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ABSTRACT

Forty-one solar type II radio bursts located close to the solar limb (projected radial distance r � 0.8 R�) were
observed at 109 MHz by the radioheliograph at the Gauribidanur observatory near Bangalore during the period
1997–2007. The positions of the bursts were compared with the estimated location of the leading edge (LE) of the
associated coronal mass ejections (CMEs) close to the Sun. 38/41 of the type II bursts studied were located either
at or above the LE of the associated CME. In the remaining 3/41 cases, the burst was located behind the LE of the
associated CME at a distance of <0.5 R�. Our results suggest that nearly all the metric type II bursts are driven by
the CMEs.
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solar–terrestrial relations

1. INTRODUCTION

Solar type II radio bursts are the signatures of magneto-
hydrodynamic (MHD) shocks propagating outward through the
solar atmosphere. They frequently occur as two relatively slow
drifting emission bands (fundamental (F) and harmonic (H))
with a frequency ratio of ≈1:2. The frequency drift from high
to low frequencies (typically ∼ 0.5 MHz s−1) results from the
decrease of electron density (Ne) with radial distance in the solar
atmosphere. The observed drift rate can be converted into a ve-
locity if the dependence of Ne on r is known. The characteristics
and detailed description of solar type II bursts can be found in
Nelson & Melrose (1985), Mann et al. (1995), Aurass (1997),
and Gopalswamy (2006). In a longstanding and healthy debate,
MHD shocks in the low corona (r � 2 R�) have been attributed
to either solar flares or coronal mass ejections (CMEs) or some
combination of the two (Gopalswamy 2006; Mann & Vršnak
2007; Pick & Vilmer 2008; Vršnak & Cliver 2008; Nindos et al.
2011). It is difficult to observe CMEs in this distance range due
to observational constraints. In addition, because of the geome-
try of white-light scattering, CMEs occurring at the solar limb
are much easier to detect in coronagraph images than those near
the center of the solar disk (Cliver et al. 1999; Gopalswamy
et al. 2001). The type II radio bursts occurring at metric wave-
lengths are considered to be the direct, and one of the earliest,
signatures of shocks in the solar corona. Results obtained us-
ing radio spectral observations of metric type II bursts indicate
that they can be explained by CME driven shocks (Lara et al.
2003; Cliver et al. 2004; Cho et al. 2005, 2007, 2008, 2011;
Subramanian & Ebenezer 2006; Mancuso 2007; Gopalswamy
et al. 2009a; Liu et al. 2009). Most of these works were carried
out without positional information on the type II bursts. Radio-
heliograph data have positional information of the type II bursts.
Therefore we can directly verify the spatial relationship with
CMEs and flares using them. We would like to note here that type
II bursts with positional information have been reported by sev-
eral authors in the past (Dulk 1970; Stewart et al. 1974a, 1974b;
Nelson & Robinson 1975; Kosugi 1976; Wagner & MacQueen
1983; Gergely et al. 1983; Gary et al. 1984; Gopalswamy &
Kundu 1992; Maia et al. 2000; Magdalenić et al. 2010; Ramesh

et al. 2010; Nindos et al. 2011). These were studies of either a
single event or a few selective events. The present work utilizes
a comparatively larger data set (41 bursts) at a single frequency
from solar cycle 23. We have spectral confirmation for all the
type II bursts with positional information reported in this pa-
per. All the events were accompanied by an X-ray/Hα flare and
white-light CME.

