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Abstract

Someintenseand complextype IV bursts wererecordedsimultaneously by some
radio{spectrographs, by the Naneay Radioheliograph and by the Trieste polarime-
ters at xed frequencies. For a more detailed analysis optical data were also used,
including SOHO and TRA CE ultraviolet and Yohkoh/SXT images. The analysis of
the complex obsenations shaws that ne structures were obsened simultaneously
with the appearanceof new emerging magnetic loops. The frequency bandwidth
of ne structures should be explained by the extension of these new loops in the
corona. The cortinuous cornversionof b er{bursts into zebra{lines with positive fre-
quency drift testi es to a unique origin of both structures, namely the coalescence
of plasma electrostatic waveswith whistlers.

1 Intro duction

Zebra{patterns and b er{bursts (or bursts with intermediate frequencydrift) are well
known ne structures that sometimesare obsened on the metric and decimetric cortin-
uum emissionof type IV Solar radio bursts [Slottje, 1981;Kr#iger, 1979]. Now the high
resolution (10 MHz in frequencyand 8 msin time) of the new microwave spectrometerof
NAOC (China, Huairou station) permits the obsenation of detailed zebra{patterns and
b er bursts alsoin the microwave range 2.6{3.8 GHz [Chernov et al., 2001].

For the interpretation of sudh ne structures, the interaction of plasma electrostatic
waves (I) with whistlers (w) (both generatedby the samefast particles with loss{cone
anisotropy) is a well{accepted emissionmedanism for ber bursts: | + w ! t with
freely escapingelectromagneticwaves (t) in the ordinary (0) mode [Kuijp ers, 1975].
Zebra{patterns shov a more complex structure and marny medanisms were proposed
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[Zheleziyakov and Zlotnik, 1975b;Kuijp ers,1975;Chernov, 1976;Mollwo, 1988;Winglee
and Dulk, 1986]for its explanation. The majority of them are basedon electrostaticemis-
sion at double plasmaresonance.The most advanced model, proposedby Winglee and
Dulk [1986],is basedon cyclotron non{saturated maseremissionby a loss{coneelectron
distribution.

Howewer, someditculties are still presen in all these explanations: 1) the frequency
separation between zebra{stripes ¢ f s correspnds to the cyclotron frequency which is
hard to reconcilewith the often irregular variation with frequency;2) the magnetic eld

deducedfrom ¢ fs seemsoo low for the °are region and we are facedwith the ditcult y
of having plasma™ ¥ (vs=va)? ¢ 1 (a well acceptedvalue for a magnetictrap in active
regions), (vs and v, are soundand Alfv &n velocities, respectively); 3) all models explain
periodic lines in emission,mearwhile we obsene lines in absorption also and sometimes
absorptions are more pronounced; 4) an important point is missing in most theories:
a loss{conedistribution generateswhistlers, which in turn a®ectthe electron velocity

distribution.

In addition, many featuresof zebra{stripesand b er bursts are similar, which led Chernov
[1976,1990a]to proposea commoninterpretation for both of them basedon coupling of
plasmawavesand whistlers. The whistler instability canbe formedin di®eren conditions
at the cyclotron resonance:at the normal Doppler e®ect,when whistlers propagatealong
magnetic loops against fast particles - for b er bursts; at the anomalousDoppler e®ect,
when whistlers propagatein the direction of fast particles but under di®eren anglesto
magnetic force lines - for zebra{stripes [Maltseva and Chernos, 1989; Chernos et al.,
1998].

It is known that ne structures do not appear simultaneously at all frequenciesfrom
decametric,decimetricto certimetric ranges.Zebra{patterns and b er bursts are usually
appearing in a narrow frequencybandwidth (- 50 MHz in the metric range and some
hundredsMHz in the decimetricrange,- 2000MHz). In this paper wetry to comparethe
parametersof sudh ne structures at di®eren frequenciesand to answer the question of:
what de nes sud a narrow bandwidth. Recern data in X{rays provided by the Yohkoh
satellite and imagesin EUV lines from SOHO and TRA CE helped usin the study of the
dynamic °are processesn order to answer the above question.

Here we descrike and analysethree bursts with ne structures (1998 05 02; 199907 28;
199809 23). We considerthe ne structures as a whistler manifestation. Whistlers yield
the principal cortribution in the ne structure radio emissionby meansof the coupling
with Langmuir wavesassum and asdi®erenceof the frequencies:! 8!, = ! ;. [Chernov,
1976,1990ab].

