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ABSTRACT 

Over the whole electromagnetic spectrum of the Sun 

the metre wavelength band (I to 10m) is unique. Shorter wave

lengths, from '"( -rays to microwaves, come mostly from regions 

containing dense matter associated with the Visible Sun as we 

know it - the Photosphere and Chromosphere - and longer wave

lengths come mainly from interplanetary space. Metre waves 

alone are generated in the tenuous Plasma known as the solar 

corona (ordinarily visible only at the time of a total eclipse), 

and they reveal a spectacular range of phenomena undreamt 

of before their discovery. It is here many types of Solar radio 

bursts are generated. Generally these radio bursts are excited 

by two types of disturbances: (l) Electron beams and (2) Collision

less shock waves. The Physics of the beam - plasma system 

is more or less understood both theoretically as well as experimen

tally, whereas the detailed study of the collisionless shock waves 

has been started recently by insitu experiments and subsequent 

theoretical advances. We study theoretically the acceleration 

of electrons, excitation of low as well as high frequency turbulence 

in the shock fronts and the subsequent radio emission processes. 

We apply this analysis to various burst phenomena such as Type 

I, Type II, absorption bursts, etc. 

In the first chapter, we have broadly indicated the difference 

between inner and outer corona and classified the types of distur

bances that perturb the corona into two classes: (1) electron 



beams and (2) collisionless shock waves. The interrelation between 

these two types of disturbances is also discussed. We then 

give a preview of the results presented in the thesis. 

In the second chapter, we study the type I burst phenomena. 

Assuming that weak shocks driven by newly emerging magnetic 

flux are responsible for type I radio bursts, we derive the dispersion 

relation for ion sound waves generated in a collisionless shock 

propagating perpendicular to the magnetic field. Usirg quasilinear 

analysis the energy density of the ion-sound turbulence is estimated 

and compared with the lower hybrid turbulence generated under 

similar conditions. We finally show that ion-sound turbuleoce 

is a better candidate for the generation of type I radio bursts 

in the solar corona. Since type I chains are the most direct 

evidence for the weak shocks responsible for their generation, 

measurements of the frequency drift rate and the bandwidth 

of these chains, can be used to estimate the upstream velocity 

and the density jump across the shock. The Alfven velocity 

and hence the coronal magnetic field can be calculated by substitu

ting the above values in the modified Rankine - Hugoniot relation. 

Therefore we devise a method to estimate the radial dependeoce 

of the coronal magnetic field above mild active regions using 

the Type I chain data. These results are compared with the 

existing estimates and found to be in good agreement. 

In chapter III, we describe the Radio telescope which 

was used to study the fine structure of the solar radio emission 



at decameter wavele~ths. The main fine structures observed 

using the above telescope are : (1) the peculiar time profiles 

of type III storm bursts and (2) absorption bursts. It has been 

shown that the peculiar time structures in type III profiles are 

not due to random superposition of bursts with varyi~ amplitudes. 

It has also been shown that they are not manifestations of funda

mental - harmonic pairs. Some of these profiles can be due 

to superposition of bursts caused by ordered electron beams 

ejected with a constant time delay at the base of the corona. 

Regardi~ the absorption bursts, it has been shown that the ion

sound turbulence, generated by a laterally moving shock wave 

can act as an absorber of the decametric continuum radiation 

travelling radially outward, converting it into longitudinal Langmuir 

turbulence by three wave interactions. The duration of the absorp

tion, the depth and the bandwidth are explained selfconsistently 

in this model. 

The most enigma tic type of decametric radio bursts are 

the drift pair bursts. The data on drift pair bursts obtained 

using the swept frequency spectrograph at Nancay, France, have 

been analysed in chapter IV. We have detected for the first 

time features like drfit pair chains and vertical drift pair bursts. 

The drift pairs and their associated phenomena like chains and 

vertical bursts can be interpreted if one assumes that the double 

plasma resonance layer, where the radiation is proposed to 

be generated is different at different instants of time so that 

one gets a slope in the frequency time plane. If one 



assumes considerable fluctuations in some microscopic parameters 

such as density and magnetic field, it is possible to have drift 

of all types. A steep variation in the magnetic field is derived 

assuming that the density is not affected by DP activity, in 

the case of vertical DPs. 

