
Abstract : 

A HIGH- RESOLUTION INTERFEROMETER FOR 
POLARIZATION MEASUREMENTS AT 9.4 Gc/ s. 

T akakiyo Kakinuma and Haruo Tanaka 
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A compound interferometer with 0.7 mm. arc for polarization measurements at 9.4 

Gc/s was completed at Toyokawa. It consists of the preexisting 16 element interferome

ter and a new 2 element interferometer, the total length being about 90 meters. A new 

type of phase switch using a ferrite switch and a turnstile junction is practically free 

from amplitude modulation. A completely linear phase shifter consis ting of a single 

turnstile junction is used for phase adjustment. S/ N ratios of various multiplying systems 

are discussed. 

1. Introduction 

The eclipse observation in 1958'11 showed that there are two small centers of polari

zation of different sense in a sou:rce of S component over a bipolar sunspot group and 

the degree of po larization decreases with decreasing frequency. In order to confirm 

these results, 16 element interferometer at 9.4 Gc/ s was constructed two years ago.121 

It produces 2. 2 min. arc beam and can measure the distributions of intensi ty and 

polarization of the radio emission on the solar disk. From continuous observations, it 

has been confirmed that there are two centers of polarization in a source near the central 

meridian, but the resolving power is not yet enough to resolve these two centers com

pletely even near C. M. 

The obser vation of the variation with the solar rotation of the sense and the degree 

of polarization of each center may be considered to be very important for f ind ing the 

configuration of the magnetic fiel d over the sunspot and searching the model of the 

source of S component. At 3.3 Gc/s, the phase- switched interferometer with 0.86 min. 

arc beam has been constructed to measure the polarization of S component at Stanford 

University<3l and at 2.8 Gc/ s the compound interferometer with 0.5 min. arc beam is 

now being constructed at Ottawa, Canada. 141 

At Toyokawa, a compound interferometer at 9.4 Gc/ s for the polarization measure· 

me nts has been constructed. It consists of a 16 element interferometer and a 2 element 

interferometer and can measure the distributions over the solar disk of intensity and 

polarization of the slowly varying component simu ltaneously. 16 element interferometer 

can be electrically changed to the compound interferometer and the observations with 

both instruments are being carried out every day. 
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2. Antenna system 

The principle of the compound interferometer was given by A. E. Covington and N. 

W. Broten.l5)'6) If the complex voltage pattern of two interferometers are S, and Sz res

pectively, the power pattern of the compound interferometer is given by 2 Re (S, Sz*). 

Our interferometer consists of 16- element interferometer and 2- element interferometer, 

as shown in Fig. 1. The latter is placed to the west of the former on the SJ.me EW line. 

\'----..,.--- 16.t ------~_,e_..:,~\ \ 
y y~,~~'~ 

Lw_e_s_t. _____ r.lf=,~=rn:=cyC;=on=v.,-l------r.,1c;::v~lt~ip"l;-=-e r:o ---lfre<;e~ Eas t. 

Fig. 1 (a). Formation of the compound interferometer 

Fig. 1 (b) . Normalized power pattern of the compound interferometer 

Assuming that the spacing between two adjoining elements of the former is l, the spacing 

between two elements of the latter is 16 l and the spacing between the phase centers of 

two interferometers is 17 l. Instead of the last value, 16 l is preferable from the theoretical 
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point of view, but this is practically impossible to realize at the present wavelength. 

The power pattern is calculated as follows : 

P (0, ¢ ) = 2 (A (0, ¢) sin 16 x/4 s in x) ( \/ 2B (0, ¢) cos 16 x) cos 34 x 
= \ 2A (O, ¢) B (0, ¢ ) sin 32 x cos 34 x/4 s in x 

where A (0, ¢) : the voltage pattern of one element of 16 element interferometer 

B (0, ¢) : the voltage pattern of one element of 2 element interferometer 

spacing between two adjoining elements of 16- element interferometer 

2.74m 

J. wavelength 3.18cm 

U angle between the normal to EW line and the incoming ray 

x r:l s in 0/ J.. 