2 Observ ations

We performed the analysis of dynamic spectra (IZMIRAN (Moscon), ARTEMIS
(Meudon, France) ARTEMIS{IV (Greece)and Tremsdorf (Potsdam)), single frequency
polarization data (Trieste Astronomical Obsenatory (TAO)) and spatial positions
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(Naneay Radioheliograph(NRH)) of zebra{patternsin three type IV ewens. The source
positions and the polarization were measuredwith the NRH at the frequenciesof 164,
237,327,and 407 MHz with the time resolution of 0.25s. Circularly polarizedleft{ (L)

and right{handed (R) emissionswere recordedby the radio polarimeter of the TAO at:

237,327,408 and 610 MHz with high time resolution (0.02s). SOHO and TRACE data
in EVV lines 195A usedin this paper were recordedfrom SOHO and TRA CE Synoptic
Data Base,courtesy of SOHO EIT, LASCO, MDI consortia. We also usedthe available
SXR data (Yohkoh/SXT) to study the dynamic processesn °ares.

Description of events
1998 05 02

In this evert for the rst time we obsened the zebra{pattern at suc low frequenciesas
22{46 MHz (Figure 1). The radio event started simultaneouslywith the big °are 3B X1.1
during 13:30- 15:13UT in the active region (AR) 8210locatedat S15W15. The LASCO
telescope on board of the SOHO recordeda large coronal massejection (CME) of halo
type traveling out beyond 26 R- (Solar radii).

The radio ewert in the meter - decimeterrange included a group of type Il bursts, two
type Il bursts and a type IV cortinuum. The global dynamic spectrum in the range
0.05-200MHz was presened in Leblanc et al. [2000]. The maximum energy releasein
the coronadewelopedin the decimetricrange: 22000SFU at 606 MHz (Solar{Geophysical
Data, N 651, p.11). The evert was presetted alsoin the interplanetary spacewith a very
strong type |11 burst and a type Il burst.

The zebra{pattern wasobsened during an interval lasting about 3 minutes asa structure
of a type Il burst after a strong type |1l evert. The top panel of Figure 1 shaws the
zebra{pattern formed by many fragmerts of lines with di®eren frequencydrifts. The
most spectacularfragmert is the narrowband rope{like b er lasting about 2 minutes and
consisting of zebra{stripes (or repeated short lasting b er{bursts). This main rope{like
‘b er represems the low frequency boundary of all fragmens of zebra{pattern. Sud
fragmerts consistalsoof rope{like b ers(of di®eren frequencybandwidths) with similar
frequencydrift.

The frequencydrift of the main rope{like b er wasabout -0.13MHz/s (near the frequency
f ¥ 37 MHz, which correspnds, if we usethe Newkirk electrondensity model multiplied

by factor 2, to the speedof a disturbancein the coronaof about 2200km/s). The drift

of the short isolated elemens inside this main rope{like b er was about -0.04 MHz/s,

i.e. a speedof about 700 km/s. Along the decreasingfrequencydrift of the main ber
from about 43 up to 22 MHz the bandwidth smaothly increasedfrom 0.25to 0.8 MHz,

mearwhile the L{handed polarization decreased.

The frequency bandwidth of the isolated zebra{emissionlines was about the samein
all fragmerts ¢f % 0:08 MHz and the relative value ¢ f =f % 0:0024. Howeer, the
frequencyseparation betweenemissionlines was slightly di®eren in di®eren fragmerts
¢ fs%0:08; 0:17MHz andthe short b ersinsidethe main b erwerenot strictly periodic
in frequency In somefragmerts we can seethe frequencyseparationbetweenthe emission
line and the neighbouring low frequencyabsorption ¢ f .,. This value wasalmost equalto
¢f.
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Figure 1: Evert 199805 02. In the upper panel the dynamic spectra of the Naneay Decameter
Spectrometer{Polarimeter are given (summary plot: RH + LH spectral density). In the lower
panelsthe ewolution of the °are in the EUV line 195A of SOHO/EIT and the Hg image of the
°are in NOAA AR 7792are shown.
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The emissionof all the elemens of type Il and type Il bursts was almost unpolarized,
mearwhile the main rope{like b er was strongly polarized (L{handed). The other ele-
merts of b ers and zebra{patterns (located at lower frequenciesof the spectrum) were
moderately L{p olarized or slightly R{polarized. NRH shaws four radio sourcesabove
the AR 8210. Thereforethe complexbehaviour of the polarization of the ne structures
should be related to the position of the respective radio sourcesin di®erert magnetic
polarity regions.

