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Emergence of electric (and magnetic field) in the observational devices.
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Classically, light can be described as electromagnetic waves (EM waves):

(i) linear perturbations of electric and magnetic fields
—— Electric Field

—— Magnetic Field

(ii) propagation obeys Maxwell’s equations

_)/pf/
V- E=—
Gauss law = €0 e _

—><//
Gauss law = V.- B=0

, 0B
Faraday’s law= VXE + a5 0

. OF a
Ampere’s law=> VXB — u, (Eo E) = Uo] /

7/

(with Maxwell’s correction)
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E = E, sin(kx — wt + ¢)
Monochromatic plane wave
B = B,;sin(kx — wt + ¢)
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= 2nV = —
W T T
E = E, sin(kx — wt + ¢)
Monochromatic plane wave
B = B;sin(kx — wt + ¢)
k = om V=cC
2 >
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= 2nV = —
W T T
E = E, sin(kx — wt + ¢)
Monochromatic plane wave
B = B;sin(kx — wt + ¢)
k = om V=cC
A >
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Flux density as a vector field

Normal incidence

Energy passing a CCD pixel that has area A in a unit of time

E,A

Area: A
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Flux density as a vector field

Normal incidence
Energy passing a CCD pixel that has area A in a unit of time

E,A

Inclined CCD pixel
- Energy passing a CCD pixel that has area A in a unit of time

~]

n =)
7 _,
& F,A(i-n') = F,Acos6
/< RD/ nen/
n-n’" =coséf
\/

Area: A
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Flux density as a vector field

Inclined incident photon streams

Energy passing a CCD pixel that has area A in a unit of time

F,A(7 - ?) = F,Acos 6

n-n' =coséb

2\
v

Area: A
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Flux density as a vector field

F2 p3

”‘l/

Area: A

Inclined, discrete incident photon streams

Energy passing a CCD pixel that has area A in a unit of time

=ZFJAC059i
i

sziA (nf-n')
[

—

? — .
nt-n’' = cosf!
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Continuous incident light

Inclined, discrete incident photon streams
Energy passing a CCD pixel that has area A in a unit of time

Z L= . .
1 ZFVLA (nl-n’) = szlAcos 0!

i i

100,9)
6
\
\/\ Intensity 1(0, ¢): the amount of energy through a unit of
\ area A in a unit of time t from a unit solid angle d() around
\\ the direction (9, ¢) [i.e., flux density per unit solid angle]
Sl Unit: Joul st m-2Hz1Sr1!

X / Flux density normal to our CCD pixel:
L j 1,(6, ¢) cos 6 dQ

/ detector

y
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Flux density (incoming energy per unit time, frequency, and area)
received by a CCD pixel:

1
F, = Ef 1,(6,¢) cos 0 dQ
z ]
1 If we can detect one of the two polarizations
@19 Incoming energy per unit time and frequency (i.e., power if
106, ¢) assuming monochromatic light) received by a CCD pixel:
vV 1
\ g P, :—Aflv(e,qb) cos 6 dQ)
\/_\ 2
\ L
\ surface area of the detector
\
\
xA
/¢ We receive more power in a unit of time (i.e., our device is
more sensitive to weak signals) when the effective surface
detector .
area of the detector is larger.
y

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),

Department of Physics 12



Flux density (i &) F, : BEURRE - BUER - BURHREEBBIEEE -
Sl Unit: Joul st m2 Hz1=W m? Hz!
RE FHEEAT: 1)y =1028 Joul sTm2 Hz1= 1026 W m2 Hz1
F, IECC Y BE R R BRI IRIE S 7T | En | 2
BMNE - EMER - SURFEEEREBENECTFEER E/hv

Intensity I, : BUIRGE - BUMER - BEUXERS - EUHFIEEEBRENGEE -
SI Unit: Joul st m2Hz1Srl=W m2Hz1Sr?

RKCH FHERAT: 1 Jy/beam

BURE - BUBARANEE EMFRNRERBNEESE: [1,(0,$) cos 0 dQ
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Flux density (i &) F, : BEURRE - BUER - BURHREEBBIEEE -
Sl Unit: Joul st m2 Hz1=W m2 Hz'1
RE FHEEAT: 1)y =1028 Joul sTm2 Hz1= 1026 W m2 Hz1
F, IEEC Y SRR G IRIE - 7 | Epn | 2
BMNE - EMER - SURFEEEREBENECTFEER E/hv

Intensity I, : BUIRGE - BUMER - BEUXERS - EUHFIEEEBRENGEE -
SI Unit: Joul st m2Hz1Srl=W m2Hz1Sr?

K FHEAr: 1 )y/beam

=5
BURE - BUBARANEE EMFRNRERBNEESE: [1,(0,$) cos 0 dQ
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AZ
S
1(0,
S 0
\
\
\
\
X ¢ /
o
— detector
y

Incoming energy per unit time and frequency (i.e., power if
assuming monochromatic light) received by a CCD pixel:

1
P, = EAe j 1,(6,¢) cos 8 dQ

Use a lense to collect light from a larger area,
which increases the effective surface area of
the detector

We receive more power in a unit of time (i.e., our device is
more sensitive to weak signals) when the effective surface
area of the detector is larger.



Incoming energy per unit time and frequency (i.e., power if
assuming monochromatic light) received by a CCD pixel:

1
P, = EAe j 1,(6,¢) cos 8 dQ

Use a reflector to collect light from a larger area,

\
\
x, L
S
detector
y

which increases the effective surface area of the
detector

We receive more power in a unit of time (i.e., our device is
more sensitive to weak signals) when the effective surface
area of the detector is larger.



Incoming energy per unit time and frequency (i.e., power if

5 assuming monochromatic light) received by a CCD pixel:
A 1
P, =—A4, J 1,(0,¢)cos8 P(0,¢)d
2 —

Response function of the observing device.
Normalization: peak = 1.0 (i.e., 100% of incoming intensity can be

\ /_\ detected.)

The optics determines the response function.

With a telescope, we:
(1) Receive light from smaller solid angle(s)

(usually, provides better angular resolution)
(2) Have a bigger collecting area

We receive more power in a unit of time (i.e., our device is

more sensitive to weak signals) when the effective surface
area of the detector is larger.
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Example: 2D Gaussian beam

with Full width at half maximum (FWHM) 6, and 6,, in the major and minor

axes
(the relation between Gaussian standard deviation o ang FWHM @

6 = 2v2In20~2.350)

) _ Il el
p = e<20§+20§> —e Hn2 (2VIn2o, )% (2vVInzoy, )2/ — e 2 (04)% (6 )2

2

Beam solid angle:

41T 41T
[4ln2< &, o )] 6.0 Qp = J P(8,¢)dQ = j P(6,¢)sin6 dode
Qg :je (0a)? (6 )2 dédn = a”b 0 0
A 4in2
Primary beam solid angle:
f e—adex = z Qpp = j P(6, ¢) sin 6 dOd¢
o a Primary beam
I
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Emission Source

Incoming energy per unit time and frequency (i.e., power if
assuming monochromatic light) received by a CCD pixel:

P, =4, J L,(0,¢)cosO P(6,¢)d
Y S—

Response function of the observing device.
Normalization: peak = 1.0 (i.e., 100% of incoming intensity can be detected.)

h_ flv(e,gb) cos 0 P(6,¢) dQ ~j1v(9,¢)P(9,¢) dQ

Ae 6 >0=cosf -1

If 1,(6, ¢) is approximately constant over the beam
Solid angle in Sr unit

P
A—”: ~1Vf PO, p)dO =105 — 1]y
e —J
— J
Intensity in
Flux - Jy Srtunit
density
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Emission Source

Incoming energy per unit time and frequency (i.e., power if
assuming monochromatic light) received by a CCD pixel:

v :oltzman
Py= 4o [ 1,(0.0)cos6PO.) dO= KT, Lo
f— Antenna

temperature

Response function of the observing device.
Normalization: peak = 1.0 (i.e., 100% of incoming intensity can be
detected.)