The normalized pow<!r pattern m 0 direction is shown in Fig. 1 (b) . The half power 

beamwidth is 0.7 min. arc. The dotted line is for the standard spacing between the 

phase centers of two interferometers, i. e. for 16 l. The effect of adding the length by 

l appears as a sinusoidal drift of the base line. 

The details of 16-element interferom~ter have been de· 

scribed by Tanaka.C21 Each element is a paraboloid antenna, 1.2m 

in diameter, with the feed for detecting circularly polarized 

components. The feed consists of H 11 matched circular wave· 

guide end and the ferrite switch with a quarter wavelength 

plate. The outputs of 16 elements are combined in a conven

tional form with silver coated waveguide and magic tees. Each 

element of 2-element interferometer is a paraboloid antenna, 

3m in diameter, with the same feed as the former and the 

outputs of the two antennas are combined in the same manner. 

Fig. 2. Phase switching 
system 

3. Multiplication sy.stem 

There are several methods for obtaining Re 

(S1 S2*) from the outputs of two antennas, S, 

and Sz. 
At microwave frequencies around 3 Gc/s, a 

phase switch'7' or a rotary phase shifter C51(6) is 

now being used in association with a square 

law detector and a phase sensitive detector, as 

shown in Fig. 2. One of the difficulties in this 

system seems to lie in obtaining a good phase 

switch. The problem of errors in the phase 

swi tching system was discussed in detail by G. 

Swarup. 71 I f the phase switch produces an 

amplitude modulation,(7)1SI a spurious term which 

.SAort 

Fig. 3. Ferrite phase switc h 
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Fig. 4. Characteristics of ferrite phase switch. (a) Relative power 
transmission. (b) Matching characteristic of the junc tion 
showing a very small amount of the straight-going wave . 

lS proportional to the power response of one interferometer, i. e. s 2 Sz* (in Fig. 2) ' will 

appear at the output of t he phase sensitive detctor. When the power response S2 S2* is 

complex, it will be difficult to apply the correction to the record. For this reason, it 

is strongly desirable to make the amplitude modulation as small as possible for the 

polarization measurement where the signals are very weak. 

Ca.) 

Fig. 5. Multipliers. (a ) D. C . output multi· 
plier. (b) A. C. output multiplier. 

We have made a simple phase 

switch which seems to meet this require· 

ment fairly well. As shown in Fig. 3, 

the phase switch consists of a turnstile 

junction and a ± 45° gyrator. Two 

rectangular arms of the turnstile JUnc· 

tion are correctly short-circuited so as 

to produce linear polarizati on in the 

circular arm. The phase of the output 

wave reverses each time when t he cur· 

re nt of the fie ld coil reverses . As the 

ra::lio wave in each case goes through 

the same path, this phase switch pro

duces little amplitude modulation at the 
center frequency. At the off- center 

frequency, a small fraction of the incom· 

ing wave will directly go to the output 

arm and this m1y produce an ampli -

tude modulation. But as the turnstile 

junction has a very wide-band charac

teristics, we can neglect this effect for 

a frequency range of ± 50 M c/s. The 
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characteristics of this phase switch are shown in Fig. 4. 

In addition, the error in the rotation angle of the gyrator does not produce t he phase 

error, though it increases the insertion loss. The equivalent waveguide length of the 

phase switch will vary with frequency. This variation produces the fixed phase error at 

the off center frequency. But this variation is negligible for a frequency range of ±50 

Mc/ s. 

At lower frequencies, the above phase switching system and the electronic multiplying 

systems(9liHIIJUII2J as shown in Fig. 5 (a ) and (b) are used. In Fig. 5 (a ) , D. C. output is 

proportional to Re (S, Sz*). The difficulty of this circuit will be to obtain two detectors 

of the same characteristics. If two detectors are unbalanced, S 1 S,* and Sz Sz* will 

appear at the output. On the other hand in Fig. 5 (b) , where Sz is converted to a 

frequency different from S, and the component which has the difference frequency is 

picked up at the output of the mixer, these spurious terms do not appear on the record. 