Bottom panelsin Figure 1 shov the ewlution of the °are in the EUV line 195A (ve
framesfrom SOHO/EIT MPEG movie) and the lowest right image shavs the beginning
of the °are in Hg line. In this last image we can seethat at 13:24the °are presened
a helmet{lik e ejection above the sigmoid °are ribbon. The ewlution of sud an ejection
is clearly seenin the st frame of the EIT 195A movie at the °are maximum (13:42).
Eadh subsequen frame cortains new fragmerts of ejectedmaterial seenin projection on
the disk. It is evidert that energyreleasewas presen after the esca of the CME in
the vertical current sheetwith magnetic islands during the restoration of the magnetic
structure.

1999 07 28

This event included long{lasting zebra{patterns between 08:15and 10:30 UT. It was
related to the small °are 1B M2.3 (maximum at 08:14) in the AR 8649 at S15 EO03.
The evert was accompaniedby the CME of HALO type at 09:06. As concerns ne

structures, three main phasescan be selected:08:15{08:30- impulsive phase,08:50{09:25
- maximum phaseand 10:15{10:30- decaing phase. During the rst two phaseszebra{
patterns appearedin narrow bandwidths (50{150 MHz) in the frequencyrangefrom 200
up to 1500MHz in intervals of about one minute. During the decay phase ne structures
appearedmainly at frequencies300{400 MHz.

The two top panelsof Figure 2 shav examplesof zebra{patterns during the impulsive
phase(left panelshavsthe IZMIRAN spectrum between189and 270MHz) and during the
decyging phase(right panel shavs the Phoenix{2 spectrum in the range 320{385MHz).
In the left panel zebra{lines drift towards higher frequencies,mearwhile in the right
one zebra{lines display di®eren frequencydrifts, howewer the tendencyis towards lower
frequencies.In suc a casezebra{linesresenble b er{bursts. A commonproperty of both
structures is absorption (of the cortinuum) at the low frequencyedgeof ead line. This
is evidert in the L{ and R{plots of the TAO (middle panelin Figure 2) at 237 (left side)
and 327 MHz (right side). The circular polarization was moderate at the beginning of
the event (about 30{40% L{handed), while at the endit strengthened(about 60{80%).

After the evernt maximum (08:55) someunusual b er{bursts appearedwith absorption
at both low and high frequencyedgeswith respect to the emissionline. Somelines were
obsened only in absorption, too. After 10:19 almost all zebra{lines and b er{bursts
showved absorption at the high frequencyedge. During that interval zebra{lines formed
somecascadesvith changeof the frequencydrift from negativeto positive (lik e U{bursts).
In such cases b er{bursts were cortinuously converted into zebra{lines.

The bottom panelsin Figure 2 shov the ewlution of the °are in the EUV line 195
A (SOHOIEIT). The °are beganabove the magnetic neutral line (black spot), zebra{
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Figure 2: Event 199907 28. In the top panel two spectra shav zebra{patterns at 08:26 (at the
left sidethe IZMIRAN spectrum between189and 270 MHz is showvn) and at 10:18(at the right
side Phoenix{2 (Bleien) spectrum between 320 and 385 MHz is reported). In the middle part
the time pro les of the TAO polarimeter at 237 MHz (left side) and 327 MHz (right side) are
reported. The bottom part shaws the °are ewolution in EUV line 195 A (SOHO/EIT). The
arrow in the left panel indicates a new rising bright loop. The positions of the radio source
certers are showvn by crossegsmall cross- 327 MHz, big cross- 164 MHz).
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pattern appearedat 08:15after the emergenceof a new bright loop in the south{west
direction (seethe arrow). This loop was raising up to 08:25. The position of the certer
of the radio sourceat 327 MHz (NRH) was just above this loop (middle panel). At the
maximum of the radio evert (08:55)somenew bright knots appearedin the north{w estern
part. Afterwards, a newbright loop beganto raiseabove theseknots and the radio source
position during the zebra{pattern interval (after 10:15) were right above this new loop
(small cross- 327 MHz and big cross- 164 MHz in the right panel).

