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Collecting radio signals

Radio photons are too wimpy to do very much - we cannot usually detect individual photons
- e.g.optical photons of 600 nanometre => 2 eV or 20000 Kelvin (hv/kT)
- e.g.radio photons of | metre => 0.00000] eV or 0.012 Kelvin

B Photon counting in the radio is not usually an option, we must think classically in terms
of measuring the source electric field etc.

i.e. measure the voltage oscillations induced in a conductor (antenna) by the incoming EM-

wave. Example:
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Collecting radio signals

Nyquist theorem and noise Temperature

A resistor (even without current) at a certain temperature T
produces noise power: P dv = kTdv  (when hv <kT)
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Nyquist theorem and noise Temperature

A resistor (even without current) at a certain temperature T
produces noise power: P dv = kTdv  (when hv <kT)
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At low frequencies v <kT/h, the specific intensity B of blackbody radiation in three

— dimensions (solid curve) is proportional to v. Its one-dimensional analog, the spectral
power density of noise generated by a resistor (dashed curve), is proportional to v° .
Quantization causes the sharp exponential cutoffs of both curves at high frequencies.
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Collecting radio signals

Nyquist theorem and noise Temperature

A resistor (even without current) at a certain temperature T
produces noise power: P dv = kTdv  (when hv <kT)

If we could connect the resistor to the telescope (without any loss)
then we'd be able to measure the telescope temperature

A radio telescope is about measuring noises/temperatures



Collecting radio signals

EM power in bandwidth dv from solid angle 8Q2 intercepted by surface dA is:
OW =1 0Q0A0V
Defines surface brightness I, (W m2 Hz' sr'; aka specific intensity)

Flux density S, (W m~2 Hz') — integrate brightness over solid angle of source
S, = | , 1,49
Convenient unit — the Jansky = 1 Jy = 102° W m2 Hz'!' =102 ergs' cm? Hz!

Note: S =L /4nd®> ie. distance dependent
Quxl/d® = I, xS /Q ie.distance independent



Collecting radio signals

Recall : oW = IvégéAé’V

«c per unit frequency from an
unpolarized source but is only sensitive to one mode of polarization:

Telescope of effective area A, receives power P

Prec = 1 VAe(SQ
2

Telescope is sensitive to radiation from more than one direction with relative
sensitivity given by the normalized antenna pattern P,/(6,¢):

1
Prec = EAe flv (69(p)PN (99(p)dg
47




Collecting radio signals

In general surface brightness is position dependent, ie. =1 (6,¢)

2kv*T(0,p)
LO.§) =" .4

(if 1, described by a blackbody in the Rayleigh-Jeans limit; hv/kT << 1)

Back to flux:

2kv”
S, =J, 1,6.9dQ == [T(0.9)dQ

In general, a radio telescope maps the temperature distribution of the sky



Collecting radio signals

2k o ,
S, = [ 10.9de = [TO.pd2 S, =

C

€2
5

2k
1,dQ =~ [T,d
)

A
P == [ 1(0.9)P,(0.9) d©
4

A
Sy = 5 k f L,(0,9)P,(0,p) d
4

Antenna temperature is what is observed by the radio telescope.

A “convolution” of sky brightness with the beam pattern

It is an inversion problem to determine the source temperature distribution.

2k
S, = T4
Aty




Collecting radio signals

An antenna Is a passive device that converts electromagnetic radiation in space Into
electrical currents in conductors or vice versa, depending on whether it is being used for
receiving or for transmitting, respectively.

Radio telescopes are receiving antennas, and radar telescopes are also transmitting
antennas. It is often easier to calculate the properties of transmitting antennas and to
measure the properties of receiving antennas.

The reciprocity theorem states that most characteristics of a transmitting antenna (e.g., ItS
radiation pattern) are unchanged when that antenna is used for receiving, so any analysis
of a transmitting antenna can be applied to a receiving antenna used In radio astronomy,
and any measurement of a receiving antenna can be applied to that antenna when used
for transmitting.

The two cases are equivalent because of time reversibility:

the solutions of Maxwell’'s equations are valid when time is reversed!



