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WL T 1 AU Ab JmyHb 1 £ R8I0 20 K BH XA 307 5 Ry 140 S A

I3, Makela 2 N B 7045 T CME-CME A B {EF 5] 216 11 F S em I %, b
ABEFIH = A&7, B AF 7 EI R 11826 e 7 1 RERIEXALE; Frilfr
B LASCO/C3 Willf) CME F AR AR & wa, A& strea s R
AL AE AL TR ISR, RN RIRE T S PV PRS2 M K

BRI, IXE8HH CME-M 77 B =y % FE 4504 51 B2 () 3R A 11 B 3 3 T 59 v g
MR, RITCER S YR IX 50 2% AR 5 4 oW & SR e T xr bl s i DR H 2 B N E
o YR LERIAE AT BB, B i 4R G T RE S BN AH R EE M s, TekAE 2
FLSCH) H BB AL Y. B, 2S5 G 2 B s GO I s IR B4R 11 B 2 ko, 3
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fit 5 CME-CME Al CME-%. it A BAF A < i B A

6 MaEEREE

A EBEAET ARG VISR, W2, 230, frEIR USRS 1T 452,
T ENIRIRRAE. AR, B HRSBIISKE R, LLERT IE P A7 1 i ]
B, ARG SR A,

(1) AT A 2L TT RS, TT BT, % A 2 I SRS, AT BL i) B 35
FMEAST. HRT, BT BRI AT 4 28 TT 0 5 11 v ATUREC A5 43 )% 7 8 it o 716
SO TR DR LR T 5 B TR A AT 4 200 1T TR T T W R A L. Do
BCL K BT TERABE SO, 5 ) P A BE S FhL 00 5 4% P B 4 2 1T 7
ST QU AE TT 75 0 56 L X R AT X B, ST 0 W S50 T 0 40 4 0 W B L

(2) 237 1 BLRE, ZERIN A (10~30 min) HHH0H S a3 LA R aa i %0, S A [F i
1A, MR % 3 IT BRI AT s 2 — MBTATRE R 24N, L, fFE7EM SR 2 % 1T &)
RIS GEEE. CME 3K 30 1A R A 50 A 5 ) — AR . 5 2R 3 £ s 4 9
TR % P B AR AN G FUATHE SO X 2 30 11 R (000 AT B MR 78, I 5E 23 11 11
FR .

(3) fa/EolR T B0 5E,  py T 280 558 35 T 1A i AFURER S50 43 ek HH 25 201 Bk 91 2 T8 05 1 e P4
W, B e G R T B B . AT R R AT AR, R TR R R T
i B P TV PR R RS Y T O D R sl B8 I X g 2 B, 7S O 7 s
5 FEE L5 1 11 2 X o A o b s B 00 1) (X 3R, (o) = 80 ~ 90°) #4772, I 1T 780 ey
FH T W7 s D o - B 1 R . R B R IOR AU, X S MG 1T R E 1
PrE 2R, LUK RN A 450 4 SRR A B R (U X 55 405 4 22 1T 200 5 e R 4952 11
VB XA B A T X 31

(4) 7 T1 RU5E, 586 TT BV R 0 A R E S OB F I, T2 RIRRERE. ERE
e FIR AR R R IR, I R I N B (CME) k-5t BV X 5 AR
I BRI B K. G0 6 B G A, A ) F SRR 11 2 8 11 2 VR X A
T 5 T 5 0B 40 BT R R R BB, DL R T 2% ) R A TR 45 e AR AE f )
CME- 58 778 i 255 18 45 M B A O TR AR 1T 700 S5 = S v B 00 B VR X o B X — e L
P4

PR T LT 75 5 0 400 45 M 76 AR B AR A P S R S 850 JSapt Dl ol 7 7 TG LA R %
SO, R 3R R A0 T BT 0 W G R O T AR B RS N g R AT
VENTIRFIE: 4 I et 5t 45 SR 5 At R s B W 5 4% (0l B 8 SR AT X HE, DLSEVR A
MR, P4, REZEIC. WEEh. TN £, WL RS A RSB A B
B E B AS AT A B E A, SR IT R I S MR A A R, TR TT A B R R A gk
IR 0. R, R eh i EURACE T3 58 9 A 0, 32 2 BT R84 6



2 BAh, Bi%K: AKFH I 2L B 40 450 B LU 52 141

VRSEHLR, AREAE I BRI AT IS . BRI S, A AR ST )

(1) 1L BB AGUE X @ . ARIRIN 2, ASEER b 1T A 5 3 T AR X A B 22 57t DA 5 s
AL B R AR, VR X A T EIE R BEA LI XA Rl AN RS 40 2548 22 TR X 4453 A
S DCAR S0 O Bk R ZE 57, R o 3¢ 11 B e 5 40 Btk T Y 3 Y X1 7t [

(2) HEINFR. BREREDGS SR GO EdE, 8 A ESAR b 1T R 5 15 X
PR, g AT AT H B R0 T B BRI SEm, JRRE T Fe s A T2 1 1T 2L gl & 45 2R
W H 55 A S S L R m s A R B B B, JRATT T DL Seilnd F g A
PREPE R B EUV %3 DEM (differential emission measure) 73445 th H % 1 B 1 20% &
o)A, A S ER AR I E 1T B B X AT AL B, 1 45 5 R PH S R A e o 11 B e
o, RIATAG S TT YRI5 XAE H A RO RS K B R 5 5 v FARASOUI 25 SR %) L
SR JG 53 M K R R 00 5 i B ROBE AR S 5200, I J PT 45 31 B AL 4R i A2 B RS 1 &
KAZH.
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Recent Observational Studies on the Fine Structures of
Solar Type II Radio Bursts

FENG Shi-wei, LV Mao-shui

(Institute of Space Sciences, Shandong Key Laboratory of Optical Astronomy and Solar-Terrestrial En-
vironment, School of Space Science and Physics, Shandong University, Weihai 264209, China)

Abstract: In the solar radio dynamic spectrum, type II radio bursts appear as narrow-band
features drifting slowly from higher to lower frequency. These signals are due to plasma
radiation excited by energetic electrons. For fundamental plasma radiation, the emission is
close to the local plasma frequency. Type II bursts provide important insights in the studies
of shock waves driven by solar eruptions, shock-accelerated energetic electrons and space
weather forecasting. In addition, type II radio bursts have a variety of fine structures in
the dynamic spectrum. According to their spectrotemporal features, they can be roughly
categorized into type II radio bursts with band-splitting, multi-branch, herringbone, and
sudden-spectral change structures. These fine structures can be used to diagnose coronal
parameters such as electron density and magnetic field strength, to determine the speed and
configuration of the associated shock waves, and to further understand the solar eruption
processes. However, there are still many unresolved problems in the cause of these fine
structures, which require further research. In particular, it is of great importance to use
data with high angular resolution available from newly-built radio heliographs in China for
research. This article reviews recent progresses on observational studies of the fine structures

of type II radio bursts and outlines outstanding issues for future studies.

Key words: solar physics; solar electromagnetic emission; solar radio emission; solar coronal

mass ejection shocks
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