P,
A= flv(e,qb) cos 6 P(6, ¢) dQ ~jlv(9,¢)P(9,¢) dQ

0 —-0=cosf—-1

If 1,(6, ¢) is approximately constant over the beam

f Solid a f:f ein Sr unit tS)olid angle in
eam
== f P(0,¢)dQ =1,0p = I]y/beam Ff 1]y unit
Ae —J | J
— Intensity in4+
Jy Srtunit
Flux — changing unit
density

Intensity in Jy beam™ unit
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How a radio or (sub)millimeter interferometric observatory look like
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How a radio or (sub)millimeter interferometric observatory look like

light source
sin B, =nsin 6,
6, . . an
atmospheric attenuation e
thermal n : nearly independent of frequenc
noise '3, > 6, - y p q y
Ao B4y C 4 D 4«

correlator
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T4 &R E S Y IEE BFourier transformedfidintensity distribution

light source
(N
sin 6, =nsin 6,
~ atmospheric attenuation € "
thermal n : nearly independent of frequenc
noise 2 O . ! i ) ’
Ao B4 C 4 D A

correlator
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AENMBZHBRIBEICMER - EEBEIBR - —HEREZ BRI A -

0 = 0 central maxima

screen (CCD, photometer, ...)

th difference ~ B sind = Ax

“B

D(slit width)

direction of incident
(normal incident)
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1.
2.

EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢g)

Energy flux density E(z)
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x [E4 + Eg]?
= P(0)[cos(kx — wt + ¢¢g) + cos(k(x + Ax) — wt + ¢)]?
th difference ~ B sind = Ax = ﬁ(e){[cos(kx — wt + ¢O)]2

+[cos(k(x + Ax) — wt + ¢y)]?
+2cos(kx — wt + ¢g) cos(k(x + Ax) — wt + ¢g)}

A “e B “B
D D(slit width)
direction of incident
(normal incident)
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x [E4 + Eg]?
= FQ)[cos(kx — wt + ¢o) + cos(k(x + Ax) — wt + ¢o)]?
th difference ~ B sind = Ax = M{[Cos(kx — wt + ¢O)]2

+[cos(k(x + Ax) — wt + ¢y)]?
+2cos(kx — wt + ¢g) cos(k(x + Ax) — wt + ¢g)}

A “e B “B
D D(slit width)
direction of incident
(normal incident)
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x [E4 + Eg]?
= P(0)[cos(kx — wt + ¢¢g) + cos(k(x + Ax) — wt + ¢)]?
th difference ~ B sind = Ax = ﬁ(e){[cos(kx — wt + ¢O)]2

+[cos(k(x + Ax) — wt + ¢y)]?
+2cos(kx — wt + ¢g) cos(k(x + Ax) — wt + ¢g)}

A “e B “B
D D(slit width)
direction of incident
(normal incident)
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

« [Ey + Eg]?
= P(0)[cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢)]?
ifference ~ B sind = Ax = p(@){[COS(kX — wt + ¢O)]2

+[cos(k(x + Ax) — wt + ¢y)]?
+2cos(kx — wt + ¢g) cos(k(x + Ax) — wt + ¢g)}

“B

D D(slit width)
direction of incident
(normal incident)
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

« [Ey + Eg]?
= P(0)[cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢)]?
ifference ~ B sind = Ax = p(@){[COS(kX — wt + ¢O)]2

+[cos(k(x + Ax) — wt + ¢y)]?
+2cos(kx — wt + ¢g) cos(k(x + Ax) — wt + ¢g)}

“B

D D(slit width)
direction of incident
(normal incident)
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

« [E, + Eg]?
= Pe)[cos(kx — wt + ¢y) + cos(k(x + Ax) — wt + ¢o)]?
th difference ~ B sind = Ax = P\C@{[Cos(kx — wt + ¢O)]2

+[cos(k(x + Ax) — wt + ¢y)]?
+ 2cos(kx — wt + ¢y) cos(k(x + Ax) — wt + @)}

A “e B “B
D D(slit width)
direction of incident
(normal incident)
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

« [E, + Eg]?
= Pe)[cos(kx — wt + ¢y) + cos(k(x + Ax) — wt + ¢o)]?
th difference ~ B sind = Ax = P\C@{[Cos(kx — wt + ¢O)]2

+[cos(k(x + Ax) — wt + ¢y)]?
+ 2cos(kx — wt + ¢y) cos(k(x + Ax) — wt + @)}

Ai_u B |_iB

1
D D(slit width) 1 EAt
direction of incident <.+ .>= lim — - dt
(normal incident) At—oo At 1

_EAt
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E, + Eg]*>
x< [cos(kx — wt + ¢Pg) + cos(k(x + Ax) — wt + ¢g)]*>
th difference ~ B sind = Ax =< [COS(kx — wt + d)o)]z > ]
2 Auto-
+ < [cos(k(x + Ax) — wt + ¢o)]* > | ciations
Cross-correlations ===+ < 2c0S(kx — wt + @) cos(k(x + Ax) — wt + ¢y) >

Ai_u B |_iB

1
D D(slit width) 1 EAt
direction of incident <.+ .>= lim — - dt
(normal incident) At—oo At —lAt
2
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
x< [cos(kx — wt + ¢) + cos(k(x + Ax) — wt + ¢¢)]*>

th difference ~ B sind = Ax =< [COS(kx — wt + d)o)]z > ] Aut
uto-
+ < [cos(k(x + Ax) — wt + Po)]* > |, elations
Cross-correlations ===+ < 2c0S(kx — wt + @) cos(k(x + Ax) — wt + ¢y) >
D D(sht width) < [cos(kx — wt + ¢py)]* >= lim — [cos(kx — wt + ¢y)]°dt
direction of incident At—oo At —lAt
(normal incident) 2 ﬂ

: 1 %At
= lim —|*
At—>oo At _EAt

%[(COSZ,B +sin?B) — (cos? B — sin* B)]dt



1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
x< [cos(kx — wt + ¢) + cos(k(x + Ax) — wt + ¢¢)]*>

th difference ~ B sind = Ax =< [COS(kx — wt + d)o)]z > ] Aut
uto-
+ < [cos(k(x + Ax) — wt + Po)]* > |, elations
Cross-correlations ===+ < 2c0S(kx — wt + @) cos(k(x + Ax) — wt + ¢y) >
D D(sht width) < [cos(kx — wt + ¢py)]* >= lim — [cos(kx — wt + ¢y)]°dt
direction of incident At—oo At —lAt
(normal incident) 2 ﬂ

: 1 %At
= lim —|*
At—>oo At _EAt

%[(COSZ,B +sin?B) — (cos? B — sin* B)]dt



1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
x< [cos(kx — wt + ¢) + cos(k(x + Ax) — wt + ¢¢)]*>

th difference ~ B sind = Ax =< [COS(kx — wt + d)o)]z > ] Aut
uto-
+ < [cos(k(x + Ax) — wt + Po)]* > |, elations
Cross-correlations ===+ < 2c0S(kx — wt + @) cos(k(x + Ax) — wt + ¢y) >
D D(sht width) < [cos(kx — wt + ¢py)]* >= lim — [cos(kx — wt + ¢y)]°dt
direction of incident At—oo At —lAt
(normal incident) 2 ﬂ

1

i L1 2 2R 2R _ o
= Jim o J%, 3 l(cos? B +sinp) (W)]dt



1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
x< [cos(kx — wt + ¢) + cos(k(x + Ax) — wt + ¢¢)]*>

th difference ~ B sind = Ax =< [COS(kx — wt + d)o)]z > ] Aut
2 uto-
+ < [cos(k(x + Ax) — wt + ¢o)]* > | ciations
Cross-correlations ===+ < 2c0S(kx — wt + @) cos(k(x + Ax) — wt + ¢y) >
N/ . 1
A < B ~“B 2 . 1 EAt 2
D D(slit widih) < [cos(kx — wt + ¢y)]* >= lim — [cos(kx — wt + ¢py)]°dt
direction of incident At—oo At —lAt
(normal incident) 1 2 ﬂ
= im L1 2 in 2 _Ll(l _ 1 )
= AltlgnOO acd i [(cos?pB + sin“ B))]dt = 5 \GAt——At

1
2



1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
x< [cos(kx — wt + ¢) + cos(k(x + Ax) — wt + ¢¢)]*>

th difference ~ B sinf = Ax =" 1/2

Auto-

1
+7/2 correlations
Cross-correlations ===+ < 2c0S(kx — wt + @) cos(k(x + Ax) — wt + ¢y) >

. 1
A L B "B , . 1 (32t )
D D(slit widih) < [cos(kx — wt + ¢y)]* >= lim — [cos(kx — wt + ¢py)]°dt
direction of incident At—oo A —lAt
(normal incident) 1 2 B

o L1 2 .5 _ 1161, -1
= Jim 35/ 3lcos? f + sin? pN)de = 3 (Gae - Srae)

