM @, b, 000000 ¢4, 0 600000000000000000 Gaussian
0000000000000 000DO0O00D000 GaussianODOOODOOOOOOOODOODOOOOOO
gboocobOoboooobobooooobooo

2

41n2

Vmodel (4, V) = Sexp (— ) exp [2mi(uly + vmy)] (7.63)

= n\/az(u SIN Prmaj + U COS Prmaj)? + b2 (U COS Praj — U SIN Pryaj)? (7.64)

00000000000000000000000ooooO (ly,my)DODDODDODDODODOOODODOODO
gooooboboooooboooooobooooobooooobooboboooDobOoobooDOon

oboooboooboobooobooobooooooboooboooobOoobooooooooooooboooaon
oboooooooooooon

modcl u, ’U Z odel k ) (765)

0000000000000 0000000DA 1930 VLBAS4 GHzOOOODOODODOODOODOOO
00200000 Gaussian 0O OO0 OO0 0OD0OD0O0OQDOODifmap 0 modelfitO0 00 O000100000000
O000Figure 7.18 00 0O 0O CLEAN map 00000 O OO Degrees of Freedom OO0 OO0 0000
0000000000x 2-00000000000Reduced Chi-squared 0000 20000000
gooodooo1gggooooopooooooggdgoodoooooggooooooooooogg
0000000 Reduced Chi-squared 0 6.1 000000000000

O00Dimap 0000000000000 OOOOCOOOOO0OOOOOOOODO/O000 (Axial ratio)
0000000000000 000000voOoouoooooDOo variableD 000000000 OO00OOO
O000010000000000 RadiusO ThetaOOOOODOOOOODO variableDOOOO0ODOOO
oo0o0ooo0doooooUooooooooo0oooooooooDooOoo

Iteration 10: Reduced Chi-squared=6.1468538 Degrees of Freedom=6618

! Flux (Jy) Radius (mas) Theta (deg) Major (mas) Axial ratio Phi (deg) T
4.74545v 0.00000 0.00000 0.469980v 0.837697v  -84.5043v 1
0.689220v 0.821209v -73.6703v 0.613845v 0.00000v 27.4383v 1

obooooooooooo

gbobooboobobooobooobooboooooboooooboooboboooboooobooobooon
goboboooooobobooobooooboooooboobbooooboooobobboboboooobbobooboooon

194



000000000000 oO0ooo0ooO00oo0oo0o0ooOoOo0oo0OonOO GaussianO O

Oo000Ooooooooooooooooooooo0gooooooooOooooooOoAIPSO IMFIT

OJMFITOOOO taskOOOOODOOOOODOD
goboobobooobooooboobboboobooobooooboboboboobobobo

e J00IDOOODOOUOODOOLOOODOODOOOODOOLOOOODODOODOODOOOODODO
goooo

e CLEANOUIUDDODOODODDODODOOOODOOODODDODOOO0OODDODOODODOOODODODOOODOOODOOO
gbooooboooooooobooooboooooboooobooOoobooboooooobooOooobooon

723 0O000OO0O00OOO

gobooobooobooboobboooooobooooooboooboooooooobooooooo
o000 C(n0r—vO0000000O00OO0OO0O0ODOOOOOOOOD S(vYODODOODOOOODOO
oooooooUooUoooUooUoUOoUOoOY,(u,y) 000000000000 0OO0ODOOOODOOO
00000o00000oo0o0oUooO0o0ooO0ooUooooooooUO L(,mOOOoooo

N

— 1

Figure 7.19: 30000000000000000 200 (I,m)0000 »000000020000000000000000
000000000 (,m)0000000000000000000000000000 (,m)0000000000000000
000D00(,m) 000000000 0000000000000000C000CO0 (P-VO)OO00O0O

O0000o00o0o0oOoU0ooOoooooool(,my)D000D00O0DOOODOOUODOOOOUOO
ubobooodob 2000000 100000 0ob0obobooboobooooooooobOobobooooo
goooboooboobooboooo20b00b0o100o0oooboooooDooon

gobooooooboooooboobooooboobooboobooooobbooboooDbooDboo
0000000ooOoooocC(n)Oo \T|S%ATDDDDDDDDDDDDDDDNDDDD,ATDDD
obooooooooooooon AVNN;ATDDDDFXDDDDDDDDDDDD FrTOO0O000
000000 NArOOOOOOOOOOOOOOOOOOOOOOOOO BOOOO AT:$DDDD

Av=22ppoooooooooooo §£0000

195



000o00o0o0oo0oUoooo0o N200000000000000O0O00O0O0O00O00O0
oo000O0000000000000000000000000000000000 bunchingd 0000
0000000000000 0O0OO00D0O0O000DO selection O O 00O Bunching O selection 00 000
O000o0O000o0o000oO00oo0o00oo0ooo0oooo0oo0oooooooooooooooon
bunching/selection 0000000000000 OObunching/selection 0 0000000000 0O0OO
oo0ooOo

555535 W gl fy

30 —

LV
] '] o IMMJLAU th]n*wn . JI\‘*'L,JL. 4 g
A

25— B W nnwwn;Lnr'\ﬂM\.lMuw I‘P\M\W\ " N}\MMM,I
0 JM% P
PR = PRIV NG SOV
2
[
—
8 L _
% A e .wm“m oy, FRTTINS
2
5 L
3 I A
8 PILILY. N m L oM,
05 — -
A, 4 MM ﬂwwjﬂ\L L, A Bt

00 [—

54 55 @ =l
| | | |

09 58 36.0 355 35.0 345 34.0
RIGHT ASCENSION (B1950)

e o i, PILTEN mwm\ﬂ:\km

ENSITY [mJy beam™}]
s

w
8
3

FLUX DI

gt FENTLL T SRR 15 P Y
90, 0002001200
LSR VELOCITY [km s1]

Figure 7.20: 0000 NGC 30790 CO (J=1-0) 000 NMAODOOOODODOODOOOOO0OO00O000000000OO0
00000000 (Koda et al. 2002)0

gooobood

0000000o00U0oO0oOo00oUooOOoUooooUooOI(,my)0000DOOOO0OOvyOOO
obooboboooobobooooboooobooooobooooooooboooboobooboooooaon
goooobooboooooboboobooogooo

gooood

dooooooooo 1000000000000 000000oooooooooOoooooobooaP-v
O ; Position—Velocity mapO0 0 0 000000000000 OO0ODOODODOOOODOOODOODOOOOO
000000000 Oenclosed massO 000000000 non-radial motion 0 OO0 O0000O0O0OO0O

196



0

-1

km s

Figure 7.22: 00000000000 O Figure 721 0000

ooooboooon
Ud20000000000000000O00000O000OO0OOODO0OOO

[, vI(l,m,v)dv

[ =
<v>(m) [, I(l,m,v)dv

(7.66)

oobooobooi1obobooooooooooooboooooooooooobboooooooboooooOon
goobooboooobooobooboboo
ob200000000000000000DOO0O

[, v I(l,m,v)dv

2
l =
<v>(m) [, I(l,m,v)dv

(7.67)

ooboo20b000b0oooobooobooobooooooboooboobooboobbooDobboOoDboo
ooboobobooobooooobOoboooobooooooon

724 00000

gobooooboobbooooboooboooobooooboobooooOooboooooobobooooaoon
uoboobooooboobooooobobooooobooooboboooon

197



kms™!
1000 1200 1400

555535

30

25

20

DECLINATION (B1950)

05

00

54 55

095836.0 355 35.0 345 34.0
RIGHT ASCENSION (B1950)

