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Abstract: In November 1950, a paper was presented at the 5™ Annual Assembly of the Physical Society of Japan
that outlined the plan for a radio frequency grating array, designed to provide high-resolution observations of solar

radio emission at 3.3 GHz.

In this short paper we provide details of the invention of this array, which occurred

independently of W.N. Christiansen’s invention of the solar grating array in Australia at almost the same time.
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1 INTRODUCTION

The first Japanese radio astronomy observa-
tions occurred on 9 May 1948 when Koichi
Shimoda observed a partial solar eclipse from
Tokyo (Shimoda, 1982; Shimoda et al., 2013).
By 1952 there were four different groups of
Japanese researchers actively pursuing solar
radio astronomy (Ishiguro et al., 2012; Orchiston
and Ishiguro, 2017). One of these was based in
Osaka, and this short paper deals with that
group and specifically with the independent in-
vention of a solar grating array in 1950.1

2 THE SOLAR GRATING ARRAY
2.1 Introduction

An earlier paper in this series (Orchiston et al.,
2016) dealt with the background to the first solar
radio astronomy observations at Osaka Univer-
sity during 1949 using a single horn radio tele-
scope operating at 3.3 GHz and mounted on an
ex-military searchlight mounting. That paper also
described the transfer en masse of the Physics
staff to the newly formed Faculty of Science and
Technology at Osaka City University in early
1950.
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On 5 November 1950, a paper (5C7) was
presented at the 5" Annual Assembly of the
Physical Society of Japan. Thanks to Professor
Woody Sullivan we have obtained a copy of the
handwritten 8-page paper and an English trans-
lation that was prepared by Professor Haruo
Tanaka in December 1982.

The paper was titled, “A plan for the local-
ization of noise source on the solar surface by 5-
column 5-row electro-magnetic horns”. The
lead author was Takanori Oshio,? with Tatsuo
Takakura and Shinichi Kaneko as co-authors; all
were affiliated with Osaka City University and
were part of Minoru Oda’s group, but only
Takakura would go on to make a career in radio
astronomy (see Nakajima et al., 2014; Orchiston
et al., 2016). The lead author, Takanori Oshio
(1920-2002) had been appointed a Lecturer in
Physics the previous year, and became a Profes-
sor at Osaka City University in 1963. He was in-
terested in the calibration of soft X-ray observa-
tions using the X-ray emission from synchrotron
radiation as a standard light source for the
calibration. Ultimately, Oshio’s research led to a
collaboration with Professor Minoru Oda who
also was interested in research on cosmic ray
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physics and later X-ray astronomy (Sasaki,
2003). Apparently Shinichi Kaneko, the third
author of the 1950 paper, initially conducted cos-
mic ray research at Osaka City University, but
we have not been able to source biographical
material about him that post-dates 1955.

This paper discusses the independent inven-
tion of a radio-frequency solar grating array
design made almost in parallel with that of W.N.
Christiansen at the CSIRO Division of Radio-
physics (RP) in Australia. Christiansen present-
ed the first version of his design to RP’s Radio
Astronomy Committee on 14 March 1950 (see
Wendt et al., 2008). This is perhaps another very
good example of multiple discoveries, or simul-
taneous invention, as described by sociologists
of science (e.g. see Merton, 1963).

2.2 Influences

In their paper, Oshio et al. (1950) made ref-
erence to two prior areas of research. They
referred to the Australian observations of

Bolton and Stanley [who] observed the radi-
ating sources of cosmic noise with an accu-
racy of 0.15 degrees using the interference of
direct waves and reflected waves from the sea...

They did not reference a specific publication, but
presumably they had read the paper by Bolton
and Stanley (1948) that appeared in Nature.
This reported on the observations at Dover
Heights of the Cygnus-A discrete radio source
using the technique of sea (or cliff) interferometry.
Oshio et al. also noted a paper by Stanier
(1950) that also appeared in Nature and des-
cribed the two-element solar interferometry work
being carried out at Cambridge. It is surprising
that these were the only two papers mentioned
from the period that dealt with interferometry.

In a similar manner to Christiansen (1984
118), Oshio et al. appear to have made the
design connection with the optical grating array
first proposed by Bernard Lyot (1945). They
mention their arrangement of antennas, “...corr-
esponding to a grating or lattice as inferred from
optics.”