Collecting radio signals

The antenna collects the E-field over the aperture at the focus

The feed horn at the focus adds the fields together, guides signal to the
front end

T [ r
— T
YL NN
A\ A\ S
L A I"j'
I !
0 - ] | Jd
| | | |
I' | | )
\ 't II l|
1 |
- | J -
i) 11 7
< ',lt |I.'|
- l,l ||| —
|
.“ \
N v
- 1 1

10 2 0 2 10



Collecting radio signals
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Collecting radio signals

Antenna response
is a coherent
phase summation

of the E-field at
the focus

First null occurs
at the angle
where one extra
wavelength of
path is added
across the full
aperture width,

l.e., 6~ A/D
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Collecting radio signals

 Distant point source d=(2m/N\) xsin0d
The feed can illuminate the aperture antenna with a |

sine wave of fixed frequency v=w/(211) and electric
sine wave of fed fre MMM

yaries across the aperture.

a(x)e

The illumination induces currents In the reflector. The sind=0
currents will vary with both position and time:
| o« g(X)exp(-iwt)
B> SD - @R\R& YT f/‘/ﬂ%

Huygens'’s principle asserts that the aperture can
be treated as a collection of small elements which
act individually as small antennas. o .

sinf=(A/D) /2

The field from each element extending .
from x to x+dx Is:

" . <A T 7275 S
d\).
df°< g(X)eXp(-IZT[r(X)/)\)r(X)dX’ r//////////////////////\/e//km X M &I/

v\ v 41 ///////// /] S]lfl@z ()\/D)
-D/2 D/2

fil) = g(u)e 2™ udy

" apertiure

with I=sin@ (far field approximation) and u=x/A

The electric-field pattern f(I) of an aperture antenna is the Fourier transform of the electric field
distribution g(u) illuminating that aperture



Collecting radio signals

Antenna Power Response at | GHz

25-meter diameter, uniform illomination
l
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« The voltage response pattern is the FT of the aperture distribution

« The power response pattern, P(6) « V*(6), is the FT of the
autocorrelation function of the aperture



Collecting radio signals

Antenna Power Response at 1 GHz

25-meter diameter, uniform illumination

I

08—
-
¥
=
e
oW
- 0.6 —
D
-
=
ot
E04t
z.
First Null at
First Sidelobe Height | l-’l'z Nll; [:d
0.3 1.74 % of max. —— s

[)l—r

Angular Offset (arcminutes)

ﬁ

. < -- - : : - :
100 50 0 50 100

Defines te

resolut

escope
lon

« The voltage response pattern is the FT of the aperture distribution

ﬁ

« The power response pattern, P(6) « V*(6), is the FT of the

autocorrelation function of the aperture

 for a uniform circle, V(8) is /,(x)/x and P(8) is the Airy pattern, (/,(x)/x)?
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Collecting radio signals

P(0,0,v) = A(0,p,v) I(0,0p,v) Av AQ

effective collecting area A(v,0,¢) [m?]

on-axis response
Ac=nA

n = aperture efficiency

Normalized pattern
(primary beam)

A(v,6,0) = A(v,0,9)/Ao

Beam solid angle
Qa= || A(v,0,¢) dQ all sky

Ao Qa = A?

A = wavelength, v =frequency

Minor |

lobes

Main lobe axis
(or bore sight)

— Main lobe

' _4— P(6)

Half-power
beam width (HPBW)

2 Beam width

between first

nulls (BWEFN)

Sidelobes
NB: rear lobes!



Collecting radio signals

P(0,0,v) = A(0,p,v) I(0,0p,v) Av AQ

Main lobe axis
(or bore sight)

effective collecting area A(v,0,¢) [m?]
— Main lobe

Ftevation (arc min)

on-axis response
Ac=nA

n = aperture efficiency N\ _L pe)

Normalized pattern
(primary beam)

, Half-]lnu er

beam width (HPBW)

Azimuth (arc min)

A(v,6,0) = A(v,0,9)/Ao

Beam width
between first

_ nulls (BWEN)
Beam solid angle

Qa= || A(v,0,¢) dQ all sky

Sidelobes
NB: rear lobes!

_ 22 Mines |
Ao Qa = A Mimer |

A = wavelength, v =frequency



Collecting radio signals

Imaging of the sky with a single-dish can be achieved by letting the source drift
across the telescope beam and measuring the power received as a function of

time. This provides a 1-D cut across the source intensity. Usually, the area of
Interest is measured at least twice, in orthogonal directions (sometimes referred to

as "basket weaving’).