Figure 7.23: 0000000000 Figure 7.21 0000

oooooooono

bobooboooooooooooobooooobooboboobobOobobOobobobooobooooooon
gboboobooooboooboobooooooobooooooooooboobooobooobooobooaon
ooooboboooooboboooobobooooobooooon
obooobooobooboooboobooboooooboooboooooboooooooobooooboooon
gboboobobooooboooooobooooboobooooobobooooboOoboOooooooooboo
goboboooboooobooobooooooboooobooboooboooboooooboooboooboaoon
gbobooboobooooooboooobobooooobooooboobooboobOoboooboooDbo

oooooooono

0000doooogooooooooooooggoooooooooooDooooOoogoooooog
0000000000000 000000000000000000 Jy/preamO0000000O0DO0O0OO
OO0000oo000ooooooDooooooooooon

0000000 00o0ooo00ooDooo00oDooo00o0DoDoOo00000oDo0o0OCLEANOOOO
O00000D00000CLEAN OO0 convolution 00 00O restoring beam 00000000000
ooooooooooooooo

goooooo

oooOoQoO0OO0000D000S, xvy*JO0O00oooooooooooooooo0o000 «000g
gboooboboooboobooooobooooboboooboo20b00b00000b0000

O[(l m) _ logSZ(l7m) — lOg Sl(lam)
Y log vy — log vy

boboooooboooboobooobooobosboooobooobooooooboobooboooooan
goooooo

(7.68)

198



725 000000

goooooooooooooooooooboboboboobobooboooboooobobobooboo
ooboooooviBlOOOOOOOOOOOOoOooOooOooOooooooboooooooboooboooobooo
OAGNOOODOOQOOoOoQoooooo

Oo0o0O0O0O0O0O003C38000000000 Figure7.24 0000

25

m
L -
Clean map. Array: BEFHKLNOPSRMN 20 - - g
et A oot o B .
g "
— -
7 . n F
N o E 151

57 % § A
£ d £
- ° £
H g 10f . =

3 4 e

- B v
0 ° e
sl
T
Cr__xr *
= n .
0.0) 0 L L e x == ae/,,//*' Cﬂ
1975 1980 1985 1990 1995 2000 2005

cobservation timefyr]

Figure 7.24: 00000 3C38000000000000000000000000000000000000MO0000000
0000000000000 00000000000000000 (Kameno et al. 2000; Hiramatsu et al. in preparation)

god

boooooooooboooooooboooobooobooboobobobooboboobobooobooooooo
gobooooobooobbooooobooooboooboooooboboobobooobooobboobooboooobooo
oobooooobooobooobooooobooooooooobooooooboOooooboooboooboooooon
gooono

References

[1] Crane, R. K. 1976, in Method of Experimental Physics, Vol 12B, M. L. Meeks ed., (New York:
Academic Press), 186

[2] Gibson, J., Welch, W. J., & de Pater, 1. 2005, Icarus, 173, 439

3] Griffin, M. J., & Orton, G. S. 1993, Icarus, 105, 537

[4] Kameno, S., Inoue, M., Fujisawa, K., Shen, Z.-Q., & Wajima, K. 2000, PASJ 52, 1045
[5]

5] Koda, J., Sofue, Y., Kohno, K., Nakanishi, H., Onodera, S., Okumura, S. K., & Irwin, J. A. 2002,
ApJ 573, 105

[6] Page, L. et al. 2003, ApJS, 148, 39

[7] Thompson, A. R., Moran, J. M., & Swenson Jr, G. W. 2001, Interferometry and Synthesis in Radio
Astronomy Second Edition, (New York: John Wiley & Sons)

199






Chapter 8

Joooooobbon

gouoobgoon

201



8.1 UUOOLOODODUOOO0OO0OOOO

oboooobooobooboobooboboooobooobooboooooobooooooboooooaon
gbooobooooooobooooooo

1933 gooooao

1942 ggooooo

1946 ooooo

1951 gbooO 2lem O

1960 oooo

1962 goooo

1963 goooon

1965 oooo

1967 oooo

1970 AGNOOOOOOOoooo

1968 good

1974 goooobooboood

1979 00000 (Einstein ring)

1991 goooog

1991 COBEOOOOOOOOOOOOO
1991 gbooooobooooobooogn

oboooooooooooobooboobooobosKOooooooooooooooooooooo
gobooooboooobobooooooboobobooooooboobbooooobooooooooobooaon
0000000000000 o0O00o0O00o0o000U0O00000U0O0O0 (DO00)0UDODODOO0DOOUOD
goboooobooooboooooobooboboooobooooboboooooobooboboooboDoobboooooo
gboobooooooooooooobooooooboobobobobobOoboboboboboobobooo
obooooOobooooboboooooboooooboobon

82 [UUOODOOODLOOOOOONO

gooboboboboobooboobooboobobbobn

e JOOODOODOOO

-gbooooobobooooboobooooobooboon
-~-gboooobobooooooboo

-00000000 (000000 D0)0000U00000U0O00O0OO0
-gboooobobooooooboooooon

00000000000 000000000000000000O0O000ooOOO (Figure 8.1-8.6) O
goooooo

e JODODODO

OoOoOoOoOOOOO0O0O0O0O0O0O0000000O0high-z galaxiesO O COOOO
—000000D00000DDORadio Galaxies, 000000000 DOOOOODOOOOOO
- 0000000000000 U00O0D0000O CO(or HCN OO )O 3mm free-free 000000
uboboobOobooooboobooood

202



—0Oobooooobooboooobooboooooboboboooboobooboono
—O0obooooboboooobooboooooonoa
- 000000000000 0000000O0 (DOODOoUooOUOODOO0ooOoUDOOoOooOoOo)™
goooboobboooood
e JOODOODO

- O000ooO0obOoobooooboooooobooooooobooooobooobooboOobooOoooon
0000000000000 000000000ooo00n (Figure 8.3)0

000000000 (S-z0o0)
- 0000000 (000000000 Fleibility 010 0000000000000000)

000000000000 (O(uwy)00000000000000000000000000
0oo)

0000000000000 0DALMAOUOOOOOODOOO0OODOO (D0ODODO0ODODOOOOD)O

BitvmARIE. KOZEE
—RITIIKELTE

SHHERBESE

> FORERSEF
FisstoPOE7 T HA
DEBIEIYNSL

> NEO RUERE

> RWEHOBRAAES

Figure 8.1: 0000000000000 00000000000O00000000O00

203



ACAIZ KD IEZE R B E Rk 7 D EL

12m x645%

FACAZ R T A
i Y A
% E %
R . vl
Z : 5
A e
s ;: :‘M 12m x 645

k. ‘- | 1 | N
1 m 10 m 100 m 1000 m 10 km
Log(22 {8 ik %)

Figure 8.2: ALMAOODACA(DDDODOOOOOOD)0000000000000000000000000D0O000O0
0000000000000 0000000000000000000 (High Fidelity) 00 0000000000000O00O0ODO

Figure 8.3: 000000000 Orion 0000000 (Ori-BO Ori-A) 000000 (CO) 000000 D00 Sakamoto et
al. 1994)00000000000000000000000000000000000000 (0000000000000)0

204



45m 0000O0ri-A 00

ADD0OO0OODOOO0OOOOO0OD 4sm 0000000000 (NMA)OODOODOODOOO

Figure 8.4: Ori-

ooooOooOoOOooOO0OO0000000004d

)

Tatematsu et al. 1993

0000000ooooooooooooo (

)

Cs

(

0000000000 0000ONMAOOODOODOOOOOOOOOO0OODOOOOOODOOOO0OO0OO0 (OODOODOOO

O0O000OJAXA/ISASO0OOO0O0OO)O

gooooo

Figure 8.5: WMAP OO OOOOODOOOOOOOODOOOO0O0OO00O00O000000000000000000000000

goooooo

205



100 , |
| LS EICEAEYTIURTOSA Y —ALDER CO(J:ﬁ_S) |
CS(J=14-13 _
s0 CS(J =13-12) -1 | ;
i\ lI“ f‘(/v T‘ ﬂr \\:'— R *it'i' - 1
- _
\ Muw . ."'T""'x—q

o m ‘
5 - ,
I . ﬁ <8 i | f ]
_s0 (&, B& 8 8 B o+ £ e g3 | G g .