In chapter V, it is proposed that the majority of shock 

waves responsible for the generation of type II radio bursts 

are supercritical. It is also proposed that the reflected ions 

behave like a beam in the foot and the ramp and like a ring 

in the downstream, i.e., just behind the overshoot. These are 

described by drifted Maxwellian and Dory-Guest-Harris distributions 

respectively. The ion beams are unstable and can drive the 

low frequency waves, whose frequency lies between the electron 

and ion cyclotron frequencies. These waves are absorbed by 

the ambient electrons, leading to the formation of electron 

"tails", in upstream as well as in downstream. On entering 

the cold background these hot electrons, in turn, drive the high 

frequency Langmuir oscillations to high level energy densities 

~ ~ 10-5 - 10-4 in the upstream as well as in the downstream. 
'I'Io'&. 

The conversion of plasma waves into electromagnetic waves 

is caused by the induced scattering of plasma waves off ions 

or by merging of two Langmuir waves. The brightness tempera

tures in the lower and upper bands depend on the number densi-

ties in the accelera ted beams. Since the number density of 

the electron beams in the downstream is less than that of upstream, 

the U band is fainter than L band as experimentally observed; 



thus explaining naturally the band splitting in Type II bursts 

and the difference in brightness of the two bands. The role 

of nonlinear processes is also studied. 

In chapter VI we briefly summarize the main conclusions 

of the thesis. We also briefly mention the importance of our 

results. The future observations and theoretical work to be 

done in these lines are also suggested. 



CHAPTER I 

INTRODUCTION 

The study of the sun is of great importance not only because 

it provides us with an excellent testing ground for many physical 

laws that cannot be tested In the laboratory but also because 

it is the only star near enough for detailed ICrutiny of its surface, 

atmosphere and activity. In the past, studies of the sun have 

always led to the development and understanding of many physical 

concepts. These include atomic spectra, the interaction of 

plasmas with matter and magnetic fields, and ooclear reactions. 

Radioastronomy is the only means by which one can study 

cosmic plasmas, although the data obtained gives only partial 

information about the physical conditions. One of the serious 

limitations of Radio Astronomical studies is the poor resolving 

power that can be obtained. As the radio emissions are very 

closely connected wIth the physical processes goir~ on in the 

comic objects, it is very essential to obtain as many observational 

details as possible. Since sun is sufficiently close to us and 

provides very rich information in the radio domain also, a study 

of these radio emissions provide important clues to the understand

ing of rna ny complicated plasma processes taking place in the 

solar environment, which may be impossible to simulate on earth. 

Some of these processes are collisionless shock waves, 

particle acceleration, wave particle interactions and wave-wave 

interactions. The solar corona is the very hot, tenuous, imomo

geneous and time varyi~ atmosphere, which, with its extension 
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as the solar wind, continues from the transition region to the planets 

and beyond. Magnetic fields undoubtedly play an important role 

in its structure and motions, and probably also in its heating. 

This hot, inhomogeneous magnetoplasma can support a variety 

of plasma modes. In addition to this, the. solar activity produces 

transients and disturbances of varied nature like shock waves and 

particle beams in the corona thereby pumping energy into the 

normal modes of the plasma. These growi~ modes can radiate 

directly if they are transverse electromagnetic modes; if they 

are electrostatic, they can interact among themselves to generate 

electromagnetic radiation. The physical conditions and the para

meters such as plasma frequency, cyclotron frequency etc will 

decide the predominance of the particular type of modes that 

grow faster than others. The generated radiation can have specific 

polarization which again carry information about the physical environ

ment from which the radiation emerges; The emerging radiation 

propagates through the outer cororal medium which impresses 

its own changes on the orlginal radiation. The detection and analysis 

of such radiation, therefore, provides not only information about 

the coronal medium, but also about the various energy sources 

that pass through the corona. 

The radio phenomena occur over a wide range of the electro

magnetic spectrum starting from a few Kilo Hertz to thousands 

of Mega Hertz. The radio window provided by the earth's atmos

phere can be used for ground based observations of the radio emission. 

The satellite data provide information at those wavelengths 
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which cannot pass through the earths atmosphere. Some' types 

of radio phenomena. occur over a wide range of frequencies 

suggesting that they extend from the inner corona. to the outer 

corona and interplanetary space. Certain other radio phenomena 

occur only over a limited frequeocy range indlcating their localized 

nature. 