P Tsrc



Collecting radio signals

Aperture Efficiency

Ao =MA, N = Ngt X Ny X Ng X My X Nppige
N = reflector surface efficiency

Ny, = blockage efficiency

N, = feed spillover efficiency

N, = feed illumination efficiency
Nmiso— diffraction, phase, match, loss

Ner = €Xp(-(4TG/A)?)
e.g., c=AM16,n,=0.5




Collecting radio signals

Reference received power to the equivalent

temperature of a matched load at the input to the
receiver

Rayleigh-Jeans approximation to Planck radiation
law for a blackbody

P.=kgT Av (W)

Recelver

kp = Boltzman’s constant (1.38%10-23 J/°K)

When observing a radio source, T, =T,+1T

— [Tsys = system noise when not looking at a discrete radio source
— |, = source antenna temperature

SYS




Collecting radio signals - calibrating a telescope

2k
S, = T'A
Acry

relate the voltages measured at the receiver
system to the antenna temperature receiver system needs to be linear

hot = absorbing material (300 K)

now we can relate source flux density with antenna temperature

cold = soaked in liquid nitrogen (77 K) - p
Ll 7
problem is that we do not know A _;in general --*_,7 e il '/*/
for a horn antenna A can be calculated analytically ) /x/ . 1
] ] I



Collecting radio signals - calibrating a telescope

known flux density of the source can S — _ Zk T
be used to calibrate other telescope 0 v A A

eff

receiver system needs to be linear

hot = absorbing material (300 K) 4 A

cold = soaked in liquid nitrogen (77 K) > y

antenna temperature for another telescope === _// E
o : :
[ty

‘ TA“ "'1{'!}' Sk, ' ey s le ‘g .
'"’1'{'..{.."- — ..-E.IEE:‘ I[_j_: ' *”_q — — ; T- ] . | r
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Collecting radio signals - calibrating a telescope

With the known parameters of a telescope we can simply
bootstrap the flux densities of sources to be measured.

All we need is a calibration source not too far away from
the target source:

Calibrator voltage Target voltage

S — ScaI/Ucal U

target target

Target flux density Calibrator flux density



Collecting radio signals

Unfortunately, the telescope system itself contributes noise to the the signal
detected by the telescope, I.e.,

Pout = PA T P.‘»'}".‘- 9 Tout = T/\ + T (Wlth TA << Tsys)

Sys

The system temperature, T ., represents noise added by the system:

5},'51'

Tsys = Tbg T Tsk}f T TSpiﬂ + Tloss T Tcaf T Trx

T,, = microwave and galactic background (3K, except below 1GHZz)

Ty, = atmospheric emission (increases with frequency--dominant in mm)
T, = ground radiation (via sidelobes) (telescope design)

T, = losses in the feed and signal transmission system (design)

I, = injected calibrator signal (usually small)

T,, = receiver system (often dominates at cm — a design challenge)

Note that T, Ty, and T, vary with sky position and T, is time variable

ky?



Collecting radio signals

When Penzias & Wilson made
their measurements, they found:

Tatm = 2.3 +/- 0.3 K,

Tioss = 0.9 +/- 0.4 K,

Tspit < 0.1 K.

And they expected Ty~ O.

So looking straight up, they expected to
measure Ta,

TA=23+09+0.1 +0= 32K
What they found was Ta = 6.7 Kelvin!

The excess was the CMB and Galactic
emission.



Collecting radio signals

When Penzias & Wilson made
their measurements, they found:

FIRST PHONE CALL VIA
MAN-MADE SATELUITE!

Tatm = 2.3 +/- 0.3 K,

Tioss = 0.9 +/- 0.4 K,

Tspin < 0.1 K.

And they expected Tsiy ~ 0.

. ;" /;.73 =

So looking straight up, they expected to BELL TELEPHONE LABORATORIES BOUNCES YOICE OFF SPHERE
measure Ta PLACED IN OREBIT A THOUSAND MILES ABOVE THE EARTH
TA=23+09+0.1+0= 32K s et s | T S L

What they found was Ta = 6.7 Kelvin!

