J. Astrophys. Astr. (1988) 9, 137–154

Sunspot Proper Motions in Active Region NOAA 2372 and its Flare
Activity during SMY Period of 1980 April 4–13
Ashok Ambastha & Arvind Bhatnagar

Udaipur Solar Observatory, 11 Vidya

Marg, Udaipur 313001
Received 1988 March 7; accepted 1988 May 21

Abstract. Solar Active Region NOAA 2372 was observed extensively by
the Solar Maximum Mission (SMM) satellite and several ground-based
observatories during 1980 April 4–13 in the Solar Maximum Year. After its
birth around April 4, it underwent a rapid growth and produced a reported
84 flares in the course of its disc passage. In this paper, we have studied
photospheric and chromospheric observations of this active region
together with Marshall Space Flight Center magnetograms and X-ray data
from HXIS aboard the SMM satellite. In particular, we discuss the
relationship of the flare-productivity with sunspot proper motions and
emergence of new regions of magnetic flux in the active region from its
birth to its disappearance at the W-limb.
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1. Introduction
It is well known that a variety of factors may lead to the energy build-up in an active
region, e.g., magnetic complexities, particularly a δ-configuration in the region (Zirin
1970), flux emergence (Vorpahl 1973, Tur & Priest 1976), and motion at the
photospheric level resulting in shearing and/or stretching of the magnetic field
structures (Sakurai 1976, Zirin & Lazareff 1975). A part of this stored or free energy
may be subsequently liberated in the form of flares when triggered by an instability in
the region. In a detailed study of the 1972 August flares, Zirin & Tanaka (1973) inferred
the presence of highly sheared transverse magnetic fields from the twisted appearance
of penumbral filaments and thus explained the occurrence of major flares in the active
region McMath 11976. Sunspot motion and its relation with flares has also been
studied in a series of papers by Kalman (1984), Gesztelyi (1984) and Dezso et al. (1984).
From these papers it appears that sunspot proper motions have a close relationship
with flare productivity of an active region.
We undertake here a study of sunspot proper motions in the active region NOAA
2372 observed extensively from the Udaipur Solar Observatory during its disc transit
in the SMY period of April 4–13, 1980. The objective is to investigate as to how these
motions are related to its flare productivity. This region was conspicuous by its
exceptionally high activity. NOAA 2372 first appeared as an Η-alpha plage (Hale
Plage Region No. 16747) on April 4 in the NE-quadrant of the solar disc near an old
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region, Hale No. 16752 (Fig. 1). It exhibited a remarkably rapid growth in the magnetic
field intensity and complexity after its birth on April 4 and developed into a βγ spotgroup with a δ-configuration within 24 hours from its birth. Embedded within the
main leader ‘P’ and trailer ‘Q’, an intermediate inverted bipolar group ‘R-S’ was also
observed, thus, constituting a N-S-N-S configuration (Fig. 2).
NOAA 2372 produced its first reported large flare (M5/1B) on April 5/1554 UT.
Altogether, it produced 84 flares of varying magnitudes in Η-alpha and X-rays (Solar
and Geophysical Data, pt.l, Nos.429 & 430). Earlier, Krall et al. (1982) have studied
evolution of vector magnetic fields in this region over a three-day period (April 5–7).
They reported a shear in the horizontal velocity field and that the flare activity
occurred along the magnetic neutral line, particularly during April 5–6. Machado et al.
(1983) have discussed spatial and temporal characteristics and locations of soft X-ray
flares occurring in this region during April 6–13. They attribute the occurrence of a
number of flares in the region to the presence of the intermediate bipolar region near
which large magnetic shear was observed during the period of April 5–7.
In the present paper, we measured proper motions of the main leader ‘P’, trailer ‘Q’
and the sunspots ‘R’-‘S’, forming the intermediate bipole, and ask how they relate to
the flare-productivity of NOAA 2372 during its entire disc passage. We shall note that
although the net energy release, in the form of Η-alpha flares, peaked around April 7,
the frequency of occurrence of reported flares peaked around April 10 by which time
photospheric motions associated with the sunspots, as well as magnetic shear, had
reduced considerably. The flares of this phase of the development of NOAA 2372, and
their relationship with various parameters of the active region have not been well
studied. Thus, in order to understand the overall flare activity of the region during its
various phases of development, we have examined suspot motions during the entire
period of transit of the region, i.e., April 4–13, together with the emergence of new flux
regions. We also make rough estimation of the magnetic energy build-up by the
sunspot proper motions and compare it with the energy release observed in the region.