650000 700000

Rest Frequency (MHz)

Figure 8.6: 000D (CSO) 0000000000000 00000O00O0 (Schilke et al. 2001)000000000000000
45m 00000000000000000O0000 ALMAOOODOOOOODOOODOODOODOO

83 UUUuUnn

obooboooooooobooooboobooboobooobooooooobooooboobooooaon
gboooobooooboooooboobooooboboooboooobooooooo veBIODODOoODOoDOO
oobooooooboooboooobooobooooooobooooboooboOoooboooooooboOon
gbooobobooooobooooboboooooboooon

gboboobooobooooboooooboobooooboobooooboobooboobooobooon
ooboboooboooooogoboooboooboooooo Xooooooooooooobooboooooo
ooboooooooooobooooboooboooooooooooobooboooooboooobooooOon
gboboooooooooooooooobooobooboboobobOobobOoboboboboboooon
000000000 (Figure 8.7)0

MaRH 17&Hz r4] 28-Aug—1090 O0EE42 232 LT MaRH Z4EHT r+1 28—A0g— 1999 OMEE42 284

Pal(%)= 10 32 Ep 70 92

Figure 8.7: 000000000000 O0OO0O0O0O0O00O0O0OOO0OO0O00O00O0O0O0 (Yokoyama et al. 2002)000000000
000000000 (http://solar.nro.nao.ac.jp/norh/html/gallery/flare ntprop-j.html) 00 0000000000000 00OO
000000000D00000000000 9x10* kms~ 1 00000

gbobodooobooobooooooooooboobooooobooooooobooboooboaon

206



gooboooobooobooobooooboooboboobooooooboooboOoobooboooobooon
000000000000 (Figure 8.8)0

ooooboooo9ednoo199roooooooooooboobooooboooooooooog
0000000000000 0000000000O00000000BIake et al. (1999) 00 OVROOO
0000000000 00000000 HCNOHNCODCNOHDOOOOODOOOOOoooooood
oboooboobboooboobbooooobooooooooooboooboboooooobooobooOooon
000000000000 (Figure 89) 00 0000000000000 DO0O0O0OOOODOOOOOOO
O00000ALMAOOOOOOOOOOOOOOOODODOOOOODODODOOOOOOOOOOOOOd
oooobOoooobooboooooonod

Mars Opposition - March 1997

-

Figure 8.8: OVROODOODOO0DO0D00OO0OO0DO0OO0OO0 HDOOOOODOODOOOOOOODO00000000000000
0000000000 O0O000D0O0o0oOovVROODOODOODOODOO0OO0DOO0O00OO0O000O00O0D0OO

a c

T T
[ Phase 0.6 DCN |

3000 km N

J

b d
12 T T ™ T T T
Phase 0.5 HNC Phase 0.6 HDO

s 22.3° 6
r PsANG 7
b ol W
- 4000 km a 235° 3000 km @
PsROT | OF — .
-3 Q L L L1
9

Figure 8.9: OVROOOOOO0OO00O0000000000000000 HCON(J=1-0,F=2-1, 88 GHz)OHNC(J=1-0, 90 GHz)O
DCN(J=3-2, 217 GHz)DHDO(21; O 212, 241 GHz) 00000000 (Blake et al. 2002)JHCNOO0000000000000
0000000000000000000000LTEOO00OO0OHNC/HCN=0.12(0)-0.24(0000 )ODCN/HCN=<0.006(0 )-
<0.024(0000)0000000000000000000000000000000000000000000 15-40%0000
00000000000000000000000

207



oobooobooooooooooooooooobOoveBIODDODODOODODODODOOOOOOoODOoDOOO
viBIOOOOOoOooOOoooooooooooooooooooooooooooooboooboooooo
gbooobooboobon

84 UUULOOLOOUOOUO

obobOooooooboboooooboobooboboboboobooooooooOoobOobOOo 1oKOO
looKDOOOOoOooooooooooooooooooooooooooooooooooobooboooo
goooooobooboooobooobooboobooooooobooooobooboOooobooooboaon
gboooboooooooobooooooooooooooboboboboboboobobobobooboo
gooboooobooooboooobooobooooooboooobooooboooooobOoobooboobobboOoo
obOoooooboobooboobobO TOoOoOoOooOoooOoOOobOOoOooOoooobOOobOooOooooooboOooboon
gbooobooooooon

0000000000 000000000 (prestellar core) 0000000000 O0O0OOODOOODO
obOooooboooooobooooobooboooooboobooooboooooobooboooboooo
O000O0o000O000D0O0O00b00O0000O000DO0O00D L154400000000 Figure 8.1000
Lis440000 CcCSOO0000O0O0O0O0OOOOOOO00000oooooooOoDoO0O0oOoOoOoOoono
OO0 (Ohashiet al. 1999)0CCSO0000O00O0DO0ODO0O00O0O0O0OO0ODOOOODOOOOOOOODO
OoooopoooOooOo cccStooooooooofoooooopooooooooOoooL44b00d
000000000 (0o0)00o0o0ooO0UoOoccsSOoUooooooUoooUooooooUoon
obooobOobooooboboooog

e ;;'""’“""’ e o Relative Position A x (1000 AL Relative Position A x (1000 AU)
(T — 108,842 02409010 18 12 8 4.0 -4 8248
25 1230 L1544 CCS/TolatInténsity map /S 7 gL 8 PV along the minor axis | b) PV along the major axis 04
i A0 : I i I 03 7
00- ;—-—7.5 S 1 2 i
| r /\ Wi [ o —02 E
g 1130 ETAH.? \ ,‘ irﬂ ‘J 10 _— ;‘5
g / 273fln ST (] 7% &
z 00— ~ \, %‘ 7 &y 1+ (4] E
I i 872 _— 4 ] -
1030~ 1 —
é m._:l g?_-] {_\___,_:'__'._\‘ { X E g
g o Rol hd ] D2 g
7] . — | -03 o
09 30f- -, . 6.0 . - 177 &
& | <= 1t --0.4
m—'q‘-' 6.8 . Lo 0 | T B ) ] M TS T i vl A e 1 s 144
[\ AT : A B0 40 20 0 2040605 g 80 40 0 -40 -80 p
050425 20 i 0 (NE) Relative Position A x (arcsec) (SW)(SE) Relative Position A x (arcsec) (NW)

RIGHT ASCENSION (J2000)

Figure 8.10: L1544 000000000000000000000 (Ohahi et al. 1999)0BIMA 00000000000 SZ0O
00000 30GHzODOOOOOODDOCCS(3: 0 2:)00000000000000000000000OO

goboooooooboooooooooboooboooboooboooDbboU0 He-TawOOOooooo
00000000000000000000000 (Hayashiet al. 1993)0000000000000O0O0O
oooooooo ToOoOoOoOoOooOoOoOooooOoooooOooooOooOooDbOoooooObo0oooooo
0000000000000 000000000000000000000000 (Figure 8.11)0000O
0000000000000000000000000000000000000O0.1kms™ 00000
oboboooooooooooooooooooooooooooooboooooboOooOooboOoboobon
000000000000000000000000000 coocsoHCOTOOOOOOOoOoooon
gbobooooooooooooooooooooboooooooooooooooboOoboobOoboooon
oo00000ooooooogoooo uwBCOOOOOO0OOOOOO0OOODOOODOOODOODOOOO

