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ABSTRACT
Low-frequency (80 MHz) imaging and spectral (≈85–20 MHz) observations of moving type IV radio bursts
associated with coronal mass ejections (CMEs) from the Sun on three different days are reported. The estimated
drift speed of the bursts is in the range ≈150–500 km s−1 . We find that all three bursts are most likely due to second
harmonic plasma emission from the enhanced electron density in the associated white-light CMEs. The derived
maximum magnetic field strength of the latter is B ≈ 4 G at a radial distance of r ≈ 1.6 R .
Key words: Sun: activity – Sun: corona – Sun: coronal mass ejections (CMEs) – Sun: flares – Sun: magnetic
fields – Sun: radio radiation

differences. They are: (1) isolated source, (2) expanding arch,
and (3) advancing front. Their locations with respect to the
CME are also different. The faster moving type IV bursts are of
the advancing variety and are associated with the CME frontal
structure as mentioned earlier. The reader is referred to the
review by Stewart (1985) for details. It is more than half a century since the discovery of the moving type IV bursts (Boischot
& Denisse 1957), but simultaneous white-light, radioheliograph
and radio spectrograph observations (the latter particularly
almost until the low-frequency cut-off for ground-based radio
observations) of the bursts have rarely been reported. While
the heliograph and white-light coronagraph observations help
to establish the spatial correspondence between the location of
the radio burst and the CME, the spectrograph observations are
required to identify the spectral nature of the observed emission
from the presence/absence of drift in the emission frequency of
the bursts as a function of time and also constrain the electron
density. In this situation we report low-frequency (<100 MHz)
radio imaging and spectral observations of three moving type IV
bursts along with the coronagraph observations of the associated white-light features. We present arguments for the probable
emission mechanism and also constrain the associated magnetic
field. The bursts were observed on three different days from the
same active region during the transit of the latter across the solar
disk.

1. INTRODUCTION
Amongst the different types of transient low-frequency
non-thermal radio emission from the solar corona, the moving
type IV bursts are considered useful to understand the coronal
mass ejections (CMEs) because of their close spatio-temporal
association with the latter and the possibility to estimate the
strength of the CME magnetic field using them. The bursts
last for tens of minutes at each observing frequency and have
the character of smooth continuum. Their spectrum is often
featureless and recognition requires directional observations. A
majority of the reported observations of the moving type IV
bursts are limited to frequencies <200 MHz. The burst source
has been observed to steadily move outward in the solar
atmosphere at speeds in the range ≈100–1600 km s−1 (Stewart
1985; Gopalswamy & Kundu 1989a). Statistically the drift
speeds of the moving type IV bursts associated with the CME
frontal structure have been found to be faster than the speed
of the bursts located behind the CME. The latter category
of bursts is associated with either prominence eruptions or
slower moving CME features (Stewart 1985; Gopalswamy &
Kundu 1994). Note that while the frequency-time drift rates of
moving type IV bursts can be very similar to that of typical
type II bursts, the duration of the latter at a given frequency
are comparatively much shorter (∼1 m), producing sharper
features in a dynamic spectrum. Second harmonic plasma
radiation from non-thermal electrons trapped in the plasmoids
associated with the CMEs (Duncan 1981; Stewart et al. 1982;
Gary et al. 1985; Gopalswamy & Kundu 1989b; Kundu et al.
1989) and optically thin non-thermal gyro-synchrotron emission
from mildly relativistic electrons spiraling in the magnetic field
transported by the aforementioned plasmoids (Gopalswamy &
Kundu 1989a; Bastian & Gary 1997; Tun & Vourlidas 2013) are
the mechanisms invoked to explain the moving type IV bursts.
The latter is usually invoked only if the density in the plasmoid
were too low. It has been also suggested that second harmonic
plasma emission followed by gyro-synchrotron emission could
plausibly explain all the observed features of the bursts (Melrose
1985). The non-thermal electrons are considered to be produced
through either a flare- or filament-eruption-related reconnection process. Smerd & Dulk (1971) sub-classified the moving
type IV bursts into three categories based on phenomenological