Figure 1. Η-alpha Filtergrams indicating the birth of the Active Region NOAA 2372 (Hale No.
16747) at the location marked ‘B’ to the west of the existing Hale No. 16752.
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Figure 2. White light drawings of the main sunspots of NOAA 2372 during 1980 April 6–13.
Locations of major flares, at their maximum phases, are given as dotted ribbons.

Flare activity in a sunspot group is known to depend on the stage of development of
the sunspots; generally, maximum flare activity is observed when sunspot-area of the
group reaches a maximum (Waldmeier 1955, Enger et al. 1966). Hence, we examine
here the growth and decay of sunspot-areas, to see its relation with the flare
productivity of the region. Chromospheric and photospheric observations of NOAA
2372, along with the reported X-ray data from HXIS aboard SMM satellite (Machado
et al. 1983) and MSFC magnetograms (Sawyer 1982), will also be discussed.

140

A. Ambastha & Α. Bhatnagar
2. Observational data and measurements

Here we shall describe the observational data of NOAA 2372, during its disc passage
from 1980 April 4–13. Daily full-disc photoheliograms were obtained from the Indian
Institute of Astrophysics, Kodaikanal for the periods of April 5–6, April 9–13 and from
the Heliophysical Observatory, Debrechen for April 4, and April 7–8. The H-alpha
observations were taken from the Udaipur Solar Observatory using a 150-mm
aperture diffraction limited singlet f/13 objective, in conjunction with a narrow
passband (0.5 Å), Η-alpha Halle filter. A relay lens of focal length of 180 mm yielded a
solar image of 44 mm diameter. Filtergrams were taken on 35 mm format by a time
lapse camera at 10–15 seconds interval with SO-115 Eastman Kodak film (now Kodak
Technical Pan 2415).
Sunspot positions and the calculations of heliographic coordinates (L,B) from
white-light photoheliograms were digitized with a digitizer interfaced with an IBM
PC/AT microcomputer, using a computer program developed by one of the authors
(Ambastha 1987). This digitizer has a resolution of 0.0125 mm at an accuracy of
0.0125 mm. We selected only those sunspots for measurement which could be
identified and followed with reasonably good confidence over at least a couple of days.
The heliographic coordinates determined for the centres of some major sunspots
of NOAA 2372 are plotted in the Carrington Map (Fig. 3) where proper motions of
sunspots are clearly seen. In the cases where umbrae consisted of a number of
fragments, we measured the average positions of all the umbrae in the sunspot.

Figure 3. Daily heliographic positions of the main sunspots of NOAA 2372. Arrows indicate
directions of their motion.
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To obtain good accuracy of sunspot-area measurements we enlarged the photoheliograms to image-size of 180 cm diameter. Both the umbral and penumbral areas of
major sunspots were measured. We used the following expression (Enger et al. 1966) to
correct the measured areas for the effect of foreshortening:
C.A. = A.A./[0.2 r̂ + (1 – r̂ 2)1/2]

(2.1)

where, C.A. and A.A. are the corrected and apparent areas, respectively, of a sunspot.
Also, r̂ = r/R where r is the radial distance of the centre of the sunspot from the disc
centre and R is the radius of the photoheliogram. The growth and decay of the main
leader Ρ and trailer Q of NOAA 2372 are plotted in Fig. 4 for the period April 5–12.
The flare-activity of NOAA 2372 is illustrated in Fig. 5. It gives the following details:
a) Number of reported Η-alpha flares per day (Solar and Geophys. Data Nos. 429
& 430, 1980). In the histogram, we have included flares of all important classes.
b) Daily flare indices (solid line) and the Η-alpha flare energy release (dashed line).
Heights of the vertical bars and their positions along the abscissa denote the energy
release in units of 1030 erg (scale at right-hand side ordinate) and the time of
occurrence of the flare, respectively. We have presented in this plot flares of energy
≳ 1030 erg only, whereas the histogram in (a) include all reported flares. Here we have
used empirically estimated Η-alpha energies associated with flares under the
assumption that flare energy is approximately proportional to the duration of flare
(Obashev 1968) such that
EHα = 2.5αUT × 1023 erg,