The excess was the CMB and Galactic

emission. )

Bell lab advert (right) - 1963 - 3 years before ',';,—"'-l‘i FILEPHOIE LABORITOMES
the CMB was detected - and featuring the R e S e o T et
Penzias & Wilsons horn antenna.




Collecting radio signals

Q: How can you detect T, (signal) in the presence of T_ . (noise)?

5V5



Collecting radio signals

Band—

pass
filter

The simplest possible radiometer:
— filters the broadband noise coming from the telescope
— multiplies the filtered voltage by itself (square-law detection)

— smooths the detected voltage, and measures the smoothed voltage.

The function of the detector Is to convert the noise voltage, which has zero mean,
to noise power, which is proportional to the square of voltage.



Collecting radio signals

KT

sys

Band—

pass
filter

(Av)-t
< >
r\\m /’ﬂ ”\\
/
\ \
\ /
AN
/ /
/
/// ‘k
) N /R4
<>

The voltage output V(t) of the filter with center
frequency v and bandwidth Av<v__Is a sinusoid

with frequency v, whose envelope (dashed
curves) fluctuates on timescales (Av)*>(v_ )"



Collecting radio signals

Band—

pass
filter

V, V., (Av)-1 The output voltage V_ of a square-law detector Is

A\ < > proportional to the square of the input voltage. It is
ﬂ\ always positive, so its mean (DC, or zero-frequency
h\ M N component) Is positive and proportional to the input
} ,ﬂ power. The high frequency (v=2v_.) fluctuations add
‘\ T/ no information about the source and are filtered out

| y iV ¢ inthe next stage.
Av ZVRF' <>

(Vge) ™!

For a narrowband input voltage V=cos(2mv_.t) at frequency v_., the detector output voltage would be Vo « cos?(21tv_t)
= [1+cos(4mv . 1)])/2, a function whose mean value Is proportional to the average power of the input signal.




Collecting radio signals

Band—

pass
filter

T

The upper plot shows the output voltage V_ of a square-law

2 \/J\\/\MM/\‘/U\NW detector whose input is Gaussian noise.
LM

V,/<V. >

N
§ The output voltage histogram is peaked sharply near zero
& and has a long positive tail. The mean detected voltage
™ (V. ) equals the mean squared input voltage, and the rms of
: : - the detected voltage distribution is 274(V )
+ + +

V,/<V >



Collecting radio signals

The rapidly varying component at frequencies near 2v,_ and its

envelope vary on timescales that are normally much shorter than
the timescales on which the average signal power AT varies.

Band -
pass The unwanted rapid variations can be suppressed by taking the

filter arithmetic mean of the detected envelope over some timescale
> (Av)™* by Integrating or averaging the detector output.

T

The upper plot shows the output voltage V_ of a square-law
- \/\/\ detector whose input iIs Gaussian noise.

V,/<V. >

The output voltage histogram is peaked sharply near zero
and has a long positive tail. The mean detected voltage
(V. ) equals the mean squared input voltage, and the rms of

the detected voltage distribution is 2"2(V )

P (V,6/<V_>)

V,/<V >



Collecting radio signals

Q: How can you detect T, (signal) in the presence of T (noise)?
A: The signal is correlated from one sample to the next but the noise is not

For bandwidth Av, samples taken less than At = 1/Av are not independent
(Nyquist sampling theorem!)

Time t contains N =1/A1 =71 Av independent samples

For Gaussian noise, total error for N samples is 1/4/ N that of single sample

Radiometer equation




Collecting radio signals

Band—
pass
filter

0 +1 +2
V. /<V >

]

I\ [ A TV L A [ TLSA,
FECVA R A A LR

N = Av 1 =200 samples

0 v, /<v> T

[a—



Collecting radio signals

Tq
-l’]'-]-- == '
‘f Band - VAVT
pass
filter
\o Av T> 108
) ..“h e 'ir,II " liIJFL'W,‘LL.mrmu”“ s
Y AT ~ 5x104T
0
0 t t |
7
N o
Qo '/, ' N = Av T =50 samples ~ N = Av T =200 samples /
~ o ?/ ’ ///////////1”,.__ E "'
0 +1 +2 0 -

V,/<V,> V,/<V >



Collecting radio signals

Band—
pass

filter

< %

V. /<V > V. /<V >

AT ~ 5x10“T

S

The weakest detectable signals T, (= AT)

only have to be a few times the output rms
0. given by the radiometer equation and

not several times the total system noise T_




Interferometry for the faint of heart

The simple device just described defines a ‘total power radio telescope’.