Now we have to compare S/N ratios of the above methods. The spectrum of the 

output of the square law detector or the mixer of the correlator has been calculated by 

Akabane.(l1) In the two e lement interferometer, 

S2 = k S, (t+ro), ro=L sin (}jc 

where L distance between two antennas 

0 angle between the normal to EW line and the incoming ray 

c light velocity 

k constant, proportional to the ratio of antenna gain 

and S 1 and S2 are considered to be Gaussian noise. 

The power spectrum of the output of the square law detector or the mixer m each 

case is as follows. 

(1) D. C. output multiplier (Blum's multiplier) 

s-ignal: Ps , Ps2 p2 (ro) cos2q>o • 2il ( f ) 

noise near D. C. (f= O, B-f= B) : 

(Ps, + PNd (Ps2 + P.vzl/B+ (Ps1Psz sm 2rrroB/2rcroB2) cos 2q>o 

where Ps1 and P.s2 : total power of S, and S2 at the input of the multiplier, respectively 

PN 1 and P N 2 : total noise power of two receivers at the input of the multiplier, 

respectively 

B : bandwidth of the receivers 

p (r) : normalized correlation function sin rrBr /r.Br 

q>0 : 2rrL sinO/ l 

l : wavelength of the solar radio emission. 

(2) A. C. output multiplier (Fig. 5 (b )) 

(a) when the mixer is of balanced type, as shown 111 Fig. 5 (a ) , 

signal: (Ps,PszP2 ( ro) /2) o ( f- fo) 

noise near f0 (B-f= B-fo) : 

(P.q + P"',) (Psz + P,vz) (B- / 0 ) /B2 

(b ) when the mixer consists of an adding circuit and a square law detector and fo " B, 

signal : 2Ps1PszP2 (ro) • o (/-/o) 
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noise near fo: 

(c) if we use the same mixer as (b) and B f 0· f, or f,/, 

signal: 2Ps1Ps2P2 (roi • o (/-/o) 

noise near fo: 

2 w.~J + p NJl w.~2+ P N2) I B. 

(3) Phase switching system 

In this case, the signal voltage S at the input of the square law detector is (SJ + ASz) 

I ,12, where A (t) = 1 for t from 0 to T 12, A (t) = - 1 for t from T 12 to T and T is the 

period of the phase switch. The spectrum of the 

output of the detector is calculated from the auto· 

correlation function of (S + N ) 2 and is as follows. 

signal : (8Ps 1Ps2P2 (ro) cos2qJoln:2) • o (f-/o) , 

T = 1 l fo 

noise near f0 (f0 B) : 

(2PN2 +2PNP.sJ +PsN2+ Psz212) (B - / 0) IB2 

+ (8ln:2) (2PNPs2+ Ps1PS2l { (B - / 0) I B2 

+ (B - 3/o) I9B2 + · · · · · ·} + (8/n:2) Ps 1Ps2 cos 2q;o 

({sin 2n:roB + sin 2rrr0 (B-2/0)} / 4n:r0B2 

+(sin 2rrro (B -2 /o) +sin 2n:r0 (B-4/o)} 

19·4n:roB2+ · · · · ) + Ps 1Psz (B- /o) cos2n:ro/oiB~. 

R-L 

Fig. 6. Block diagram of mult iplie r 
for experiment 

In the systems (2) and (3) , we have to calcu· 

late the spectrum near D. C. of the output of the 

phase sensitive detecter. In our interferometer, the 

noise figure of the receiver is -10 and the equiva· 

lent antenna temperature of the signal is estimated 

to be 2-300° K. So we can assume PN) P~ 

and will be able to neglect the terms includi

ng Ps in the above noise spectrum, compared 
wi th the term P,v 2• If we neglect these terms 
and so neglect the cross- correlation between 

signal and noise*, the spectrum of the output 

* This considerati on will be unnecessary fo r 
the intensity measurement, but as the polariza· 
t ion signal is the difference between two inten· 
sity signa ls, we can not neglect these terms 
whenPs , PN. 