(2.2)

Figure 4. Development of the umbral (U) and the total (P + U) sunspot areas for the main
sunspots of NOAA 2372. Ratio of the umbral to the total sunspot area, U/(P+U), is also plotted
with its scale marked at the right.
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Figure 5. A composite diagram of (a) the frequency of flares per day, (b) the Η-alpha energy
release per day and total Daily Flare Index. Vertical bars indicate times of occurrence of some
flares and the associated energy release, (c) the X-ray flares (from Krall et al. 1982) and (d) the
integrated continuum radio emission at λ 4.4 cm (Solnechnye Dannye 1980).

where U is the energy per unit volume per unit time radiated from the region of the
flare, Τ the duration of the flare and α the transformation coefficient such that
0.75 < α < 1. If we take the average energy U = 0.02 erg cm–3 s–1 and α = 0.8 then the
above relation transforms to
EHα = 4 × 1021 T 2.5 erg,
where Τ is expressed in seconds.

(2.3)
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The trends of the Daily Total Flare Index (which includes all active regions on the
visible solar disc) and the Η-alpha flare energy release from NOAA 2372 calculated
using Equation (2.3) correspond well during April 5–11. This indicates that this active
region alone dominated the flare activity of the solar disc during this period.
c) NOAA SMM X-ray data (adopted from Krall et al. 1982). One notices, by
comparing Figs 5 b-c, that not all X-ray flares correspond well with the Η-alpha flares.
d) The integrated continuum radio emission in λ 4.4 cm (Solnechnye Dannye 1980).
This agrees well with the Η-alpha flare index and X-ray data.
3. Development of sunspots in NOAA 2372
In Fig. 4 is given the daily development of the sunspot areas, i.e., the umbral (U) and
the total (umbral and penumbral) area (P + U), as well as, their ratio, U/(P + U), of the
main leader or preceding spot (dashed lines) and the trailer or following spot (solid
lines). The areas are expressed in the units of millionths of solar disc. The plot shows
that the sunspot areas increased rapidly during April 5–7, reaching their maximum
growth around April 7/8. Thereafter they decreased with a slower rate. Similarly, the
ratio of umbral area to the total sunspot area peaked on April 8. Of course, this ratio
was even larger on April 5 around the time of birth of the sunspots, however, almost no
penumbra had developed at that time. It is known that generally flare-activity in a

