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Infroduttion . »‘_ o _ - S B

The. structural limitations on the size of large radio telescopes limit

the angular resolution of these ins truments. Hence, we must either look for,
other methods of obtaining high resolution observations (lunar occultations)

or we must artific¢ially build. an antenna of the large aperture required ("ap-

erture synthesis'"). = The fundamental telescope in aperture syhthesisvis the

L

interferometer. -The method of obtaining the equivalent very large dpertu:é'

beam is to obtain fhg phase and amplitude of each intérferometer'recordg and

" add all_interferometér'fecords_togethef’as a‘Foufiéf,Series(l). _For conven-

ience we will.consider a one-dimensional antenna.

/

If we consider a 300-foot one-dimensional- radio antenna operafing,at

A = 1o‘cm,‘the-"fan¢beam“ width'(toAhalf—pOWer)'is = % radians ® 4 arc minutes,
If we wish to obtain narrower beams at.a_given wavelength, we have -to increase
the diameter of the antenna. For a .10 arc second fan-beam at \ = 10 cm, a

«

7200nf60t.1qng antenna is required!

The Fourier Transformation

‘It is necessary to consider the properties of Fourier trapsformations

in order to obtain.a clearer picture of high resolution techniques in radio

2

astronomy. A simple account of. Fourier transformations is given by Jennison

(3) (4

More rigorous treatments are given by Afsac and Sneddon . From the law
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of suﬁerposition of electromagnetic wayés, the-far*field patte?nnpf an antenna
' _on-thefsky is the Fourier transformation'df the aperture (illumination) func-~

tion of the antenna. Similarly, the Pourier transforﬁation'of-brightness dis-

tribution of a source (at infinity).is the fiéld‘distribUtion:(due_td tﬂe source)

on the observing plane. :In_the"same way that the conjugafe Fourier quantities

in electrical thédfylafe timevand_frequency, so are the con jugate Fourier quan-

tities in interferometry angle and spatial frequenéy.

Let us consider some general properties of the Fourier transformdtién.
For any antehna-of‘one—dimehsional'angular~beam~pattern,G(6), observihg a
‘source with one-dimensional brightness distribution T(8), the recorded output
power is given by
. RGg ) =/ Go-p ) T(6) do L (1) -
all 6 - . R A
-where eovrepresénts the direction. in which,thetpoWer is G(e-eo). This is known

as-a fconvo1ution",'and is.sometimes-abbreviated to
. H = ¢ * »
- R(Go) G(eo) T(e),
The Fourier transformatién'of R(6,) is
cr(w) = glu) - t(w) SEEE L @

 where u .is the spatial frequeﬁcy-and g(u) and t(u) are the Fourier transfor-
‘mations of G and T, respectively.. For the Fourier pair r(u) and R(G),‘we

_ have the important general relationship. .

!
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g(u) . t(u)

r(u)

G(8) * T(O)

R(©)

This may be compared with ‘the resultant two linear electrical filters.

In this case we have

. f(w)

]

‘fi(m) . £ ()

F (t)) * F (1)

I

F(ty)

<F(to) is known: as -the (unnormalizéd)crossfcorrelatidn coéfficient, and

‘'is the Fourier transformation of the resultant filter functién}f(w). Because

of the close resemblance between f(m) and r(u), and due to. the limited spafial

frequency band observed.at one time by an interferometer, we may consider the

interferometer to be a spatial frequency filter.

Interferometer Geometry

Let us consider a two-antenna interferometer whose individual antennas

are on an East-West baseline. Interferometer fringe maxima'will be observed

when path differences (via each antenna),from_sburce to central point are
an integral number of wavelengths (fig. I). The instrumental meridian of the

two antenna interferometer is the direction .in which'the.pAths (via each an-

tenna) are equal. The meridian is sometimes referred to as the position of
the ‘tentral fringe". For East—West interferometer baselines, sources of all
declinations pass through the local meridian and. interferometer meridian si-

multaneously (see fig. II); for non-East-West baselines, the cbinciden;e of
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meridians only occurs for séurces'whiéh pass through the local zenith.(i.e.,
‘whose decliﬁatidnfis equal to geographic latitude). "

'

Away from .the instrumental meridian two. important effects occur..

‘

~

A(ai The abbarent baseiiﬂe,>as:sé¢n-b§ the séﬁgcé,'is»redﬁced. This
:isjknown‘asi"baselipe forshorténing", and i$‘p¥0poftional té»cds 6.
. j(see fig.'I). |
() for:sources at declinations other thQFZerbg non—meridién‘obser*
;ations'r¢Sult in\an.dbparent'rbtétion~of the»pfojeéfed interfefométer:
fringesaan& baseline.(on:théléoﬁrce)._ We call this énglé O: dcboeker
‘the aggie'aetweeﬁ'céiéstiai North—Soﬁtﬁ énd_the basé1in¢ projection
. on tl’."le .s.o.urgeisﬂ qaa,','f‘-{ = |

.

. #Bémet fringes drawn on the celestial sphere comprise. a series of semi-

‘cincﬁlarvéfcs, whqse'plangs are parallel (see fig; 11). Sinéé sources ét:all
decliﬁatiohé ﬁbve'at the sémé hour-angle rate, and fringes at higher decli- i
hatioﬁs.have large;“h§ur—angle sépa;ations{_tﬁe réte.at:whicﬁ a source crosses
the'fringes isfl&wéf at ﬁighér deciinations. 1f 6 is' the sourée‘declination,
the rate of‘crbssing the fringes ié-brop&:tional“to COSVS‘Sin 0.