2. OBSERVATIONS
The radio data reported in the present work were obtained on
2012 January 16, 23, and 26 at 80 MHz with the Gauribidanur
RAdioheliograPH (GRAPH; Ramesh et al. 1998; Ramesh et al.
1999a, 2006b) in the imaging mode, and over the 85–35 MHz
band with the Gauribidanur LOw frequency Solar Spectrograph
(GLOSS; Ebenezer et al. 2001; Ebenezer et al. 2007) in the
spectral mode. Both of the above instruments are located in
the Gauribidanur radio observatory,4 about 100 km north of
Bangalore in India (Ramesh 2011). The coordinates of the array
are longitude = 77◦ 27 07 east and latitude = 13◦ 36 12 north.
The GRAPH is a T-shaped radio interferometer array and produces two-dimensional images of the solar corona with an angular resolution of ≈10 ×15 (R.A.×decl.) at the above frequency.
4
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Figure 1. Dynamic spectrum of the moving type IV radio burst observed with GLOSS on 2012 January 16 during ≈03:18–04:48 UT in the frequency range 85–35 MHz.
The drift speed of the burst is ≈162 km s−1 . The discontinuity in the spectrum near 70 MHz is due to the use of a “notch” filter to suppress the strong radio frequency
interference at that frequency.

GLOSS has a very broad response ≈90◦ × 5◦ (R.A. × decl.),
and the Sun is a point source for the latter. The antennas of both
GRAPH and GLOSS are fixed vertically pointing toward the
zenith. The tilting/steering of the antenna response (“beam”) is
achieved electronically through the use of diode switches and
cable delays in the radio frequency signal path from the antennas. While the GRAPH has a provision to steer the “beam”
in both hour angle and declination, it is only in declination for
GLOSS. For a bandwidth of ≈1 MHz and integration time ≈1 s,
the minimum detectable flux density of the GLOSS is ≈0.1 sfu
(sfu = solar flux unit = 10−22 W m−2 Hz−1 ). For GRAPH it
is ≈0.01 sfu. Work is in progress to enhance the angular resolution and sensitivity of the GRAPH. The optical data were
obtained with the Large Angle and Spectrometric Coronagraph
(LASCO; Brueckner et al. 1995) on board the Solar and Heliospheric Observatory (SOHO), with the COR1 coronagraph
and 195 Å Extreme-UltraViolet Imager (EUVI) of the Sun-Earth
Connection Coronal and Heliospheric Investigation (SECCHI;
Howard et al. 2008) on board the Solar TErrestrial RElations
Observatory (STEREO), and in 193 Å with the Atmospheric
Imaging Assembly (AIA; Lemen et al. 2012) on board the Solar
Dynamics Observatory (SDO).
2.1. The Event of 2012 January 16

Figure 2. Composite of the half-power contour of the moving type IV bursts
observed with GRAPH on 2012 January 16 at 80 MHz at ≈03:30 UT (white
color) and ≈04:00 UT (black color) and the SOHO-LASCO C2 and SDO-AIA
(193 Å) images obtained at ≈03:24 UT on the same day. The peak Tb of the
bursts are ≈6.2 × 107 K and 7.4 × 107 K, respectively.

Figure 1 shows the moving type IV radio burst observed with
GLOSS on 2012 January 16 during ≈03:18–04:48 UT in the
frequency range 85–35 MHz. The average duration (τ ) of the
bursts was ≈78 m. Assuming the ten-fold Baumbach–Allen
model (Baumbach 1937; Allen 1947) for the electron density
distribution in the solar corona under “disturbed” conditions,
we calculated the drift speed of the burst to be ≈162 km s−1 .
Figure 2 shows the location of the above moving type IV
burst at 80 MHz at ≈03:30 UT and ≈04:00 UT on the
SOHO-LASCO C2 and SDO-AIA 193 Å images, both obtained
at ≈03:24 UT on the same day. The centroids of the burst are at
r ≈ 1.4 R (03:30 UT) and r ≈ 1.8 R (04:00 UT). This gives
a projected speed of ≈155 km s−1 for the burst, which is nearly
equal to that obtained using its dynamic spectrum mentioned

above. The peak Tb of the bursts at the above two locations
and epochs are ≈6.2 × 107 K and ≈7.4 × 107 K, respectively.
The enhanced white-light emission in Figure 2 at a position
angle (P.A., measured counter clockwise from the solar north)
of ≈50◦ in the coronagraph field of view (FOV) corresponds
to a CME. It was associated with a C6.2 class GOES soft
X-ray flare (≈02:28–04:20 UT) and C6.5 class GOES soft X-ray
flare (≈02:36–06:46 UT) from the sunspot region AR 11402
2
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Figure 3. Same as Figure 1 but observed on 2012 January 23 during ≈04:00–04:42 UT. The drift speed of the burst is ≈179 km s−1 . The fast drifting emission during
≈03:36–03:48 UT corresponds to a group of type III bursts.

