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A 3-cm radioheliograph has been completed in July 1969 and ever since test 
observations have been made. The T -shaped antenna is composed of 32 + 16 dishes, 

and the resolution is 1.'6 and 2.'4 before and after smoothing in the direction near 
the zenith. The 'shutter speed' is about 20 minutes, and the map of circular polari
zation can be obtained as well as the map of brightness. A new method of skip 
scanning has been developed and the data are processed by the computer. Each 
picture element on the radio map is displayed as stepped concentric circles, the 

number of circles being proportional to the brightness temperature. Usually the 
process of smoothing are being applied. 

1. Introduction 

At Toyokawa Observatory, one-dimensional high-resolution interferometers on 
the microwave region has been developed for many years (Tanaka and Kakinuma, 
1954, 1955; Tanaka, 1959, 1961; Kakinuma and Tanaka, 1963; Tanaka and Kakinuma, 
1965; Tanaka, 1966; Tanaka et. al., 1967, 1969) . From simultaneous observations on 3 
and 8 centimeter wavelengths the slowly varying component and the radio burst have 

been extensively studied (Kakinuma, 1956; Tanaka and Kakinuma, 1960; Kakinuma 
and Swarup, 1962; Swarup et. al., 1963; Tanaka et al., 1967, 1968; Enome et. al., 
1969) and recently important contributions are also being made to the forcecasting of 
the proton flare (Tanaka and Kakinuma, 1964; Simon, 1969) . 

When an active region is isolated, the property of high resolution which one
dimensional interferometer can attain much easier than two-dimensional array is indeed 
quite powerful. But, on the contrary, when some active regions appear in the same 

E-W position on the sun, which is very often the case near the limb, the study with 
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one-dimensional apparatus is severely limited. Actually we have often f elt the need 

of two-dimensional radio maps though they are not of high resolution. 

As it is well known, radio maps of the sun are being taken continuously as two 

stations on the microwave region, on 21 em at Fleurs in Australia and on 9 em at 

Stanford in U.S. A. (ESSA, 1969) . On the short-centimeter region, however, where 

the slowly varying component is the most sensitive to the sunspot magnetic field, no 

maps have yet been available. To make this important extension of frequency range, 

we planned to construct a 3- cm radioheliograph several years ago and constructed 
the N- S arrays when the E- W interferometer was extended from 16 to 32 elements 

in 1966. Unfortunately, we could not have promoted this plan until the 8- cm quick

scan interferometer was completed in 1968. Since then, however, our efforts have 

been concentrated to the construction of this heliograph, and it has become possible 

to make test observations since July 1969. 

The 3-cm radioheliograph at Toyokawa has several distinctive features: the 

resolution is twice as high as that of the existing radioheliographs, the map of circular 

polarization can be obtained in addition to the map of brightness, the 'shutter speed' 

is relatively high, and, what is to be emphasized, it is less expensive. Instead, the 

sensitivity is sacrificed due to the use of conventional branch system, by which the 

informations collected by the dishes are not fully available. 

Though the resolution of 1. '6 is not yet sufficient at this frequency region, this 

radioheliograph is expected to be of great help for the study of slowly varying com
ponent when it is combined with the high-resolution one-dimensional interferometer. 

2. Antenna 

A general v iew of the T - shaped antenna and its parameters are shown in Figs. 

and 2. The N - S elements had been used for the E-W grating interferometer until 

the 16 elements were extended to the 32 in 1966. Due to the geometrical limitation 
a t the center part, the size of N-S dishes cannot be increased any more. The trans

mission lines and their accessaries along the N- S elements are quite similar to those 

of the E-W elements on wh1ch T anaka and Kakinuma (1965) already described. 
The selection of configuration among E-W interferometers, T - shaped arrays and 

N- S interferometer can be made by a switch at the control panel. The dishes are 

driven intermittently (Tanaka a nd Kakinuma, 1965) at each end of the E-W scan 

except during the phase adjustment of the N -S elements. The only difficulty IS 

that the declination axis of each antenna must be adjusted manually every day. 



Fig. I. General view of the T - shaped antenna. 