208



boboooooooooboooooboobobooboobobobobobooboooobooobooooboooboooo
goooooooooobooooboooobooobooooobooobooobbobooobobooobooo
gooooooooooboooooobooboboobobobooboboobooobooboobboboboobo
0000000000000000000000 (NMA OO Figure 8.120 00 0O Kitamura et al. 20010
IRAM PdBIO O Simon et al. 2000 0 00)0RAINBOW O CARMAOOOOOOOOOOO ALMAO
SKAOOOOOOOOOO0O0O00o0oooooooooooooooooooooooooo

b) infall with rotation

¢) pure infall d) pure rotation

TR

Figure 8.11: NMA OODODODO L1551 IRS5 0 C*O 0000 (Momose et al. 1998)040000000000000000
00000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000

0000000000000 SMAOOOOOOOOOOOOOOOOOOOOOO0O0OOO00O0O0O0O0
0000000000000000000000000000000000 (Figure 8.13)0000000
00000000000 000000o000000o00oo0O0O000oOOooO0o000DoOOo00oooOoOO
000000000000000000000000O000O00000O000000OO0OO00O0OOO0OO0
0000000000000 000000000000000missingflux0000000000000O0
00o000o000o00oo0oU0ooUU00o0000 (D00 45m 00 NMAODOOODOOO Takakuwa et
al. 200300)0 ALMAOOUOOOU ACAOOUOOOOOUOODOOODOOOOUOOOUOODOO
0000oo0o0ooooooooo

oo0000000 VLBIODOOOHOH,OOCH;:OHOOOOOOOOOOOOOOOOOO0000o0aon
000 10°em™30000400KO000000000000000O0O0O0000OODOOOODOODOOOOO
o0oo0o00oO0o0O0boOo0ooOoO0oOoOo0O00cO0O0bO0bOO00OoO0OoO0OO0bOO00O0O00OO0
00o0o00o0o0oo0oo0oooooo0ooooo0oo0oo0oooooooooooooooo
01AU0O00000000000000000 VEBIOOOOOOOOOOOOOOOOOooooooo
O00o0000oo0oo0O000000000000000000000000000000 000Furuya et al.
(2000000000 S1I06FIROODOO0OO0OO0D00OOODOO Claussen et al. (1998) O IRAS 05413-0104
0000000000000000000000 Greenhill et al. (1998) O Orion KL source 100000
000000000040000000000000000 Torrelles et al. (2001) O Cepheus A HW2 O
000000000000000000000000000 (Figure 8.14) 00000000000 O0O0OO
0000000000000 00000000000000 (WT75N, Torrelles et al. 2003)0 000000
O000o000oO0oo0o0ooO0o0ooO0o0ooOo00ooOo00ooOo00ooOo00b0Oo000oOo0o0oo0oo
o0o0oo0o0oooooo0ooU0oo(D0ooo0oD)00000000o0o0o0oU0oooooo

209



*I Haro 6-5B :
aro 6-.
3r [Vl 3 1
2t O 2 ]
1t i —
of- 0 4
1k 1E i
20y o ]
[ | |
3 7@ 3l ki
4l P N -]
4 302 - 4 3 210 1 2 3 4

N - T SEEC IR S

N e - N SE R

o

DECoffset [arcsec]
T N = S R VS I SN

32 -1 0 1 2 3 4
-RAoffset [arcsec]

'
IS

Figure 8.12: NMAOOO TOOOODOOOOODOO0O000000000000000 (Kitamura et al. 2002)0000 (00
000000)0 1700000000 2mlJybeam™! 000000000000000D00000000000D0O0OOO000O
go0o0ooooo0oOoo0o0o0ooooooboboo0ooooooooo

210



|| : 2T - N
\ T T L L ) B ST (A AR T
ﬁ;‘w ! ‘.""'E'ik‘ .-,r.m: ,' II ‘;L-' f .,_; [ ipk.j\u ;“I '&',J [ q“n*ﬁ.‘if- J- ! ol ,Jf‘f""""""' e LY \ il f 4_,". W [ i '.'-"',t‘ il

CHy0H 43-5,

A Dec ["]

HCN 4-3 b
1

@& @
'.‘) HCOOCH, 2019 "?") |
5 0 5 0 5 0 5 0
ARA []

o
HCyN 25-24 <3 50 B,-7y
1 |

Figure 8.13: SMADOODOODOODOOO0OO TRAS 18089-1732(Beuther et al. 2004)0(0)000000000000000
00000000 1GHzO0DSBOOOO 200000000000000004GHz20000000000000000O 227 GHz
0034 GHzODODDOOOOOOODOODODOODOODODOOOOOODO (227 GHzO 354 GHz) 0ODODOOOOOOOOOODODOOOOO
0000000000000 (0)IRAS 18089-17320 0000000000000 DOO0ODO0D ImmOO00O0O000O0O0O0OOODO
Ssio0000000o00o0oo0o0o0ooo0o0DOoUoO0oOO0ooDooooooooOoooooo

00000000000 0O0OHOH,OONH;OOOOODOOOoOooDooooooooooooooo
0000000000 HNIDODODODODOOooooooobOhobhoooooooooboooooooboooog
gooboooobooooooooboob b oo oo b oo b oooboooo
00o0o0oooooooboooboooobooooobooobobooob0ooooboooboooo
0ooo0ooooooobooooboboooobobooobboooDooobD Lo Db boOooooboo
HIIOOOOOOUOO HIOODOOOOOOOOOOOOOOOOOOOOOOO (Figure 8.15) 0000
gobooobooooboouoobuooobooobbooobooobooobbboobbooboo
oo oo b oooooobooa

Jooboobo TOOoOOoOoobOoOoboooooboooooDboooobooobobogooboooo
0ob0o0oboooboooobooo0bboobobo0ooDboooboooboooooDbooboooo
000000000000000000000000 (0%-100%)000000000000000000
000000000000000000000000000 (Bower et al. 2003; Furuya et al. 2003) O O
0 0 00O VLBI(Bower et al. 2003; Loinard et al. 2005) 000000000 (Figure 8.16)0

211



200 [T T T T T T

= [ o
.+ 5, 1997
95,1997 r N i
8, 1998 [ e ]
., 1, 1998 ol . Cenr 1
e 100 | .
L i L
W ~ : |
[ M .
E E‘ 100} =
: ~— 00 o L] 100 -0
= “
W [ n
= 0 0
g g — - . ]
[=] v | |
o o ]
|
AP, | Y
-0 -10.0 00 0o 200 EL
L&R Velocity (km/s)
R.A. Offset [mas] |
=2000es s v v el v v n i ey A |
=200 100 0 100 200
RA Offset (mas)
PO e e T T T
B et KN e 11 Feb. 1996 —— 7
180 K 10 Mar. 1996 —— RS
13 dor. 1086 ——
wl S ] : :
' RN Swof Tw =
P TS T
M | , , | ,
P 700 0 E o 20 7
T T T RA offsets (mas)
- d T T T
mp 1
8 [omg o] w0 — T
H 6, .’/’. B
i 1m b . 4 e 3 4 a
CURAT TR EE B2 - & . 0.4
; o Ll =Y I oY - 1
st ltner from D84 farc pac) 01m N 2T e e 06105 104
m A .
, , , 00 T8 18
T .
B __
610 45 a0 T T T T
46.97 fo ,/' \\
// AN
, N
s wf N
g / \
g _ / \
s H ’/ L
5 w7 : '
£ 2 mf ! x |
= & 1
a 3 \ i
g I
s K \ ;
sou \
wh /
\ /
N Ve
7on Sinin 19,06 220 S 19,0 2 s . ,
RA ascension (B1950) -~ - ~
160 - T
20 70 ) 7] W g
RA offsets (mas)