at the heliographic location ≈N34E86.5 The projected speed
of the CME leading edge (LE) in the plane of the sky was
≈1060 km s−1 .6 Note that according to the height-time data of
the CME, its LE was at r  3.47 R as early as ≈03:12 UT
itself. This indicates that the aforementioned moving type IV
burst was not associated with the CME LE. A comparison of the
positions of the burst and the white-light CME indicates that the
centroid of the burst was most likely co-spatial with the southern
leg of the CME beneath the occulting disk of the coronagraph.
2.2. The Event of 2012 January 23
Figure 3 shows the moving type IV radio burst observed
with GLOSS on 2012 January 23 during ≈04:00–04:42 UT in
the frequency range 85–35 MHz. The average duration of the
bursts is ≈40 m, and their drift speed estimated as mentioned in
Section 2.1 is ≈179 km s−1 . The type IV bursts were preceded
by a group of type III bursts during ≈03:39–03:50 UT. Figure 4
shows the location of the above moving type IV burst at 80 MHz
at ≈04:05 UT and ≈04:40 UT on the SOHO-LASCO C2,
and SDO-AIA 193 Å images, both obtained at ≈04:00 UT on
the same day. The centroids of the burst are at r ≈ 1.5 R
(04:05 UT) and r ≈ 2.0 R (04:40 UT). This gives a projected
speed of ≈166 km s−1 for the burst, which is nearly equal
to that obtained using its dynamic spectrum mentioned above.
The peak Tb of the bursts at the above two locations and
epochs are ≈7.4 × 107 K and ≈6.2 × 107 K, respectively. The
enhanced white-light emission in Figure 4 at P.A. ≈ 332◦ in
the coronagraph FOV corresponds to a CME. It was associated
with an M8.7 class GOES soft X-ray flare (≈03:38–04:34 UT)
and an SF class Hα flare (≈03:25–03:30) from the sunspot
region AR 11402 at the heliographic location ≈N33W21. The
projected speed of the CME LE in the plane of the sky was
≈2175 km s−1 . Note that according to the height-time data of
the CME, its LE was at r  3.38 R as early as ≈04:00 UT
itself. This indicates that the aforementioned moving type IV
5
6

Figure 4. Composite of the half-power contour of the moving type IV bursts
observed with GRAPH on 2012 January 23 at 80 MHz at ≈04:05 UT (white
color) and ≈04:40 UT (black color) and the SOHO-LASCO C2 and SDO-AIA
(193 Å) images obtained at ≈04:00 UT on the same day. The peak Tb of the
bursts are ≈7.4 × 107 K and 6.2 × 107 K, respectively.

burst was not associated with the CME LE. A comparison of the
positions of the burst and the white-light CME indicates that the
centroid of the burst was most likely co-spatial with the southern
leg of the CME beneath the occulting disk of the coronagraph.
2.3. The Event of 2012 January 26
Figure 5 shows the moving type IV radio burst observed
with the GLOSS on 2012 January 26 during ≈04:30–05:18 UT
in the frequency range 85–35 MHz. The average duration
of the bursts is ≈36 m, and their drift speed estimated as

www.lmsal.com/solarsoft/latest_events_archive.html
http://cdaw.gsfc.nasa.gov/CME_list
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Figure 5. Same as Figures 1 and 3, but observed on 2012 January 26 during 04:30–05:18 UT. The drift speed of the burst is ≈284 km s−1 .

with a C6.4 class GOES soft X-ray flare (≈03:58–07:03 UT)
from the sunspot region AR 11402 at the heliographic location
≈N41W84. The projected speed of the CME LE in the plane of
the sky was ≈1194 km s−1 . Note that according to the heighttime data of the CME, its LE was at r  2.55 R as early
as ≈04:36 UT itself. This indicates that the aforementioned
moving type IV burst was not associated with the CME LE.
A comparison of the positions of the burst and the white-light
CME indicates that the centroid of the burst was most likely cospatial with the southern leg of the CME beneath the occulting
disk of the coronagraph.
A comparison of the above three moving type IV bursts reveals that the same sunspot region (AR 11402) was associated with all of them. No Hα filament/prominence eruptions
were associated with the bursts.7 Note that any error in the
position/size of the moving type IV bursts in Figures 2, 4, and 6
and due to ionospheric effects and/or scattering (irregular refraction due to density inhomogeneities in the solar corona) is
expected to be small (≈±0.1 R ) because (1) positional shifts
due to ionospheric effects are expected to be 0.1 R at 80 MHz
in the hour angle range ±2 hr (Stewart & McLean 1982). The
local noon at Gauribidanur occurs around ≈06:30 UT, and the
GRAPH observations described above are close to the above
hour angle range. (2) The effects of scattering are considered
to be small at 80 MHz compared to lower frequencies (Aubier
et al. 1971; Bastian 2004; Ramesh et al. 2006a). The positional
shift of discrete solar radio sources due to scattering is expected
to be 0.1 R at 80 MHz (Riddle 1974). 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 still better at 80 MHz. The aforementioned
issues related to scattering indicate that its effects on the Tb
of the bursts in the present case may also be minimal. Similarly projection effects on the position of the bursts are also
expected to be minimal since the latter are located near the solar