0 
I 
I 

BEAM WIDTH 1:6x(l'6·32) I >.•3.18,,. 
I 
I 

: ~ 
I X 
I ~ 
IN 

...: 0 -' 
~Ia 

Q ~ 2m.X32 
() 0 -------- - -00 0 000----------0 

- ----- 2666>.(85 .. )- -----

Fig. 2. Parameters of the antenna. 

3. Selection of the Method of Scanning 
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The scanning of the sun has been performed both at Stanford and Fleurs by 

successively making drift scans in the E- W direction with stationary beams, and, to 
scan the sun uniformly like a television, the position of the beams is shifted in the 
N - S direction according to the program at the end of each scan. If the N-S a rm of 
the antenna is composed of n elements for a cross or n;2 elements for a tee, at least 
n scans are necessary according to the sampling theory. But for 'looking' the shape 
of the waveform, it is usually the practice to make 2n scans. Accordingly, for our 
3-cm T -shaped antenna which is composed of twice as many elements as the existing 



60 

cross, a map should be composed of 64 scans. Thus it will take about 3 hours to 
complete a map. This 'shutter speed' is impractical because the activity of the sun 

may change considerably in taking a complete picture and, in addition, the resolution 

changes appreciably with time. 
This difficulty can be easily overcome by a simple method of continuously scanning 

the sun in the N -S direction, which one of the authors proposed in 1965 (Tanaka, 

1966). The basic idea was that, if the beams are swept continuously in the N-S 
direction using rotary phase shifters, a complete map of the radio sun can be obtained 
during a single drift scan in the E-W direction. Then the 'shutter speed' will be 

less than 3 minutes. 
The above method will be available as it is on the long microwave region where 

high sensitivity of the antenna can be easily attained. On the short centimeter 
region, however, where the sensitivity is limited by physical dimensions, the shutter 
speed cannot be increased so much, as far as the simple branch system is used. If 
64 scans are made during one E- W drift scan, the sensitivity will decrease by a factor 
of 8, which is too large for our 3-cm heliograph. For this difficulty, we adopted a 
method of skip scanning, i. e. , the method of taking one picture by superposing a 
number of spaced scans taken during several drift scans in the E-W direction. 

Now, another limitation comes from the demand for simplicity, i.e., the scanning 
is desired to be made uniformly by a constant speed of the rotary phase shifter. 
This demand limits the shutter speed and, as the best compromise with the demand 
for sensitivity, we decided to take a picture during 8 scans in E-W direction, which 

is described in detail in the following sections. 

4. Design of Skip Scanning 

Let us denote that {} is the angle measured from the meridian plane including 
the phase center of the tee, w is the angle from the vertical plane including the 
E-W arm of the tee, and o, If! are the declination and hour angle respectively. The 

equatorial parameters o, If! is connected with the interferometer parameters {}, w as 

follows; 

sm 0 = cos o sin <p 

sm (f) = sm r cos 0 cos <p - cos r sin 0 

where r is the latitude at the phase center. 

(I) 

(2) 

Let the pencil beam normally pointed ito the zenith be No. zero and put the 

numbers N, M to the Nth beams to the west and Mth beams to the south respectively. 

Then, 
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s•sin 0 = N (3) 

s•sin w = M (4) 

where s = d/). (5) 

and d is the unit spacing of the array. If we extend N and M from integers to 
decimals, a certain angular position (0, uJ) or (r:J, SO) can be expressed a lso by (N, M) . 

Eqs. ( l ) - (5) are the fundamental equations of the cross or tee. 
Now let us consider the case where the sun is divided by I sections and each 

section is to be filled by J drift scans in the E W direction. Fig. 3 shows the relative 

position of the sun and beams before and after a single scan in the E- W direction 

when the beams are swept from the south to the north. If the beams are swept dB 

times during the sun drifts by dN and dM in the E- \V and N -S directions respecti

vely, we get the following equation. 

dB = dN {I-(1/J}-dM (6) 

From Eqs. (1) - (4), dM/ dN = -sin rtan SO (7) 

and so, if the sweeping speed is f . times per minute, it can be expressed as, 

f s = dB/dt = (dB/ dN) (dN/dt) = { I - (1/ j )- (dM/dN)} (dN/ d t) and using Eqs. 