Figure 6. The evolution of Β in NOAA 2372 (from Sawyer 1982).
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sunspot-group depends on the stage of the development of the group; it is maximum
when the area of the group is maximum; thereafter, its activity declines (Waldmeier
1955, Enger et al. 1966). Flare activity also depends on the magnetic classification of
the group—increasing from simple unipolar α type through the bipolar β, βγ type, and
to magnetically complex γ type (Kunzel 1960; Zirin 1970). The number of flares
observed per day, in this case, however, was maximum around April 10, i.e., much
beyond April 7/8, the phase of the maximum sunspot-areas. From Fig. 5 a–c, we note
that although the number of flares observed on April 10 was larger, the net energy
release in Η-alpha, as well as, in soft X-rays was considerably higher on April 7.
NOAA 2372 was indeed a complex βγ bipolar group with an embedded intermediate bipole. A number of sunspots were observed growing and/or decaying rapidly
within the group (Fig. 2). For instance, south polarity sunspots Μ & Ν were quite
prominent as on April 6, but later they decayed in sizes (and fluxes) and vanished
completely by April 8. This is also reflected from the magnetograms of the region
(Fig. 6). A similar overnight disappearance of magnetic flux (around 4 × 1020 Maxwells) was reported by Rabin, Moore & Hagyard (1984) in an area of 30 arcsec2 having
low shear and low activity in the same active region to the north-east of the leader. The
cause of this disappearance, according to Rabin et al., was submergence of the
magnetic flux below the photospheric level.
Since sunspots are centres of maximum magnetic fields, their motion, and variations
in their areas also represent the changes in overlying magnetic structures and flux. The
release of energy in the form of flares, which may lead to a decrease in net magnetic
flux, may, perhaps, also result in a detectable decrease in sunspot areas (Rust 1972,
Harvey & Recely 1984).
4. Evolution of longitudinal magnetic field
The longitudinal magnetic field variations in NOAA 2372 are illustrated in the
sequence of MSFC magnetograms adopted here from Sawyer (1982) (Fig. 6). The
magnetic configuration of N–S–N–S constituted by the main sunspot Ρ, Q and the
inverted intermediate bipole R, S is clearly displayed in these magnetograms.
The positive magnetic flux of R was observed as pushing into the negative flux
region, Q (the trailer) as seen on April 6/1902 UT. This intrusion into Q developed
further on April 7 and a part of the positive flux of R detached from the parent region.
This positive flux, trapped in the negative polarity region, thus constituted another
inverted polarity region. Later as the group developed, it diffused gradually and
reconnected back with R as on April 10/1337 UT. During this period, the intermediate
bipolar region appeared to have moved as a whole toward P. But a clearer picture of
the motion of the associated sunspots may be inferred from the Carrington Map
(Fig. 3). New opposite polarity fluxes also emerged to the north-west of both Ρ and Q.
The entire region simplified considerably by the time the group reached near the Wlimb as the intermediate bipole gradually decayed or merged with the main sunspots.
5. Sunspot proper motions
Sunspot groups forming an active region usually occupy roughly an oval shape area
whose major axis is slightly inclined to the parallels of the latitude such that the
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preceding sunspot lies at a lower latitude than the following sunspot. For this reason,
even in the absence of individual sunspot motions, differential solar rotation will cause
divergence in longitude between sunspots (Bray & Loughhead 1964). If one adopts the
following for the rate of rotation of sunspots with area greater than 15 millionths-ofhemisphere (cf. Howard & Gilman 1984):
ω = [14.282 – 2.636 sin2 B] deg day–1,

(5.1)

where B is the latitude of a sunspot, one obtains a divergence of 0.016 deg day–1 in
longitude for sunspots located at B = 10° and 11°, respectively. However, sunspots are
found to possess even larger proper motions over the general rotational motion given
by Equation (5.1).
Figure 3 shows daily proper motions of the leading and trailing sunspots of the main
bipole, marked as Ρ and Q in Fig. 2, sunspots R and S of the inverted bipole as well as
an inverted north polarity sunspot Τ near Q. Except on April 5, the leader was located
at a lower latitude compared to the trailer. During April 5–8, both p- and f-spots
moved rapidly to the west and to the east, respectively, from their initial positions and
covered large distances on the photosphere. Thus, the separation between them
increased from around 6° to 10.5°. After April 8 their proper motions decreased. Due to
foreshortening, the position-measurement of the sunspots near the limb may have
larger errors on April 12–13, hence the displacements around this period should be
considered with care. In fact, this is the reason we have not plotted the sunspot
positions on April 13.
As inferred by comparing white light drawings in Fig. 2 with Mt Wilson Observatory magnetic field data, we note that in the intermediate bipole the polarity of the
preceding sunspot S was negative (or south) and positive (or north) than that of the
following sunspot R. Embedded in an inverted configuration within the main sunspot
group, there is implied a high degree of magnetic shear around the location of R–S
from the time of its appearance in the active region. It is observed that these sunspots,
forming an inverted bipole, moved in a manner such as to relax the high magnetic
shear of the loop joining them. Thus, the positive polarity sunspot R moved rapidly to
the west while the negative polarity sunspot S remained nearly anchored in the
photosphere and moved very little. By April 10, the positive flux of the inverted bipole
started merging with the flux of the main leader sunspot Ρ (cf. Fig. 6). It is interesting to
note here that Krall et al. (1982) observed in their paper that the inverted bipole R–S
moved as a whole toward the leader. They reported a build-up of magnetic energy (and
shear) as the reason for flares of this active region during the period of April 5–7. While
we find that although the positive spot R moved rapidly in the direction of the main
trailer P, the sunspot Ρ also moved westward and the negative spot S moved very little.
We shall see in Section 6 that the relative motion between the sunspot pair R–S of the
inverted bipole gave rise to a negative magnetic energy build-up and that the net
positive build-up of magnetic energy in the active region was contributed mainly by
the proper motion of main sunspots P –Q.
6. Magnetic energy build-up due to sunspot proper-motion
Estimates of the total magnetic energy build-up within a force-free magnetic configureation due to horizontal sunspot motion could be obtained from the general magnetic
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energy integral following the method given by Tanaka & Nakagawa (1973). The rate of
magnetic energy variation, ∆M, is given by
∆M = [ B02 LxLy(u sin γ – v cos γ)]/[15π2 (1 + L2x / L2y )1/2],