The inner corona is dense and permeated by high magnetic 

fields of varied structures. The outer corona has relatively 

weak mag netic fields and 'therefore the basic plasma processes 

going on in these regions may be quite different. While the 

inner corona contains closed as well as open magnetic fields 

of varied structures, the outer corona contains predominantly 

open magnetic fields. The study of radio emission from outer 

corona provides an excellent opportunity of understanding the 

solar activity which influeoces it.' 

Over the whole electromagnetic spectrum of the Sun 

the metre wavelength band ( 1 to 10 m) is unique. Shorter 

wavelengths, from y-rays to microwaves, come mostly from 

regions containing dense matter associated with the visible Sun 

as we know it - the photosphere and chromosphere - and longer 

wavelengths come mainly from interplanetary space. Metre 

waves alone are generated in the tenuous coronal plasma (ordinarily 

visible only at the time of a total eclipse), and they reveal 

a spectacular range of phenomena undreamt of before their 

discovery. 
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In general, one can classify the types of disturbances 

In the solar corona that give rise to radio signatures into two 

catagories·. charged particle beams (predominantly electron 

beams) and shock waves. But these two are not really independent 

since one requires low frequency turbulence ~o accelerate particles 

and the energy of the low frequency turbuleoce has to be transfer

red through some resonant wave particle interaction to the 

electrons. As the generated radio waves have to propagate 

through the corona before reaching us they should have sufficiently 

high frequency so that the plasma on their path will be transparent. 

Therefore the shock should produce sufficiently high frequency 

plasma waves. Otherwise the shock generated low frequency 

turbulence has to accelerate particles which in turn can release 

their energy to high frequency waves from which one expects 

radio wave generation. 

As the density, temperature, magnetic field etc change 

contiruously outward, these changes are also reflected in the 

radio emission. Identification of the signature of such changes 

helps us to determine the inhom~geneity characterlstics of the 

corona. For example the slope of the dynamic spectrum of 

the radio waves gives information about the speed of the disturban

ce responsible for the emission and the density variation of 

the corona. In some case it can be related to the magnetic 

field variations, and thls depends upon the actual emission mechanism. 

Of the various types of radio emission the type I noise 
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storm is very special in the sense that it is seldom associated 

with flares. The active regions in which noise storm sources 

are located, are not conducive to flares. The mild shocks 

which develop out of magnetic pulses generated by newly emerging 

magnetic flux are recently proposed to be. responsible for the 

Type-I emission (Spicer et al 1981) and this theory is under 

current development (Wentzel 1981, 1982, Gopalswamy and 

Thejappa, 1985). This theory needs low frequeocy turbuleoce 

to accelerate electrons and to interact with high frequency 

turbuleoce generated by these accelerated electrons in order 

that radio emission occurs. In the literature lower hybrid turbu

lence is proposed as the low frequency turbulence. We have 

investigated this problem and found that the lon-sound turbulence 

could be a better alternative to the lower hybrid turbuleoce. 

We support this claim by bringing in a suitable acceleration 

mechanism and the effectiveness of the resonant three wave 

interaction. Coronal magnetic fields can be estimated if a 

realistic model is used to interpret the radio data. On the 

basis of data from many sources including radio data, Tanstrom 

and Benz (1978) and Dulk and McLean (1978) derived an empirical 

formula for the radial dependeoce of coronal magnetic field. 

They had left out the type I radio data basically because, the 

theory of type I emission was not clear at that time. Sirx:e 

the type I theory is fairly clear now, we collected the data 

of type I chains from literature and used the emerging flux 

theory to estimate the coronal magnetic fields and derived 

an empirical relation. Our values are smaller than those of 

5 



Dulk and McLean (1978), which is quite natural because the 

type I emission originates from mild active regions where the 

magnetic field will be less compared to the active regions respon.

sible for other radio bursts as they are flare associated. The 

modification of the emerging flux theory and the estimation 

of coronal magnetic field using this theory are dealt with In 

chapter n in detail. 

The outer corona can be studied using radio telescopes, 

operating at low frequencies as the local plasma frequency in 

the outer corona lies in the low frequency range. The Gauribidaoor 

radio telescope operates around 35 MHz and is being used to 

study many interesting features in decametric radio emission. 