( I ) , (3) and (7) we get, 

f, = ks cos o ({I - (1/ J ) } cos SO+ sin r sin SO) 

where, k =SO/t 

The first term in Eq. (8) represents the 

variation due to the change of the E- W 

beam spacing with time, and the second 

term due to the differential motion of the 

sun in N -S direction. Eq. (8) reduces to, 

f. = K· cos (S0-1"0) (10) 

where, 

K = ks•cos ov {I- (1/ j ) )2 + sin2 r (11) 

S00 = tan-1 (sin r I {I- (1/ j ) }) (12) 

{8) 

(9) 

N 
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Fig. 3. The position of the beams relative 
to the sun before and and after one 
drift scan in the E- W direction. 
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Eq. (10) shows that sweeping velocity should be maximum at tp= tp0 and should 
be changed in proportion to cos rp on bothe sides of tp0 • We are going to study 

how long this cosine term can be approximated by a constant value. 
Limitation of constant-speed scanning- The above circumstances are shown in Fig. 

4 (a). The positional error can be estimated by comparing the integration of these 

curvers as shown in Fig. 4 (b). As it is clearly seen in this figure, maximum devia
tions occur at four points which should be made equal. The position of optimum 
deviation rp"' can be easily calculated as, 

COS 'Pm = fso/K (13) 

Referring to Fig. 4, the following equations must be satisfied; 

(14) 

where c: is the error factor relative to the total integration time of 2 fs0 11\/K. 
From Eq. (14), 

(15) 

As the total picture element is about 4·000 points, and the deviation of a half of the 
picture element is completely tolerable, e of 10-4 may well be considered to be negli

gibly small. Then from Eq. (15), the allowed total observation time 2 tp 1 is calculated 
to be 32 minutes. 

Determination of actual scamling program - At Toyokawa ( =34° 50' 8': 4), 'Po in 

Fig. 4. Approximation of 

a cosine curve by a 

straight line. 

r,. 
K 

r, 
T 

/cosv 
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Fig. 5. 'The program of skip scanning. 
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5. Sensitivity 

Now let us consider the relative sensitivity among the adding, compound and 

T -shaped arrays when a point source is placed at the center of the quiet solar disk. 

The noise at the output of the receiver is composed of the noise from the sun at

tenuated by the loss of transmission lines, the noise originating in the lines themselves 

and the noise from the receiver. Let us assume that the quiet sun is a uniform disk. 

For the high-resolution adding interferometer, the noise received by the antenna is 

only a fraction of the noise collected by tota l dishes, the fraction being proportional 

to the relative area of a strip on the sun cut by the g ra ting fan beam. For the two

element adding interferometer, the received noise is just a half of the noise received 

by each dish. The phase switch of the compound or tee just averages the noise 

from each component interferometers. 

As for the signal from a point source, the power received by each dish is trans

mitted to the receiver· without the branch loss. The phase switch loses half of the 

difference of D. C. power similar to the Dicke switch, so that the output power 

is considered to be equal to the geometrical mean of powers from each component 

interferometers. 

If we assume that a 2- m dish receives the noise of 1800 °K from the quiet sun 

and a unit signa l from the point source, and that the receiver noise is 1200 °K, the 

relative sensitivi ty can be calculated as shown in Table I. The time constant in this 

T able I. Relative sensit ivit y among three configurations of the antenna . 

I ' 

Configurations of 32- elem. (32 + 2) - elem. 

I 
32 x 16-elem. 

I the antenna Grating Compound T - shaped 

I 
2 elem . 5.0 I NS- elem. 7. 0 

Transmission loss in dB 6. 3 

I 32- elem. 6.3 EW- elem. 6. 3 

Noise temp. in ° K T n 2020 

I 
2353 1821 

Rela ti ve time const. 