Figure 8.14: 0000000000000 000000000000000000Orion KLOOOOODOOOOO VLBADODO
00000000000 1000AU 0000000000000 0000O000000DO00000O00OVLBIODOOOOOOO
000000 10AUDO0D0000000000000000000000(@0O)Class0 000 S106FIRODOODOOOOOOOO
000000000D00000000 (Furuya et al. 20000000000000000000000(00)Class0(000 I)DOO
IRAS 05413-0104 00 000000000000000000O000O0O00O0D0O0O00000O0O0DOO000 (Claussen et al.
1998)0 (00 ) 000000 Orion KL source ID0O00D0O SiIOOOO0D (VLBAOOODOOODOOOO)O0OOOODO (VLAO
00o0o0ooo0ooo)oo0oooo0oooooooosio0o000ooo00oo00oooO00o0o00oo0ooo0oooooooDoO
0000000000000 00000000000000000000 (Greenhill et al. 1998)0(00) 000000 Cepheus
AHW2000000000000000 (Torrelles et al. 2001)0100000 VLBIOODODOOODODODOODODOODOODOOOO
oooooooo

212



—7°14'40"

—7°14'60"

5(B1950)

—7°14'40"

—7°14'60"

2mm | | —CH3CN L ]
18"33™31%2 18 33 304 1a 33™31%  18"33™30%
a(B1950)

Figure 8.15: 00000000 G24.7840.08 0 YSOOHII OOOOOOOOODOOOOOO (Furuya et al. 2002)04 00000
00000000000 VLADODOOOO 1.3em00000 HIOOOOODOOODOOOOOO00DO000000000(00)VLA
000000 7mmO000000000000000000000O00 OHOOOOOOOO(OO)IRAMPABIOOOOOO 2.6
mm 00000000000000000000000 CHsOHOODOO(OO)NMAODOOOOO 2mm 0000000000
00000000000(0MO0)NMAODOODOODO 2mm 0000 CH3CN(8-7)00000000000000000000000
0000000AO0OO0O0O0DOUCHIIOOOOOOO ZAMS (Zero-Age Main Sequence) IBOOOUOO HIIOOOOOOOOO
CO UCHIIODOOOOOOOOOODOO0O0O00000000 AODODOODOOD YSOODOOOOOOO0OO0O0000000
0000000000000 00000000000000 D-C-A-BOOOOOOO

(a)‘ auoe/aoo‘a 0,}
) 0

M /W
19°3R'05!72 |~

[N

’(b)‘ 18/11/3003
v

(c)‘LZS/OB/ZOO‘AL "

T
(d) Average

g : . 3
g ) L 1=
H (@ J el @ :
o 0 ' 0 , &
L IR 0o, 0 ¢
A3 v - - N
1o0az0571 - () 4, i L0 0 4 L0 g i 0
! I I ! I I I I I
4 21"‘59 4255 59 4250 59 4245 4"21"59%255 59%4250  59%245 4"21759%255 59'4R50  59%4245 0 6
« [2000.0] o [2000.0] Aa [mas]
1973205718 | . 4
2004.52 : 2003 9
- a wr 200373 .
S _ i I 2003.88
3 | 200471 1
= L
S 19°32'05°716 o1 2004.04 -
' 2004.3 B!
* -3001 23

594250
al2000.0]

5o 424%

Figure 8.16: (0)VLBA 842 GHz OO O ODOOO0OO0DO0000000000000T Tauwi SO0000000 (Loinard et
al. 2005)000000000001.0-1.8mJy000000000C000O0OOCOOOODOOOOOOOOODOOODOOOOOOD
gooooooobooo0oooooooboooOooooooobooboOooooooOO0O0O0O00ooooOoObO0O00OoooooOobOboOooooooon
00D000000(@)TTauri SOODOD0OO0ODDO0OO0OOO0OOOOOODOOOOOOUOOOOOOOODOODOOOOODOODOOO
0000000000000007.07£0.14mas0000 141.5 42.8/-27pc 000000

213



85 UULULODODOOOOOLODLOOUOOOODODOO

goboToobOoobOooooOooobOooobooooooobooooooobooobooooobooaon
gboboooooooooooooooooooobooooooooboboobooboboobobooooo
000000000000 o00o0oU0000000oD0oUoOUO000o0oUoOUOoOon (1AU)OODO
0000000000000 0000000000OoooO (~10000K)O VLBIOOOOOOOOO
000000000000000000000000000000 VLAOOOOOODO (Lim et al. 1998)
gbooobOobooooboboooogooboo

obooooboooboooobooboooobooooboooooboobooobOooooobooobooooboooon
gboboooooooooooooooooooobooobooboboOobOoboboobobooboboooon
Oo000000000Oo0O000O0oooOO0O00ooOoO0IRC+1021600 IRAMO PABIODODOOOO
goboooboobooooooooooooooboooboooooooboooooboooooDoooboboobooboOoo
00000000 (Figure 8.17) 0000000000000 0OOO SiIO0 H,OOOHOOOOODOOODO
oboboooooooviBlODOOoOOoOoOOoOoOooOoooooooboooboooobooobooooobooooooo
Oo0O0O0Oogooooooooooggsiooooog J=1-00 J=2-10 J=1-0,v=10 v=200000
bobooooooboooooooooobooboboobobooboboboboboboobooooo
0000000000000 00000000000 (Figure 8.18) 0000000 lmas00000OODO
viBIOOOOOooooooooobooooooboooooooboboooobooooooobooooooobooo
00000000000000000 (e.g. Desmurs et al. 20000 000000000000O000O00OO0O
gobooobooboboooboobooooboooooobooooooooobooooOooobooon
gboooboobooooboobooon

T | "SI VI
T T

0

Figure 8.17: IRAM PABIO 00000000 IRC+10216 0000000000000000000 (Guélin et al. 1996)00
000000000000000000000000000NaCIONaCNOSiISOCSO00000000000000000000
00000000000000000000000000000000000000000000000000

000000000000 XOOOoOooooooooRsCvnOOO)O0OOOOOOODOOOOO
000000000000 VLAOVLBIOOOOOOOOOOOOOSS4330000o000o0o0000a
goobooooooobooobooobboobooooboooobooooOoooboooooboooobooaon
ubobooboobooboooboobobooboboobooooooooooooooooooooooan

214



Figure8.18: VLBAOOODOOOO TX Cam OO OO0O0O SiOODO0O0O0O00O0 (Kemball & Diamond 1997) 0000000000
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(http://www.nrao.edu/pr/1999/txcam/txcam.a-ak.gif) 0 00000 00O O (Image courtesy of NRAO/AUI)O
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Figure 8.19: VLA/MERLIN(D) 0 VLBA(D)OODODOOXOODO SS433 0000000 (Blundell et al. 2001)0 SS
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Figure 8.24: M820 (0 )MERLIN+VLA 20cm 000000 M8 00000 (Muxlow et al. 1994; McDonald et al. 2001)0
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1.

2.

3.

10.
11.

12.

Is this a good well-justified scientific idea?
Have you included a brief introduction and put your project in a broader context for the non-expert?
Have you argued that this project will significantly advance the field?

Have you been specific about the goals of this particular observing run and how they relate to the
broader significance of the project?

. Will the observations result in “hard” science (e.g. determine physical quantities, test a model,

etc.)?
Is your scientific team well-balanced?
Have you justified the choice of telescope?

If supplementary observations are required at another telescope, have you indicated the status of
these observations and suggested an alternate plan, if they are unsuccessful?

Is the observing strategy well planned and explained?
Have you justified the choice of sources, frequencies, lines, etc.?
Have you indicated how the data will be analyzed?

Can the technical set-up, as described, achieve the stated goals of the observations?

gbooobooobooboobooboobobobobboboobooboobooboooboon
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Free—Free Absorption towards an Active Galaxy NGC 1052

KAMENO Seiji et al.

1 Introduction

One of the most significant innovations with mod-
ern VLBI is the discovery of free—free absorption
(FFA) towards radio sources associated with active
galactic nuclei (AGNs). A remarkable milestone is
the discovery of a counter-jet in 3C 84 (Vermeulen
ct al. 1994; Walker et al. 1994). The counter-jet
showed a strongly inverted spectrum unlike the ap-
proaching jet with a steep spectrum, whose feature
can be explained by free-free absorption (FFA) due
to ambient cold dense plasma. This result was con-
firmed by following VLBA observations by Walker
et al. (2000) and VSOP observations by Asada et
al. (2000).