1
2



1. EM-wave at long-distance limit: plane wave E = Eycos(kx —wt + ¢pg) k = a
2. Energy flux density « E(Z,
0=0" 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E, + Eg]*>
= «< [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢py)]*>

th difference ~ B sinf = Ax = 1/2
+ / correlations

Cross-correlations ===+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢) |>

A “e B “B
D D(slit width)
direction of incident
(normal incident)
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1. EM-wave at long-distance limit: plane wave E = Eycos(kx —wt + ¢pg) k= —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
x< [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢¢)]*>

th difference ~ B sinf = Ax = 1/2

Auto-
1
+ / correlations

Cross-correlations ===+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢) |>

D D(slit width)
direction of incident

(normal incident) Trigonometric identity:

cosy cos @
=~ [cos(¥ — @) + cos( + )]

40



1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
= < [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢py)]*>

th difference ~ B sind = Ax = 1/2

Auto-
1
+ / correlations

Cross-correlations ===+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢) |>

D D(slit width) \ . y
direction of incident . . o
(normal incident) TllgOII;)Olnetrlc identity: cos(kAx) + cos(2kx — 2wt + 2¢¢ + kAx)
cosy cos @

=~ [cos(¥ — @) + cos( + )]
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
= < [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢py)]*>

th difference ~ B sinf = Ax = 1/2

Auto-
1
+ / correlations

Cross-correlations ===+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢) |>

D D(slit width) \ . y
direction of incident . . o
(normal incident) TllgOII;)Olnetrlc identity: cos(kAx) + eostZkx—2wt+2¢d5+Fkhx)-
cosy cos @
= % [cos(Y — @) + cos(P + @)] Minima: cos(kAx) = —1

= kAx = ZTHB sin@ = mm, m = +1,3,5, -
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
= < [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢py)]*>

th difference ~ B sind = Ax = 1/2

Auto-

+ 1/ correlations
Cross-correlations ===+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢) |>
ALn = g ® (]
D D(slit width)
direction of incident 2 ~ 2T .
(normal incident) < [EA + EB] > = P(Q) 1+ cos TB sin 6

~ P(0) [1 + cos (271%9)]
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
= < [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢py)]*>

th difference ~ B sind = Ax = 1/2

Auto-

+ 1/ correlations
Cross-correlations ===+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢) |>
ALn = g ® (]
D D(slit width)
direction of incident 2 ~ 2T .
(normal incident) < [EA + EB] > = P(Q) 1+ cos TB sin 6

~ P(0) [.1 + c-os (271%9)]-

Auto-correlations Cross-correlations
44



1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

0=20’ 0 = 0 central maxima

screen (CCD, photometer, ...)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
= < [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢py)]*>

th difference ~ B sinf = Ax = 1/2

Auto-

+ 1/ correlations
Cross-correlations ===+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢) |>
ALn = g ® (]
D D(slit width)
direction of incident 2 ~ 2T .
(normal incident) < [EA + EB] > = P(Q) 1+ cos TB sin 6

~ P(0) [1 + cos (ane)] ~P(0)[1 + cos(2mub)]
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —

2. Energy flux density « E(z,

A

path length difference ~ B sind = Ax

D(slit width)
direction of incident
(normal incident)

0 = 0 central maxima

screen (CCD, photometer, ...)

th difference ~B sind = Ax

B

D(slit width)

direction of incident
(normal incident)
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —

2. Energy flux density « E(Z,

path lenggh difference ~ B sinf = Ax

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

« [E,4 + Eg]?
= Pe)[cos(kx — wt + ¢y) + cos(k(x + Ax) — wt + ¢o)]?
= Pea){[cos(kx — wt + ¢)]”
+[cos(k(x + Ax) — wt + ¢y)]?
+ 2cos(kx — wt + ¢y) cos(k(x + Ax) — wt + @)}

D(slit width)
direction of incident
(normal incident)
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
x< [cos(kx — wt + ¢Pg) + cos(k(x + Ax) — wt + ¢g)]*>

path lenggh difference ~ B sinf = Ax =< [COS(kx — ot + d)o)]z > ] Aut
uto-
+ < [cos(k(x + Ax) — wt + Po)]* > |, elations
Cross-correlations ===+ < 2c0S(kx — wt + @) cos(k(x + Ax) — wt + ¢y) >
B
D(slit width) 1
direction of incident 1 EAt
(normal incident) < e >S= hm —_— . dt
At—oo At _1y
2
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E4 + Eg]*>
= < [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢py)]*>

path lenggh difference ~ B sinf = Ax _ 1/
- 2

Auto-
1
+ / correlations

+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢y) >

D(slit width) Cross-correlations
direction of incident
(normal incident)

< [E, + Eg]?>=P(0) ll + cos (ZTEB sin 9)]

~ P(0) [1 + cos (ZnEH)]
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —

2. Energy flux density « E(Z,

path lenggh difference ~ B sinf = Ax

D(slit width)
direction of incident
(normal incident)

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E, + Eg]*>
= < [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢py)]*>
= 1/2
Auto-

Y/
+ correlations

+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢y) >

Cross-correlations

< [Eq + Eg]?> ~P(6)[1 + cos(2mub)]
|—'—'

Auto-
correlations
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1. EM-wave at long-distance limit: plane wave E = Eycos(kx —wt + ¢pg) k= —
2. Energy flux density « E%

Number of incoming photons in a unit of time and a unit area
(at the angle of emergence 8 = 0’)

x< [E, + Eg]*>
= < [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢Py)]*>
- 1,
Auto-

1
+ / correlations

+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢y) >

path lenggh difference ~ B sinf = Ax

D(slit width) Cross-correlations
direction of incident

(normal incident) < [EA -|— EB]2> ~ﬁ(9)[1 + COS(ZﬂuQ)]

Cross-correlations

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),

Department of Physics 51



1. EM-wave at long-distance limit: plane wave E = Eycos(kx —wt + ¢pg) k= —
2. Energy flux density « E(Z,

——

P(6)

Number of incoming photons in a unit of time and a unit area

(at the angle of emergence 8 = 0’)
Interference pattern o< [E, + Eg]?>
= < [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢Py)]*>

= 1

2

Auto-
1
+/ correlations

+ < 2cos(kx — wt + ¢) cos(k(x + Ax) — wt + ¢py) >

Cross-co;‘relations
< [Eq + Eg]?> ~P(6)[1 + cos(2mub)]
|_'_l

Primary beam: response function of
each reflector
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1.
2.

EM-wave at long-distance limit: plane wave E = E; cos(kx — wt + o) k = —

Energy flux density E(Z,

Cosine correlation: < [E4 + Egl?>.0s ~P(0)[1 + cos(2nué)]

Sine correlation: o< [E, + E'5]*>
2
=< [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢g + %)] >

1
/2 Auto-

1
+ .
/2 correlations

+ < 2cos(kx — wt + ¢ ) cos (k(x + Ax) — wt + ¢ + %) >

2cos(kx — wt + ¢g) [cos(k(x + Ax) — wt + ¢y) cosg —sin(k(x + Ax) — wt + ¢¢) sin %T]

—
0 1
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1.
2.

EM-wave at long-distance limit: plane wave E = E; cos(kx — wt + o) k = —

Energy flux density E(Z,

Cosine correlation: < [E4 + Egl?>.0s ~P(0)[1 + cos(2nué)]

Sine correlation: o< [E, + E'5]?*>

=< [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢y + g)]2>

1
/2 Auto-

1
+ .
/2 correlations

+ < 2cos(kx — wt + ¢ ) cos (k(x + Ax) — wt + ¢ + %) >

—2cos(kx — wt + ¢g) si'n(k(x + Ax) — wt + ¢y)

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
Department of Physics
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

Cosine correlation: < [E4 + Egl?>.0s ~P(0)[1 + cos(2nué)]

Sine correlation: o< [E, + E'5]*>
2
=< [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢y + %)] >

1
/2 Auto-

1
+ .
/2 correlations

Trigonometric identity:
+ < 2cos(kx — wt + ¢¢) cos (k(x + Ax) — wt + ¢ + %) > Cfswsin(p Y

=~ [sin@) + ¢) — sin(¥ — )]

—2cos(kx — wt + ¢g) si'n(k(x + Ax) — wt + ¢y)

—[sin(2kx — 2wt + 2¢py + kAx) — sin(kAx)]
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E(Z,

Cosine correlation: < [E4 + Egl?>.0s ~P(0)[1 + cos(2nué)]