2. DATA SET

The type II bursts used in the present study were obtained at
109 MHz during 1997–2007 with the Gauribidanur radiohelio-
graph (GRH; Ramesh et al. 1998) located about 100 km north of
Bangalore in India.4 The GRH is a T-shaped radio interferometer
array dedicated to observations of the solar corona. The GRH has
observed the Sun daily between ≈4–9 UT since 1997. The angu-
lar resolution of the array at its zenith is ≈7′×10′ (R.A. × decl.),
and the minimum detectable flux is ≈200 Jy at the above fre-
quency. The co-ordinates of the array are longitude =77◦27′07′′
east and latitude =13◦36′12′′ north. Though a large number of
type II bursts was observed with the GRH during the above
period, we specifically selected only those events located close
to the solar limb (projected r � 0.8 R�) for the present work.
This minimized possible projection effects. With this limitation,
we could get 41 events during the period 1997–2007. We used
data obtained with the Large Angle and Spectrometric Coro-
nagraph (LASCO; Brueckner et al. 1995) on board Solar and
Heliospheric Observatory (SOHO) for information on the as-
sociated white-light CMEs as listed in the CME catalog5

(Gopalswamy et al. 2009b). The solar sources of the CMEs
were identified as the location of the associated Hα flares listed
in the Solar Geophysical Data (SGD)6 and further verified from
the flare locations derived using the EUV images obtained with
Extreme-ultraviolet Imaging Telescope (Delaboudiniere et al.
1995) on board SOHO.

Figure 1 shows a type II burst imaged by the GRH at 109 MHz
around ≈07:23 UT on 2007 May 23 superposed on a LASCO

4 http://www.iiap.res.in/centers/radio
5 http://cdaw.gsfc.nasa.gov/CME_list
6 http://sgd.ngdc.noaa.gov/sgd/solarindex.jsp
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Figure 1. Composite of the radioheliogram of the type II burst of 2007 May 23
observed with the GRH at 109 MHz and the associated LASCO C2 difference
image. Solar north is straight up and east is to the left. The inner white circle
at the center represents the solar limb. The outermost gray circle indicates the
occulting disk of the LASCO C2 coronagraph. Its radius is ≈2.2 R�. The bright
white-light emission just above the southwest quadrant of the coronagraph
occulter corresponds to a CME. The intense discrete radio source (shown by
white contours) with its centroid at CPA ≈ 262◦ and r ≈ 1.4 R�, located
between the aforementioned white-light structure and the solar limb, is a type II
burst. It was observed at ≈07:23 UT, about 25 minutes before the first appearance
of the white-light CME in the LASCO FOV (see Table 1 for details). The peak
brightness temperature (Tb) of the radio source is ≈4 × 108 K. The contours
are in interval of 10% of the peak Tb and the outermost contour corresponds to
Tb ≈ 1.2 × 108 K.

C2 difference image at ≈07:48 UT. Figure 2 shows the dy-
namic spectrum of the above type II burst at lower frequencies
(85–25 MHz) as observed with the Gauribidanur RAdio Spec-
trograph System (GRASS; Ebenezer et al. 2007). One can note
the presence of both the fundamental and harmonic components
in the spectrum. The frequency of operation of the GRASS is
limited to the above range, hence the truncation of the spectrum
at 85 and 25 MHz. A comparison of Figures 1 and 2 indicates
that the discrete source of intense radio emission contours in
Figure 1 at 109 MHz most likely corresponds to the harmonic
type II burst as its fundamental component is clearly seen in
the spectrum at 54.5 MHz in Figure 1 at the same time, i.e.,
≈07:23 UT. We confirmed this with the spectrum of the same
event as observed with the CALLISTO radio spectrograph (Benz
et al. 2005; Monstein et al. 2007) at the Gauribidanur observa-
tory and the SGD reports. Note that the CALLISTO operates at
frequencies �50 MHz. We would like to add here that metric
type II burst of 2007 May 23 is a typical example of events
with starting frequency <50 MHz (Gopalswamy 2006). The
projected radial distance r and the central position angle (CPA,
measured counterclockwise from the solar north) of the centroid
of the burst in Figure 1 are ≈1.4 R� and 262◦, respectively. The
radio burst was associated with a B5.3 soft X-ray flare ob-
served by the X-ray sensor on board Geostationary Operational
Environmental Satellite (GOES) from the heliographic location
S10W51.7 The onset of the X-ray flare was at ≈07:15 UT. An