In chapter III we consider two features that have been recorded 

by this telescope. First one discusses the fine structures in 

the observed type m bursts which provIde valuable information 

regarding various damping processes for the excited Langmuir 

waves that get converted Into radiation and the electron beam 

injection mechanism. The second one deals with absorption 

features produced in the decametrlc contiruum. From the obser

vational characteristics we have interpreted it as the effect 

of a "Screed' of ion.-sound turbulence generated by a laterally 

moving shock which absorbs the continuum radiation as It propa

gates. The requirements to be fulfilled by the ion-sound turbulence 

in order to produce the observed emission are discussed. 

The drift pair bursts are' still enigmatic to the solar radio 
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astronomers. Although they have been observed quite some 

time ago (Roberts, 1958), they are still not fully understood. 

We collected data using the Gaurlb ida oor radio telescope as 

well as the swept frequency spectrograph at Nancay (Boischot 

et al 1980). Analysis of this data has b~ought out many new 

features such as OPs with very large drift rate and the chains 

of drift pairs, which may provide important clues to the understan

ding of these OPs. From the frequeocy drift characteristics 

we are led to the cooclusion that the movement of a physical 

agency cannot cause the observed drift rates. We propose that 

the drift has to be determined by the characteristics of the 

medium. We derive the functional behaviour of the magnetic 

field and the density in the DP active regions. We critically 

review the existing theories of DPs and provIde a basis for 

further development of the theory of DP bursts In Chapter 

IV. 

In chapter n, we dealt with weak shocks causing type 

I emission. The type n emission is also attributed to the shocks 

but they are relatively strong. We propose in chapter V that 

the majority of the shocks responsible for type II bursts are 

supercrltical. In such shocks, the Ion reflection becomes an 

important dissipation mechanism. 

The reflected ions which act like a beam in the foot 

and ramp of the shock front and like a ring just behind the 

overshoot excite low frequency turbuleoce with an anisotropy 
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in the phase velocities i.e., the phase velocity of the waves 

parallel to magnetic field is much greater than perpendicular 

to the magnetic field. Therefore the magnetized ambient electrons 

quickly absorb these waves which leads to the formation of 

non-Maxwellian electron tails both in the ':!pstream as well as 

in the downstream. We derive the distribution functions for 

these accelerated electron beams. These hot electrons in turn, 

drive high frequency Langmuir oscillations with W-;::. w up to pe 

very high level WL! _ ~ 10-5 - 10-4- In the ambient cold plasma 
'no Ie 

both in the upstream and downstream. The conversion of plasma 

waves into electromagnetic waves is caused by the induced 

scattering of plasma waves off ions ( W ~ Wpe) or by Coalescence 

of two Langmuir waves ( to ~ 2w ). The role of nonlinear pe 

processes. is also studied. The brightness temperature calculated 

from the theory, T b ~ 10 11 K appears to be in very good agreement 

with observations. The observed frequency splitting will be 

determined by the jump in plasma frequency (due to density 

Jump) across the shock. The difference in the brightness tempera

tures in the upper and lower frequency bands also is explained 

by this model. Therefore we .present a self consistent theory 

of the Type n radio bursts which includes the acceleration process, 

radio emission, the frequency splitti~, and the unequal bright-

ness· in the upper and lower bands. 

In the concluding chapter VI, we summarise our results 

and highlight the main conclusions. We also critically evaluate 

our work and suggest necessary work to be carried out both 

in theory and observations. 
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CHAPTER D 

EXCITATION OF THE ION-SOUND TURBULENCE IN THE COLLI

SIONLESS SHOCK WAVES AND TYPE I RADIO BURSTS. 

ESTIMATION OF CORONAL MAGNETIC FIELDS USING TYPE I 

- CHAIN DATA 

2.1 Introduction 

Historically, Hey (1942) was first to recognize the sun 

spot association noise storms from the Sun. On the radio spectro

graph the type I storm consists of many shortlived, narrow-band 

bursts scattered at random across the frequency-time plane. 