Figure 6. Composite of the half-power contours of the moving type IV burst
observed with GRAPH on 2012 January 26 at 80 MHz at ≈04:40 UT (white
color) and ≈04:55 UT (black color) and the SOHO-LASCO C2 and SDO-AIA
(193 Å) images obtained at ≈05:00 UT on the same day. The peak Tb of the
bursts are ≈7.9 × 107 K and 8.4 × 107 K, respectively.

mentioned in Section 2.1 is ≈284 km s−1 . Figure 6 shows
the location of the above moving type IV burst at 80 MHz
around ≈04:40 UT and ≈04:55 UT on the SOHO-LASCO C2
are SDO-AIA 193 Å images, both obtained around ≈05:00 UT
on the same day. The centroids of the burst are at r ≈ 1 R
(04:40 UT) and r ≈ 1.6 R (04:55 UT). This gives a projected
speed of ≈464 km s−1 for the burst that is about a factor of two
higher than that obtained using its dynamic spectrum mentioned
above. The peak Tb of the bursts at the above two locations and
epochs are ≈7.9 × 107 K and ≈8.4 × 107 K, respectively. The
enhanced white-light emission in Figure 6 at P.A. ≈ 324◦ in
the coronagraph FOV corresponds to a CME. It was associated
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Figure 7. Composite of the difference images (04:55–03:20 UT) obtained with STEREO-COR1 A and STEREO-EUVI obtained on 2012 January 26. The enhanced
white-light emission at P.A. ≈ 30◦ above the occulting disk of the coronagraph corresponds to the CME mentioned in Section 2.3. The boxed region over the leg of
the CME around P.A. ≈ 51◦ at r ≈ 1.8 R indicates the location at which the CME density mentioned in Section 3.1 was estimated.

limb. However, the effect of the limited angular resolution of the
GRAPH (≈10 × 15 ) on the Tb cannot be ruled out. The “true”
Tb of the bursts could be higher (∼109 K) since moving type IV
bursts of comparatively smaller angular dimensions at 80 MHz
have been reported in the literature. The average size itself is
smaller, ≈8 with no spatial structure (Robinson 1978). Note
that high angular resolution observations of the solar corona
indicate that discrete radio sources of angular size ≈1 –3 are
present in the solar atmosphere from where low-frequency radio radiation originates (Kerdraon 1979; Lang & Willson 1987;
Willson et al. 1998; Ramesh et al. 1999b, 2012; Ramesh &
Sastry 2000; Ramesh & Ebenezer 2001; Mercier et al. 2006;
Kathiravan et al. 2011). We would like to add here that the moving type IV bursts in Figures 1, 3, and 5 were observed elsewhere
also and at frequencies <35 MHz. An inspection of the dynamic
spectrum obtained with the Bruny Island Radio Spectrometer
(BIRS; Erickson 1997) on 2012 January 16, 23, and 26 revealed
that the moving type IV bursts were noticeable until 20 MHz
on all the aforementioned three days.8 We also found that all
three bursts were limited to frequencies 100 MHz. Observations with the e-CALLISTO solar radio spectrometer receiver
(Benz et al. 2009) at the Gauribidanur radio observatory in the
frequency range 45–440 MHz range were used for this purpose.