7 http://www.lmsal.com/solarsoft/latest_events/

inspection of the LASCO CME catalog revealed that a CME at
CPA ≈ 266◦ and width ≈ 77◦ was associated with the type II
burst and flare. The first appearance of the CME in the LASCO
C2 field of view (FOV) was at ≈07:48 UT at a heliocentric
distance of ≈2.5 R� in the sky plane. The average speed and
residual acceleration of the CME in the combined LASCO C2
and C3 FOV were vlasco ≈ 679 km s−1 and alasco ≈ 6.2 m s−2.
Similar information for all the 41 radio bursts are listed in
Table 1. The date and time of occurrence (ttype II in hh:mm
format) of the type II bursts considered in the present study
are listed in Columns 2 and 3. Their projected radial distance
(rtype II) and position angle are given in Columns 4 and 5. The
error in the estimated type II burst location is ≈±0.2 R� and is
primarily due to the angular resolution of the GRH. Details of
the associated GOES soft X-ray flares like the onset time (tflareO),
time of occurrence of the peak (tflareP), and the flare class are
given in Columns 6 and 7. The heliographic coordinates of
the flare locations are given in Column 8. The first-appearance
time/height of the associated CMEs, their CPA and width, speed
and residual acceleration (all in the combined LASCO FOV) are
given in Columns 9–12, respectively.

The shift in the solar radio source position due to ionospheric
effects is expected to be �0.1 R� at 80 MHz in the hour angle
range ± 2 hr (Stewart & McLean 1982). At 109 MHz, the error
is expected to be even smaller since the refraction varies as
f −2 where f is the observing frequency. Similarly, the effects of
scattering (irregular refraction due to density inhomogeneities
in the solar corona) on the observed source position/height are
also considered to be small (<0.2 R�) at 109 MHz compared to
lower frequencies (Aubier et al. 1971; Riddle 1974; Robinson
1983; Thejappa et al. 2007). In either case the possible shift
in position is within the error (i.e., ±0.2 R�) in the estimated
type II burst location mentioned in the previous paragraph.
Ray tracing calculations employing realistic coronal electron
density models and density fluctuations show that the turning
points of the rays that undergo irregular refraction almost
coincide with the location of the plasma (“critical”) layer
in the non-scattering case even at 73.8 MHz (Thejappa &
MacDowall 2008). Obviously, the situation should be better
still at 109 MHz. Moreover, source sizes smaller than that
predicted by the scattering theory have been observed (Ramesh
et al. 2012). Note that there is no unambiguous evidence that
scattering is important in any of the solar radio bursts (McLean
& Melrose 1985). Lifting of the source centroid to a larger radial
distance due to wave ducting (Duncan 1979) can be ruled out
in the present case since the projected radial distances of 39/41
type II bursts (rtype II) reported in this paper (see Column 4 in
Table 1) are close to the radial distance of the 109 MHz plasma
level (≈1.2 R�) in the “background” corona (Newkirk 1961)
within nearly ±0.2 R� (the error in the position of the type II
burst mentioned above). We do not expect ducting to play a
role in the remaining 2/41 cases alone. An inspection of SGD
indicates that all the type II bursts at 109 MHz considered for the
present study are harmonic components. This is expected since
the fundamental component in the case of the type II bursts close
to the solar limb may be occulted by the overlying corona and
hence do not reach the observer (Nelson & Melrose 1985). The
directivity of the fundamental emission is limited as compared
to that of the harmonic (Thejappa et al. 2007, 2012). We would
like to note here that the observed emission being harmonic
further reduces (by a factor of ≈2) the possible shift in the
source position due to scattering and other refraction effects in
the solar corona (Thejappa et al. 2007, 2011).

2

http://www.lmsal.com/solarsoft/latest_events/


The Astrophysical Journal, 752:107 (6pp), 2012 June 20 Ramesh et al.