Sine correlation: o< [E, + E'5]?*>

2
=< [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢y + %)] >
/>
Auto-

1
+ .
/2 correlations : L
Trigonometric identity:

+ < 2cos(kx — wt + ¢¢) cos (k(x + Ax) — wt + ¢ + %) > Cos 1 sin @
' ' = [sin@ + ) = sin(¥ — )]

—2cos(kx — wt + ¢g) si'n(k(x + Ax) — wt + ¢y)
— [Tttt ' — sin(kAx)]

Zero in the <> bracket
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —

2. Energy flux density « E% A
Cosine correlation: < [E4 + Egl?>c0s ~P(0)[1 + cos(2mub)]
Sine correlation: o< [E4 + E'5]?>
=< [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢y + g)]2>
= 1
+/ 2 ?:rtrc::-lations

Trigonometric identity:

+ < 2cos(kx — wt + ¢) cos (k(x + Ax) — wt + ¢ + g) > cos sin @
' ' = [sin¥ + ¢) = sin@® — )]

—2cos(kx — wt + ¢y) si'n(k(x + Ax) — wt + ¢)
[sin('kAx)]
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1. EM-wave at long-distance limit: plane wave E = E, cos(kx — wt + ¢pg) k = —
2. Energy flux density « E%

Cosine correlation: < [E4 + Egl?>.0s ~P(0)[1 + cos(2nué)]

Sine correlation: o< [E, + E'5]*>
2
=< [cos(kx — wt + ¢g) + cos(k(x + Ax) — wt + ¢y + %)] >

1
/2 Auto-

1
+ .
/2 correlations

Trigonometric identity:
+ < 2cos(kx — wt + ¢¢) cos (k(x + Ax) — wt + ¢ + %) > Cfswsin(p Y

=~ [sin@) + ¢) — sin(¥ — )]

—2cos(kx — wt + ¢g) si'n(k(x + Ax) — wt + ¢y)

sin(k.Ax) = sin(2mub)
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1.
2.

EM-wave at long-distance limit: plane wave E = E; cos(kx — wt + o) k = —

Energy flux density E%

Cosine correlation: < [E4 + Egl?>.0s ~P(0)[1 + cos(2nué)]

Sine correlation: < [E, + Eg]®>, ~P(6)[1 + sin(2mu6)]

Cosine correlation and sine correlation are the direct measurement
of a two-element radio interferometer

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
Department of Physics
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)]

Sine correlation: < [E, + Eg]*>g, ~P(0)[1 + sin(2mub)]

When there is one target source

path length difference ~ B sinf = Ax

B

D(slit width)
direction of incident
(normal incident)
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)]

Sine correlation: < [E, + Eg]*>g, ~P(0)[1 + sin(2mub)]

When there are two incoherent sources

E,: electric field received at antenna A = E[gl) + Ejz),
Light source 2 Similarly, Eg = ES” + B

< [EA + EB]Z > =
2 2
+<EP >4+ <EP >+ <2EPEP >

path ¥ength difference ~ B sind = AXx

B
D 4 D(slit width)
direction of incident

(normal incident)
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)]

Sine correlation: < [E, + Eg]*>g, ~P(0)[1 + sin(2mub)]

When there are two incoherent sources

E,: electric field received at antenna A = E[gl) + Ejz),
Light source 2 Similarly, Eg = ES” + B

< [EA‘l‘EB]z > =
2 2
+<EP >4+ <EP >+ <28PEP >

path ¥ength difference ~ B sind = AXx

B
D 4 D(slit width)
direction of incident

(normal incident)
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)]

Sine correlation: < [E, + Eg]*>g, ~P(0)[1 + sin(2mub)]

When there are two incoherent sources

E,: electric field received at antenna A = E[gl) + Ejz),
Light source 2 Similarly, Eg = ES” + B

< [EA +EB]2 > =

(2)2 (2)2 (2) (2)
+<Ey) >+<Eyp >+<2EEY >

path ¥ength difference ~ B sind = AXx

B
D 4 D(slit width)
direction of incident

(normal incident)
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)]

Sine correlation: < [E, + Eg]*>g, ~P(0)[1 + sin(2mub)]

When there are two incoherent sources

E,: electric field received at antenna A = E[gl) + Ejz),
Light source 2 Similarly, Eg = Elgl) + Eéz)

< [EA + EB]Z > =
2 2
+<EP >+ <EP" >+ <2EPEP >

path ‘ng\lh difference ~ B sinf = Ax

B
D 4 D(slit width)
direction of incident

(normal incident)
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)]

Sine correlation: < [E, + Eg]*>g, ~P(0)[1 + sin(2mub)]

When there are two incoherent sources

E,: electric field received at antenna A = E[gl) + Ejz),
Light source 2 Similarly, Eg = Elgl) + Eéz)

< [EA + EB]Z > =
2 2
+<EP" >+ <EP > 4+ <2EPEP >

path Yength difference ~ B sind = Ax Correlation of multiple incoherent sources can be evaluated
by summing over the contribution of individual sources.

B
D 4 D(slit width)
direction of incident

(normal incident)
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)]

Sine correlation: < [E, + Eg]*>g, ~P(0)[1 + sin(2mub)]

When there are more incoherent sources

o Light source 2 < [EA + EB]Z > COSCTOSS X Z A COS(ZTL"LLH )]

A coefﬂaent to describe how
bright is source i
Dimension: flux density

Looking at cross correlations at this moment
path Yenggh difference ~ B sind = Ax (i.e., neglecting auto-correlation terms)

B
D 4 D(slit width)
direction of incident

(normal incident)
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)]

Sine correlation: < [E, + Eg]*>g, ~P(0)[1 + sin(2mub)]

When there is a continuous distribution of incoherent sources

Light source 2 < [EA + EB]Z > COSCTOSS X JP(H)A(H) COS(ZT[U,H) do

A coefficient to describe the intensity of
the target source at incident angle 6
Dimension: intensity

path ‘ng\lh difference ~ B sinf = Ax

B
D 4 D(slit width)
direction of incident

(normal incident)
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)]

Sine correlation: < [E, + Eg]*>g, ~P(0)[1 + sin(2mub)]

When there is a continuous distribution of incoherent sources

Light source 2 < [EA + EB]Z > COSCTOSS X JP(H)A(H) COS(ZT[U,H) d9

A coefficient to describe the intensity of
the target source at incident angle 6

< [Eq + Eg]? > 0705 o j B(0)A(O) sin(2mu) do

path ¥ength difference ~ B sind = AXx

B
D 4 D(slit width)
direction of incident

(normal incident)

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),

Department of Physics
p y 68



Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)]

Sine correlation: < [E, + Eg]*>g, ~P(0)[1 + sin(2mub)]

When there is a continuous distribution of incoherent sources

Light source 2 < [EA + EB]Z > COSCTOSS X Jp(H)A(g) COS(ZT[U,Q) d9

A coefficient to describe the intensity of
the target source at incident angle 6

< [Eq + Eg]? > 0705 o f B(0)A(O) sin(2mu) do

path \enggh difference ~ B sin = Ax

Complex visibility Vg = < [E4 + Eg]? > ;0SS
+ i < [Eq + Eg]* > o5

B
D 4 D(slit width)
direction of incident

(normal incident)
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)] Complex visibility Vg = < [Eq + Eg]? > s
Sine correlation:

p + [ <[Es + Enl? > _ cross
< [Ea + Eg)?>gn ~P(0)[1 + sin(2mud)] [Ea + Egl® > sin

Intensity distribution of a point-like source: A(6) = 6(6 — 6")

< [Ef + Eg]? > 57055 = IP(H)A(H) cos(2muf) do

= P(8")cos(2mub")
< [Ef + Eg]? > 4,555 — P(0")sin(2nud”)

ength difference ~Bsind = Ax

Complex visibility V4,5 = P(8")cos(2mub”)
+ iP(0")sin(2nud")

— i2rufr
= e 7
D D(slit width)

direction of incident
(normal incident)

Visibility phase
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Cosine correlation: < [E4 + Egl?>cos ~P(0)[1 + cos(2mub)] Complex visibility Vg = < [Eq + Eg]? > s
Sine correlation:

p + [ <[Es + Enl? > _ cross
< [Ea + Eg)?>gn ~P(0)[1 + sin(2mud)] [Ea + Egl® > sin

Intensity distribution of a point-like source: A(6) = 6(6 — 6")

