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Fig.1 Schematic diagram of the solar radio telescope. Ga and Ggr represent the response of the antenna
and the receiver, respectively. Rons, Rb, Rn, and Ry indicate the recorded observational, background,

noise, and terminal data, respectively.

Tos(f) = Galf) - (Fos(f) + Fu(f)) , (2)
T,(f) = Galf) - Bu(f), (3)
Ros(f) = Gr(f) - Tos(f) +r(f), (4)
Ry(f) = Gr(f) - To(f) +1r(f), (5)
Ry (f) = Gr(f) - Tu(f) +r(f), (6)
R(f) = Gr(f) - Te(f) +7(f), (7)

Hhr R AL RN R L 0 KINHLII TR, Toes T Tun To o0 2 TEFOKBH (7
R F) KRG 5o B IR A i RIS, Ryes Rus Ros ReZMIE E AR
DB TR (B R 50) s R 5o, MR A i IR AL, Foyo /& T i KBS
MHEEEAGTREYE ), RERTYE SRS, o8, KPS % F s (A

RAST550) FOGS L R IR Rops — AL (2) (4)30,  PRIUEAT G R ik K
Rops(f) = Gr(f) - Ga(f) - (Fons(f) + Fu(f)) +7(f), (8)
(3) AN (5) AT 13
Ry(f) = Gr(f) - Ga(f) - Fu(f) +r(f). (9)
H (8)—(9) {543 1 A BH A H AR 5 s 22 5K

(10)



2 14 PR BRI RSB KB S FUE (SO b 133

Gl =57 (11)
(2)-(3)/((4)-(5)) TIF
Galf) = w -

(1), T, — Tyl T ABLIA 28000 K, (12)2 (1 b HE 5+ i A P 5T o 370k
JE Foo AT DA PR VA4 5
AL A 2 Al I S H ) 7 B K BH S R 2 R P 2
F (f) =845 x 1071 f%5617 ' 350 ~ 6000 MHz (13)

qas

AP f 10 ST JE Mz, F (507 i sfu. 5 RS 58K H U0 52 13 52 31K BH % 20 F 1
SO, TR BH S F R FERABE T

Fo(f) =Fy+ AF - Z, (14)

A Z & KB B 72 H (7] Ll i www.ngdc.noaa.gov W st 3k 15, #9K K A FR] LU it
AR

AF =1.20 x 1075 3™ 30 ~ 2770 MHz (15)
AF = 3512795945 2770 ~ 10000 MHz (16)

PRUEVR 22 53 10 Fov] 30 3 FC A0 I &5 3 P He 159 3. A SR bR UE 5 22 40V ok R
U F s
1o MEF 322 0L W00t (1) 55 F 540 9 356 (it p: / /solar.nro.nao.ac.jp /norp/data/avg/) T %
SR H V-1 i B S PR e A 1 SO
2. MBS R IR T RLETANE e A (1, 2, 3.75, 9.4, 17, 35, 80 GHz) &b BEAT M
W, FAVEFENS3.75, 9.4 GHzARAAL 1) 75 B 5 LR %% FEEAT 21t 22 43, AT
19 304.5~7.5 GHzARA ] A (1985 AR T 55K B 85 R P
El2(a) W7 T 6N [ i e Ak, B 320 10 S5 P s 4 00 45 (1 5 ISP 380 7 1 O IS S5 el
it A R A I R] PR AR A B, BE2(b) W T AN ) H S T i oK B A, . W, £03%b
B AR AR F20004E1 H31H (Z = 58). 20004E3 H31H (Z = 16). 20004E7H20H (Z =
11) 34N H I, A AQREF 1 (L A il o1 7264 [l e A (1, 2, 3.75, 9.4, 17, 35 GHz) 4%t
P35 7 5 R B S v gt i 85 1, SRR M 72 73 13 3 4.5~7.5 GHz G [ NI Fys, MR
Gl T A %A B11~6 GHz JEH N IS EAG I F R A g2 e xR
RO EH BEAT Ge vk 23 # i) Sl g S 00 05X, 5 AR SO SR T AR HEYR 22 A VEAH L,
FAAE—E W ZE.



134 KO ¥Rk 56 4
105 y T T T T T
@ Norp 1.00 GHz+ + [Notp 9.40 GHz
Norp 2.00 GHz+ + |Norp 17.00 GHz + +
’z?, 10% Norp 3.75 GHz Norp 35.00 GHz
z B
& ok
7}
b=
o

Jan Mar May Jul Sep Nov
time (01-Jan-00)
10° E(b) ‘
= 31-Mor-00
Z 10t 20-Jul-00
< Interpolated ——
Z Parameterized = =
£ X & Norpa A
E 10 &
= . a
& # g ==
3 1000 Ss====
5 1P _4--c===
N
o4
10" L L
I 10 100
Frequency/GHz

K2 A pRiE KRG it i 2 B 8. () R THEMRAEL, 2, 3.75, 9.4, 17, 35 GHzb, FFidnihif i flidh vi-ul43
FRIRRE 3 5 K BH 7t 2 B BN TR) AR AR S B0 (b)HR &k, R Z03FPEE MK IR R £ 20004E1 31 H. 20004E3 H31H.
20004E7 H20H 34 H I (arh i AL bRl B34 BOF kb)), AR LS BmiR - Fys, SEREE MR Fys,
LR R SHA Fys.