plasma emission have been suggested as possible mechanisms
for the moving type IV radio bursts. All three bursts reported
in the present work (2012 January 16, 23, and 26) are most
likely due to second harmonic plasma emission because of
the following reasons: (1) in the presence of a medium, the
gyro-synchrotron emission is strongly suppressed at frequencies
<2fp , where fp is the plasma frequency (Wild & Smerd 1972;
Dulk 1973; Melrose 1985). To verify this, we used the pB
measurements obtained with STEREO-COR1 to estimate the
coronal electron density, particularly for the 2012 January 26
event where the ambiguities were less. The electron density in
the CME at r ≈ 1.8 R at ≈04:55 UT, the closest distance and
the earliest time at which the measurements could be obtained,
is ≈0.5 × 107 cm−3 (see Figure 7). The background electron
density of the pre-CME corona obtained at ≈03:20 UT is
≈0.3 × 107 cm−3 . So the total electron density at r ≈ 1.8 R
around ≈04:55 UT is ≈0.8 × 107 cm−3 . This implies that if
the moving type IV burst of 2012 January 26 had been due to
gyro-synchrotron emission, it should have been suppressed over
frequencies 50 MHz. But this is not the case since all three
moving type IV bursts reported in the present work were noticed
until 20 MHz as mentioned in Section 2.3. This explains
second harmonic plasma emission for the moving type IV
bursts, which requires an electron density of ≈2 × 107 cm−3
at 80 MHz. Such values close to the Sun have been reported in
the literature from CME observations (Sheridan et al. 1978;
Stewart & McLean 1982; Gary et al. 1985; Gopalswamy
& Kundu 1992; Akmal et al. 2001; Ciaravella et al. 2001;
Kathiravan et al. 2002; Ramesh et al. 2003a; Kathiravan &
Ramesh 2005; Bemporad et al. 2007). (2) Past observations
indicate that the moving type IV bursts (belonging to the

3. RESULTS AND ANALYSIS
3.1. Emission Mechanism
As mentioned earlier both optically thin gyro-synchrotron
emission from mildly relativistic electrons and second harmonic
8
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Figure 8. Time profiles of the moving type IV burst observed with GLOSS on 2012 January 26 (see Figure 5).

the dispersion has been found to be less in the moving type IV
bursts as compared to type II and III bursts (Stewart 1985). (5)
Fine structures in the spectrum of the moving type IV bursts
(see, e.g., Figure 3) and the fact that the average bandwidth
of the observed radio emission at any given time is limited to
≈50%–60% (see, e.g., Figure 8) indicate that it may be difficult
to explain the bursts based on gyro-synchrotron emission (Benz
1993; Aurass et al. 2005).

expanding arch category mentioned in Section 1) associated
with the “legs” of the CME are likely due to plasma emission
(Wild 1969; Smerd & Dulk 1971). (3) Calibration of the GLOSS
dynamic spectrum of the moving type IV bursts reported in
the present work using the galactic background emission as
described in Dulk et al. (2001) indicates that the spectral
indices of the bursts in the frequency range 85–35 MHz are
αo ≈ −3.4, −2.5, and −2.7, respectively, for the events
observed on 2012 January 16, 23, and 26. Compared to this, the
spectral indices for the fundamental plasma emission, second
harmonic plasma emission, and optically thin gyro-synchrotron
emission as predicted by the theory are αt = −2, −4, and
−4.2, respectively (Melrose 1975; Dulk 1985). The estimated
values are lower than that expected for the gyro-synchrotron
mechanism. They are in between the corresponding values for
the fundamental and second harmonic plasma emission. We
may rule out the former because of the typical electron densities
(≈107 cm−3 ) of the CME frontal structure mentioned above.
For fundamental plasma emission at 80 MHz one needs almost
an order of magnitude higher density, ≈7.9 × 107 cm−3 . We
would like to add here that the spectral index calculations over
different frequency bins in the range 85–35 MHz for each of
the three moving type IV bursts reported in the present work
remained nearly constant. (4) According to the plasma emission
model, the source (plasmoid) expands with time. This results in
a decrease in the plasma density, and so the peak emission shifts
to lower frequencies (see, e.g., Figure 8). The extent in frequency
over which the emission is observed depends on the range of
densities within the source. At any given time, emission at high
frequencies would be from the center where larger densities are
expected, and emission at lower frequencies would be produced
near the edge (Robinson 1978). The frequency drift and the
range of frequencies over which the emission is observed for
the bursts reported in the present work are consistent with this
scenario. We would like to add here that multi-frequency twodimensional imaging observations of moving type IV bursts
reported in the literature have shown dispersion in the source
position as a function of frequency, at any given time. The source
sizes at lower frequencies were also correspondingly larger
(Nelson 1977; Duncan 1978; Kundu et al. 1989). However,