< [Ef + Eg]? > 57055 = fP(H)A(H) cos(2muf) do

= P(8")cos(2mub")
< [Ef + Eg]? > 4,555 — P(0")sin(2nud”)

ength difference ~ B sind = Ax

Complex visibility V4,5 = P(8")cos(2mub”)

: + iP(6")sin(2rud’
—#HE #R (baseline) B ( )eianer )
D D(slit width) E/\J EE\” %
direction of incident
(normal incident)

Visibility phase
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/
|9 Forming image on the infinitely distant screen (e.g., CCD)
|

k 9[ k 9[ W‘Q’ k 0/ k 0/
A B C D Bmin E
B

max
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/
|9 Forming image on the infinitely distant screen (e.g., CCD)
|

\ j@' \ i@' \ j@' \ j@' \ j@'
A B C DB, E
B

max

Diffraction pattern
(proportional to the number of incoming photons
in a unit of time and a unit of area)

blddBdd
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/
|0 Forming image on the infinitely distant screen (e.g., CCD)
|

A B C D Bmin E

Bmax

Evaluation of diffraction pattern
(proportional to the number of incoming photons in a unit of time and a unit of area)

E, = Eycos(kx — wt + ¢g)

<(EA+EB+EC+ED+EE+)2>
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Forming image on the infinitely distant screen (e.g., CCD)

TR

0’ o' o' o' o'

Evaluation of diffraction pattern

(proportional to the number of incoming photons in a unit of time and a unit of area)

E, = Eycos(kx — wt + ¢y)

<(Es+Eg+E.4+Ep+Ez+)2>=<E2 >4+<Eg? >+< E2 >+< Ep? >+< Ez* >
+< 2E,Ep >+< 2E4,E; >+< 2E,Ep >+< 2E,E; >
+< 2EgE; >+< 2EgEp >+< 2EgE; >
+< 2E.Ep >+< 2E-Ep >
+< 2EpEp >
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0’ o' o' o' o'

Forming image on the infinitely distant screen (e.g., CCD)

Evaluation of diffraction pattern

(proportional to the number of incoming photons in a unit of time and a unit of area)

E, = Eycos(kx — wt + ¢y)

[

Auto-correlation

<(Es+Eg+E.4+Ep+Ez+)2>=<E2 >4+<Eg? >+< E2 >+< Ep? >+< Ez* >
+< 2E,Ep >+< 2E4,E; >+< 2E,Ep >+< 2E,E; >
+< 2EgE; >+< 2EgEp >+< 2EgE; >
+< 2E.Ep >+< 2E-Ep >
+< 2EpEp >

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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/
0 Forming image on the infinitely distant screen (e.g., CCD)

0’ o' o' o'

9/

Evaluation of diffraction pattern

(proportional to the number of incoming photons in a unit of time and a unit of area)

E, = Eycos(kx — wt + ¢y)

Auto-correlation
|

[

\

<(Es+Eg+E.4+Ep+Ez+)2>=<E2 >4+<Eg? >+< E2 >+< Ep? >+< Ez* >

+<
+<
+<
+<

2E,Ep >1< 2E,E; >+< 2E Ep >+< 2E,Ep >
2EE. >+< 2EzEp >+< 2EgEy >

2E.Ep >+< 2EcEg >

2EpEp >

4 slit-pairs at shortest separation
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Forming image on the infinitely distant screen (e.g., CCD)

0’ o' o' o' o'

Evaluation of diffraction pattern

(proportional to the number of incoming photons in a unit of time and a unit of area)

E, = Eqcos(kx — wt + ¢g) Auto-correlation
|
|

1
<(Es+Eg+E.4+Ep+Ez+)2>=<E2 >4+<Eg? >+< E2 >+< Ep? >+< Ez* >
+< 2E,Ep >+< 2E4,E; >+< 2E,Ep >+< 2E,E; >

+< 2EgE; >+< 2EgEp >#< 2EgE; >
+< 2E.Ep >+< 2E-Ep >
+< 2EpEp >

3 slit-pairs at the 2" shortest separation

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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Forming image on the infinitely distant screen (e.g., CCD)

0’ o' o' o' o'

Evaluation of diffraction pattern

(proportional to the number of incoming photons in a unit of time and a unit of area)

E, = Eqcos(kx — wt + ¢g) Auto-correlation
|
|

\

<(Es+Eg+E.4+Ep+Ez+)2>=<E2 >4+<Eg? >+< E2 >+< Ep? >+< Ez* >
+< 2EgE; >+< 2EgEp >+< 2EgE; >

+<2BEcEp >+<2EcEg > slit-pairs at the 3™ shortest separation
+< 2EpEg >

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
Department of Physics
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Forming image on the infinitely distant screen (e.g., CCD)

0’ o' o' o' o'

Evaluation of diffraction pattern

(proportional to the number of incoming photons in a unit of time and a unit of area)

E, = Eqcos(kx — wt + ¢g) Auto-correlation
|
|

\
<(Es+Eg+E.4+Ep+Ez+)2>=<E2 >4+<Eg? >+< E2 >+< Ep? >+< Ez* >
+< 2E4Ep >+< 2E E; >+< 2E4 Ep >+< 2E Eg >
+< 2Egkc >+< 2EgEp >+< 2Bz > slit-pair at longest separation
+< 2E-Ep >+< 2E-Ep >
+< 2EpEp >
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Forming image on the infinitely distant screen (e.g., CCD)

Evaluation of diffraction pattern

(proportional to the number of incoming photons in a unit of time and a unit of area)

E, = Eqcos(kx — wt + ¢g) Auto-correlation
|
|

\

<(Es+Eg+E.4+Ep+Ez+)2>=<E2 >4+<Eg? >+< E2 >+< Ep? >+< Ez* >
+< 2E,Ep >+< 2E4,E; >+< 2E,Ep >+< 2E,E; >
+< 2EgE; >+< 2EgEp >+< 2EgE; >

< DEE. o< JEE = 1 slit-pair at longest separation
< 2Eckp >+< 2LLcEg
Form of each cross-term +< 2EpEp >
Tri tric identity:
< 2Ey* cos(kx — wt + ¢o) cos(k(x + Ax) — wt + ¢pg) > rclfsr&?é?;gm —
=< co;(kAx) >+< cos(Zk;;— 2wt + 2¢y + kAx) >, Ax = nB,y,;, sin 6’ =%[cos(1/) — ) + cos@ + )]
= COS (77-[ anin sin 9’) ~ COS (_T[ anin9,> NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),

A

Department of Physics 31



Assuming a diffraction grating with 2 and 3 slits

(cross-correlated) flux density [arbitrary unit]

d flux density [arbitrary unit]

£ 0.251
5 0.00-
]

m

1.00 1
0.75 1
0.50 1
0.251
0.00 1
—0.254
—0.50+
—0.75
—1.00"

—— 2nnBmin/A = 1.0

-6 -4 -2 0 2 4 6
6 [radian]

it
N
o
o

1.751
1.50
1.251
1.00 1
0.75 1

o
U
<)

& 4 2 o0 3 4 6
0 [radian]

(cross-correlated) flux density [arbitrary unit]

summed flux density [arbitrary unit]

—— 2nmNBpin/A = 1.0
—— 2nMNBnin/A = 2.0

6 -4 -2 0 2 4 6
0 [radian]

& 4 2 o0 3 4 6
0 [radian]

Flux density:
cos(knB,,;,0) = cos (ZnnBTmi”B),
n=1,2,3,4,5, .., (N-1)

Summed flux density:
Ym(N —n)cos(knB,,;,0) + auto-
corr.

Properties:

1. Foranyn, 8 = 0is always the
location of the central maximum
(i.e., constructive interference)
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Assuming a diffraction grating with 2 and 3 slits

(cross-correlated) flux density [arbitrary unit]

d flux density [arbitrary unit]

£ 0.251

m

> 0.00
n

1.00 1
0.75 1
0.50 1
0.251
0.00 1
—0.254
—0.50+
—0.75
—1.00"

—— 2nnBmin/A = 1.0

-6 -4 -2 0 2 4 6
6 [radian]

it
N
o
o

1.751
1.50
1.251
1.00 1
0.75 1

o
U
<)

& 4 2 o0 3 4 6
0 [radian]

(cross-correlated) flux density [arbitrary unit]

summed flux density [arbitrary unit]

—— 2nmNBpin/A = 1.0
—— 2nMNBnin/A = 2.0

6 -4 -2 0 2 4 6
0 [radian]

& 4 2 o0 3 4 6
0 [radian]

Flux density:
cos(knB,,;,0) = cos (ZnnBTmi”B),
n=1,2,3,4,5, .., (N-1)

Summed flux density:
Ym(N —n)cos(knB,,;,0) + auto-
corr.