Figure 2. Dynamic spectrum of the type II radio burst of 2007 May 23 observed with the low-frequency radio spectrograph in the Gauribidanur observatory. The
horizontal “white” line on the spectrum corresponds to 54.5 MHz, the fundamental component of the type II burst whose harmonic was observed with the GRH at
109 MHz (see Figure 1). The vertical “white” line on the spectrum corresponds to ≈07:23 UT, the time at which the type II burst was observed at 54.5 MHz (in the
above spectrum) and 109 MHz (in Figure 1).

3. ANALYSIS AND RESULTS

From the existing literature we find that (1) the time period
over which the initial CME acceleration takes place is synchro-
nized with the rise time (onset-peak) of the associated GOES
soft X-ray flare (Zhang et al. 2001, 2004; Neupert et al. 2001;
Alexander et al. 2002; Gallagher et al. 2003; Shanmugaraju et al.
2003; Temmer et al. 2010) and usually continues up to ≈10 m
after the flare maximum (Maričić et al. 2007), (2) the velocity (v)
of the CME at the end of the initial acceleration phase is close
to the average velocity seen in the LASCO C2 and C3 FOV
(Zhang & Dere 2006), and (3) the CME dynamics is closely
related to the energetics of the soft X-ray flare (Hundhausen
1997; Moon et al. 2003; Burkepile et al. 2004; Vršnak et al.
2005; Aarnio et al. 2011; Shanmugaraju et al. 2011). Therefore,
one can estimate the initial acceleration (aini) using the kinematic
equation v = u+aΔt as mentioned in Zhang & Dere (2006) and
Gopalswamy et al. (2012b). Here u is the initial CME velocity,
a = aini, and Δt = tflareP − tflareO as mentioned earlier. We as-
sumed u = 0 since the CME is considered to start from rest as it
erupts (Lin et al. 2006; Gopalswamy et al. 2009a), and the source
region of the CMEs to be the same as the location of the cor-
responding flares. The acceleration values estimated using the
above equation are listed in Column 5 of Table 2. The values are
in the range of initial CME acceleration over r � 2 R� reported
by various authors (St. Cyr et al. 1999; Alexander et al. 2002;
Gallagher et al. 2003; Shanmugaraju et al. 2003; Zhang et al.
2004; Zhang & Dere 2006; Vršnak et al. 2007; Gopalswamy
& Thompson 2000; Gopalswamy et al. 2009a, 2012a, 2012b;
Temmer et al. 2008, 2010; Ramesh et al. 2010; Bein et al. 2011).

Assuming that the metric type II bursts observed in associa-
tion with the CMEs are due to shock driven by the latter during
their initial acceleration phase (Neupert et al. 2001; Cliver et al.

2004), we estimated the distance (s) traveled by the CMEs (from
the flare site) using the kinematic equation, s = ut + 0.5aδt2.
Here, a = aini mentioned above and δt is the time interval be-
tween the onset of the associated GOES soft X-ray flare (tflare in
Column 6 of Table 1) and the type II burst (ttype II in Column 3
of Table 1). Adding the s values thus obtained to the projected
radial distance of the corresponding flares (rflare in Column 4 of
Table 2), we get the projected radial distance of the CME (rcme
in Column 6 of Table 2). The separation between the position
of the metric type II burst and rcme, i.e., rtype II − rcme, is given
in Column 7 of Table 2. Considering the event of 2007 May 23
in Figure 1, we find that the flare onset tflare ≈ 07:15 UT. The
projected rflare is ≈0.8 R�. The appearance of the type II burst
at 109 MHz (t type II) was at ≈07:23 UT. This implies that in the
present case, δt ≈ 480 s. The estimated initial CME acceleration
is aini ≈ 666 m s−2. Substituting the values in the above kine-
matic equation, we get the distance traveled by the associated
CME from the flare site in the time interval δt as s ≈ 0.1 R�.
Adding this to rflare, we get projected rcme ≈ 0.9 R�. This is
close to the height (≈0.5 R�) of the CME obtained around the
same time (≈07:23 UT) from EUV observations (Bein et al.
2011). The peak acceleration of the CME derived by the above
authors from numerical differentiation of the CME height–time
data is ≈300 m s−2. The radial distance of the metric type II
burst observed in association with the aforementioned flare and
the CME is rtype II ≈ 1.4 R�. This indicates that the type II burst
position is ahead of the leading edge (LE) of the associated
CME by ≈0.5 R� (Column 7 in Table 2). The difference be-
tween the CPA of the CME LE (CPAcme) and the type II radio
burst (CPAtype II) is ≈4◦ (see Column 8 in Table 2). In a similar
manner we estimated rcme for the other CMEs in Table 1. Com-
paring the rcme for each CME in the present case with the rtype II
of the corresponding type II bursts, we find that rtype II � rcme in
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Table 1
Details of the Metric Type II Bursts and the Associated Flares, CMEs

