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IMPROVEMENT OF THE HIGH RESOLUTION
INTERFEROMETER AT 9.4 GC/ S
IIaruo TANAKA and Takakiyo KAKINUMA

Abstract
The Toyokawn compound int erfe ro meter nt 9.4 Gc/ s has been improved in three
ways fo r increasing sensitivit y. (I ) 16 dishes of 1.2 meters in di a m eter we re replaced
by 2- m eter di ~J1es . The diffi cu lty arising from the sharpn ess of the beam has been
overcome b )' a ppl ying a special step-dri ve syste m.
(2) Low loss circular waveguides
lw ve been used for bra n ch lines lon ge r th a n 10 meters. The transmission loss has not
increased though a simple bran ch line system is med instead of using 2 prea mplifiers.
The si ngle output terminal thus obta ined has en a bled us (3) to use an ela bora te lownoise preamplifier. T. W. T. is be ing u sed fo r routin e observations of the sun, and
a maser amplifier is prep a red for the rece ption of cosm ic radio emission. The explanation is given of the m ethod of o bse rvi ng circularly polarized components, an d
finally a f uture plan of ex tending base line is briefly described.

1.

Introduction

A compound interferometer a t 9.4 Gcj s co nsisting of 16 + 2 dishes' I) was constructed
m Decem ber 1962 a nd continuous observa tions of the brightness distribution and th e
distribution of pola rized co mpon ents across the sola r d isk h ad been made until Januar y
1964, when the ae rial was disasse mbled for increasi ng the sensitivit y.
The 16-e lement int ei-ferometer with 1.2-meter dishes, \\"hich was a part of the
compound interferometer, seemed to have a sufficient se nsitivity fo r the observation
of the brightn ess distribution across the sun, but it was not quite satisfactory for the
obse r vation of a polarized com ponent as weak as several percent of flux density .
\\'h r n used as a com pound interferom eter by multiplying th e output wi th that of t\\ O
3-rncter dishes, the lack of sensitivit y became more se rious fo r the followi ng reason s.
The out put signa l coming from an ex tended ac ti ve region d ecreases in proportion
to the sharpness of the beam whereas the effective collecti ng area remains almost
the sa me, a nd in addition, for the observa tion o f th<' sun , most of the output of the
2-elemen t interferometer coming from ou t ~i dc the ma in beam o f t he 16-element
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interferometer to be multiplied , is an incoherent background notsc which further spoils
the signal to noise ratio.
In these circumstances, we have looked for the possibility of increasing sensitivity
a nd finall y we have found three different ways to a pproach this requirement. The
first is to expand the size of 16 dishes by introducing a special dri vi ng system, t he
second is to use a low- loss waveguide and th e last is to use a low-noise receiver.
These improvements which we are going to desc ribe in more detail were completed
in J une 1964, and the conti n uous observations sta rted again.
The interferometer of increased sensitivity is now available also for the observation of discrete sources as is desnibed in a separa te paper in this vo lume (p. 35) .

2.

Increasing the s ize of dis hes

The size of 16 dishes, which was 1.2 meters 111 diame te r, was formerly determined
by considering the sharpness of the bea m. It is clear th at the drift curve of an
adding-type multiple-element interferometer is the convolution of an interference
pattern with a signal source mu ltiplied by a direc tive pattern of each antenna wh ich
is fixed to the source. Thus the directive p a t tern of each a ntenn a is the weighting
funct ion of the source dist ribut ion so that it should not be too sharp compared with
the size of the source to be observed. H we confine the weighting value at the solar
limb to 95 percent, the half-power width of the bea m should be about 2 degrees.
This value corresponds to the size of a dish of 1.2 meters in diameter w hen the dish
is fed by a circular waveguide end. This limitation conflicts w ith the requirement
of increasi ng sensitivity by increasing the size of dishes.
However, we found that this limitation can be partl y taken off by using a specia l
method of driving anten nas. This is base d on the principle that if we stop the an tennas at a peak of the in terference pattern, the sola r disk is sca nned uniformly in
the east-west direction. Therefore a successive uniform scan is possible wh en we
drive the a ntennas in te rmittentl y at each va lley of the drift curves as shown in
Fig. I.
To our regret, this ste p-drive syste m docs not g ive solution to b ei ng weighted in
the north-south direction of the sun. But ir we g ive up the precise discussion on the
qu iet sun, the size of each antenna ma y be allowed to be doubled because most
active regions avoid the polar t·eg ions of th e sun.
On th e other hand, there is anot her limitat ion on the size of the dish, i.e. the
diameter should considerabl y be less than a unit spacing. For a four-hour observation
around loca l noon, the diameter should be less tha n a bou t 2 metet·s for the spac in ~
of 2.74 meters. Thus we h ave decided to increase the diameter of 16 dishes from 1.2
to 2 meters.
For the t\\·o-elcment intct·ferometer to be combined \\·ith the 16-element one, the
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Principle of step-drive sys tem.