Conceptually simple - power in, power out.

But the angular resolution of a single antenna is limited by diffraction to: @ ~ A/ (radians)
In ‘practical’ units: €. ...~ 241D,

For arcsecond resolution, we need km-scale antennas, which are obviously impractical.

We seek a method to ‘synthesize’ a large aperture by combining signals collected by
separated small apertures.



Interferometry for the faint of heart

The need for resolution

0.0Llmas 0.Llmas 1mas 001" 0.1" 1" 10" 1’ 107



Interferometry for the faint of heart

Schwarzschild .
wavsoiiin The need for resolution

: Exoplanet
Size of BLR Angular
in nearby AGN HD2 09?‘5% size of Size of NLR 8koc in
star->planet  petelgeuse in nearby AGN pe
galaxy at z=1

/ Galaxy cluster
v v v v v scales

0.0Llmas 0.lmas 1mas 001" 0.]" 1" 10" 1’ 10°



Interferometry for the faint of heart

Schwarzschild .
awsorsttin - Th dt 1
wausofbiin “['He need for resolution
nearby AGN
: Exoplanet
Size of BLR Angular
in nearby AGN HDZOQ?‘E’Sb size of Size of NLR 8koC |
star->planet  petelgeuse in nearby AGN pein
galaxy at z=1
/ Galaxy cluster
' il v Y v scales
| | | | | | | | |
00lmes  Olmss  Imas  0.01" 01" 1" 10" I’ 100 1°
Single [ HST [ GBT
5 VLT single Ground-based
telescopes telescope seeing limit SPT@220GHz

diffraction limit



Interferometry for the faint of heart

Schwarzschild .
wavsoiiin The need for resolution

: Exoplanet A5
Size of BLR HD209458h gular

in nearby AGN : size of Size of NLR 8k ]
star->planet  petelgeuse in nearby AGN pein
galaxy at z=1
/ Galaxy cluster
v v v v v scales
| | | | | | | | |
00lmes  Olmss  Imas  0.01" 01" 1" 10" I’ 100 1°
A A TSP | t 4 ‘
Single GBT
telescopes SPT@220GHz
‘ VLTI ALMA
pace tical
vist  PU i am o
Clobal Interferometers
VLBI

MERLIN at 5GHz



Interferometry for the faint of heart

Young's slits revisited

Point source

d

v

Fringes of
separation

Ad



Interferometry for the faint of heart

Source subtends an
angle 0.4 \/d

Larger source

Y
~

ININININININININININR

Fringes move by
0.4 \/d. Incoherent
sources -> add
intensities, fringes
start to add out
destructively

Define [fringe visibility| as (Imax-Imin) / (Imax+Imin)



Interferometry for the faint of heart

Still larger source

———

No fringes remain

Source size (cancellation). Little

gets to A/d fringing seen for
-~ larger sources than
e A/d either.
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Interferometry for the faint of heart

Effect of slit size

Same size source, Increased fringe
but smaller slit spacing, so fringes
visible again

®»




Interferometry for the faint of heart

Young's slits: summary

Visibility of interterence fringes

Decreases with increasing source size

Goes to zero when source size goes to A/d

For given source size, increases for decreasing separation
For given source size and separation, increases with A



Interferometry for the faint of heart

Summary in pictures

= brightness fringe vizihility
l.",_ - _ .,
e = angle —-== Baseline length
somnce boghmess fnioge visibulity
)
N T = '

..

—Se-angle — ===~ Baseline length




Interferometry for the faint of heart

It's a Fourier transform!

The fringe visibility of an interferometer gives information
about the Fourier transtorm of the sky brightness distribution.