Properties:

1. Foranyn, 8 = 0is always the
location of the central maximum
(i.e., constructive interference)

2. The locations of the maxima for the
n = 1 slit-pairs are always the
locations of the maxima for any
other pairs of slits.
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Assuming a diffraction grating with 2 and 3 slits

(cross-correlated) flux density [arbitrary unit]

it
N
o
o

d flux density [arbitrary unit]

£ 0.251
5 0.00-
]

m

1.00 1
0.75 1
0.50 1
0.251
0.00 1
—0.254
—0.50+
—0.75
—1.00"

—— 2nnBmin/A = 1.0

-6 -4 -2 0 2 4 6
6 [radian]

1.751
1.50
1.251
1.00 1
0.75 1

o
U
<)

& 4 2 o0 3 4 6
0 [radian]

(cross-correlated) flux density [arbitrary unit]

summed flux density [arbitrary unit]

—— 2nmNBpin/A = 1.0
—— 2nMNBnin/A = 2.0

6 -4 -2 0 2 4 6
0 [radian]

& 4 2 o0 3 4 6
0 [radian]

Flux density:
cos(knB,,;,0) = cos (ZnnBTmi”B),
n=1,2,3,4,5, .., (N-1)

Summed flux density:
Ym(N —n)cos(knB,,;,0) + auto-
corr.

Properties:

1. Foranyn, 8 = 0is always the
location of the central maximum
(i.e., constructive interference)

2. The locations of the maxima for the
n = 1 slit-pairs are always the
locations of the maxima for any
other pairs of slits.

3. Between the maxima of the n=1
pairs of slits, the destructive
interference makes the photon flux
density approach 0. (i.e., the cross-
correlation terms cancel each
other). o



(cross-correlated) flux density [arbitrary unit]

Assuming a diffraction grating with 2, 3, and 4 slits

= =
g c
> i
1.001 —— 2nnBpin/A = 1.0 % 2.01 —— 2nnBpin/A = 1.0 G 3 —— 2mnBmin/A = 1.0
S —_— - b= —— 27NBmin/A = 2.0
0.751 3 157 2 Bmini? = -0 5 5] —— 2ANBpin/A = 3.0
E IE min: .
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) 2 14
0.25 @ 0.5 o
(]
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5 =)
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-0.75 1 15 £
o o
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: 85
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Assuming a diffraction grating with 2, 3, and 10 slits

(cross-correlated) flux density [arbitrary unit]

£ 2.001
o]
>1.751
o
5 1.50
S 1.251
2
@ 1.00 1
C
[J]
T 0.75-
5
= 0.50-
c 0.25 1
§ 0.00 A
w0

1.00 1
0.75 1
0.50 1
0.251
0.00 1
—0.254
—0.50+
—0.75
—1.00"

—— 2nnBmin/A = 1.0

-6 -4 -2 0 2 4 6
6 [radian]

& 4 2 o0 3 4 6
0 [radian]

(cross-correlated) flux density [arbitrary unit]

summed flux density [arbitrary unit]

o

N

w

N

=

—— 2nmNBpin/A = 1.0
—— 2nMNBnin/A = 2.0

0 [radian]

& 4 2 o0 3 4 6
0 [radian]

(cross-correlated) flux density [arbitrary unit]

10.0 1
7.5+
5.0
2.5+
0.0

—2.51

—5.0+

—7.51

—10.0

60

50

401

summed flux density [arbitrary unit]
w
o

e 21INBin/A = 1.0
e 2MINBmin/A = 2.0
= 2IMNBpmin/A = 3.0
e 2MINBmin/A = 4.0
e 21TNBmin/A = 5.0
s 2TINBpmin/A = 6.0
e 2MNBmin/A = 7.0
_ 2mNBmin/A = 8.0

e 2MINBpmin/A = 9.0

1

Ty
it M‘,

)

6 4 2 0 2 4 6
6 [radian]

-6 -4 -2 0 2 4 6
6 [radian] °°




Image is formed by co-adding < 2E;E; > (TEEE < 2E; E; >? %F'aﬁﬁﬁCOSlnelll_b

(cross-correlated) flux density [arbitrary unit]

£ 2.001
o]
>1.751
o
5 1.50
S 1.251
2
@ 1.00 1
C
[J]
T 0.75-
5
= 0.50-
c 0.25 1
§ 0.00 A
w0

1.00 1
0.75 1
0.50 1
0.251
0.00 1
—0.254
—0.50+
—0.75
—1.00"

—— 2nnBmin/A = 1.0

-6 -4 -2 0 2 4 6
6 [radian]

& 4 2 o0 3 4 6
0 [radian]

(cross-correlated) flux density [arbitrary unit]

summed flux density [arbitrary unit]

ﬁlﬁ%I—E/}ﬂF&ﬁzf

— 2MNBpmin/A = 1.0
—— 2nMNBnin/A = 2.0

‘—t

0 [radian]

=

& 4 2 o0 3 4 6
0 [radian]

(cross-correlated) flux density [arbitrary unit]

1

-1

summed flux density [arbitrary unit]

0.0-
7.5+
5.0 |
2.5+
0.0-
2.5+
5.0
7.5-
0.0-

e 21INBin/A = 1.0
e 2MINBmin/A = 2.0
= 2IMNBpmin/A = 3.0
e 2MINBmin/A = 4.0
s 2MINBmjn/A = 5.0
—— 21NBpmin/A = 6.0
e 2MNBmin/A = 7.0
’ e 2MNBpin/A = 8.0

e 2MNBpmin/A = 9.0

6 4 2 0 2 4 6
6 [radian]

Main
First (positive )

lobe \

6 -4 -2 0 2 4 6
6 [radian] °/




/
|9 Forming image on the infinitely distant screen (e.g., CCD)
|

k 9[ k 9[ W‘Q’ k 0/ k 0/
A B C D Bmin E
B

max

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /E57),
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/
|6 Forming image on the infinitely distant screen (e.g., CCD)
|

Interferometric array observation towards a infinitely distant, monochromatic source

@’ light source

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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/
|0 Forming image on the infinitely distant screen (e.g., CCD)
|

A B C D Bmin E

Bmax

Interferometric array observation towards a infinitely distant, monochromatic source

@’ light source

With correlators, we can evaluate each of
the following terms:

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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/
|6 Forming image on the infinitely distant screen (e.g., CCD)
|

With correlators, we can evaluate each of

Interferometric array observation towards a infinitely distant, monochromatic source

@’ light source

Form of each cross-term

the following terms:

< 2E,% cos(kx — wt + ¢¢) cos(k(x + Ax) — wt + ¢p) >
=< cos(kAx) >+< cos(2kx — 2wt + 2¢y + kAx) >,

2T . 2T ,
= CoS (7 nB,,in Sin 6 ) ~ COS (7 nB,in0 )

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
Department of Physics

— : /
Ax = nByi, Sin 0



1D linear radio interferometer

light source
sin 6, =nsin 6, .
With correlators, we can evaluate each of

P the following terms:
! atmospheric attenuation € "

thermal .

noise 3 6. n : nearly independent of frequency

A4 B4 C 4 D«

|
|correlator |

General expression for the cross (cosine) correlation of antennae 1 and i:

< 2Ey? cos(kx — wt + ¢p) cos(k(x + Ax) — wt + ¢) >

=< cos(kAx) >+< cos(2kx — 2wt + 2¢y + kAx) >, Ax = B;jsin 6’
21 . 21 ,
= CoS (TB” sin 6 ) ~ COS (781-]-8 )

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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1D linear radio interferometer

light source
sin 6, =nsin 6, .
With correlators, we can evaluate each of

P the following terms:
! atmospheric attenuation € "

thermal .

noise 3 6. n : nearly independent of frequency

A4 B4 C 4 D«

|
|correlator |

General expression for the cross (cosine) correlation of antennae 1 and i:

< 2Ey% cos(kx — wt + ¢p) cos(k(x + Ax) — wt + ¢) >

=< cos(kAx) >+< cos(2kx — 2wt + 2¢, + kAx) >, Ax = B;jsin 6’
21 o Bij \ _ ) .
= COS (7 B;jsin6 ) ~ COS (27179 ) = cos(2mu;;6°) Separation of

antennaeiandj

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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Evaluating Complex visibility of a point source at 8’