Type II Burst at 109 MHz GOES X-Ray and Hα Flare Details SOHO–LASCO CME Details

No. Date Time Proj. CPA Onset/Peak X-Ray Hα Time CPA/ Speed Residual
ttype II rtype II (deg.) tflareO/ Class Posn (UT)/ Width vlasco Accln
(UT) (R�) tflareP Distance (deg.)a (km s−1)b alasco

(UT) (R�)a (m s−2)c

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

1 1997 May 12 04:52 0.9 296 04:42/04:55 C1.3 N21W08 06:30/6.2 268/67 464 −15.0
2 1997 Nov 4 05:59 1.1 262 05:52/05:58 X2.1 S14W33 06:10/2.7 251/53 785 −22.1
3 1998 Apr 23 05:38 1.3 113 05:35/05:55 X1.2 S17E91 05:55/4.4 105/98 1691 −44.4
4 1999 Mar 8 06:39 1.3 85 06:30/06:43 M2.6 S24E93 06:54/2.3 112/79 664 −10.0
5 1999 May 3 05:42 0.9 36 05:36/06:02 M4.4 N15E32 06:06/3.3 50/100 1584 15.8
6 2000 Feb 12 04:00 0.9 316 03:51/04:10 M1.7 N26W23 04:31/3.3 330/60 1107 −8.3
7 2000 Apr 12 06:35 0.9 270 06:22/06:30 C2.1 S19W28 07:31/2.8 254/25 425 −26.5
8 2000 Apr 30 08:01 1.1 201 07:53/08:08 C7.7 S11W18 08:54/3.2 197/40 540 7.3
9 2000 May 20 05:57 0.8 200 05:50/06:00 C7.6 S15W08 06:26/2.7 236/40 557 −5.3
10 2000 Jun 1 07:38 0.9 104 07:28/07:32 C8.2 S14E24 08:06/3.1 106/21 603 103.2
11 2000 Jun 23 04:12 1.1 308 04:00/04:07 M2.6 N19W30 04:54/2.6 306/78 460 56.3
12 2000 Jun 25 07:49 1.4 262 07:32/07:52 M1.9 N16W55 07:54/2.7 271/39 1617 −17.5
13 2000 Aug 25 07:48 1.0 76 07:31/07:46 C1.7 S17E69 08:06/1.4 89/30 330 18
14 2000 Sep 9 08:39 1.1 305 08:28/08:49 M1.6 N07W67 08:56/3.2 284/57 554 −13.4
15 2000 Sep 15 05:11 1.3 298 05:05/05:32 M2.1 N13W00 05:50/3.5 298/37 155 −2.3
16 2000 Sep 16 04:10 1.4 274 04:06/04:26 M5.9 N14W07 05:18/9.0 287/77 1215 −12.3
17 2000 Oct 3 07:46 1.2 341 07:40/07:46 C1.5 N27W59 08:06/3.3 318/42 434 −5.2
18 2000 Nov 14 08:08 1.1 106 07:52/08:06 C7.1 S26E65 08:30/2.6 123/45 408 −0.4
19 2001 Jan 26 06:04 1.3 67 05:53/06:07 M1.0 N10E63 06:30/3.0 83/35 314 1.5
20 2001 Oct 9 07:40 1.3 280 07:24/07:41 C7.0 N19E67 08:06/2.8 272/73 526 −2.1
21 2001 Oct 11 04:28 1.3 56 04:12/04:25 C4.6 N22E47 04:54/3.0 57/67 677 −12.8
22 2001 Oct 13 05:30 1.0 85 05:19/05:23 C5.3 S19E34 05:54/3.1 104/24 546 −0.3
23 2001 Nov 17 04:51 1.1 93 04:49/05:25 M2.8 S13E42 05:30/5.8 75/150 1379 −22.5
24 2004 Jan 20 07:46 1.2 165 07:29/07:43 M6.1 S15W13 08:30/4.0 185/95 590 . . .