Long baselines record information about the small-scale
structure of the source but are INSENSITIVE to large-scale
structure (fringes wash out)

Short baselines record information about large-scale structure
of the source but are INSENSITIVE to small-scale structure
(resolution limit)



Interferometry for the faint of heart

Non-photon-limited: electronic, relatively straightforward
can clone and combine signals
“correlation” (multiplication+delay)
can even record signals and combine later
Photon-limited case: use classical Michelson/Fizeau arrangements
delay lines for manipulation
cannot clone photons

Ul




Interferometry for the faint of heart

* Replacing a single large telescope by a collection of small telescopes filling the large one
* Sighals received by telescopes are combined by pairs

 Each antenna pair (baseline) measures a Fourier component of the source brightness
distribution (visibility)

* Given sufficient number of measurements the source brightness distribution can be obtained
by Fourier inversion



Interferometry for the faint of heart
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V,=Vcos[w(t-T,)] ® V,=Vcos(wt)

V1V2

R=(V?/2)cos(wT,)

The correlator output amplitude V4/2 is proportional to the flux density S
of the point source multiplied by (A1A2)¥?, where Al and A2 are the
effective collecting areas of the two antennas. Notice that the time-
averaged response R of a multiplying interferometer is zero: there is no
DC output.

The correlator output voltage R=(V?4/2)cos(wtg) varies sinusoidally as the
Earth’s rotation changes the source direction relative to the baseline
vector. These sinusoids are called fringes, and the fringe phase depends
on 6 and Is an exquisite measure of the source position.

A two-element interferometer Is sensitive to only one Fourier component
of the sky brightness distribution: the component with angular period
M(bsinB). The response R is that sinusoid multiplied by the product
of the voltage patterns of the individual antennas. Normally the two
antennas are identical, so this product is the power pattern of the
iIndividual antennas and is called the primary beam of the
interferometer. The primary beam Is usually a Gaussian much wider
than a fringe period.



Interferometry for the faint of heart

“/

— We want to increase the number of antennae to measure possibly
many physical scales

— In order to describe slightly extended sources we need a complex

. correlator to be able to treat at the same time the symmetric and anti-

7 e symmetric parts (cos-even plus sin-odd parts)

(% — Finite bandwidths and averaging times (to increase sensitivity)
V,=Vcos[w(t-T,)] ® V,=Vcos(wt)

V1V2
[~ ||~

R=(V?/2)cos(wT,)

— Earth-Rotation Aperture Synthesis

S

Q — Interferometers in Three Dimensions




Interferometry for the faint of heart

Visibility and Sky Brightness

For small fields of view: the complex visibility,V(u,v), is the 2D
Fourier transform of the brightness on the sky, T(x,y)

V(u,v) = [ [T(z,y)e*™" ") dxdy o
_ =) Ty
T(z,y) = [ [ V(u,v)e 2"+ dydy 5 mage plane

* u,v (wavelengths) are spatial frequencies in
E-W and N-S directions, i.e. the baseline lengths

- '.__

Viu,v) = T(z,y)

* Xy (rad) are angles in tangent plane relative . /.
to a ref position in E-W and N-S directions uv plane »\

?_\—\_ _—

i CTm—

-



Interferometry for the faint of heart

The instantaneous point-source responses of interferometers with
overall projected length b and two, three, or four antennas distributed
as shown are indicated by the thick curves.

The synthesized main beam of the four-element interferometer is nearly
Gaussian with angular resolution 8=A/b, but the sidelobes are still significant
and there Is a broad negative “bowl!” caused by the lack of spacings shorter
than the diameter of an individual antenna.

Thus the synthesized beam is sometimes called the dirty beam. The
Instantaneous dirty beam of the multielement interferometer is the
arithmetic mean of the individual responses of its component two-element
Interferometers.

The individual responses of the three two-element interferometers
comprising the three-element interferometer and of the six two-element
Interferometers comprising the four-element interferometer are plotted as
thin curves.