1D linear radio interferometer

(i.e., Dirac delta function) taken from antennaeiand ]

~ 2 ~
ight source < EiEj >cos= P(0) cos (2°B;;6') = [ 6(6 — 8") P(0)cos(2mu;0) do
sin 6, = n sin 6, < ELE] >sins AP(HI) sin (ZTTEBUQ’) = f6(9 - 9’) ﬁ(@)sm(ZnuUH) do
—
0 _ Response function of each single-dish reflector
! atmospheric attenuation € "
tnhoei;rgal 3 6. n : nearly independent of frequency

A4 B4 C 4 D«

|
|correlator |

General expression for the cross (cosine) correlation of antennae 1 and i:

< 2Ey? cos(kx — wt + ¢p) cos(k(x + Ax) — wt + ¢) >

=< cos(kAx) >+< cos(2kx — 2wt + 2¢y + kAx) >, Ax = B;jsin 6’
21 o Bij \ _ ) .
= COS (7 B;jsin6 ) ~ COS (27179 ) = cos(2mu;;6°) Separation of

antennaeiandj

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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Evaluating Complex visibility of a point source at 8’

1D linear radio interferometer

(i.e., Dirac delta function) taken from antennaeiand ]

D ! 2 ! N D
sin 6, = nsin 6, < ElE] >SinE AP(HI) sin (ZTTEBUQ’) = f6(9 - 9’) ﬁ(@)sm(ZnuUH) do
atmospheric attenuation e Vl] — f 6(9 _ QI)P(Q)eLZTL'uideQ
Lhoei;r;al 3 6. n : nearly independent of frequency

A4 B4 C 4 D 1
|correlator |

General expression for the cross (cosine) correlation of antennae 1 and i:

< 2Ey% cos(kx — wt + ¢p) cos(k(x + Ax) — wt + ¢) >

=< cos(kAx) >+< cos(2kx — 2wt + 2¢, + kAx) >, Ax = B;jsin 6’
o o r
— oS (7 Bijsin6 ) ~cos (7 B;;0 ) Separation of

antennaeiandj

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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Evaluating Complex visibility of a point source at 8’

1D linear radio interferometer

(i.e., Dirac delta function) taken from antennaeiand ]

light source < EiEj >.05= P(6') cos (ZTRBU-H') = [6(0 —6") P(0)cos(2mu;;0) do
Sin6, = nsin 6. < Eij >n= P(0) sin (52B;0') = [ 6(6 — 8") P(0)sin(2mu;6) do
0, atmospheric attenuation € " V.. = f 5(9 _ 9/) }7(‘9") eiZnuijG do
ij
el v ) n : nearly independent of frequency
Evaluating Complex visibility for continuous intensity distribution

Vi = J A(B)P(0)e'?™j% g

A4 B4 C 4 D 1
|correlator |

General expression for the cross (cosine) correlation of antennae 1 and i:

< 2Ey% cos(kx — wt + ¢p) cos(k(x + Ax) — wt + ¢) >

=< cos(kAx) >+< cos(2kx — 2wt + 2¢, + kAx) >, Ax = B;jsin 6’
o o r
— oS (7 Bijsin6 ) ~cos (7 B;;0 ) Separation of

antennaeiandj
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Evaluating Complex visibility of a point source at 8’

1D linear radio interferometer

(i.e., Dirac delta function) taken from antennaeiand ]

light source < EiEj >.05= P(6') cos (ZTRBU-H') = [6(0 —6") P(0)cos(2mu;;0) do
Sin6, = nsin 6. < Eij >n= P(0) sin (52B;0') = [ 6(6 — 8") P(0)sin(2mu;6) do
0, atmospheric attenuation € " V.. = f 5(9 _ 9/) }7(‘9") eiZnuijG do
ij
el v ) n : nearly independent of frequency
Evaluating Complex visibility for continuous intensity distribution

Vi = J A(B)P(0)e'?™j% g
\ )

C ||
A ’1{ Bf 'f > 'f Mathematical form of fourier transform

|correlator |

General expression for the cross (cosine) correlation of antennae 1 and i:

< 2Ey% cos(kx — wt + ¢p) cos(k(x + Ax) — wt + ¢) >

=< cos(kAx) >+< cos(2kx — 2wt + 2¢, + kAx) >, Ax = B;jsin 6’
o o r
— oS (7 Bijsin6 ) ~cos (7 B;;0 ) Separation of

antennaeiandj

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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1D linear radio interferometer Evaluating Complex visibility for continuous intensity distribution

light source STAS i2mui 6
., = i
Vij = fA(H)P(Q)e i°de
sin 6, =nsin 6,
atmospheric attenuation e
thermal .
noise 3 6. n : nearly independent of frequency
A4 B4 C 4 D«

|correlator |

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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1D linear radio interferometer Evaluating Complex visibility for continuous intensity distribution

light source
°.

Vw|= J A(0)P(0)e?™9qg

sin 6, = nsin 6, )
||
Mathematical form of fourier transform
0 atmospheric attenuation €
thermal .
noise 3 6. n : nearly independent of frequency
A4 B4 C 4 D«

|correlator l

What we directly measure
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1D linear radio interferometer Evaluating Complex visibility for continuous intensity distribution

light source DoV, i
. V) = [|A0)P(0)e?™ dp
sin 6, = nsin 6, )
|
Mathematical form of fourier transform
0 atmospheric attenuation €
thermal .
noise 3 6. n : nearly independent of frequency
A4 B4 C 4 D«

|correlator l

What we are interested in

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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1D linear radio interferometer Evaluating Complex visibility for continuous intensity distribution

light source
°.

sin 6, = nsin 6,
atmospheric attenuation e
thermal n : nearly independent of frequenc
noise 2 A : y indep quency
A4 B4 C 4 D«

|correlator l

If V(u) can be completely sampled
(i.e., measured at any u)

VQw = j NORG

e i2muf do

J

I

Mathematical form of fourier transform

ABHP(O) = fV(u)e"iznue’du

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),
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1D linear radio interferometer Evaluating Complex visibility for continuous intensity distribution

light source -
g V(uw) = A(Q)p(@)elmru@d@
sin 6, = nsin 6, |
Y
Mathematical form of fourier transform
¢ atmospheric attenuation "
Lhoei;r;a' 3 A n : nearly independent of frequency
A(6)P(6") = f V(w)e 2T gy
A A B4 C 4 b4

|correlator |

In reality, an interferometric array can only take
discretized samples at certain antenna-
separations. In addition, the shortest possible
(projected) antenna-separation is limited by the
sizes of the reflector.

If V(u) can be completely sampled
(i.e., measured at any u)
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1D linear radio interferometer

light source
°.

sin 6, = nsin 6,
atmospheric attenuation e
thermal n : nearly independent of frequenc
noise 2 A : y indep quency
A4 B4 C 4 D«

|correlator l

If V(u) can be completely sampled
(i.e., measured at any u)

V(uw) =J

—

A(6)P(9)

Evaluating Complex visibility for continuous intensity distribution

e i2muf do

J

I

Mathematical form of fourier transform

ABHP(O) = fV(u)e"iznue’du

Sampling function (at u,, k = 1,2,3, ..., M)

M
S(u) = Z d(u —uy)
k=1
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1D linear radio interferometer Evaluating Complex visibility for continuous intensity distribution

light source -
97 V(uw) = A(Q)p(g)emnuedg
sin 6, =nsin 6, |
I
Mathematical form of fourier transform
¢ atmospheric attenuation "
tnhoei;gqal 3 A n : nearly independent of frequency
A A B4 C 4 b4

| | | I|corre|ator Sampllng function (at uk;k = 1,2;3, ,M)

M
S(w) = Z O(u — uy)
If V(u) can be completely sampled k=1
(i.e., measured at any u) Naiive inverse fourier transform

[4@"P@)” = [ sy @e-#m?du
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1D linear radio interferometer

light source
sin 6, =nsin 6,
atmospheric attenuation e
thermal n : nearly independent of frequenc
noise 4 O : y indep quency
A4 B4 C 4 D«

|correlator |

Convolution theorem
F.T.(f*g)=F.T.(f)-F.T.(g)
F.T.(f-g)=F.T.(f) *F.T.(g9)

Evaluating Complex visibility for continuous intensity distribution

V(u) = J A(0)P(0)e?™9qg

||
Mathematical form of fourier transform

J

ABHP(O) = fV(u)e"iZ””H’du

Sampling function (at u,, k = 1,2,3, ..., M)