2.3 The Design

The paper by Oshio et al. described how a
grating type antenna response could be pro-
duced by summing the outputs of a row of
identical aerials arranged at integer intervals of
their operating wavelength (see Figure 1). They
also noted that for observations of the Sun it
was important to design the array in such a way
that only one response lobe would be located on
the Sun at any time and that a drift scan
technique could be used to produce a one-
dimensional profile of emission across the solar
disk by relying on the Earth’s rotation. They
also considered the effect of a reduction in
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resolution as the Sun moved away from the
perpendicular to the array axis. This was virtu-
ally identical to the design principles described by
Christiansen (1953) and Christiansen and War-
burton (1953). Figure 2 shows the approximate
power response of a single 5-element row of the
array proposed by Oshio et al. and based on
equation [1] from Christiansen and Warburton
(1953: 192).

Although the principles were largely the same,
there were a number of key differences between
the proposed Japanese array design and Christ-
iansen’s earliest grating interferometer. The first
of these was that Oshio et al. proposed using
equatorially mounted circular horns 50 cm in
diameter and 130 cm long rather than dishes
(see Figure 3).* Further, the operating frequen-
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Figure 1: The directivity pattern of the array. Originally
Figure 3 of Oshio et al. (1950).%

Figure 2: The calculated response of a 5-element grating
array operating at a wavelength of 7.5 cm and with an
element spacing of 5 m. The y-axis: ¢ = the power received
by the array from a point source relative to the power
received from a single element of the array. The x-axis: 6 =
the angle perpendicular to the array baseline and the
direction of the source.

cy they chose was 3.3 GHz rather than the 1.42
GHz used by Christiansen, and was selected
mainly due to the availability of ex-WWII equip-
ment.

Perhaps the most ambitious aspect of the
proposed design was that rather than having a
single east-west baseline, they proposed using
a 5 x 5 grid of 25 equatorially mounted horns
arranged in a 25 x 25 m square with spacing of
5 m between aerials (see Figure 4). While an E-
W row of aerials would produce the familiar sharp
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Figure 3: The proposed dimensions of the horn aerial design
and its equatorial mounting to allow tracking of the Sun.
Originally Figure 9 of Oshio et al. (1950).

fan-beam response, the combination of the 25
elements of the grid would produce a complex
two-dimensional grid response, not dissimilar to
that produced by the later development of
Christiansen’s crossed grating array at Fleurs
(Christiansen and Mathewson, 1958; Orchiston
and Mathewson, 2009). Oshio et al. describe
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Figure 4: The grid array layout proposed for the array.
Originally Figure 7 in Oshio et al. (1950). The three boxes
annotated by Japanese characters are the receiver, phase
shifter and the master equatorial mount intended to drive the
25 horn aerials for the purpose of tracking the Sun.

Figure 5: The diagram on the left illustrates the five u-
shaped wave guides mounted on a see-saw bench which is
rocked to vary the path lengths. The diagram on the right
shows the sliding wave guide connected to a flexible coaxial
cable. Originally Figure 12 in Oshio et al. (1950).

Page 114

how

. for a multi-column, multi-row system, the
directivity becomes two-dimensional, but the
above theory [of a single grating array] can be
applied precisely regarding the main axes (in
two directions parallel to the antenna arrays).®
To further complicate the design, Oshio et al.

also proposed dynamically varying the path
length of the transmission lines for each row so
as to produce a vertical sweeping of the beam
response, which they called “... shaking the
beam.” They proposed doing this by using a
series of five u-shaped wave guides mounted on
a rocking see-saw arrangement (see Figure 5).
The rocking motion varied the relative path
lengths of each array column, and hence the
phase, so that the beam pattern was swept in a
north-south direction completing a cycle every
17 seconds. The technique of changing the
phase of the N-S arm of the Fleurs Crossed
Grating Array also was used by Christiansen so
that over the course of a day multiple drift scans
across the solar disk could be used to create a
two-dimensional radio picture of the Sun. How-
ever, this was done by a static change to the
N-S transmission line path length rather than
trying to dynamically sweep the response over
the solar disk during an individual drift scan.

Allowing for the slightly larger disk size of the
Sun at radio frequencies (presumably on the
basis of the reports of others), Oshio et al. as-
sumed a disk of 41.3 minutes of arc, which
meant that it would take approximately 2.8 min-
utes for the Earth’s rotation to move the Sun’s
disk horizontally through the maximum beam
response, with ten vertical scans completed in
the same period. To produce an image, they
proposed using an oscilloscope and camera.
On the oscilloscope screen a spot, whose bright-
ness was modulated by the signal intensity,
would be swept in the vertical axis synchro-
nised to the phase shifter.® The camera’s shut-
ter would then be open for 2.8 minutes to pro-
duce a single image. A block diagram of the
proposed system design is shown in Figure 6.

