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PRELIMINARY RESULT OF ABSOLUTE CALIBRATION
OF SOLAR RADIO FLUX DENSITY ON THE
MICROvV AVE REGION

Haruo TANAKA and Takaki yo KAKINUMA

Abstract
Absolute calibration of solar radio flux density at 1000, 2000 and 3750 Me, s was made
with newly constructed standard horns. The result shows that the daily values of
solar flux density at Toyokawa are likely to be lower than the true values by
11 and 8 percent at 1000 and 2000 Mc; s respectively, though further investigations
are needed to get a definite result. Possible causes of errors are also discussed.

l.

Introduction

The need for observing solar radio emission as accurately as possible has been
increased as the discussions on solar and solar-terrestrial phenomena has become
more and more precise. The observation of total flux density is still the fundamental
of all observations, and even the newest high-resolution interferometers, for example,
need t he help of global observations to determine the scale of brightness on their
drift curves.
As is usual with the observations in general, observational erros are inevitable
also for the observation of the flux density of solar radio emission. However, true
values can be estimated later by an absolute calibration if the observations are
consistent, that is, if a series of observed values are always proportional to the true
values. To keep the data consistent, sub-standards are used for daily calibrations.
On microwave frequency region, we used to record from time to time the noise level
of a resistor of a known temperature To, and the level Tskv when the antenna is
directed towards the zenith. If To is kept constant, the difference of two levels
corresponds to To-Tskv, which is also considered to be constant. Thus we can cancell
out the gain variation of the receiver, so that, in principle, the observed values are
always consistent.
The main causes which invade this consistency seem to lie in the insufficient
linearity of the receiver and the lack of isolation between the antenna and the
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receiver which is liable to bring out a false level of To. It seems clear that the use
of a square-law detector and an isolator is quite effective to keep the consistency of
the data. The discussion on the absolute calibration would be of little value unless
the daily observations are cosistent. However, the increasing reliability of the data
in recent years is calling our attention to check how about our daily values compared
with the true ones.
Daily observations at 2800 Mc/ s in ottawa m and 3750 Mc/ s at Toyokawa <2> are
both based on the absolute calibration using their own standard horns from the
beginning of each series of regular observations. 9400 Mc/ s at Toyokawa was checked
by a standard horn made in 1960 <3> and the result showed that the daily values
would have been several percent lower than the absolute values, which may be true
throughout the whole period. Recently Furstenberg w made the absolute calibration
in the same way at the same frequency and the result completely supported the
result at Toyokawa. Urbarz <5> tried to make an absolute calibration at 3750 Mc/ s in
1961 based on the calculation about the directive pattern of his antenna, and the
result showed that the values at Tokokawa would be 596 higher than the true vales.
All these results seem to coincide if the error of several percent is allowed. However,
at lower frequencies, St. Michel (6) (7) <s> concluded from his experiment at 1467 Mc/ s
(i\= 20. 44 em) using a standard noise source composed of a gas tube and a horn that
the values of Toyokawa at 1000 and 2000 Mc/ s would be about 30 96 lower than the
true vales.
The last result largely exceeds our error
limit of about 10 % . This discrepancy encouraged
us to construct the standard horns for use at
2000 and 1000 Me s to clarify the truth. Further,
a horn for 3750 Mc/ s was also recnstructed
because the old one was not of an optimum
design. The old horn used for 9400 Mc/ s was
also not strictly of an optimum design. Therefore, we are planning to constrnct a new horn
and to make the absolute calibration again.

2.

Design and construction of
standard horns

It is generally recognized that the gain of a
pyramidal horn can be calculated from the
Schelkunoffs Formulae <9> with the accuracy of
several or even a few percent. In Fig.l. a horn
is said to be optimum when

a
Fig. 1.

Pyramidal horn
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a=../ 3 ~a A.
where A. is the free-space wavelength. As a 0 x b 0 is given from the dimension of the
waveguide, the shape is fixed for a given A. and, for example, a. The shape of horns
we have made is shown in Table 1, where h is the height perpendicular to the Cab)
or Cao bo) plane. The horns are made of alminium sheets, built up carefully in the
framework of alminium angles. Joints of the plates are connected with adhesive
alminium tapes. For the horn for use at 3750 Mc/ s, the throat of t he horn, 55 em
high, is made of silver-coated brass plates soldered together to assure the accuracy
and to reduce the transmission loss.
Table 1.
Freq. in Mc /s

Actual dimensions ( cf. Fig. 1) and calculated gains of standard horns.

I

a

I

b

I

ao

I

bo

Ia

I

lb

I

h

I

Gain

1000

1500.0

1261.3

217.5

108.8

2500.0

2651.5

2192.6

135.7

2000

1050.0

874.7

108.8

54 .4

2450.0

2550.3

2248.9

263.5

3750

900.0

743.9

58.0

29.0

3377.3

3461.1

3218.2

676.3

9400*

459.8

371.5

22.9

10.2

2007.6

2050.1

1940.2

1008.5

* Not strictly of
3.

an optimum design.

Principle of observations

The hom is connected to the receiver through
a waveguide and a flexible cable. The first step is
to record the level of the temperature of a standard
resistor T 0 , or to short-circuit the input of Dicke's
modulation-frequency amplifier. Then the horn is
pointed to the sun and to the zenith alternatively.
Then we can get a record as shown in Fig. 2. The
temperature rise due to the sun can be calculated as
follows:
T= Tsun- Ts~cv= ( To- Ts~c") D2 !D1 · ···· ······ ·(1)

Then the flux density F for two polarizations is,
F=87rkTj t...2G

To

o,
Tsun
_)_
Tsky
Fig. 2.