M
S(u) = Z d(u —uy)
k=1

Naiive inverse fourier transform

[4@"P@)” = [ sy @e-#m? du

Dirty image

NSYSU EMI Online Lecture Series Hauyu Baobab Liu (= /457),

Department of Physics
105



1D linear radio interferometer

light source
sin 6, =nsin 6,
atmospheric attenuation e
thermal n : nearly independent of frequenc
noise 4 O : y indep quency
A4 B4 C 4 D«

|correlator |

Convolution theorem
F.T.(f*g)=F.T.(f)-F.T.(9)
F.T.(f-9)=F.T.(f)*F.T.(9)

Evaluating Complex visibility for continuous intensity distribution

V(u) = J A(0)P(0)e?™9qg

||
Mathematical form of fourier transform

J

Naiive inverse fourier transform

[4@nP@))” = [ sy @e 2 du
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1D linear radio interferometer Evaluating Complex visibility for continuous intensity distribution

light —_ .
ight source V(‘Ll,) — A(G)P(Q)elzm‘gdH
sin 6, = nsin 6, )
Y
Mathematical form of fourier transform
0 atmospheric attenuation €
tnhoeigzal 5y 6. n : nearly independent of frequency
Naiive inverse fourier transform
—— D ,
[A(6)P6")] = j SV (u)e~ 28" gy
. / . !
A4 By C 4 D 4 — (fs(u)e—lZTL"uQ du) * (f V(u)e—lZnuB du)

|correlator |

Convolution theorem
F.T.(f*g)=F.T.(f)-F.T.(g)
F.T.(f-g)=F.T.(f) *F.T.(g9)
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1D linear radio interferometer

light source
sin 6, = nsin 6,
atmospheric attenuation e
thermal n : nearly independent of frequenc
noise 4 O : y indep quency
A4 B4 C 4 D«

|correlator |

Convolution theorem
F.T.(f*g)=F.T.(f)-F.T.(g)
F.T.(f-g)=F.T.(f) *F.T.(g9)

Evaluating Complex visibility for continuous intensity distribution

V(u) = J A(0)P(0)e?™9qg

||
Mathematical form of fourier transform

J

Naiive inverse fourier transform

[A(G’)PF(W)]D = jS(u)V(u)e‘iZ”ue’du

— ‘(f S(u)e“'z””‘g’du)’*‘ (f V(u)e"iznue’du)'

I I

Dirty beam A(B")P(0")
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1D linear radio interferometer

light source
sin 6, = nsin 6,
atmospheric attenuation e

thermal n : nearly independent of frequenc
noise 4 O : y indep: quency

u

—_—)
A4 B4 C 4 D«

|correlator |

Convolution theorem
F.T.(f*g)=F.T.(f)-F.T.(g)
F.T.(f-g)=F.T.(f) *F.T.(g9)

Evaluating Complex visibility for continuous intensity distribution

V(u) = J A(0)P(0)e?™9qg

||
Mathematical form of fourier transform

J

Naiive inverse fourier transform

[A(G’)PF(W)]D = jS(u)V(u)e‘iZ”ue’du

— ‘(f S(u)e“'z””‘g’du)’*‘ (f V(u)e"iznue’du)'

I I

Dirty beam A(BHP(0")
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1D linear radio interferometer Evaluating Complex visibility for continuous intensity distribution

ioh — 1 .
light source V(‘Ll,) — A(G)P(Q)elzm‘gdH
sin 6, = nsin 6, )
Y
Mathematical form of fourier transform
0 atmospheric attenuation €
tnhoeigzal 3 6. n : nearly independent of frequency
Naiive inverse fourier transform
—— D ]
—u [A(6)P6")] = j SV (u)e~ 28" gy
—
A B C D — —i2mud’ —i2mud’
f 1 1 1 = ‘(fS(u)e du)’*‘(f V(we du)'
|correlator | Y Y
Dirty beam A(BHP(0")

Convolution theorem
F.T.(f*g)=F.T.(f)-F.T.(g)
F.T.(f-g)=F.T.(f) *F.T.(g9)
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1D linear radio interferometer Evaluating Complex visibility for continuous intensity distribution

Iigf.lt source V(‘Ll,) — JA(G)}’)—@eiZRquH
sin 6, = n sin 6, )
Y
Mathematical form of fourier transform
0 atmospheric attenuation €
tnhoeigr;al 3 6. n : nearly independent of frequency
Naiive inverse fourier transform
—— D ]
—u [A(6)P6")] = j SV (u)e~ 28" gy
—
A -I( B,f C 4 ) _ (f S(u)e—iZmLG’du) * (f V(u)e—iZnue’du)
' : L )\ )
|correlator Y Y
Dirty beam A(BHP(0")
’ U ’
COﬂVOl Ut'Oﬂ thEO rem z j §(u — uk) COS(ZT[U,Q’) du = Z COS(ZTL"LLRHI)
k=1 k=1

F.T.(f*g)=F.T.(f)-F.T.(9)
F.T.(f-g)=F.T.(f) *F.T.(g9)
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1D linear radio interferometer Evaluating Complex visibility for continuous intensity distribution

Iigf.lt source V(‘Ll,) — JA(G)}’)—@eiZHquH
sin 6, = n sin 6, )
||
Mathematical form of fourier transform
0 atmospheric attenuation €
tnhoeg:al 3 6. n : nearly independent of frequency
Naiive inverse fourier transform
— D .
—u [A(6)P6")] = j SV (u)e~ 28" gy
—
A -I( B‘f C ,{ D,T — (f S(u)e‘iZ””G'du) * (f V(u)e‘iznue'du)
|correlator \ Y J Y J
Dirty beam A(BHP(0")
y U y
Convolution theorem z j S(u —uy) cos(Qmub’) du = Z cos(2mu,6")
F.T.(fxg)=F.T.(f)-F.T.(9) k=1 k=1
Resemblance to the diffraction
F.T.(f-g)=F.T.(f)*F.T.(9) pattern of the diffraction

grating
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Naiive inverse fourier transform

[4@)P@)] = [ GOV (e au

27 === Source function
Image _ _i2mud’ .\ % _i2nu6’
1 _ —‘(fS(u)e du)’ ‘(f V(we du)'
I Y
1 ‘ I / Dirty beam A(B"HP(6")
O— 1 I\ " \ v P v v IAVARN I N AN EAVAY ] @
M M
11 - - - - - - - 5(u — 20’d=Z 21,6’
i e 2 - 5 > ) : 8 Zj (u — uy) cos(2rub’) du cos(2mu,6")
0 [radian] k=1 k=1
1.07 —— Dirty beam
0.5 1
0.0 1
8 -6 -4 -2 0 2 4 6 8
0 [radian]
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Naiive inverse fourier transform

[A(G’)PF(W)]D = jS(u)V(u)e‘iZ”ue’du

=== Source function
21 noise . ' . '
1] l Noisy image = ([ S(w)e™2™ qu) * ([ V(w)e ™8 du)
1 “‘L‘l I,erl || | L ' 1\ — ]
0. Myw www ,f | ' MA m lwmwﬂ Dirty beam A(6)P(@)
| \ ;
_1d . @ ;
—2_—8 e - = s ; Z : 5 Z j d(u — uy) cos(2nub’) du = Z cos(2mu; 6")
0 [radian] k=1 k=1
1.0 —— Dirty beam
0.5 1 D
Need to deconvolve [A(8")P(0")]
0.0 1
-8 -6 -4 -2 0 2 4 6 8
0 [radian]
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. D
The CLEAN algorithm Need to deconvolve [A(H’)P(Q’)]

Ansatz: intensity distribution of target sources can be
approximated by point sources and 2D Gaussians with various pre-defined sizes

1. Find the intensity peak in (residual) To save time, sometimes specify to search over
dirty image certain restricted areas, call clean boxes.

2. Minor cycle
Use certain conditions to find
multiple clean components at a time

3. (i) Subtract (I,,Xg)*B from the [Slgf{gle[Ie RVl e]I[1aY;

(ii) Append the subtracted (I,,Xg) to so called clean model

4. [Is the intensity peak in the residual image larger than

a specified ? 1~2 times the rms noise, normally.]
&&
[Not yet run more iteration than a specified limit

3. (i) Convolve the clean imodel with the clean beam,
which is the a Gaussian profile obtained from fitting
2l the central lobe of the dirty beam.
(ii) Add the residual image to the convolved image.
This is the final product, the clean image.
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