\
!

B For an East-West interferqmeter,'the rotation of the projected base-.
line is given by
tan o = cos & cot H
where H is the houf aﬁgle of the source; : .  S
Example. An interferometer comprises two antennas on'an East-West base-.

4

line. Determine the observed fringe frequency when viewing a source of § = 30°

N
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two hours before meridian transit (H = 0),  The maximum fringe frequency (at

(o]
I

=0, H=20) 1is 0.2 cycle per second.

e
]

2 hours, i.e., 6 = 30°

Hence fringe rate = 0.2 cos,é.Sin p cos §

0.2 cos?(30°) sin p

it

tan o cosec 30° cot 30°

NS 73° 54

fringe rate = 0.144 cycles:pgr second

The Treatment of Interferometer Data

“The interferometer output is fringes, whose phase and amplitude must
be retained in order that all spatial frequency contributions may be combined
to give the synthetic antenna beam. Again, we consider a one-dimensional

antenna.

Sincé the interferometer iS'aVSpatial frequéncy filter, its output
represents one component of the Fourier transform'of the brightness distri-
bution. In fig. IIJ several one-dimensional s0urce'distr§butions ére shown,
together with their Fourier transformations: the transformation amplitudes
"~ are known as "fringe'visibility‘curves"s For zero spatial frequency thé

fringe visibility is unity (V = 1).

The Interferometer System

The N.R.A.O. interferometer system is shown in block schematic form

in fig. IV. Analog multiplication followed by integration is equivalent to
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‘

' (5). . | o .
- correlation, and Blum has shown that two advantages accrue from correlation

(rather than addition and defécﬁion); They are

(a) 'a slight imbroveMent in system signal-to-noise ratio, and

(b) large reduction in system .gain fluctuations.

In ordér to fi*‘iﬁtérféroméférvfringes telétive to.thé baseline,vsig-
_n#l-aﬁd image bén&é ﬁfg'both éccepted brior'fofsupgrhete%ddyning the R.F. .
It hés‘béen;showﬁ theoretically,(by'Read(6))'and expefimentéllyxthat; for.
equal response’tq signal and imagg'bandé, éourées may’be tracked by inseft-

ing delays in the I.F. circuit, whilst fringes‘temain'fixed,on the sky. -

Interferometet Signél-to—Noiée'Ratiof

Thé outpﬁt-of the integferomefef,is‘a siné_ane’ofwamplitgde proﬁpf;;

‘tional to the unréSolvéd séu¥ce flux: i.e., brbpéftibpéllto‘fringe Visibilify
~and total sourcé flux denéity. Two fypicé}ifecords atelshoWn in;fig; V.

The system néisé.(aésuméd.éQUSsiaﬁ) has an f;ﬁ;é;’valué proportional‘fo T;i/é
for a given'I;f; bandwidtﬁ{'whoéeAT is the’ihtegratibn time.‘ For a sine wave
,‘pius gaussian noise, fhégﬁaximﬁm,signa1-t§;nbisewratio fof-a~given équrce
and system ié whén. | |
- | ' sine wavé period

, assuming.intégratibq is'in_allow pass RQ.filfer. 'For:thé,present N,R;AﬂO.

.idterferomefer (July 1964), the signal-to-noise ratio is

Ty 32

ATems VT



where TA,iS the amplitude of the interferometer fringes, A
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ThMS is the. r.m.s. .

noiseé, V:is the fringe visibility;is is the total source flux density (in

flux units) . and T is the integration time constant in seconds.

‘Final Ngﬁs

.,No-attempt'has been made here to consider interferometer baselines

oblique to East-West, as at N.R.A.0., due to the considerable complexity of

the geometry. . Further infbrmation;on.the’N.R;A.O.,interferometer'may be

found in reference (7).

(D
&)

(3)

(4

(5

(&)

<)
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Examples
’v1. An 1nterferomster ‘uses ‘two 85-foot antennas (as at NRAO) separated by
900»meters on-an Bast-West baseline. Thejoperat1ng wavelength~1s-1420 MHz.
' Determine the frings rate for a;rédio-SOnrceAat 5 = 0o .

(a) at 1nstrumenta1 mer1d1an tran81t angle (zero hour angle)

(b) 3 hours. away from 1nstrumental mer1d1an tran51t

2. .Determine the‘f:inge'rate for the above interferometer obsgrving‘a“sohrce
‘of §>= 40° at 4 hours from the instrumental Meridian;transitL- Why may

~we not use this point on aniEasthést visibility curve?

3. . For the intéfferomeﬁer iniﬁxample 1, calculate
(a) * the fime COnstsnt:to‘giyé"maximum.signal-fo%noise ratin
in 1(a) and 23
(b), the S1gnal to-n01se ratio for'a point source of 8 flux units

. in 1(a) and 2,_using these t;me;constants.

' 4, _Determlne the time constant and signal- to—n01se ratio in case 1(b) nhsre
the source has 80 flux un1ts, and is in fact two equal p01nt sourcss
‘separated by one m1nute of arc in’ an East—West dlrectlon | "Repeat the
l;alculation with a source of,equal flux, which is in.fact a Qoublevgaus—
sian in an.East-Wést direction ﬁith hélf—power widths gnd sebarafién
squal to‘dne'minute of arc.

N

[Hint: Use fig. IV in both cases; remembering that the scale on the brightness

‘distribution varies invéfsely'as the scale on .the visibility curve.]
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