25 2004 Apr 5 05:52 1.3 100 05:37/05:55 M1.7 S16E26 06:06/2.7 124/40 608 −9.7
26 2004 Jun 16 04:24 1.6 70 04:15/04:34 C2.8 S08E81 04:36/2.7 81/72 603 −2.0
27 2004 Jul 12 08:08 1.4 88 07:36/08:08 M1.6 S08E90 08:06/2.7 77/91 610 −11
28 2004 Aug 31 05:41 1.3 266 05:24/05:38 M1.4 N06W82 05:54/2.4 273/45 311 −3.4
29 2004 Oct 30 06:17 1.3 270 06:08/06:18 M4.2 N13W22 06:54/3.4 263/69 422 25.9
30 2004 Oct 31 05:39 1.3 274 05:23/05:32 M2.3 N12W36 06:30/2.9 268/67 265 7.6
31 2005 Jan 15 05:57 1.1 14 05:54/06:38 M8.6 N16E04 06:30/5.8 1/118 2049 −30.7
32 2005 Jan 19 08:16 1.3 300 08:03/08:22 X1.3 N19W47 08:29/4.5 321/70 2020 −43.8
33 2005 Jan 20 06:50 1.3 300 06:36/07:01 X7.1 N14W61 06:54/4.1 292/85 882 16
34 2005 Mar 19 07:10 1.2 248 06:56/07:07 C2.3 S09W52 07:36/2.4 246/24 369 12.9
35 2005 Jul 1 05:05 1.2 85 04:57/05:02 C5.3 N14E83 05:30/3.3 79/36 419 −23.1
36 2005 Jul 27 04:47 1.4 100 04:33/05:02 M3.7 N11E90 04:54/2.9 84/75 1787 −75.4
37 2005 Jul 28 06:27 1.9 60 06:13/06:37 C2.8 N11E81 06:54/3.0 72/31 573 −8.1
38 2005 Jul 30 06:32 1.5 71 06:17/06:35 X1.3 N12E60 06:50/5.7 50/106 1968 −102.6
39 2005 Aug 3 05:08 1.4 100 04:54/05:06 M3.4 S13E45 05:30/2.7 123/25 479 −6.7
40 2006 Jul 6 08:26 1.3 279 08:13/08:51 M2.5 S09W34 08:54/2.8 233/89 911 8.2
41 2007 May 23 07:23 1.4 262 07:15/07:32 B5.3 S10W51 07:48/2.5 266/72 679 6.2

Notes.
a At the first appearance in the SOHO–LASCO FOV.
b Based on quadratic fit to the height–time measurements.
c Based on linear fit to the height–time measurements.