I 
l 

I 
I 2 

T --
2 8 

Relative signal s I 3. 74 

I 
3.26 

I 
2.93 

I 

I 
Relati ve sensitivity s....;-r l 

I 
0.53 0.43 oc--

T n 
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table is calculated from the fact that it is the function of both resolving power and 

scanning speed. It is to be noted that the highest resolution in the E- W d irection of 

the T - shaped antenna is just a half of that of the E- W adding interferometer· 

6. Phase Adjustment 

Phase adjustment can be performed by pointing the adjacent antennas to the sun 
two by two just as we have done with the E- W interferometer , because the beams 

produced by the N- S elements can now be swept at any desired speed. 

T he power, pa ttern D produced by adjacent two antennas can be expressed as 
follows; 

D = (1/ 2) [l+cos 2rr {s ·sin w+ ft( t - t0) -x}) (16) 

where x is the error in wavelengths which is positive when the southern line is effec

tively along. t0 is the time when the phase shifter passes the standard posi tion, 

where the grating beam is to be pointed to the zeni th. A pulse produced at this 

position will be called hereafter a 'position mark '. 

Let P be, 

P = s •sin w- fs (t - t0)- x (17) 

then, D becomes maximum whenever P is an integer. I n other words, if a maximum 

on the record appeard at t = t1 , the a ngular position of the beam w1 is expressed as, 

sin w1 = (1/s) (P- f s(t1-t0) +x) (18) 

The angular position of the sun, on the other hand, ts expressed from Eq. (2) , 

sin w, =sin r cos 0 cos k (t,.- tt)- cos r sin 0 (19) 

where t , is the local noon. 
From (18) and (19), 

X = s (s in r cos 0 cos kT -cos r sino)- {P-C (To-Ttl } (20) 

(21) 

which correspond to the time of a peak on the record and the time of any position 

mark respectively measured from the local noon. 

lf an integer P is selected so that I xI :::;;: 0. 5, the error x is obtained, 
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The correction of the error can be made easily by adjusting the relative angle 

of the rotary phase shifter. 

The phase relative to the E - W interferometer must be adjusted by inspecting the 
shape of actual scan curves when a small active region appears on_ the sun. The 
problem of phase stability does not exist since the resolution is low. -

7. Rotary Phase Shifters and Their Drive 

The design of the rotary phase shifter is substantially similar to that used for the 

quick-scanning interferometer at 3750 MHz (Tanaka et. al. 1969) . Each phase shifter 

is carefully adjusted one by one, and the phase error is within 2 degrees during one 

rotation. One of the 16 phase shifters is shown in Fig. 6 together with a gear box 
and other components. 

Fig. 7 shows how all the phase shifters are driven mechanically. Since the phase 

changes by 4 rr: during one rotation of a phase shifter, the beam is swept 4 times 

during one rotation of the slowest phase shifter. Then referring to Eq. (14), it should 

be driven at a speed of f ,0/ 4 revolution per minute which changes from day to day. 

The driving motor M 1 is driven by a 3- phasc inverter whose frequency is controlled 

by a standard variable frequency oscillater. The frequency is manually controlled 

until the digital counter indicates a programmed value. This variable frequency 

oscillator has been operated for many years to control the chart speed of recorders 

for interferometers. It is necessary to change the speed in proportion to cos o to 
make the scale uniform relative to the solar disk, since the drift speed of the sun is 

proportional to cos o. The variable frequency is also used for the generation of 

sampling pulses. 

Two micro-switches, MS1 and MS2 in F ig. 7, is connected in series to produce 

pulses for position marks. They are also used to stop the phase shifters at the 
standard position with the aid of a low-speed motor M 2 which starts when M 1 is 
switched off. 

Fig. 6. A view around one of the rotary phase shifters. 
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Fig. 7. Driving system of the rotary phase:shifters. 