1998 09 23

According to the Solar{Geoptysical Data bulletin, the °are 3B M7.1 started in AR 8340
(N18 EQ9) at 06:40with its maximum at 07:13. The radio event was obsened between
06:45and 11:00. It included a type Il burst (06:52{07:02)and a long{lasting type IV
burst with somemaxima. Between08:00and 08:10someintervals of ne structure were
obsened. The top panel of Figure 3 (ARTEMIS{IV) displays a group of b er bursts
(08:03{08:04), zebra{pattern (08:05{08:06) and fast pulsations both in emissionand in
absorption (08:08{08:09). The main peculiarity of these ne structureswastheir very low
circular polarization (seethe L{ and R{p olarized plots of the TAO polarimeter).

The ewlution of the °are is shown in the four bottom panelsof Figure 3. Two ribbonsin
He °are wereobsened for a long time alongthe easternand westernparts of the neutral
magneticline. Two framesof the TRACE EUV line 195A (right panels)shav numerous
emergingbright loops betweenthe two sidesof the neutral line. After 08:00a new high
and bright loop appearedin the southernpart of the °aring region. At 08:08the position
of the radio sourcecerter at 327MHz (NRH) overlaid on TRA CE imagewasjust localized
above this new loop (right bottom panel).

Altyntsev et al. [2001]and Ning et al. [2001]studied many aspects of the radio source
structuresin the microwave range. In particular, the radio sourceat 5.7 GHz at Siberian
Solar Radio Telescop (SSRI) accordingto Altyntsev et al. [2001]preserted a double
structure. At 08:03the right source(next to the easternneutral line and to the metric
source) was brighter (left bottom panel in Figure 3). Howewer, the maximum energy
releasewas emitted in the decimetric - metric range.

Table 1 summarizesthe main parametersof ve ewens with zebra{pattern and b er{
bursts.

In Table 1: ¢ f =f - relative frequencyseparationbetweenzebra{lines; ¢ f .,=f - relative
frequencyseparationbetweenthe emissionline and the neighbouring absorption; ¢ f ,=f
- relative frequencybandwidth of ne structures; ¢ f =f - instantaneousfrequencyband-
width of an emissionline. In Table 1 we also included the event 1994 10 25 for the
completenes®f the analysisand the event 200010 29 with zebra{pattern at microwaves
[Chernor et al., 2001]in order to compareits parameterswith thosein the metric range.
The parameters¢ f=f and ¢ f ,=f increasewith frequency;which seemsrelated to the
enhancemeh of the magnetic eld strength. ¢ f,=f decreasesvith frequency which sig-
ni es a diminishing dimensionof the radio sourcein the lower corona. Only the relative
frequencybandwidth of an isolated zebra{line remainsrather stable. In four ewerts the
radio emissioncorrespndedto the emissionin ordinary mode.
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Figure 3: Event 1998 09 23. In the top panel the spectrum in the range 250{450 MHz
(ARTEMIS{IV) shows b er{bursts and zebra{pattern. Below, time pro les of the polariza-
tion channels (TAO) are given. The polarization was very weak. The ewlution of the °are is
shown in the four bottom panels. Two ribbonsin the Hg °are were obsened in Learmonth SO.
Two framesof TRA CE EUV line 195A (right panels)shov many emergingbright loopsbetween
the two sidesof the neutral line. After 08:00a high bright loop appearedin the southern part of
the °aring region. At 08:03the position of the radio sourcecener at 327 MHz (NRH), overlaid
on the TRA CE image, was localized just above this new loop (right bottom panel). In the left
bottom panel the brightnessdistribution of the radio sourcesat 5.7 GHz is given (SSRT).
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Table 1: Parametersof zebra{pattern in 5 everts.

Date f(MHz) Flare ¢fs=f ¢f=f ¢f,=f ¢f=f Magn. Pol.
time UT range polar. mode

199805 02 35 3B X1.1 0,0036 0,0024 0,88 0,0036 S(N) LR
14:41 20-70  S15W15 ?