(6.1)

where Lx, Ly, u, υ are characteristic lengths and velocities, respectively, along x- and
y-axes of a Cartesian coordinate system as defined in Tanaka & Nakagawa (1973). B0
is the peak magnetic field associated with a sunspot and γ gives a measure of shear in
the region. Α positive u will increase ∆Μ by stretching, whereas, a negative υ will do so
by shearing the magnetic loop structures joining the sunspots. As discussed in Section
5, all the main sunspots of NOAA 2372 displayed motions along both the heliographic
axes, i.e., L and B. These motions can easily be resolved in the components along the
line joining the sunspot-pairs and perpendicular to this line. Evidently both stretching
and shearing of field-lines will contribute to ΔM and the assumption of unidirectional
sunspot-motion (along only x-axis) as made by Krall et al. (1982) may lead to incorrect
estimates.
We determine daily average sunspot-velocities, wL and wB, along L and Β axes (in
Fig. 3) from the daily displacements of various sunspots. For example, consider the
magnetic loop joining the sunspot pair Q–R shown in Fig. 6. Its x-axis is defined by the
line joining the centres of Q and R and the origin of the coordinate system is chosen at
the intersection of the x-axis with the neutral line: perpendicular to the x-axis at the
origin is defined as y-axis. We shall use the magnetograms in Fig. 6 for defining them.
Angle γ is defined as the angle between the tangent to the neutral line and the y-axis at
the origin. Angle (π/2 – γ) represents the degree of shear in the transverse magnetic
field, as in the potential configuration with the minimum energy Mp, γ = π/2. Any
departure from the potential configuration implies a higher energy state, M. Thus, the
stored energy available in the system is given by M' = M — Mp.
As the active region evolves, the x–y coordinate system as defined earlier may
undergo both translational, as well as rotational motion with respect to the heliographic coordinate system. This change needs to be taken into account. We obtain the
(x, y) components of velocity, i.e., u', υ' from (L, B) velocity-components, i.e., wL and wB
using
u' = wL cosθ + wB sinθ,

(6.2a)

v' = – wL sinθ + wB cosθ,

(6.2b)

where θ is the angle between the B- and the y-axes. These transformed velocities are
measured with respect to the origin for a particular sunspot. The relative velocity of the
spot Q with respect to the spot R may be obtained from
u = u' Q – u' R,

(6.3a)

v = v' Q – v' R.

(6.3b)