Detection of FFA is followed by observations to-
wards radio galaxies NGC 4261 (Jones et al. 2000)

We prospect two benefits brought by FFA as a
probe of an accreting matter, when the absorber
covers the background bright core and jets. First,
since the absorber must be at the near side of the
jet, it allows us to figure a 3-dimensional geometry
of the system. Second, the opacity provides physi-
cal properties of the absorber such as the electron
density ne and the temperature T,. NGC 1052, the
nearest GPS source showing the double-sided jets,
is one of the best target sources to explore the dis-
tribution of FFA opacities along the jet.

Since the convex spectrum produced via FFA is
similar to that of synchrotron self-absorption (SSA),
a controversy for the absorption mechanism remains.
It is important to discriminate the absorption mech-
anism by testing a spectral model fit to the observed
spectrum. Multifrequency observations with a suffi-

and many GHz-peaked spectrum (GPS) sources (Marr cient resolution are crucial to obtain a solid spectral

et al. 2000; Kameno et al. 2000a, 2000b). The dis-
covery of FFA towards GPS sources was made by
the space-VLBI observation towards a GPS galaxy
0Q 208, which showed convex spectra towards two
radio lobes separated by 10 pc. Difference in the
path length along the line of sight between two lobes
causes an asymmetry in FFA opacity, with a larger
opacity towards the far-side lobe. The FFA opacity
implied that cold (7, ~ 10° K) dense (n. ~ 10°
cm™3) plasma associates with the central tens of pc
(Kameno et al. 2000a). This result showed that
multi-frequency VLBI observations are crucial to
clarify the FFA, which can be a probe of the mat-
ter in the vicinity of AGN.

FFA produces a convex spectrum
2, (1)
when it convers synchrotron emission with power-
law spectrum of S, = Syr®. Here, v is the fre-
quency in GHz, Sy is the intrinsic flux density at 1
GHz in Jy, ap is the intrinsic spectral index. The
FFA coefficient is related to the electron density ne
(cm™3) and electron temperature T, (K) by

S, x v exp(—Tev

(2)

where fLos dL is the integration via the line of sight
in pc, so that it can be a probe for cold dense plasma
(Pacholczyk 1970).

7t = 0.46 / n2T32dL,
JLOS

fit free from multi-component blending.

2 FFA opacities in NGC 1052

‘We observed NGC 1052 with the VLBA at 2.3, 8.4,
and 15.4 GHz, simultaneously on Dec. 15, 1998
(Kameno et al. 2000c). The images and spectra are
shown in figure 1 and 2. Component B exhibits the
highest brightness temperature of 7j, > 1.9 x 1010 K
at 15.4 GHz, and show a inverted spectrum imply-
ing the high peak frequency vy, > 15 GHz. These
properties indicate that component B is the core
where the nucleus lies. The spectral index of o =
3.1+0.1 between 8.4 and 15.4 GHz, which exceeds
the theoretical limit of av = 2.5, implies significant
FFA. Both approaching jet component A and recei-
ding one C show a convex spectrum peaked at 4.9
and 7.6 GHz, respectively, which are also fitted by
the FFA model (solid lines in figure 2). Applying
a least-squares fit for the FFA spectrum (equation
1) at every image pixel, we obtain distribution of
the FFA opacity 7¢, shown in figure 3a. Figure 4b
shows a slice of the distribution of the FFA opaci-
ties along the jet in P.A.= 65°. The opacity peaks
at 7t ~ 300 towards the nucleus and decreases to
the both downstreams. In the central sub-pc from
the nucleus, we found a significant asymmetric dis-
tribution along the jet. The opacity falls rapidly at
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0.1 pc in the eastern jet, while it smoothly decreases
over 0.7 pc in the western jet. The dense absorber
does not cover the approaching jet but does the re-
ceding jet. It implies that the absorber forms a
disk or torus perpendicular to the jet as illustrated
in figure 3c. In this configuration, the receding jet
is covered with the torus but the approaching jet
isn’t. Rapid change of the opacity at 0.1 pc in the
approaching jet suggests that the torus is geometri-
cally thick with a thickness H > rcot #, where r is
the radius of the torus. Since the opacity tails along
the receding jet up to ~ 0.7 pc from the nucleus,
we consider that the radius of the torus is ~ 0.5 pc.

3 Scientific Goal

Our aim is to reveal a sub-parsec inner structure of
the dense plasma torus in NGC 1052. If the matter
of the torus is dynamically infalling, we prospect
to see fluctuations of the density profile within the
torus (e.g. Kawaguchi et al. 2000). The trichro-
matic VLBA observations demonstrated that FFA
is an important probe to unveil the structure of cold
dense plasma in the central vicinity of AGNs. The
results revealed torus-like distribution of FFA opac-
ities along the jet, however, the resolution was in-
sufficient to discuss about the radial density profile
within the torus. Since the resolution is limitted
by the synthesized beam size at lowest frequency,
VSOP observations at 1.6 and 5 GHz will contribute
to a great improvement on this issue. High reso-
lution of ~ 1 and ~ 0.3 mas at 1.6 and 5 GHz
corresponds to 0.1 and 0.03 pe, respectively. Cou-
pling with coordinated VLBA observations at 2.3,
8.4, and 15.4 GHz, we expect 0.03-pc-scale resolu-
tion at inner 0.5-pc region, and 0.1-pc resolution at
outer area.

Another purpose of VSOP observations is to ob-
tain accurate spectral fitting by increasing variety
in terms of observing frequencies. Five-frequency
observations with VSOP and VLBA with compa-
rable resolutions will result in a confident spectral
fit, which discriminates FFA from SSA. VSOP ob-
servations at 1.6 and 5 GHz will contribute to the
accuracy of the FFA opacity 7¢, which strongly de-
pends on observations at lower frequeny below the
peak.

4 Technical Justification
Since NGC 1052 shows a linear elongated struction

(see figure 1), the expected correlated flux density
with space—ground baselines depends on the posi-

tion angle of the projected baseline. Based on the
VLBA observations at 2.3 GHz, the estimated cor-
related flux densities at 10,000 km baseline are 0.25
and 0.5 Jy in P.A.= 15° (perpendicular to the jet)
at 1.6 and 5 GHz, respectively. They will be 0.1 and
0.2 Jy in P.A.= —65° (parallel to the jet). Thus,
we require attendance of at least one large ground
telescope for fringe detection with HALCA.

This object shows a jet proper motion of 0.4
mas/yr (Kellermann et al. 1999). To obtain the
registration accuracy of 0.03 mas, all VSOP and
VLBA observations must be scheduled within one
month. According to the simulation software FAKE-
SAT, the satellite HALCA can observe NGC 1052
during July 22 to August 8 in this AO period.