diameter of 3 meters was determined mainly from the requirement of senstttvJty
becase our modified configuration of the compound interferometer does not allow us
from the beginning to observe the quiet sun. Indeed it would be possi ble to expand
the size of dishes if the antennas were correctly aimed at an active region to be
observed. But in practice, this procedure is too complicated for mutine observation s.
Therefore, the 3 meters in diameter is considered to be maximum at this frequency,
wh ich corresponds to the weighting va lue of 90 percent at ± 8 minutes of arc from
the di sk center.
Though the ste p-drive mechanism is not yet completed, the antennas are intermittently driven by hand near t he m eridia n passage of the su n. The effect of stop·
ping antennas is illustrated in Fig. 2, whe re the interferometer is switch on to the
16-elemcnt one. The area under the drift curve of the quiet sun decreases by 4 percent
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when the antennas arc driven continuously. Similarl y, when the total flux of the sun
is compared with the flux of a small radio sou rce from the a reas under t he drift curves
taken by a continuous drive of the 16-clemcnt interferometer, the area for the quiet
sun should be multiplied by a pproximately 1.08.
1t should be nutt'd he re th at the tracking accuracy or antennas is quite severe
when they are dri ve n con tinuously, and 5 seconds' error in the hour angle results in
a considerable deforma tion of the drift curves of the quiet sun.

3.

Low loss waveguide

Since it is quite difficult to get a sa ti sfactory amount of collec ting area of an tennas, the loss in transmission lines seriou sly controls th e sensi tiv ity of ae ria l system.
Fortunately, a low-loss circula r waveguide has been developed in the microwave
communica tion eng ineering a nd is readily available at a comparatively low cost. So
we have decided to introduce this technique in our interfe rometer. This waveguide
has a diameter of 51 millimeters a nd tra nsmits Hu-rnode waves with a loss of 0.02
db/ m. The loss in the transition units, i.e. from rectangular to circula r and circular
to rectangular waveguides, is 0.3 db including the loss of a mode filter.
In relation to the use of a low-noise receiver, it is quite desira ble to collect the
outputs of the antennas into a single output terminal instead of using two prea mplifiers
as had been the case in our previous interferomet er. The use of a simple branch line
system means t he increase of transmission losses, though inevi ta ble, and cancels out
considera bly the merit of using circular waveguides. Ho wever, from a d ifferent point
of view, we could n ot imagine the use of a simple branch line system unti l the lowloss waveguide ha d become availab le.
T he actual confi gu rati on of the equi pmen t ts sho wn in Fig-. 3. Tab le I g ives the
estimated va lues or transmission losses where 3 cases are com pa red ; the previous
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Table I.

Estimated values of the tran sm issio n loss and collecting area.
!1Rectangular w. -~Circufar-w:-g:- 1
-~
g. with magic with transition Polarization
'T 's bends and units and mode switch
]rotary joints
filter
1
fength loss in ! le n gth loss i"n 1 loss in
db
in m
db
db
in m

I

16 elements

16.3

~-

I

i

loss in
db

30.6

1.21

0.6

4.95

1.68 ,---:w-.8

1.42

3. 14

Collecting area in m2

Total
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~s

50.3

I_ ~~~-

-~
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~/_

3.70

o.6 _I_

5.1

~

18.1 , _5.6

~ -1

o.6

5.1

I

14.1

2 elements
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32 elements
Future
2 element s j

8.4 l-

26 ·9

1-

4 ·5

-

-

19.5

3.66

73.3

13.4

2.43 I

82.0

J

I

1

2.36

0.3 1

6.32

2.24

0.3

l

4.97

pound

16. 1

250 - 4- 5 . 0~ - - 16 elements
·
·
,.