8. Starting time control of sampling and sweeping 
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The starting time of sampling ts can be easily calculated from Eqs. (I ) and (3) 

by putting N = I. 5, so we get, 

ts = (1/k) sin-1{1.5/ (s •COS 0)} (22) 

The starting time of rotary phase shifters tr must be controlled so that the sun 
comes to the center of the N-S beams at the time of ts. Thus from Eqs. (2) and 

(4)' 

sin w. = sin r cos 0 cos k t. -cos r sin 0 

s•sin <P•+f. (t. -tr) = Q 

where Q = Integer + 0.5 

and w, is the value of aJ when t = t s. Then, tr can be determined as, 

(23) 

(24) 

(25) 

tr= t. - (1/f.) {Q -s (sin r cos 0 cos k t , -cos r sin o)} (26) 

where Q is arbitrary but should be selected so that tr is a little before t . . The 
values of t s and t r thus obtained to a fraction of a second are preset on the control 

panel every day. 
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9. Sampling 

Each N-S scan curves are sampled 65 times, so that the total number of picture 

elements is 4095. Actually the sampling speed must be changed in proportion to 

cos if!, because the scanning speed relative to the sun changes according to the same 

law though the sweep velocity of the beams are constant. But, for simplicity, we 

are taking uniform samples throughout the whole scanning period. 

Since the sampling interval is enough short, the conversion of sampling intervals 

could be made by a data processing theoretically but it is too much complicated 

compared with the scanning devices. Instead, several samples a re omitted by the 

computer at proper intervals accord ing to the error calculations. We are n ot going 

to describe it in any more detai l, because a variable speed sampler is now under 
design. 

10. Smoothing and Mapping 

After subtracting zero values from the data, the sign is changed at the negative 

beams which are shown as broken lines in Fig. 5. Then the values are normalized so 

that the integrated value is proportional to the total flux of the sun. They are rear

ranged into the normal sequence. As the next step the smoothing is performed in 
two dimensions after the method of T. H. Legg ( 1964). Since the sampling interval 

has been determined with this processing in mind, this can be done without difficulty. 
It is to be remarked, however, that there are following two approximations. The 

one is that the coordinate is not rectangular a nd another is that the number of sam
p les are 63 and 65 in E- W and N- S directions r espectively instead of 64 X 64. But 

these approximations are considered to be tolerable. The beam shapes before a nd 

after smoothing are shown in Fig. 8. The half power beam width has now become 

1. 5 times, i. e. 2. 4 minutes of arc. 

The output is displayed in two ways a t the same time. The first display is made 

through a line printer in numerals as shown in Fig. 9, where the rows are shifted 

properly in steps to approximate the oblique scanning. The N-S diameter of the 
solar disk on this d isplay changes from day to day in proportion to the cosine of the 

zenith distance. Accordingly the solar disk is e lliptical for the most part of the year 
due to discrete steps of the line printer. 

The second display is made through an X-Y plotter in stepped concentric circles 

as shown in Fig. 10, the number of steps being proportional to the brightness of the 

sun. A unit circle represents 22000 °K. H ere the distance of the picture element is 
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inversely proportional to the cosme of zenith distance, so that the sun 1s always 

circular. 

11. Future Problems 

The polarization data have not yet been processed but only have been recorded 

on the cha rt. The speed-up of the A D converter is now in progress so that the 

map of polarizat ion is expected to appear in the very near future. 

Since the process of smoothing largely loses the information at higher spatial 

frequencies, we are developing a more comprehensive way of date processing. The 
correction of the phase error and the reduction of noise have also been studied which 

will be published separately. 
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fig. 9. An example of the line-printer display (19 Nov. 1969). 
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Fig. 10 (a ) . An example of the heliogram before smoothing. 
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Fig. 10 (b) . An example of the heliogram after smoothing. 

73 



74 

.----N -.. 

i969 8 

/: ........ . . . ....... ' . .......... 
I . : ...... . 
.I, .. . .. 

w.l ; . :: :. : .. . t ... t ... .. . . t .... . . .... . 
. ':; ::. ::: ~: 
.\ :.: :r:: ·. 

~· 
~---5 

.. , ...... . . . . . 

-·- ,./ 

,_ 

" 
src:P 

~\ 
\ 
I 
\ 

6 

.. ..... I E 

I 

I 
I 

/ 
Fig. 10 (c) . An example of the heliogram after smoothing. 