Usually, a VSOP observation includes signifi-
cant fraction (~ 50%) of tracking gap when base-
lines with the satellite HALCA are invalid. The
VLBA observations at 2.3, 8.4, 15.4 GHz can be
scheduled in the tracking gap of VSOP observations
to save the telescope time, if the latter includes the
VLBA as the ground-couterpart.
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Figure 1: Images of NGC 1052 at 2.3, 8.4, and 15.4 GHz,
taken by use of the VLBA on 15 December 1998. Synthesized
beam size (FWHM) are 6.06 x 2.45 mas in p.a.= 3.92°, 2.01 X
0.78 mas in p.a.= —1.91°, and 1.03 x 0.40 mas in p.a.=
—2.53°, shown in the left of each image. Contours start
at +30 level, increasing by factors of 2, where o = 1.246,
2.277, and 0.823 mJy beam~! for 2.3, 8.4, and 15.4 GHz,
respectively.
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Figure 2: Spectra of components A, B, and C. The errors
includes both formal errors and amplitude calibration errors.
The solid lines for components A and C shows the best-
fit FFA model S, = Sov®0 exp(—7pr~2''), where S, is the
observed flux density in Jy, Sp is the unabsorbed flux density
at 1 GHz, ag is the intrinsic spectral index, 77 is the FFA
opacity coefficient, and v is the frequency in GHz.
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Figure 3: Distribution of the FFA opacity and a schematic
model of a torus surrounding NGC 1052. (a): Distribu-
tion of FFA opacity 7¢ is drawn in grey scale. The opac-
ity is calculated by the least-squares fit for the FFA model
Sy o v exp(—7gr~21). (b): The opacity profile along the
jet in p.a. 65°. It peaks 7y ~ 300 at the nucleus. It tails over
~ 0.7 pc along the western (receding) jet, and rapidly falls
at 0.1 pc in the eastern (approaching) jet. Out of this region,
an extended profile of an ambient FFA absorber can be seen.
The green curve shows the best-fit model of the FFA opac-
ity by the ambient plasma with the isothermal King model
distribution ne = no [1 + (r/rc)2}71'5 (c): A schematic
diagram of NGC 1052. The nucleus and the double-sided
jets are visible at 15.4 GHz, with the viewing angle of 50°.
The ambient plasma (green) distributes around the nucleus
supported by its thermal pressure, which contributes an ex-
tended FFA components. The FFA torus is presumed to lie
perpendicular to the double-sided jets. It covers ~ 0.7 pc
of the receding jet and ~ 0.1 pc of the jet, to generate the
asymmetry seen in the opacity distribution.
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Global network standard for single polarization is LCP for all As except 13cm (RCP) and 3.6cm (RCP).

(14) Tape usage (Show <recording time>/<total time>): 7/7

(15) Assistance required:

Observation Setup: (O Consultation, O Extensive help, O Control file preparation
(O Consultation, O Extensive help, O Control file preparation
& Consultation, O Extensive help, O Control file preparation

Correlation:
Postprocessing:

(16) Processor:
Special processing: O XPol, O Pulsar gate, @ Multiple Fields: 2

Averaging time:

Socorro
1 sec Spectral channels per baseband channel: 1024
(O Other special processing:

(17) Postprocessing Location: Kagoshima University

(18) Source list: @ J2000 O B1950
If more than 4 sources, please attach list. If more than 30, give only selection criteria and GST range(s)

Source 1 Source 2 Source 3 Source 4
Name(s) See the separate sheet
RA (hh mm)
Dec (dd.d)

GST range (Europe)

GST range (US)

GST range (Other)

Band(s)

Flux density (Total, Jy)

Flux (correlated, mJy)

RMS needed (mJy/beam)

Peak/RMS needed

(19) Preferred VLBI session or range of dates for scheduling, and why:

none

(20) Dates which are NOT acceptable, and why:

none

(21) Attach a self-contained scientific justification, not in excess of 1000 words.
Preprints or reprints will not be forwarded to the referees.

A brief description of the capabilities of the VLBA may be obtained by anonymous ftp from
ftp.aoc.nrao.edu (146.88.1.103 if you do not use a name server), file pub/obssum.vlba.ps. Or, if
you have the mosaic software available, use URL http://info.aoc.nrao.edu.

A brief description of the capabilities of the EVN may be obtained by ftp from astbol.bo.cnr.it
(137.204.51.1 if you do not use a nameserver), login VLBINFO, file EVN.STS.

Please include the full addresses (postal and e-mail) for first-time users or for those that have
moved (if not contact author).
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(18) Source list: () J2000 O B1950

Source 1 Source 2 Source 3 Source 4
Name(s) OMC(2) OMC2 J0541-0541 Mon R2
RA (hh mm) 05 35 26.009 05 35 27.533 05 41 38.0848 06 07 43.174
Dec (dd.d) -05 05 43.470 05 09 36.483 05 41 49.395 06 23 16.396

GST range (Europe)

GST range (US) 9:00-16:00 9:00-16:00 9:00-16:00 9:00-16:00
GST range (Other)
Band(s) 22.2 GHz 22.2 GHz 22.2 GHz 22.2 GHz
Flux density (Total, Jy) 44.3 153 IVLBA calib. source 38.2
Flux (correlated, mJy) unknown unknown IVLBA calib. source unknown
RMS needed (mJy/beam) 100 100 100 100
Peak/RMS needed

Source 5 Source 6 Source 7 Source 8

Name(s) Mon R2 IRS 3 J0607-0834

RA (hh mm) 06 07 47.978 06 07 59.6993

Dec (dd.d) -06 23 03.739 F08 34 49.974

GST range (Europe)

GST range (US) 9:00-16:00 9:00-16:00

GST range (Other)

Band(s) 22.2 GHz 22.2 GHz

Flux density (Total, Jy) 174 IVLBA calib. source
Flux (correlated, mJy) unknown IVLBA calib. source
RMS needed (mJy/beam) 100 100

Peak/RMS needed

248




Measurements of proper motion of the Orion-Monoceros molecular cloud complex
Tomoya HIROTA et al.

1. Final goal of our observations

We propose to carry out multi-epoch observations of water maser sources associated with star-forming
regions in the Orion-Monoceros molecular cloud complex, and measure their absolute proper motions relative
to the adjacent extragalactic continuum sources by the phase-referenced VLBI observations. The aim of
our observations is to test a new approach to measure proper motions of molecular cloud complex with an
accuracy of an order of 0.01 mas. If the present observations succeed, we can establish the new approach
to measure three-dimensional systematic motions in molecular cloud complex such as rotation, expansion,
propagation of shock, and even the Galactic rotation. This would be of great importance to understand the
formation mechanisms of molecular clouds, the activity of OB stars and supernovae, and the rotation curve
of the Galaxy traced by giant molecular clouds.

Recently, Hachisuka (2001) carried out the phase-referenced VLBI observations of two galactic water
maser sources, W30OH and IRAS 21008+4700, and detected their proper motions of about 0.5 mas/month,
which are possibly an evidence of the Galactic rotation. This study confirmed the feasibility to measure the
absolute proper motions of maser sources, and hence, we would like to apply the phase-referenced VLBI
observations to measure the proper motions of molecular cloud complex.

2. Dynamical motion in the Orion-Monoceros molecular cloud complex

In order to test the possibility to measure the proper motion of molecular cloud complex, the Orion-
Monoceros molecular cloud complex is the best observing target, because it is the nearest giant molecular
cloud complex to the Sun. The photometric distances are reported to be 450 pc and 830 pc for the Orion
and Monoceros regions, respectively (Maddalena et al. 1986 and references therein), although the kinematic
distance of the Monoceros region calculated from the LSR velocities are much larger (1.00-1.89 kpc; Palagi
et al. 1993). In spite of slight difference in the distances, the Orion and Monoceros molecular clouds
are thought to be physically related. Since the Orion OB1 association is located just to the east of this
region, it is likely that formation of the Orion-Monoceros molecular cloud complex and star-formation in
this region have induced by the strong stellar wind, HII region expansion, and/or supernovae. In fact, active
star-forming regions are mainly distributed at the western edge of this cloud complex, and the large scale
shell-like structure is also seen in the HI map, suggesting the evidence of shock centered at the east of this
region (Green & Padman 1993).