Interferometry for the faint of heart

'Synthesize' a large aperture by combining signals collected by separated antennas

It measures the interference pattern produced by the two apertures, which is related to
the source brightness

2 antennas: projected baseline length B (distance between antennas)
plays the role of D in the resolution, i.e. AB~A/B

i projected baseline length




Interferometry for the faint of heart

N antennas : N(N-1)/2 baselines

Resolution: A/B

X

B = maximum projected baseline




Interferometry for the faint of heart

An array with N antennas
will have N(N-1)/2 baselines

and each baseline will measure a visibility
for each frequency channel and
for each integration time

(Earth rotation helps covering the uv plane)
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Interferometry for the faint of heart

The better we sample the uv plane, the better we can recover the true brightness of your target

5 Antennas, 1 min observing
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Interferometry for the faint of heart

The better we sample the uv plane, the better we can recover the true brightness of your target

6 Antennas, 1 min observing
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Interferometry for the faint of heart

The better we sample the uv plane, the better we can recover the true brightness of your target

7 Antennas, 1 min observing
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Interferometry for the faint of heart

The better we sample the uv plane, the better we can recover the true brightness of your target

7 Antennas, 10 min observing
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Interferometry for the faint of heart

The better we sample the uv plane, the better we can recover the true brightness of your target

7 Antennas, 3 hours observing
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Interferometry for the faint of heart

The better we sample the uv plane, the better we can recover the true brightness of your target

7 Antennas, 8 hours observing
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Interferometry for the faint of heart

RELEVANT QUANTITIES IN INTERFEROMETRY

Fov =2

D
. A
Resolution = B
i A
Maximum scale = B
e I,
Sensitivity =

A IN(N—1)Avt



Interferometry for the faint of heart

FT imaging is not like direct imaging!

POL 5000.000 MHZ VLA-C.ICLDO1.1
for VLA-C.UVCON. rce 20 40 60 80
ts Stokes | IF#1 | |

20 81 00 l l l 1 ]
— . 00 45 (— o
m e —
5 . )

; 5
- h A - -

o
W 295945 —

D2 — —
30 L —
04 = .5 |
o 1 J | | | d (1 | IR R R R B
-8.5 04 0.2 0.0 1 0.4 06 00 00 04 03 o2 01 00 5B 57 55
Mega Wavingth RIGHT ASCENSION (J2000)
rey sSca range= 0.0 1000 MIIUY/BEAM

This iIs how a 12" uniform source in the sky Is mapped
by a uv coverage producing a 3” resolution imaging



Interferometry for the faint of heart

FT imaging is not like direct imaging!

IPOL 5000000 MHZ VLA-A.ICLO01.1
0 10 20 30 40

DECLINATION {J2000)

8
8
]
|
|

. | 1 | | I | | | |

00 00 04 03 oz 01 00 58 57 56
RIGHT ASCENSION (J2000)

Grey scale flux range= 0.00 50.00 MIlIIJY/BEAM

This is how the same 12" source in the sky is mapped by
a Uv coverage producing a 0.3” resolution imaging



Interferometry for the faint of heart

FT imaging is not like direct imaging!

IPOL 5000000 MHZ VLA-A.ICLO01.1
0 10 20 30 40
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RIGHT ASCENSION (J2000)
Grey scale flux range= 0.00 50.00 MIlIIJY/BEAM

This is how the same 12" source in the sky is mapped by
a Uv coverage producing a 0.3” resolution imaging



Interferometry for the faint of heart

FT imaging is not like direct imaging!

Vvs Ufor VLA-A.LUWCON.2 Source: IPOL S000.,000 MHZ VLA-A . ICLOOT.1
Ants*-* Stokes| IF¥1 Chan# 1 0 10 20 a0 40

| S
3001 00 — ! | | = -
Smoothing cannot help
o | FT imaging if the relevant
fourier components are
20 - - not sampled at all
g e - The source is lost
z - irretrievably!
E 00 — u -
g We’d have waisted
St 7 telescope time :(((
20 — LY,
15 — -
®E= e o4 | | | | | S
00 00 04 03 02 01 00 58 57 56

RIGHT ASCENSION (J2000)
Grey scale flux range= 0.00 50.00 MIlIIJY/BEAM

This is how the same 12" source in the sky is mapped by
a Uv coverage producing a 0.3” resolution imaging



Interferometry for the faint of heart

RELEVANT QUANTITIES IN INTERFEROMETRY

A
FOV ==
D
3 Synthesis array (Fourier Transform imaging) is blind'
- ~ to structures on angular scales both smaller and larger
Resolution B than the range of fringe spacings given by the antenna
mas distribution, i.e., the array configuration.
- A
Maximum scale = B
min
e Loys
Sensitivity =
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