3 CONCLUDING REMARKS

It is very likely that this ambitious design, which
aimed to produce a single high-resolution image
of the radio emission across the solar disk in 2.8
minutes, would have presented a very consider-
able engineering challenge for any group in the
1950s. Actually achieving accurate transmiss-
ion pathlengths to maintain phase accuracy
through the phase-shifting device would have
been extremely difficult.” In many ways, the de-
sign was ahead of its time. However, the theory
behind the design is sound and could easily
have led to the construction of a less ambitious,
but more practically achievable one-dimensional
grating array similar to that constructed in the
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Figure 6: A block diagram of the proposed system. The outputs of each array row are first summed (coupler |) and then passed
through the phase shifter before being again summed (coupler Il). The output then passes to the receiver where it goes through a
modulator (80 Hz) — crystal-balanced mixer — I.F. amplifier — detector — 80 Hz narrowband amplifier and then to the ‘Braun tube’
(oscilloscope), or is switched to a 80 Hz balanced mixer and the D.C. amplifier and then to a recorder. Originally Figure 8 in Oshio
et al. (1950).
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period 1951-1952 at Potts Hill in Sydney (Aus-
tralia) by W.N. Christiansen (1953; cf. Wendt et
al., 2008). In fact, Professor Haruo Tanaka of
Nagoya University did later construct such an
array at Toyokawa, in 1953, and this will be the
subject of a later paper in this series that will
deal with the radio telescopes designed and
constructed by the Toyokawa researchers.

Although Minoru Oda, who headed the group
at Osaka City University, did not apply this de-
sign in radio astronomy, later he successfully
applied similar principles to the invention of a
modulation collimator (Oda, 1965) which is now
known as an ‘Oda Collimator’ and is used in
high energy X-ray observations (Tanaka, 1984:
339).

As discussed by Orchiston et al. (2016), the
design outlined by Oshio et al. in their 1950
conference paper was never published and,
apart from the construction of a single horn
aerial and receiver, the array itself was never
constructed.

4 NOTES

1. This is the fifth paper in a series initiated by
the IAU Working Group on Historic Radio
Astronomy that aims to document, in English,
the early development of Japanese radio
astronomy. The first paper (Ishiguro et al.,
2012) provided a chronological overview,
while papers 2—4 dealt respectively with Ko-
ichi Shimoda’s observation of the 9 May
1948 partial solar eclipse (Shimoda et al.,
2013); early solar radio astronomy at Tokyo
Astronomical Observatory (Nakajima et al.,
2014) and early solar research at Osaka
University and Osaka City University (Orchis-
ton et al., 2016).

In the course of researching this paper we
discovered that Takanori Oshio’s hame orig-
inally was erroneously written as ‘Takabumi
Ojio’ in some of the papers listed above in
Note 1, and in Tanaka (1984).

Note that all figures from the 1950 paper that
appear in this paper are tracings of a copy of
the original paper which was of too poor a
quality to reproduce for publication.

Orchiston et al. (2016) note that the horn
design which was used with the first single
3.3 GHz receiver was later replaced by a 1-m
dish when the horn proved less than ideal.

A crossed grating array is a much more eco-
nomical way of producing this type of beam
pattern, but this would have required the con-
ceptual design leap of multiplying the array
responses. This innovation would only come
later when made by Bernard Mills with the
invention of the cross-type array (Mills and
Little, 1953) and Christiansen’s subsequent
application of it to a grating interferometer
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(Christiansen and Mathewson, cf.

Orchiston and Mathewson, 2009).

It is interesting to note that Little and Payne-

Scott (1951) used a similar recording method

for capturing images from their swept-lobe

interferometer at 97 MHz which was used for
capturing the position, motion and polarisation
of short duration solar bursts.

7. Little and Payne-Scott (1951) used a rotating
metal arm within a drum to achieve the var-
iable path length change for their swept-lobe
interferometer. In their case, they were only
using a two-element interferometer and they
changed the phase of the local oscillator rath-
er than attempting to change the phase of
the actual signal. Fortunately, sensitivity was
not a major issue for solar observations as
this type of mechanical phase change cre-
ated significant losses.

1958;
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