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To: Associated Universities, Inc., Committee on Radio Astronomy JUN 7 1954
From: R. H. Dicke
Subject: 3 Dish Interferometer

}

It will be recalled that at the afternoon meeting of May 20 T suggested that it was
premature to decide on a large dish as the principle antemma of the proposed new radio observatory.
I suggested that a three dish interferometer had advantages of both the interferometer and the
large dish., It could be used to give a pencil beam or alternately - it could be used to give a
sharp multilobed beam. This flexibility is particularly important if the antenna is to be used
at longer wave lengths in addition to the 2l.cms. band.

Having climbed way out on an interferometric limb I felt that I should justify some of
my remarks, and the purpose of this memorandum is to present the results of some recent dellbera-—
tion on the antenna problem., It should be indicated that since I am not a radlo astronomer T
have no ax to grind, but am only interested in seeing that all the reasonable possibilities are
considered before a cost estimate is made,

Given unlimited resources, it is reasonable to say that the one antenna which would
please everyone would be an arbitrarily large dish. The beam would be arbitrarily narrow at all
wavelengths. On the other hand, with a fixed finite nmumber of dollars available the type of
antenna desired would depend gratly on the wavelength and on the nature of the source. For
example, isolated point sources would require a large interferometer, By making measurements at
several interferometric spacings the ambigulty from the many lcbed patiern can be removed, On
the other hand, an extended source can be handled with a large dish, but not by the uswval
interferometer.

Before discussing the advantages of the three dish interferometer T should like to make
a few general remarks about a single dish antenna, First as to mounting, I think that it is clear :
'} an equitorial mounting for a large dish would be much more expensive than a computor-servo
direction system. Also as an alternative to building a mounting system for a very large dish
sufficiently rigid to withstand wind induced flexure one might consider a servo system %o stabilize
the support. For a several hundred foot dish this would probably be the least expensive.

A Jarge dish should preferably be uniformly illuminated. A uniformly illuminated dish
has the maximum antenna gain attainable, namely an absorptlon cross sechbion equal to its ares,
and has 85% of its integrated intensity in its main lobe. The 15% of the intensity in side lobes
can be strongly reduced by not illuminating the edges of the dish. However, this reduces the
effective area by a large factor, and it does not seem reascnable to work so hard to build a
large antenna if one is to use only part of it. In any case it is clear that considerable
attention should be given to the question of side lobe power remembering that the penalty for its
reduction is severe,

Antenng pattern of three dish interferometer.

Fig. 1 shows the antenna pattern of a uniformly illuminated 150 f%. single dish (21 cm).
In Fig. 2 and 3 antenna patterns of an equivalent three dish interferometer are given for two
different spacings of the dishes. The dish diameter for the interferometer was chosen to be such
as to give a total area equal to that of the 150 ft. single dish. Assuming uniform dish illuming-
tion, this gives a peak absorption cross sectlon equal to that of the big dish. The solid curves
are for close spacing of the three dishes. The central lobe has essentially the same width as that
of the equivalent large single dish., Also, the integrated intensity in the central lobe is nearly
equal to the 85% characteristic of the large dish. The antenna pattern has a 6-fold symmetry axis
and Figs, 2 and 3 give the patterns in the symmetry planes "AM and UBM, shown in the diagrams,

) The first conclusion that one can draw is that with close spacing the antenna pabttern of
a wfree dish interferometer is not noticeably worse than that of an equivalent uniformly illumin-
ated dish a
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) The d obted curves are for a wider spacing of the interferometer. This gives a central
peak width egual to that of a 195 foot dish but withoul excessive side lobes. A greaber spacing
would give a sharper main lobe but with stronger side lobes. It is suggested thal one of the
chief advantages of the interferometer would result from-1ts versatility in being capable of

giving a pencil beam or a sharp many lobed pattern.

Informagtion rates.

A second advantage of the close-spaced interferometer over the equivalent single dish
is comnected with the speed of data taking., The three antennas can be interconnected to define
not one, but three, separate, but slightly overlapping, sharp beams provided three separate
detecting apparatuses are used. It must be emphasized that each of these beams is equivalent
o that of a 150 ft. dish. Consequently, data can be accumulated at 3 times the rate of a large
gingle dish,.

Interferometer mounting.

Fig. L shows one way in which a three dish interferometer could be mounted to provide
the flexibllity and mobility needed. It is suggested that the mobile dishes be each mounted on
i standard railway trucks with the springs removed, Standard rails and switching gear would be
used. Instead of building good mechanical toleérances into the equipment, the antennas would bs
Llocated and directed automatically in response to position and angle sensing servo equipment.
Fig. 5 shows a possible track layoub.

Ultra sharp pencil beam.

To come now to the third advantage, a three dish interferometer can be used to give a
acil beam equivalent to that of a very large single dish. This result is accomplished at
considerable expense in electronics and for some cases al an expense in observation time. The
procedure for accomplishing thig.result is illustrated with reference to Fig. 6, showing a

Dish diameter = 8§6.5 M

Diameter of single
equivalent dish = &30 M

T dish interferometer

Fig. 6

hypothetical seven dish interferometer equivalent to a single dish 230 feet in diameter. It is
possible to produce the pencil beam of this seven dish array by using only three dishes (in
principle two dishes are enough). The seven dishes have been numbered and the voltage developed
at the output of the jth dish will be designated Vj(t). These voltages are ¢ ombined, amplified,
squared and a time average 1s taken to give the oubput of the detector as

y 7 7 :

F - 2 = b ] N

: 5 (5 750 j;lvj £ 250
J=1 iy J
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The average V.,® = V* is independent of j and Vv, V, = V, V, depends only on the location of i
i velative to Y J e J i S
Consequentlys
=2(v1+v2+v3)2 + 2(v2+vh+v6)2+ (v2+vl+v5)"' + (V?+V1+Vh )?
+ (VB +V1+V6_)2 - 14 VF
Since V1Vé = V6V7 ete,

V3V7 = thé ebc.

The first parenthesis represents the output of the detector with a three dish interferometer
occupying positions 1, 2 aad 3, with similar meanings for the other brackets. Assuming dtationary
random time serlies, thé “five observations represented by the five parenthesés can be taken : 'se-
quentially. Consequently all five parentheses can be evaluated with g single three~dish inter-
ferometer. The last term may be a separate observation, but preferably it is the average of
information obtained from the separate dishes concurrent with the observations represented by

the parentheses.

Five separate scans or observablons of a particular direction in space are required to
calculate S . However, with proper electronles the observations are sufficilent to establish
seven independent sharp beams. Actually the observation time is essentially the same as that
_ \an equivalent single large dish to obtain the same signal to noise. However, to synthesize
. /ery much larger antenna would require a payment in signbl to noise or the equivalent observa-
tion time.

Costs,

There may be some advantage of ‘the three dish interferomeber over the single large dish
on grounds of economics. If one argues that the cost per pound is the same for each and that the
dishes can be scaled, the single large dish would cost Ul8 times as much as one of the inter-
ferometer dishes, This might be compensated, however, by the increase in costs resulting from
the complexity of controls for the interferometer.
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Three dish interferometer.

Fach peripherical dish mounted
“on li standard roller bearing

rallroad trucks with springs

removed

Dish diameter 86,5 ft.

tracks for long
interferometer .
arms

-

track layout for
interferometer