Occasionally the bursts appear in chains which drift slowly to 

higher or lower frequencies. The bursts are sometimes super

imposed on a background continuum of emission. The low-frequency 

edge of such storms may be anywhere from about 1.50 MHz 

down to about .50 MHz. A typical example of the type I storm 

is given in the fig.l.I. Except near the limb the radiation is 

generally stro~!y circularly polarized in the sense of the ordinary 

mode (Le Squeren 1963). The observed polarization and heights 

are generally taken as evidence that the emission process is 

a plasma process at or near the local plasma ,frequency. The 

low frequency type III component of roise storms indicates 

the escape of electrons from the source region, and it is often 

assumed that before the electrons escape they play a role in 

the type I emission process also (Aubier et al 1978). The evidence 

presented by Duncan (I981) lends support to this idea. 
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Observations of noise storm characteristics have been 

extensively reviewed by Kundu (1965) and Elgaroy (1977). Although 

the type I storms are historically the first class of radio bursts 

that was identified, they are today amo~ the least known manifes-

tations of solar radio emission. Despite th~.ir connection with 

large sunspots on the solar disk, they seem to be entirely coronal 

phenomenon. 

The frequency drifts associated with groups of type I 

bursts (chains) are attributable to weak shocks. The absence 

of second harmonic radiation and the narrow ba nded ness of 

the type I bursts show that the shocks responsible for type I 

storms are slightly super Alfvenic. Zaitsev and Fomichev (1973) 

were first to suggest that type I bursts are due to the currents 

driven perpendicular to an ambient magnetic field by a shock 

without identifyi~ the free energy that drives the shock. They 

have also assumed that 1Vt'c..('< I where wI\. and -fle are the 
..t'lc. 

plasma and cyclotron frequencies respectively and Aliven Mach 

rumber M A ~, 1.5, which are as stro~ as flare assocaited shocks. 

The shocks causi~ type I emission therefore correspond to evolvi~ 

active regions in a quasi-stationary corona where the magnetic 

field and density are not conducive for flares. The inequality 

w;:«.n:. can satisfy only at frequencies much higher than 300 

MHz, which is in the cut off ra~e for type 1 bursts (Melrose, 

1982). The transition between type I sotrms 'to type III storms 

Indicates that the trapped particles in the closed magnetic field 

are responsible for type I storms (Aubier et al 1978). Wentzel 
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(I981) proposed that the interaction of upper hybrid (UH) waves 

generated by the loss cone distribution of electrons trapped 

in the closed magnetic fields with the lower hybrid (LH) waves 

generated by a shock wave gives rise to type I emission. Spicer et al 

(.1981) identified the newly emerging magnetic flux as the agency 

which drives the shocks perpendicular to the magnetic field. 

They also estimate the LH turbulence level in the perpendicular 

shocks, which stochastically accelerates the electrons, which 

in turn generate UH waves, once th«:y develop a loss cone. 

The interaction between UH and LH waves gives rise to the 

radiation. The chain is produced when the shock moves out 

in the corona producing bursts at various places where the reso-

nance conditions are satisfied. The bursts could be generated 

intermittently due to the random weakening or strengthening 

of the shock (Spicer et al 1981j because of fluctuations in the 

corona (Yakobalev, 1980) or due to the fact that emissions occur 

at those places in the corona where the plasma frequency matches 

with integral multiples of the UH frequency during the lifetime 

of the shock (Wentzel, 1981). 

Ion-Acoustic turbulence as another alternative low frequeoc y 

turbulence to interact with higher frequeocy electrostatic waves 

was proposed by many authors (Melrose, 1977 Benz and Wentzel, 

1981, Malara et aI, 198.5). According to Benz and Wentzel (1981), 

ion-sound turbulence is generated by parallel currents due to 

coronal evolution. Then the slope of the chains in the dynamic 

spectrum cannot be explained by such a model. In the emerging 



flux theory of Spicer et al (1981) the perpendicular currents 

due to shock gradients feed the LH waves. We propose here 

that ion-sound waves can be generated by the perpendicular 

currents and these IS waves can interact with the UH waves 

to generate the Type I radiation. 