Fig.2 The daily solar radio flux density of the quiet Sun. Panel (a) shows the light curves of the quiet
Sun fluxes of the Nobeyama polarimeters at 1, 2, 3.75, 9.4, 17, and 35 GHz; Panel (b) shows the radio
spectrum of the quiet Sun. The green, blue, and red colors represent January 31, March 31, and July 20
2000, respectively. A represents Fys observed by the Nobeyama polarimeters, the solid line represents the

interpolated Fys, and the dashed line represents the parameterized Fgs, respectively.
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Fig.3 The daily variations of Gg and G in 2000. Panels (a) and (b) are for Gr and Ga, respectively, at
a few frequencies indicated with different colors (one point corresponds to one day); Panels (c) and (d)
show the fraction of abnormal points (deviating from the mean value by more than 3 times the standard
deviation) of Gr and G as a function of the frequency, respectively; Panels (e) and (f) give the relative

standard deviation of Gr and G4, respectively.
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Fig.4 The comparison between the calibration data and the raw data of a flare on April 8, 2000. Panel
(a) shows the light curve of the raw data at 6.30 GHz; Panel (b) shows the light curve of the calibrated
data at 6.30 GHz; In panel (c), the black solid line shows the spectrum of the raw data at 02:38:37UT,
the black dot-dashed line shows the dependence of M on the frequency f; Panel (d) shows the calibrated
spectra at 02:38:37UT, 02:39:32UT, and 02:41:22UT. The red solid line represents the spectrum of the
quiet Sun derived from observations of the Nobeyama polarimeters; Panel (e) shows the spectrogram of

the raw data; Panel (f) shows the spectrogram of the calibrated data.
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Fig.5 Comparison of radio observations of the flare in Fig. 4 made with the solar radio spectrometer of
the Purple Mountain Observatory and the Nobeyama polarimeters. Panels (a) and (b) show the light
curves and the spectra, respectively (for comparison, the sun’s background flux density has been
subtracted). O represents the observations of the Nobeyama polarimeters, and the spectrum at waveband
4.50-7.50 GHz is the calibration results of the solar radio spectrometer of the Purple Mountain
Observatory.
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Fig.6 Panel (a) shows the daily variation of C'x in 2000 at a few frequencies indicated with different
colors (one point corresponding to one day); Panel (b) shows the fraction of abnormal points (deviating
from the mean value by more than 3 times the standard deviation) of Cx as a function of the frequency;

Panel (c) gives the relative standard deviation (solid line) and the average value (dot-dashed line) as a

function of the frequency.
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Fig.7 The comparison between the calibration results of the solar radio spectrometer of the Purple

Mountain Observatory and the interpolated flux density of the Nobeyama polarimeters at a few

frequencies. Panels (a) and (b) are for 7.10 GHz and 5.60 GHz, respectively.
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Fig.8 The comparison between the calibration data and the raw data of a flare on November 13, 2003.
In panel (a), the black solid line shows the spectrum of the raw data at 04:58:54UT, the black dot-dashed
line shows the dependence of Cs on the frequency f; Panel (b) shows the calibrated spectra at
04:58:54UT, 05:04:19UT, and 05:15:09UT. The red solid line represents the spectrum of the quiet Sun
derived from the Nobeyama polarimeters; Panel (c) shows the spectrogram of the raw data; Panel (d)

shows the spectrogram of the calibrated data.
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Fig.9 Comparison of radio observations of the flare in Fig. 8 made with the solar radio spectrometer of
the Purple Mountain Observatory and observations from other instruments. Panel (a) shows the light
curves of hard X-ray band of RHESSI satellite; Panel (b) shows the light curves of the solar radio
spectrometer of the Purple Mountain Observatory as well as the Nobeyama polarimeters at a few
frequencies; Panel (c) shows the spectra at a few epochs (for comparison, the sun’s background flux
density has been subtracted in Panels (b) and (c)). [ represents the observation of Nobeyama
polarimeters, and the spectra at waveband 4.50-7.50 GHz are the calibration results of the solar radio

spectrometer of the Purple Mountain Observatory.
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Fig.10 The correlation coefficients of light curves between microwave band and hard X-ray band during
the impulsive phase of a flare on November 13, 2003 (04:58:00—05:00:00UT)
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Calibration of Solar Radio Spectrometer of the
Purple Mountain Observatory

LU Lei%?3  LIU Si-ming’?  SONG Qi-wu!?  NING Zong-jun'-?
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)
(2 Key Laboratory of Dark Matter and Space Astronomy, Chinese Academy of
Sciences, Nanjing 210008)

(8 University of Chinese Academy of Sciences, Beijing 100049)

AsstracT Calibration is a basic and important procedure in the radio astronomy. It
deduces the solar radio flux which is an important physical quantity of solar observation.
It also deducts the flat-field of the spectrometer, displaying the radio spectrogram
clearly. In this paper, we first introduce the basic method of calibration based on
the data of solar radio spectrometer of the Purple Mountain Observatory. We then
analyze the variation of the calibration coefficients, and give the calibrated results for
a few flares. These results are compared with those from the Nobeyama solar radio
polarimeters and hard X-ray band of RHESSI (The Reuven Ramaty High Energy Solar
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Spectroscopic Imager) satellite, which shows the consistency with the characteristics of
the typical solar flare light curves. In particular, the correlation between the radio flux
and hard X-ray flux variations can be used to study the relevant emission mechanism,
the related energy release and particle acceleration process.

Key words sun: flares, sun: radio radiation, sun: spectrum, instrumentation: spec-
trometer, methods: calibration