For example, th e power spectrum of the out · 
put of the phase sensitive detector in the sys
tem (2, a) is calculated as follows . 

signal: ,~ Ps,P.•zl'' (r0) cos2:Po 

. . (2B-2f0 -f) no1se near D. C.. :-:'B2- - (Ps,+ PN,) X 

1 s in {2" (B- f) •o} 
(Psz+ P Nz) + "z Ps,Psz-:Fa 2-,

0
--cos2Pu Fig. 7. Turnstile phase shifte r 
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Fig. 8. Frequency characteristic of the turnstile phase shifter 

of the phase sensitive detector for the half- wave rectification is calculated as follows. 

Signal (D. C.): (A2/rr2) 2o (/ ) 

Noise near D. C.: 

2PN1 /r.2b 

where A : amplitude of f 0 component 

P t/ : total noise power at the input 

b bandwidth of the selective amplifier 

S/N ratio N b/2 P N 1
• W 

W bandwidth of the low pass filter. 

Accordingly we obtain the following conclusion: 

(S/N) o> = (S/N) <2.cl) (S/N) <2a>> (S/N) <a>> (S/N) <2b) 
The system (2, c) has the best (S/N) ratio, as well as the system (1) . In addition, 

the system (2, c) has the merit of producing no spurious terms on the record. But we 

need two separate i- f amplifie rs and we should adjust these amplifiers of different 

center frequency to have the same bandshape and bandwidth. 

When we choose the system (3) , we also need two i - f amplifiers, because the trans

mission loss of the waveguide is large at 9.4 Gc/ s and so we have to convert both 

signals to i- f frequency. But these amplifiers have the same center frequency and are 

easy to adjust. And as we can use the ferrite phase switch in one of the transmission 

lines of the local oscillator power, there is no transmission loss due to the phase switch. 

Furthermore, the errors in the phase of the phase sensitive detector do not produce the 

asymmetrical beam.m Therefore, although the S/ N ratio is worse than the system (2, c), 

there seem fewer troubles in the phase switching system. 

After these discussions, we have decided to test both systems. The block diagram 

of the system (2, c) is shown in Fig. 6. 

4, Phase adjustment 

The phase of the 2 element interferometer 1s not easy to adjust. First, the electrical 
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( aJ 

(b) 

F ig. 9. Three superposed scan curves on Jan. 16, 1962, obtained with 

(a) the compound interferometer 

(b) 16-element interferometer. 

length from the feeds of the 3 meter dishes to the output wer..! balanced step by step by 

the short- circuit method. Then final adjustment was made by observing the drift curve. 

A phase shifter using turnstile junction'r• is very connnient for this purpose. Fig. 7 

is the sketch of the phase shifter, where the input wave enters the c ircu lar waveguide 

in right-hand sense, which is reflected in left hand sense and thus goes through the 

output arm. According to our experiment, the equivalent waveguide length of this phase 

shifter is approximately l,.+ 2 (J. ,. j l.,) l,, where i.,. and J.c are wavelengths in rectangular 

and circular waveguides respectively. This means that the change of electrical length by 

a frequency change is completely balanced by a rectangular waveguide of equivalent 

waveguide length within a frequency range of more than ± 40 Mc/s. Linearity is perfect 

and the insertion loss is less than 1 % within a frequency range of ± 37 Mc/ s. The 

r esults of our experiments are shown in Fig. 8. 

An example of the scan curves obtained with the system (3) is shown in Fig. 9. 

As the sun is very quiet now, we can not yet confirm the sharpness of the beam, but 

the observed scan curve for the quiet sun is nearly consistent with the calculated one, 

based on the scan curve of 16 element interferometer. The system (2, c) has not yet 

completed. 

As seen in Fig. 9, the compound interferometer has less sen sitivity for the quiet sun 

component at this frequency. This will be convenient for the study of the localized 
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radio active regions. 
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