2 elements

I

6.0

4.4 ,

19.7

99
·

1

100.5
20.6 1

interferometer, the present one and the future 32+2-clcmcnt in terferometer to be
mentioned later.

4.

Low-noise preamplifiers

Though the equivalent antenna temperature due to t he transmission loss is as high
as about 200 °K, the noise of preamplifier sti ll greatly controls the overall sensitivity.
For the observation of the suu, howeve r, the equivalent antenna temperature rises to
about 700 and 1300 ° K at the center of each scan for the 16-element and compound
interferometer respectivel y.
Therefore the receiver noise of the order of 1000 °K
would be tolerable for thi s purpose. For daily observations, we arc using a low-noise
travelling-wave tube NEC LD-571 A which has an equivalent noise tempcratut·e of
1200 °K. The rated value is 950-1600 "K. For the observation of weak radio sources,
a maser amplifier is prepa red which is described in a separate paprr in this volume
(p. 35) .

5.

Polarization measurement

ln connection with Fig. 3, it would be necessary to explain how to observe polarized
components, which we have dropped out in the previous report.O)
In the case of an adding-type interfe rometer, flux density and polarized components can be sepa rated by using two phase sensitive detectors in parallel, the one
corresponding to the frequency of Dicke sw itch, and the other to that of polarization
switches. Fot· the phase-switch system, on the other ha nd, a band-pass filter must
be inserted in the au dio frebuency amplifier, and the phase sensitive detector for
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polarization must be placed after the phase sensitive detector for the f lux measurement.
Let the voltage responses coming from two a ntenna systems be
t\ 1 {OJ exp(j (- rrD sin 0/ J.))

"'''

B1 (U )exp(j

(Td)

sin Oj J, ) )

........ ... ........... ( l )

where D is the distance between the two antenna syste ms and fJ is t he angle between
the normal to the east-west line and the incoming ray. T he output voltage is then,
v,
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The output power is,I:!
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\Vhen the phase of \ 'a 1 or v b, is reversed, the positive sign of the last term in Eq.
(3) becomes negat i vc.
Let us suppose that suffix 'I' corresponds to the right-handed ci rcularly polarized
compon ent and suffix '2' for t he left-handed one, and that each signal comes alternately at a lower speed tha n th a t of phase switching. The outpu t w ill then beco me
as shown in Fig. 4. H the output of this waveform were synchronously rectified as was
the case in the adding- type interferometer, the output will con tai n a component which
1s proportional to
(A,2

t\22)

+ (B22-

B,2J'

which is the sum of the polarized components p roduced by two sepa rate ante nnas.
Actually we want only the difference of A, B1 cos f (0) and A 2 B2 cos f (0), and t his
purpose can be attained by using a band-pass f ilter of Dicke-switch frequency as
mentioned far above. Since the output of this filter is amplitude- modulated at a
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Waveform at the output of the square-law detector.
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frequency of polarization switch, the bandwidth of the filter should be sufficiently
wide to pass the first sidebands. In addition, the switching frequencies shou ld be
arra nged so that the harmonics of the lower frequency do not fall close to t he higher
frequency.

6.

Future

plan

Bei ng encoUt·aged by the successful use of a low-loss circular waveguide, we have
started construction of increasing the dishes, 32 + 2 in the east-west direction and 16
dishes in the north-south direction. The 16 dishes wi ll be used with the 32 east-west
elements to fo rm a 2 d ime nsional T anten na. The fo undations for the east-west
elements are being built on a new base line to improve the accuracy of setting. When
we first constr ucted an 8-element int e rferometer:31 at this frequen cy, the antennas were
placed o n a common concrete basis, expecting a linear expansion and contracti on of
the base li nr. When the other 8 clements were added one year later,141 the basis was
simpl y expanded for the same reason. H owever, si nce 2 a ntennas were added on
sepa rate bases and the beam produced by each a ntenna became sharp, an irregular
motion of the basis due to the weather conditions has become a little more than
negligible. For this reason, the new foundation s arc built separate ly on the land and
they are waiting for settlement until the antennas will be set several mon ths later.
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Fig. 5 .

General view of the compound interferometer at 9 .4 Gc js.

Fig. 6.

Transition from rectangular to c ircular waveguides.