38/41 cases. Note that we have taken into consideration the er-
ror in the position of type II bursts (≈±0.2 R�) as mentioned in
Section 2 in declaring the above statistics. The maximum dis-
tance by which the CME LE was ahead of the type II radio burst
position was ≈1.1 R�. However for a majority of the events (32/
38) the separation was �0.5 R� (see Column 7 in Table 2). These
numbers are consistent with the standoff distance (�1 R�) from
the LE of the CME where the shock is expected (Gopalswamy
& Kundu 1992; Gopalswamy et al. 2012a). In the remaining
3/41 cases, the type II burst is behind the LE of the correspond-
ing CME by <0.5 R�. This separation is less than the thickness
(≈1 R�) of the frontal structure of a CME (Gopalswamy 1999).

We also estimated rcme from the initial acceleration of the CMEs
calculated using the relation aini = 4.2 × 106w + 600, where
w is the flux of the associated GOES soft X-ray flare (Ramesh
et al. 2010). The results are consistent with the corresponding
values in Table 2.

We also find that (1) the rtype II values in 39/41 cases (see
Column 3 in Table 2) agree with the recent results that the MHD
fast-mode shocks leading to metric type II radio bursts form low
in the corona, at a distance of r < 1.5 R� (Gopalswamy et al.
2009a, 2012a; Magdalenić et al. 2010); (2) the projected rcme
values in 38/41 cases (see Column 6 in Table 2) agree with
the reports that the CMEs reach their maximum acceleration
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Table 2
Details of Some of the Estimated Values for the Type II Bursts,

Associated Flares and CMEs

No. Date Proj. Proj. Accln Proj. rtype II CPAcme −
rtype II rflare aini rcme − rcme CPAtype II

(R�) (R�) (m s−2) (R�) (R�) a (deg)
(1) (2) (3) (4) (5) (6) (7) (8)

1 1997 May 12 0.9 0.4 595 0.6 0.3 −28
2 1997 Nov 4 1.1 0.6 2180 0.9 0.2 −11
3 1998 Apr 23 1.3 1.0 1409 1.0 0.3 −8
4 1999 Mar 8 1.3 1.0 851 1.2 0.1 27
5 1999 May 3 0.9 0.6 1015 0.7 0.2 14
6 2000 Feb 12 0.9 0.6 971 0.8 0.1 14
7 2000 Apr 12 0.9 0.6 885 1.0 −0.1 −16
8 2000 Apr 30 1.1 0.4 600 0.5 0.6 −4
9 2000 May 20 0.8 0.3 928 0.4 0.4 36
10 2000 Jun 1 0.9 0.5 2512 1.1 −0.2 2
11 2000 Jun 23 1.1 0.6 1095 1.0 0.1 −2
12 2000 Jun 25 1.4 0.8 1348 1.8 −0.4 9
13 2000 Aug 25 1.0 0.9 367 1.2 −0.2 13
14 2000 Sep 9 1.1 0.9 440 1.0 0.1 −21
15 2000 Sep 15 1.3 0.2 96 0.2 1.1 0
16 2000 Sep 16 1.4 0.3 1013 0.3 1.1 13
17 2000 Oct 3 1.2 0.9 1206 1.0 0.2 −23
18 2000 Nov 14 1.1 0.9 486 1.2 −0.1 17
19 2001 Jan 26 1.3 0.9 642 1.0 0.3 16
20 2001 Oct 9 1.3 0.9 516 1.2 0.1 −8
21 2001 Oct 11 1.3 0.8 868 1.4 −0.1 1
22 2001 Oct 13 1.0 0.6 2275 1.2 −0.2 19
23 2001 Nov 17 1.1 0.7 638 0.7 0.4 −18
24 2004 Jan 20 1.2 0.3 702 0.8 0.4 20
25 2004 Apr 5 1.3 0.5 563 0.8 0.5 24
26 2004 Jun 16 1.6 1.0 529 1.1 0.5 11
27 2004 Jul 12 1.4 1.0 318 1.8 −0.4 −11
28 2004 Aug 31 1.3 1.0 370 1.3 0.0 7
29 2004 Oct 30 1.3 0.4 703 0.6 0.7 −7
30 2004 Oct 31 1.3 0.6 491 0.9 0.4 −6
31 2005 Jan 15 1.1 0.3 776 0.3 0.8 −13
32 2005 Jan 19 1.3 0.8 1771 1.5 −0.2 21
33 2005 Jan 20 1.3 0.9 588 1.2 0.1 −8
34 2005 Mar 19 1.2 0.8 559 1.1 0.1 −2
35 2005 Jul 1 1.2 1.0 1397 1.2 0.0 −6
36 2005 Jul 27 1.4 1.0 1027 1.5 −0.1 −16
37 2005 Jul 28 1.9 1.0 398 1.2 0.7 12
38 2005 Jul 30 1.5 0.9 1822 1.9 −0.4 −21
39 2005 Aug 3 1.4 0.7 665 1.0 0.4 23
40 2006 Jul 6 1.3 0.6 400 0.8 0.5 −46
41 2007 May 23 1.4 0.8 666 0.9 0.5 4