199410 25 175 INC4.7 0,015 0,006 04 00049 S
10:08 100-500 S09wW12

199907 28 360 1BM2.3 0,014 0,006 0,22 0,0054 N
08:15 45-520  S15E03

199809 23 360 3BM7.1 0,064 0,032 0,3 0,014 N
08:00 100-700 N18EO09

20001029 3000 2BM4.4 0,033 0,015 0,16 0,0059 S
02:20 1000-3800 S25E35

cxw Oor O |OX

3 Discussion

Three radio bursts with similar ne structures (zebra{patterns and b ers) were closely
connectedwith °ares of di®ere importance and type Il bursts (shock waves, CME).
In all these everts the maximum energy releasewas presen in metric and decimetric
ranges. The radio sourceswere probably located high in the coronawherethe magnetic
reconnectionsdewelop. The polarization of radio emissionwas moderate in all everts and
in three events it correspndedto the ordinary magneto{ionic mode.

The event 1998 05 02

Rope{like b ersshownn in Figure 1 aresimilar to the structure in the frequencyrange200{
250MHz reported in Mann et al. [1989]and Chernov [1990a,1997]. The latter structure
was long{lived (more than one hour). The phenomenonwas explained consideringthe
theory of whistler instability in a small magnetic trap between magnetic islands with

X{p oints of the magnetic reconnectionduring long{lasting restoration of the magnetic
structure after the escag of a CME. In the framesof EIT 195A imageswe seesome
ejectionsin di®eren directions, two of them were the most pronounced: one moving

northwards and the other in the south{east direction (slowly moving front). This means
that one disturbance (shock front) was propagating towards the obsener. Since ne

structures were obsened only during three minuteswhena type Il burst waspresen and
sincethe frequencydrift of the main rope{like b er should be related to the fast shock
front (speed¥%. 2200km/s), it is reasonableto considerthat radio sourcesresponsiblefor
“ne structures were probably locatedin the shack oscillating front, more exactly between
the shack front and the CME. Fast particles acceleratedn the shock front weretrappedin
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sud a small trap. The periodic whistler instability deweloped due to the bouncemotion
of fast electronswith loss{conedistribution betweenthe two maxima of the magnetic eld
(in the shack front and in the leading edgeof the CME).

Accordingto Leblancand al. [2000]the CME velocity wasslightly higher than the speed
of the shack front. The increasingdistancebetweenthem explainsthe smooth broadening
of the main rope{like b er towards lower frequencies.We must considerthat in general
the fast shock wave should be propagating obliquely in respect to the magnetic eld and
in sucd a casethe shack front undergcesoscillating valuesof magnetic eld and density.
Sud a structure explainsalsothe obsenation of someother fragmerts of rope{like b ers
and zebra{linesat higher frequencieqin the downstreamregion).

Whistlers propagatein the samedirection asthe shack wave. The group velocity of the
whistler wave should be about 10° cm/s, which explains the smaller frequencydrift of
b ersinside the main rope{like b er. We concludethat the unusual rope{like beris a
manifestation of the simultaneouspropagation of a fast shock wave and a CME.

1999 07 28

In Figure 2 we have shavn two new bright loopsthat appearedearlier than two intervals
of zebra{pattern structures. The radio sourceswere localized above theseloops. It is
evidert that the bandwidth of the radio emissionis de ned by the vertical dimensionsof
thesecoronal °are loops. The radio sourceswere localized above the northern magnetic
polarity, asthe L{hand polarization correspndsto the ordinary emissionmode.

The inverseposition of the absorptionstrip in the zebra{pattern during the decgy phaseof
the evert (about 10 minuteslong) is a very important fact for theoretical considerationsof
the emissionmedanism. It shouldbe related to the changeof the magnetic eld gradiert
in the radio source. A similar behaviour of b er bursts wasconsideredn Chernov [1990b],
whereit wasshown that in sud a casethe obsened emissionis obtained asthe di®erence:
i ''w =1 (the procesoofdecyis: | ! t+w). The cortinuousconversionof b er{bursts
into zebra{lineswith positive frequencydrift, whenconsideringthat the other parameters
of both structures are identical, testi es the commonorigin of both structures.

1998 09 23

The analysisof the obsenations shavsoncemorethat ne structureswereobsened simul-
taneouslywith the appearanceof new magneticloops. The bandwidth of ne structures
between280and 450 MHz should be explainedby the extensionof thesenewloopsin the
corona.