2. Ion-sound turbuleoce due to shock gradients in collisionless 

plasma 

The generation of lon-sound turbulence is an interesti~ 

problem both in laboratory and In the astrophysical contexts 

(Kaplan and Tsytovich, 1973). The ion-sound instability is generated 

when the relative velocity between the ions and electrons in 

a plasma exceeds the ion-sound velocity. The growth of ion

sound waves, therefore, depends upon the drift current present 

in the plasma. When shock waves propagate through a magnetized 

plasma the shock gradients generate currents perpendicular 

to the magnetic field. These currents generate lon-sound waves 

propagating perpendicular to the magnetic field. In non-isothermal 

plasmas, the generation is very efficient. Even in isothermal 

plasmas, ion-sound waves can be generated with a high energy 

density, provided the Buneman instability generated in the front 

of the shock heats the electrons differentially so that non-isother

mality is generated (Galee v, 1976; Kaplan and Tsytovich, 1973). 

In this section we derive the expression for the growth 

rate of the ion sound waves generated by shock gradients and 

the energy density of the ion sound (IS) turbulence saturated 

13 



by quasilinear effect. We compare the energy density of the 

lower hybrid (LH) turbulence with that of IS turbulence generated 

under similar conditions and show that the IS turbulence grow 

to higher levels. We also show that is turbulence could be a 

better candidate for the low frequency turbulence needed to 

genera te type I solar radio bursts. 

2.2 Dispersion relation for ion-sound waves generated by 

shock waves 

We consider a collisionless shock wave propagating perpendi

cular (in the x-direction) to the magnetic field in the z direction. 

Since the ion Larmor radius exceeds the shock thickness, ions 

are treated as unmagnetised. The electrons gyrate many times 

in the magnetic field in the shock transit time and hence they 

are magnetised. In the shock frame, the density and magnetic 

field gradients are In the x-direction. As the electrons are 

decelerated in the x-direction due to induction and the ions 
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are unaffected, there is a net charge separation in the shock-

front so that an electric field Ex arises. 

By assuming 
---tI A 
S = Bz. 80 (1- Es ~) represents the mag netic 

field in the neighbourhood of a point of inflection in the wave 

(where B,: SOl v)(.:uo etc), we get: 

(2.I) 



But in the above field configuration, E~ in the magnetosonlc 

wave is given by 

E = - ~ v:te-
,c. c:. 

Therefore we obtain: 

where 

~::-

E = 1:3 

(2.2) 

(2.3) 

(2.4) 

is the magnetic field gradient, 130 is the ambinet magnetic 

-field at x = 0, n am -e are the density and charge of the electrons. 

This electric field gives rise to a cross-field drift given by 

v=_c E" Co So E 
E' - e eo J.tTr-n~ (2.5) 

The gradients in density and magnetic field give rise to the 

drifts 

2-
E Ve. 

'V"" = 
.,., 
..JL.e. (2.6) 

and 
2-

EB "..L 
VIS =-

...Il.. (2.7) 
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where E = 'Y) is the gradient in density, ~:. ~ 
'mel: 



is the electron cyclotron frequency, Ve is the electron thermal 

velocity, me is the electron mass and c is the velocity of 

light in free space. 

We are interested in solving the Valsov-Polsson equations 

to obtain the linear dispersion relation. The equilibrium distribution 

iuretion can be obtained in terms of the following integrals 

of motion: 

I 2 W. = -".,.V - Fx T . 2. 
(total energy) 

(z-momentum) 

(2.8) 

(2.9) 

(2.10) 

Here F is the force due to the charge separation electric field: 

F ::. - e E';IC. (2.11) 

The simplest equilibrium which reduces to a Maxwellian in the 

absence of inhomogeneities may be given as, 

where Te is the electron temperature and 0{ is the parameter 

characterizing the spatial variation. It is related to the density 

gradient by the relation, 

E'I'I= ~ t £ 
Teo (2.13) 
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The perturbation of such an equilibrium can be described by 

the linearized Vlasov equation: 

(2.14) 

where 

(2.15) 

is the perturbed distribution function and is the 

perturbed potential. Equation (2.14) can be solved usir~ the 

method of characteristics (see e.g. Krall and Trivelpiece 1973). 