Typical record

Wattsj m2 / (c/ s), ······· ··(2)

where k is Boltzmann's constant, A. is wavelength in meter and G is the gain of the
horn.
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4.

Sources of error

Though the principle is quite simple, there are many factors which may cause
the error of calibration.
( 1) Gain of the horn: As the horn is made carefully, the calculated gain would have
an error ef less than a few percent.
(2) Level of T 0 : A circulator-type ferrite switch is used for Dicke's modulation at
each frequency so that the antenna is isolated from the receiver. <1 OJ It is carefully
checked that the low-frequency output is zero when the two signals to be switched
are equal. No change can be perceived even if there were slight mismatch of the
order of 1. 1 in VSWR due to for example the bending of the cable. The measured
temperature of the standard resistor will have an accuracy of the order of a few
degrees, which will result in the error of only 1 percent.
( 3) Level of T,u,.: The pointing of the horn toward the sun is made w ith the aid
of a small telescope. As the directivity is poor, the error due to the mispointing
would be less than a few percent.
(4) Level of T w 1: The evaluation of T rkv can be made by using a cold or a hot
resistor termination, but it is difficult to get a high accuracy of the order of a few
degrees. The false estimation of Tskv by 10°K will result in the error of 3 %. Based
on the experiment made at 3750 Mc/ s, Ul J we estimated Tskv at 5°K for 3750 and
2000 Mc/ s, and 11 °K for 1000 Mc/ s where the galactic radiation of 6°K is tentatively
added. These values will need further investigations.
It is to be noted that, if the estimation of Trkv of the paraboloidal antenna for
daily use is incorrect and the temperature of the reference resistor T 0 is not kept
constant, then the recorded level of T 0 - Tr~<v is not simply proportional to the calculated
T 0 - T 1 tv. This invade the consistency of the observation and the diurnal or seasonal
error will appear.
( 5 ) Change of background: Tskv in Eq. ( 1) should be an equivalent antenna temperature
when the sun ia removed from the sky leaving the antenna stopped at the same
position. Therefore the difference of equivalent temperatures between two directions,
to the zenith and to the sun, should be measured at night.
(6) Linearity: If a square-law detector is used <I OJ as the 2nd detector, the linearity
is assured so far as the low-frequency and D. C. amplifiers with sufficient feed back
are used in association with a well calibrated recorder.
( 7) Read-off error: The read-off error is considered to be of t h e order of the r-m-s
fluctuation, i. e. about 2°K (or = 0. 5sec). This corresponds to the error of 1% for D,
in Fig. 2, but for D 2 , the maximum error will amount to 4°K which correspond to
the error of 4% for D 2 ""' l00°K. This kind of error, however, can be reduced statistically
when the experiment is repeated again and again.
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( 8) Unexpected gain variation of the receiver: To avoid this variation,
should be well stabilized and the experiment should be repeated.

5.

receiver

Result of observations

As the source of errors mentioned in the preceeding paragraph is not yet fully
investigated, especially for the items (4) and (5), we cannot yet show the final
conclusion, but at present we have got the result as shown in Table 2. These results
may still contain the error of several percent. From Table 2, our daily values seem
to be 11 and 8 96 lower than the true values for frequencies of 1000 and 2000 Mc/ s
respectively. These results clearly conflict with the result of St. Michel, who pointed
out that our values at 1000 and 2000 Mc/ s would be about 30 % lower than the
true values. Our results seem to be more convincing from the point of efficiency of
the paraboloid.
It is to be mentioned, however, that the spectrum of the quiet sun we have
published <3 > may havd had occasionally a little more error, because we had no
isolators at that time for 1000 and 2000 Mc/ s. we have the feeling that the quiet-sun
level would lie between the curves of Toyokawa <3> and HHI. <7 > <S>
Another discrepancy we are anxious about is that our values, even corrected, are
still several percent lower than those at Ottawa; we have long been noticed that our
values have been about 15 % lower than the values at Ottawa. The situation remains
the same even with the new standard horn. These discrepancies are waiting for
further investigations.
Table 2.
Freq. in
Mc/ s

I

Observed values of flux density and comparison with daily values.

I

Date

Tin
oK

val. IFactor to be IGain (size) \ Efficiency
of paraboloid of paraboloid
of
I Flux I Daily
flu~ultiplied

m)

55.4

1.08

1293( 2.2m )

60.9

0.99

2002(1.5m )

57.7

1000

27 Jul. 1965

148.4

42.1

38.0

1.11

2000

20 Oct. 1965

92. 4

54. 1

50.1

3750

20 Oct. 1965

103.9

83.4

84.4

6.

547(3

Conclusion

The experiment of absolute calibration at Ottawa, HHI and Toyokawa were
performed on the different days far apart each other. Therefore, it is doubtful
whether the results of three stations can be compared directly. we would like to
propose to perform the experiment at a time, for example in the same month, in
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near future. Based on the results thus obtained, a cooperative work is considered to
be quite desirable to discuss about the possible discrepancy.
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Photo. 1.

Scene of absolute cali b ration ,
1000 Me s.

Photo. 2.

Photo. 3.

Scene of absolute calibration,
3750 Me s.

Scene of absolute calibration,
2000 Me s.