4 Concluding remarks

Zebra{pattern and b er bursts sampleswere presern in a very large range (from 30 to
3000MHz). Their main spectral parametersand circular polarization wereappraximately
the same. The relative frequency bandwidth of emissionlines were similar at all fre-
quencies.The ne structures were obsened simultaneously with the appearanceof new
magnetic loops. The frequencybandwidth of ne structures should be explainedby the
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extensionof thesenewloopsin the corona. The cortinuouscorversionof b er{bursts into
zebra{lines with positive frequencydrift testi es the commonorigin of both structures,
namely the coalescencef plasmaelectrostatic waveswith whistlers.

Acknowledgements: G. Ch. is grateful for the support given by the CNRS (Project N

4994)and by the Paris Obsenatory that enabledhim to work at Meudon. The work was
supported by the RussianFoundation for Basic Researb (grant No 99{02{16076)and by

the FederalProgram "Astronomy". Somedata of NRH were usedthanks to the courtesy
of Dr K.-L. Klein. The Pheonix{2 spectral data were provided by courtesyof P. Messmer
and ARTEMIS{IV spectra of the 199809 23 evert were provided by A. Hilaris. SOHO
and TRACE data usedin this paper were received from the SOHO Synoptic Data Base,
courtesyof SOHO EIT, LASCO and MDI consortia. The Yohkoh data were provided by

the Yohkoh missionof ISAS, Japan.

References

Altyntsev, A. T., R. A. Sydh, V. V. Grednev, N. S. Meshalkina,and G. V. Rudenko, A
°are of Septenber 23,1998: relation betweentemporal and spatial structures, Solar
Phys, in press,2001.

Chernov, G. P., Microstructure in cortinuous emissionof type IV meter bursts. Modula-
tion of cortinuous emissionby wave padets of whistlers, Soviet. Astron., 20, 582,
1976.

Chernov, G. P., Whistlers in the Solar corona and their relevanceto ne structures of
type IV radio emission,Solar Phys, 130, 75{82, 1990a.

Chernov, G. P., Somefeaturesof b er formation in type IV radio bursts, Soviet. Astron.,
34, 66, 1990b.

Chernov, G. P., The relationship between ne structure of the Solar radio emissionat
meter wavelengthsand coronal transiens, Astronomy Letters, 23, 827,1997.

Chernovs, G. P., A. K. Markeev, M. PoquerusseJ.{L. Bougeret,K{L. Klein, G. Mann,
H. Aurass, and M. Aschwanden, New features on type IV Solar radio emission:
combined e®ectof plasmawave resonancesand MHD waves, Astron. Astrophys,
334, 314,1998.

Chernos, G. P., L. V. Yasno, Y. Yan, and Q. Fu, On the zebrastructure at the frequency
range near 3 GHz, China Astron. Astrophys, in press.,2001.

Kriéger, A., Introduction to Solar radio astronomy and radio physics, D. Reidel Publ.
Comp., 1979.

Kuijp ers, J., Collective wave{particle interactionsin Solartype IV radio sourcesUtrecht
Univ., 1975.

Leblanc,Y., G. A. Dulk, I. H. Cairns, and J.{L. Bougeret,Typell °are cortinuum in the
coronaand Solarwind, J. Geophys. Res, 105, p. 18215,2000.



12 G. P. Chernovet al.

Maltseva, O. A., and G. P. Chernov, Kinetic ampli cation (damping) of whistlers in the
Solar corona,Kinematika i zika NelkesnykhTel, 5, 44, 1989.

Mann, G., K. Baumgaertel,G. P. Chernov, and M. Karlicky, Interpretation of a special
“ne structure in type IV Solarradio bursts, Solar Phys, 120, 383,1989.

Mollwo, L., Magnetohydrostatic eld in the region of zebra{patternsin Solartype IV dm
bursts, Solar Phys, 116, 323,1988.

Ning, Z., Y. Yan, Q. Fu, and Q. Lu, Solar reverse slope type IV burst (RS{lV) on
Septenber 23 1998, Astron. Astrophys, in press,2001.

Slottje, C., Atlas of ne structures of dynamic spectra of Solar type IV{dm and some
type Il radio bursts, Utrecht Obsenatory, 1981.

Winglee, R. M., and G. A. Dulk, The electron{cyclotron maserinstability asa sourceof
plasmaradiation, Astrophys. J., 307, 808,1986.

Zheleziyakov, V. V., and E. Ya. Zlotnik, Cyclotron wave instability in the Solar corona
and the origin of Solar radio emissionwith ne structure. Origin of zebra{pattern,
Solar Phys, 44, 461,1975b.