Note. a Positive rtype II − rcme indicates that the type II burst is located at or
above the LE of the associated CME and vice versa.

within r < 1.5 R� (Alexander et al. 2002; Gallagher et al.
2003; Vršnak et al. 2007; Temmer et al. 2008, 2010; Bein et al.
2011); and (3) all the type II bursts were located within ±45◦
from the CPA of the CME LE (see Column 8 in Table 2). Note
that statistical studies show that the mean width of the CMEs
associated with the metric type II bursts is ≈90◦ (Lara et al.
2003). We would like to note here that for the 3/41 events for
which rtypeII is behind rcme the maximum sparation is ≈0.4 R�
(see Column 7 in Table 2). This is less than r ≈ 1.5 R�, the
radial distance below which the maximum acceleration of CMEs
and MHD shocks leading to metric type II bursts are expected
to occur. These indicate that the metric type II bursts reported in
the present work might be due to shocks driven by the associated
CMEs.

The initial CME acceleration over r � 2 R� is generally
significantly different from that obtained with the CME LE
height–time measurements at larger distances (r > 2 R�)
using LASCO C2 and C3 coronagraphs. This is because
the above instruments do not “see” the initial acceleration
phase of the CMEs due to FOV restrictions. They see only
the residual acceleration (Zhang & Dere 2006). If we use the
SOHO/LASCO catalog acceleration (aLASCO), i.e., the residual
CME acceleration, in the kinematic equation mentioned in the
previous paragraph, we find that the type II bursts generally
occur after CMEs have crossed the type II location, which might
lead to the conclusion that rtype II is behind the CME LE at ttype II.
However, when we compute rtype II using aini mentioned above,
we find that rtype II is either at or above the CME LE at ttype II.

4. CONCLUSIONS

We studied 41 metric type II radio bursts observed with the
GRH during the period 1997–2007. These events were located
close to the solar limb (r � 0.8 R�). We calculated the position
of the CME LE at the time of appearance of the associated type II
bursts in a straightforward manner using simple kinematic
equations. Neither any coronal density model was assumed nor
Sunward extrapolation of the height–time measurements of the
white-light CMEs observed at larger distances from the Sun was
used. We find that in 38/41 events considered for the study, the
position of the metric type II radio burst was either at or above
the LE of the associated CME. For three events, the type II
burst was behind the CME LE by <0.5 R�. This separation is
less than the typical thickness (≈1 R�) of the frontal structure
of a CME. We repeated the calculations using the relationship
between the initial acceleration of a CME in the low corona and
the flux of the associated GOES soft X-ray flare published in the
literature. The results were consistent. In summary, our results
indicate that metric type II bursts reported in this paper are most
likely due to MHD shocks driven by the associated CMEs.
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Res. Lett., 30, 816
Lin, J., Mancuso, S., & Vourlidas, A. 2006, ApJ, 649, 1110
Liu, Y., Luhmann, J. G., Bale, S. D., & Lin, R. P. 2009, ApJ, 691, L151
Maia, D., Pick, M., Vourlidas, A., & Howard, R. 2000, ApJ, 528, L49
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