3.2. Estimate of the Magnetic Field
In the present case the moving type IV burst is observed up to a
maximum frequency of ≈80 MHz. Assuming second harmonic
plasma emission as the cause for the bursts as mentioned
above, we find that the maximum plasma frequency (fp ) in
the source region of all three bursts should be ≈40 MHz.
This corresponds to an electron density Ne = 2 × 107 cm−3 .
Note that according to the theory of moving type IV bursts
based on second harmonic plasma emission by Stepanov (1974),
energetic electrons trapped in a magnetic loop have a loss-cone
distribution that excites plasma waves near the upper hybrid
2
frequency fuh
= fp2 + fc2 , where fp and fc = 2.8B are the
electron plasma and gyrofrequencies, respectively, and B is
the magnetic field. An estimate of the magnetic field in the
source region of the burst can be made if its polarization is
known. But we do not have polarization information in the
present case. If we assume that the polarization associated with
second harmonic plasma emission is in general weak and all the
more weaker for the structureless bursts (Dulk & Suzuki 1980;
Stewart 1985), then the largest magnetic field required is for the
case where the upper hybrid frequency resonates with the fourth
harmonic of the gyrofrequency (Stepanov 1974; Gopalswamy
& Kundu 1989b). We find then fp2 = 15fc2 . Substituting for
the different parameters, we get B  4 G. Although the above
limiting value of B has been obtained for the specific case of
energetic electrons with loss-cone distribution and the related
second harmonic plasma emission, the following reports seem
to strengthen the case: (1) moving type IV bursts occur predominantly at frequencies <100 MHz (White 2007), which
limits the maximum value of fp mentioned above; and (2) all
6
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type IV emissions are consistent with coherent radiation of losscone instabilities (Benz 1993). It is expected that polarization
observations of moving type IV radio bursts in the future,
e.g., with instruments like the Gauribidanur Radio Interference
Polarimeter (Ramesh et al. 2008), might be useful in this regard.

data are courtesy of the NASA/SDO and the AIA science teams.
The work was carried out when one of the authors (S.M.M.)
was a Visiting Intern at the Indian Institute of Astrophysics. The
work of T.J.W. was supported by NASA Cooperative Agreement
NNG11PL10A to CUA and NASA grant NNX12AB34G. We
thank the referee for his/her comments and suggestions that
helped us to bring out the results more clearly.

4. SUMMARY
We have reported low-frequency (<100 MHz) radio imaging
and spectral observations of three different moving type IV
bursts associated with the white-light CMEs of 2012 January
16, 23, and 26. For the first time, dynamic spectra of the
moving type IV bursts particularly up to frequencies 20 MHz
and white-light density estimates particularly over r < 2 R
have been utilized to constrain the emission mechanism. Our
analysis indicates that all three bursts are likely due to second
harmonic plasma emission from the enhanced electron density
associated with the “leg” of the corresponding CMEs. The
estimated maximum magnetic field strength is B ≈ 4 G at
r ≈ 1.6 R , the average radial distance of the three moving
type IV bursts reported in the present work. The following
results reported recently in the literature indicate that the above
value of B could be realistic: (1) Tun & Vourlidas (2013) had
calculated B ≈ 5–15 G for the moving type IV bursts observed
by them at r ≈ 1.7 R . The authors had shown that the bursts
are likely due to optically thin gyro-synchrotron emission from
the mildly relativistic non-thermal electrons in the magnetic
field of the associated CME core. The field strength in the CME
frontal structure is expected to be smaller. (2) Ramesh et al.
(2010) had calculated the magnetic field in a coronal streamer
at r ≈ 1.7 R to be ≈5 G, through observations of polarized
radio emission from the associated radio source at 77 MHz.
This is nearly the same as the estimated B in the present case.
The fact that the CMEs are density enhancements similar to the
streamers could probably be a reason for this. We would like
to mention here that Gary et al. (1985) had earlier reported
B ≈ 2.8 G at r ≈ 2.5 R based on similar CME-moving
type IV burst observations. The authors had pointed out that the
field strength is the same irrespective of whether the emission
mechanism is second harmonic plasma or gyro-synchrotron.
Gopalswamy & Kundu (1989a) and Bastian et al. (2001) had
reported B ≈ 1.5 G at r ≈ 1.5 R based on gyro-synchrotron
emission from similar CME-moving type IV burst observations
and radio CME observations, respectively. Considering that the
coronal magnetic field associated with the active regions has a
range of values (Dulk & McLean 1978; Ramesh et al. 2003b,
2011; Sasikumar & Ramesh 2013), the different estimates
mentioned above can be regarded as reasonable. The results
indicate the usefulness of the simultaneous observations of the
solar corona in white-light and radio frequencies to constrain
the characteristics of the CMEs, particularly over r  2 R .
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