If there exists the shock propagating in the Orion-Monoceros molecular cloud complex, the systematic
proper motions centered at the west of this region would be detectable by the phase-referenced VLBI
observations of water maser sources. These motions are estimated to be 10-100 km s~!, corresponding to
the proper motions ranging from 3 mas/yr (assuming the shock velocity and distance of 10 km s~! and
830 pc, respectively) to 50 mas/yr (assuming the shock velocity and distance of 100 km s~! and 450 pc,
respectively). On the other hand, proper motions due to the Galactic rotation are comparable to the above
value, 10-20 mas/yr for the Orion and Monoceros regions, respectively, assuming the flat rotation model of
the Galaxy (©p=220 km s~1). Since both of them are significantly larger than the positional uncertainty by
the phase—referenced VLBI observations and thermal motions in the molecular clouds, we expect to detect
the systematic proper motions of the observed maser sources as a combination of the Galactic rotation
and the dynamical motion in the cloud complex itself, along with the trigonometric parallax (2 mas/yr for
Orion and 1 mas/yr for Monoceros). Since the Orion-Monoceros molecular cloud complex is the nearest
giant molecular cloud complex, the present observations also enable us to determine the distance without
any assumption by the trigonometric parallax, which are indispensable to determine the linear size of the
observed sources.

3. Selection for observing sources

We select the observing targets in the Orion-Monoceros molecular cloud complex that satisfy the follow-
ing conditions: First of all, the observing sources should have adjacent extragalactic continuum sources with
angular separation of 2-3 degree for the phase-referencing. Second, the water maser emission of the sources
should be sufficiently intense, and there should be several maser spots to determine the center position and
proper motion of the sources easily by averaging the positions and motions of the maser spots. Third, the
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LSR velocity of the sources should represent those of the molecular clouds. Finally, the sources should be
distant from the equatorial plane in order to cover the u — v plane sufficiently.

At first, we plan to observe two water maser sources; one is OMC(2)2 or OMC2 in Orion A with the
reference source J0541-0541, and another is Mon R2 or Mon R2 IRS3 with the reference source J0607-
0834. Since water maser sources associated with star-forming regions are variable, we carry out continuous
monitoring using the single dish radio telescope of our institute, and select the observing sources when their
flux are sufficiently intense at the observing session. Although these maser sources have never observed
by VLBI as far as we know, there exist several water maser spots in them which are confirmed by the
observations with single dish radio telescopes. In the future, we will extend our observations covering most
of the maser sources in the Orion-Monoceros molecular cloud complex to determine the dynamical motions
in this region statistically.

4. Observing Strategy

We request fairly fast switching of antennas between the maser and continuum sources with switching
cycle as short as 40 seconds including on-source times and antenna switching. We request 7 hours of
observation in order to cover sufficient u — v plane and also detect the weak maser spots. We need 1024
spectral channels per BBC to find channels containing single maser spots for which we can reliably derive
the phase difference values between the spots and the continuum source. We hope to have four epochs of
observations separated by two months in order to verify the consistency of the results. In addition, four
epochs of observations are necessary to distinguish between the proper motion of the sources themselves and
their trigonometric parallax.
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Referee comments

Referee A Rating=3.0 Time rec=100 % Ref mean 3.3

The observation is intriguing, but the demonstration that they can pull it off is in the as-yet-
unpublished Hachisuka, in preparation. The main advantage of this proposal is that it offers
the prospect of a measurements of the distantce to Orion. The scientific discusssion, in terms of
propagating shocks, was rather weak.

Referee B No rating I am not qualified to rate this proposal

Referee C Rating=6.5 Time rec=100 % Ref mean 4.0

An interesting proposal, but from my understanding of H20 masers it won’t tell them what they
think will. They state that they see H20 masers with proper motions of 10-500 km/s, which I
don’t doubt because H20 masers seem to be associated with stellar mass ejection and thypically
have such velocities. In contrast, they talk of measuring the proper motion of the shocks in the
OMC. But shocks produced by HII regions have thypical velocities of 10 km/s, unless there are
supernova or energetic stellar winds involved. The proposal doesn’t make any of this clear, and
I would have ranked it much more highly if this discussion would have been in place. I do think
that a statistical database of maser proper motion in Orion might lead to interesting conclusions,
which is why I rank the proposal as high as I do.

Referee D Rating=5.0 Time rec= 25 % Ref mean 4.5

A preliminary set of VLBI observations should be conducted to establish the sources they plan to
observe for their monitoring program. Also, although the authors state repeatedly that this is a
”"new approach”, they don’t explain why it is.

Referee E Rating=4.0 Time rec=100 % Ref mean 4.0
This appears to be a reasonable astrometry project. I don’t know enough about the topic to
provide more than an average rating.

Referee F Rating=6.0 Time rec=100 % Ref mean 3.9
This is a worthwhile project, but I worry that internal motions in the Orion/Monoceros cloud
complex will compromise the goal of measuring the systemic velocity.

Referee G Rating=3.0 Time rec=100 % Ref mean 3.0

The Orion-Monoceros molecular cloud complex is a well studied region, and the proposed obser-
vations should provide interesting new data to help understand the three dimensional dynamics in
the region.

Referee H Rating=3.0 Time rec=100 % Ref mean 3.0

+ Useful way to learn about 3_D velocity field in a molecular cloud complex; get distance too

- Are the maser spots representative of general gas motions?

- Will bright enough spots always be available over spots to get a position begin to break down,
as individual spot motions become significant?
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P(f) = FT{w(r) C()}
= FT{w(n)}*FT{C(7)}
= FT{w(r)}*P(f) (A.24)
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T

0.54 4 0.46 cos( ) (A.26)

Hamming Window : w(7)
Tmaz

T ) (A.27)

Hanning Window : w(7) = 0.5+ 0.4cos(

Tmam
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Hamming Window Function
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Sv) = FT{ i V(t)5(t—kAt)}

k=—o0

- FT{V(t)}*FT{ i 5(t—kAt)}

k=—o0

= S(u)*FT{ > 6(t—krAt)} (A.28)
k=—o00
ogoooa
0000000000 Y2 6t—kA)0O0000000000000 &37_ dv—1/At)00
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FT

i ot — kAt)] = /OO i 0(t — kAt) exp(—2mivt)dt

k=—o00 TP k=—0

= Y / 8(t — kAt) exp(—2mivt)dt
t=—00

k=—o0
%)

= Z exp(—2mivkAt) (A.29)

k=—o0

0 (A29)0000v0O0O0O00ODO f,=1/At000000000000000<v< f,0000
0000 G(ryv)DUOOOOOOooOoooooo

o0

G0 = Y gexp(~2nilv/f)
l=—00
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g = 7 G(v) exp(2milv/ f5)dv (A.30)
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O0000000000000Figure A.70 IRM (Image Rejection Mixer) 00000000

FTh(t)] = - /:_ exp(=2mivt) (A.35)
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z=e®0000dz=i2dd 000000000 A=—-7—0000000
o ; 0 } eo i 0
f(z)dzz/ Mdzz i/ exp(—27riuee’9)d9—>0 L 1d0 =1 (A.36)
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m 00 4)000: 2=Re? 0000dz=i2dd 00000000060 =0— 7000000
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v>0,5n0 <0000 exp(2rvRsing) = 000000 (A37) 00000 [, f(2)dz =20
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l/ ﬁﬂﬁﬂﬂﬁ::_/ f@@_/ f(2)dz = —i (A.38)
T Jt=—cc t (2),e—0 (4),R—o0
v< 0000

m 00O (6)000:
z=¢" dz=izdp, 00000 =7 — 00

. 0 . 0
/ f(z)dz = l/ exp(—2mivee’)dd =02 1df = —i (A.39)
(6)
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m 00 (8)000 z2=Re?, dz=i2dfd, 00000 § =0 — 70

/ f(z)dz = L / exp(—2mivR cos ) - exp(2rv R sin 0)df (A.40)
(6) T Jo=0

v <0,sin0>0000 exp(2rvRsing) "=°000000 (A40)000000000000000

1 [ —omivt
—/ exp(=2mivt) —/ f@@—/ f(2)dz =i (A.41)
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0 0
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Figure A.8: n(t)= 21, 00000
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