The characteristic lengths Lx and Ly in Equation (6.1) are taken as the separation
between Q–R along the x-axis, and the penumbral diameter of spot Q along the y-axis,
respectively, and B0 is the peak magnetic field of Q (obtained from Mt Wilson
magnetic field drawings). Having obtained all the required quantities, the magnetic
energy build-up due to the motion of sunspot Q relative to the sunspot R can be
obtained using Equation (6.1).
In deriving Equation (6.1) from the equation of magnetic induction, a condition of
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no leakage or divergence of magnetic flux, i.e., ∇•B = 0, has been assumed. In order to
satisfy this condition, it is essential to consider an area of the active region within
which the magnetic field lines are contained entirely. However, it may be difficult to
fulfil this condition strictly because NOAA 2372 may have been interconnected to the
neighbouring, old, active region, Hale No. 16752. Here we have ignored any
contribution arising from this divergence for calculating the magnetic energy build up.
In NOAA 2372, four distinct magnetic loop systems joining the main sunspots and
the intermediate bipolar sunspots have been inferred on the basis of the SMM HXIS
X-ray data (Machado et al. 1983). A three dimensional perspective of these loops, as
obtained from potential field calculations using MSFC vector magnetograms, has
been given by Cheng et al. (1982). Due to the motion of sunspots, which represent footpoints of these loops, each of the loops joining them will experience stretching and/or
shearing. In order to estimate the net magnetic energy build-up in the active region,
contributions arising from the relative motion between each sunspot-pair should be
calculated. Of course, there may be a number of smaller sunspots, pores, etc., present in
the active region which may also contribute to the total magnetic energy build-up. But
as our interest here is to make a rough estimate only, we have chosen not to take these
features into account. In any case, the four main sunspot-pairs discussed above should
make major contribution to energy estimates.
The various parameters, e.g., Lx, Ly, B0, γ, u and ν and the daily variation of magnetic
energy, ΔM, are listed in Table 2 for the period April 5–11. We find that relative
motions of sunspot-pairs Q–R (i.e., main trailer and the positive sunspot of the
inverted bipole) and R–S (i.e., sunspots of the inverted bipole) resulted in negative
energy build-up during almost entire period of April 5–11. This does not agree with
Krall et al. (1982) who reported a build-up of magnetic energy by the motion of the
intermediate bipole towards the leader. Interestingly, we note here that Machado et al.
(1983) reported soft X-ray emission over this region during the initial phase of flares of
April 5–8. We find here that the sunspots R–S moved to reduce the inverted nature of
the intermediate bipole. Thus we suggest that the relative proper motion between this
sunspot-pair led to relax the magnetic loop structure joining them from a state of
Table 1. List of important flares observed from USO.
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Table 2. The daily magnetic energy buildup due to sunspot proper motion.

higher magnetic energy toward the minimum energy state (or the potential field
configuration). The consequent release of the excess energy perhaps resulted in the
origin of the flares over the site of the intermediate bipole during this period, as
observed by Machado et al. (1983). Further, we find that the net magnetic energy buildup of the order of 1032 erg day–1 needed to account for the observed flares was stored
in the active region by the relative motion between the main sunspots Ρ and Q. A
comparatively smaller build-up of the order of 1031 erg day –1 was contributed from
the motion between sunspots P–S.
We estimate here that the energy release from the observed flares in Η-alpha is
around 2–5 × 1031 erg day –1 (cf. Fig. 5) and a similar amount of energy is estimated to
be released in the form of X-ray flare emission (Krall et al. 1982). From this, it appears
that only a part of the estimated magnetic energy stored in the active region was
released in the form of flares. However, it is not surprising as a hundred percent
efficiency in the energy conversion process is not expected. Also one should note that
the above estimates provide a rough upper limit. This is found sufficient to accommodate any additional dissipation of energy.
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7. Some major Η-alpha flares in NOAA 2372
As mentioned earlier, Η-alpha plage associated with NOAA 2372 appeared on the
NE-quadrant of the solar disc on April 4, to the west of an old active region—Hale No.
16752 (Fig. 1). However, the corresponding calcium plage was already evident on
April 1 (Sol. Geophys. Data No. 429). The active region developed rapidly in sunspot
area, magnetic field intensity and complexity and gave rise to a large number of flares.
Some important flares of NOAA 2372 observed by USO, are listed in Table 1, and Fig.
2 shows locations of various flares with respect to the sunspots in the active region. The
spatial and temporal development of some major Η-alpha flares are shown in the
sequences of Η-alpha filtergrams in Fig. 7. In the following, we shall describe some of
the morphological details of these events.
(1) April 6/0405 flare: A 2N flare occurred between the sunspots Q and R. H-alpha
filtergram taken on April 5 showed distinct arcades joining the trailer, Q, and the

Figure 7. Sequences of Η-alpha filtergrams, during April 6–12, displaying the temporal and
spatial development of some important flares observed from USO.
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Figure 7. Continued.

intermediate bipolar region (Fig. 1). Active filament marked Ε disappeared and
reappeared later as seen on the frames of 0445 UT and 0934 UT.
(2) April 7/0511 & 0529 flares: The two leading sunspot-umbrae comprising the
leader Ρ merged to form a single umbra. Two flares occurred in quick succession; the
first being a 1f flare which ended at 0522 UT. Then a 2B flare ensued at 0524 UT at
the same location reaching its maximum phase at 0547 UT. More flare-brightenings
were repeatedly seen up to 0714 UT. Large flare-ribbons formed within the penumbrae
of Ρ and Q, as well as around the inverted bipole R–S. HXIS X-ray observations
reported by Machado et al. (1983) showed two soft X-ray emission features over the
inverted bipole around 0537 UT. They also reported a large feature in soft X-ray
overlying the entire active region complex.
(3) April 8/0304 flare: Machado et al. (1983) reported initial soft X-ray brightening
around 0302 UT which corresponds well with the observed Η-alpha flare. A large soft
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X-ray feature was again observed over the sunspots P–Q. Locations of H-alpha
footpoints conform well with the magnetic configuration suggested by Machado et al.
These footpoints may be interpreted as due to thick target bremsstrahlung by
accelerated particles guided along the four magnetic loop structures joining the
sunspot-pairs, P–S, S–R, R–Q, and P–Q. This flare was morphologically homologous
to its predecessors on April 7. Also the flares extended across the entire length of the
active region. During the period 0511–1100 UT, a number of minor flares were also
observed. Dark filament-arcades joining the sunspots P–O and O–Q were seen in the
region.
The MSFC magnetograms of April 5–7 show that magnetic field structures were
highly sheared in the neighbourhood of the inverted bipole and also between this
region and the trailer (Krall et al. 1982). This is also the period when the major
sunspots showed large proper motions (Fig. 3). The sunspots Ρ and Q moved towards
west and east respectively increasing the separation between them. This implies a
stretching of the magnetic field lines joining them. On the other hand, sunspots in the
intermediate bipole moved to reduce its inverted nature. We note again that Machado
et al. (1983) reported soft X-ray emission over this region in the initial phases of flares
of April 5–8. Thus we infer that the relaxation of magnetic configuration joining
sunspots R–S from a higher energy state to the lower may be the reason for flareproductivity during this period.
(4) April 9/0958 flare: This flare was altogether different in nature as compared to
the flares of April 7–8 and belonged to a separate class of umbral flares, examples of
which were reported earlier by Kubota et al. (1974), Tang (1978) and Vazquez &
Harrera (1979). Tang (1978) suggested that such flares occur in p-spot of old regions
with no or only fragmentary f-spots. However in this case the umbral brightenings
appear in the well-developed f-spot, alongwith a simultaneous flare-ribbon near a dark
arcade filament joining the f-spot with the region ‘O’. Energetically, this Sf flare was
not significant and no corresponding X-ray emission was available.
(5) April 10/0833 & 0914 flares: The dark arcade filament F joining P – O condensed
further, while the filament segment Q – O disappeared. Two large flares occurred in
quick succession between the length of the active region. The flare-ribbons of 0833 UT
formed near the leader Ρ and the intermediate bipole only. A dark filament ‘K’ as seen
on April 9/0947 frame, showed some activity during April 9–10 and erupted into a class
1B flare on April 10 (cf. 0836–0935 UT sequence in Fig. 7). The flare-ribbons in this
instance formed around the detached penumbra near the main trailer Q (or f-spot),
which contained an inverted polarity sunspot. An Η-alpha flare marked on the
0918 UT frame was seen to the north of the leader, where the opposite polarity flux
appeared to be emerging from the MSFC magnetogram.
(6) April 11/0412 & 0635 flares: Two main flares were observed at USO in the active
region. However, their structures were quite different as compared with the earlier
flares. The first flare, accompanied with a dark surge as seen on 0435 UT frame, seems
to be related to the newly emerging negative polarity on the north side of the leader.
The second flare occurred due to positive magnetic flux emergence on the north side of
the trailer (cf Figs 2f and 6). Proper motions of the main sunspots had considerably
decreased by this time. Thus it is suggested that most of the flares of this period
occurred due to emergence of new magnetic flux in the active region.
(7) April 12/0540 & 0634 flares: These flares were located around the intermediate
bipole (see Figs 2g and 7). From the SMM data, Sawyer (1982) reported observation of
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a coronal mass ejection following a flare from the location of the emerging flux regions.
(8) April 13/0353 & 0828 flares: The first flare occurred between the leader and the
intermediate bipole which had by this time nearly merged with the leader. A mass
ejection accompanied the second flare as seen in Fig. 2h.
From the above discussion on the flares and their morphology, it is clear that most
flares observed during April 9–13 differed in character as compared to those occurring
in the initial phase of April 6–8. (No mention has been made about flares of April 5 as
USO did not observe this region on that day.) We note that the flares of the initial
phase were relatively more energetic. They stretched over the entire length of the active
region with four major flare-ribbons occurring near the main sunspots and
the intermediate bipole. Proper motions of major sunspots decreased by the end of this
phase, however, and the magnetic flux and its gradient to the north of both the leader
and the trailer spots increased (cf. Fig. 6). Around April 9 a prominent north-polarity
sunspot was seen located at the SW-fringe of the penumbra of the trailer Q. On the
next day, a part of the penumbra containing this inverted sunspot alongwith some
south-polarity sunspots became detached from the main trailer. As inferred from
Fig. 5a, the histogram showing the daily number of flares peaked on April 10. This is,
perhaps, a reflection of the activity taking place in the region due to the variety of
changes discussed above.

8. Conclusions
We have studied the development and the flare-activity of NOAA 2372 during its disc
passage from April 4–13, 1980. On the basis of sunspot proper motion, Η-alpha and
X-ray flare emission data, and magnetograms, we have obtained the following results:
(1) Almost all major sunspots in the active region displayed large proper motions
during April 5–8. The inverted bipole R–S embedded within the main sunspots P–Q
implied a large magnetic shear around its location. Significantly, proper motions of the
sunspots forming the inverted bipole tend to reduce the inverted nature of the bipole.
On the other hand, the separation between main leader and trailer increased
continuously from 6° to 10° within a week and considerably stretched the magnetic
structure joining them. All the sunspots moved along both the heliographic axes.
(2) The relative motion between the sunspots of the inverted bipole R–S and that of
the main trailer Q and north polarity sunspot R of the inverted bipole gave rise to a
negative build-up of magnetic energy. This implies that excess energy stored in the
inverted bipole reduced as the sunspots constituting the inverted bipole moved so as to
reduce its inverted nature. This perhaps led to the origin of flares over this location as
observed by Machado et al. (1983).
(3) Proper motions of main sunspots Ρ and Q gave rise to a positive build-up of
magnetic energy, i.e., increase in the stored energy of around 1032 erg day–1. A smaller
contribution came from the motion between Ρ and S. The net daily magnetic energy
build-up, estimated from the observed proper motions of all these sunspot pairs
appears to be sufficient to account for the net energy release from the active region in
the form of flares.
(4) Energetically and spatially extensive flares occurred during the initial phase, i.e.,
April 5–8, when proper motions of main sunspots were large.
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(5) Proper motions of the main sunspots reduced considerably at the end of the
initial phase of development of the active region. Subsequently, smaller flares occurred
in the active region. It is suggested that these flares resulted due to newly emerging
magnetic flux regions as well as the overall process of relaxation and simplification of
the magnetic structure of the active region. Added to these, a prominent inverted
polarity magnetic flux developed near the trailer Q, where some filament activation
was also observed. In fact, daily occurrence of flares peaked around April 10, but as
these flares were small, the net energy release was not as significant as during April 7.
In conclusion, it is suggested that sunspot proper motions led to large magnetic
energy build-up in the active region NOAA 2372 during its initial development. The
intermediate inverted bipole moved in a manner so as to reduce the magnetic shear in
its immediate surroundings and perhaps triggered energetically extensive flares. On
the other hand, when the sunspot motions reduced in the later phase of its
development, fireworks of minor flares occurred as a combined result of new emerging
flux and inverted polarities.
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