The characteristics are 

-+ 
'V 

(2.16) 

where we have assumed the magnetic field variation In the 

form, 

(2.17) 
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The particle trajectories "t', l' which arrive at ~ l' when t,1 ... t 

can b~ obtained from (2.16) as, 

v~ = V.1. e~ [e -+..c'l.cr.. ( el
- t)] + Ve b'''' .tl.c. (c' .. e) 

I I ] V I:-L _n_(t~e) -11- V v~ = ".&. S"I.'~ re -t..tl.c. ( ~ - c) - E l\..V" ---. LJ 8 

V I - V. 
'2.- Z. 

(2.18) 



and 

1 

--x. = 

, 
~ = 

I 

-:z.= 

-,t.+~ ['i"'YI[e+~(t'-/;:)J- S~'7"\e ~ 
....n..e. 

+ 'IcE [ \ - Co-1 -ILe ( l::~ t: ) 1 

(2.19) 

Here, V~ ':. V..J.ccr;)S, v~-=- vJ.~"'\"Ie. We have neglected terms of 

order ce2.. ,under the assumption of weak spatial gradient. 

Equation (2.14) can be formally integrated as 

t f I .... ' t a~ ( , -1>') .f, (~ ~ ~) = -£. cl t- V tp ( '" J f; ). ~c. ~ I \' 

'h') d-' _~ '1/ 

(2.20) 

Taking 

(2.21) 

and assuming that the local approximation (Krall, 1968) is valid 

( t'. t", c..pC-..) = fie» one can perform the integration in (2.20) with 

the aid of (2.18) and (2.19). The result is 

-?I(e~ tp(o) ~ +oe.(-x.)~) , 
Te 

~ Ii - (w- w*) Z Jp[~) ~(~ )e.~p(i (p-cz)e)l 

r P,z. (to _ ft, v. -+ "-,v .. _ p~) J (2.22) 
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where 

Since the ions are unmagnetised, their distribution is simple: 

(2.23) 

where 

(2.24) 
I 

Ta:) 'WI~ being ion temperature and ion mass respectively. Substituting 

(2.22) and (2.23) in the Poisson's equation, 

(2.25) 

one can eliminate <fro) to get the dispersion relation, 

;i + 1. . + Ae = 0 
~ ~ 

(2.26) 

where 

(2.27) 

and 
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(2.28) 

where and are the Debye wave number and 

thermal velocity of species a( ( 

defined as 

= e, 1). The W-function is 

"X,- z 

(2.29) 

We con;ider the range of frequencies !~Vt: (w<:.D.e.. In this range, 

one can neglect· terms af order wi P.n..fe.' P:'±~'±9-nd expand 

W (Wlk~v~) asymptotically. From the. Rankine-Hugonlot relatians, 

we note that the jump in magnetic field and deosity across 

a laminar shock are af the same order. Defining an average 
- .2. 2-

gradient-B drift, VI;;':. Cs VoL. ~ E:,., Ve, , We fInd that Via'"" V..". Hence 
Jl.4!. ~ 

we get 

(2.30) 



21 

With further assumption that· k~ Ve "> -'le. . and :2. > VEAl, 
'::t e. 

we can solve the dispersion relation (2.26) to get the frequency 

t.u.,. and growth rate as, 

(2.31) 

and 

(2.32) 

where 

Here (2.33) 



The frequency of the waves given by (2 • .31) -is -nothing but the 

ion-sound frequency because -4..~< 1 and 'e. '>">1i. The frequency 

can be written as 

w=+ r 
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(2 • .35) 

where Cs ::. ~Te.~c: is the ion sound velocity. 

The first term in (2 • .32) is the ion-Landau damping. The 

second term is due to electron Landau damping and drifts. 

The mode with lower sign in .(2.32) grows when 

(2 • .36) 

Now, Ve =- 3- '> i , and hence the instability criterion is easily 
VB P 

satisfied provided the Ion Landau damping is negligible. This 

is in fact so because of the condition Te:. "»1l • Differentiating' 

(2.32) wIth respect to k, we find that r rea:ches a maximum 

value of T"§.r. ~ when k", kc.. When the wavenumber decreases, ..J -:;;; .. 

'Y also decreases and "'('= .J.. ~t ...l2.c, whe~ l<. "" kt -&. Hence 
!:I- ~. wPe. 

one can conclude that the maximum growing modes lie in the 

range, [kc. ..tl.e. , kc' ] 
"'Pe. 

2.3 Quasilinear saturation of ion-sound instability 

Once the ion-sound waves start growi~, the electrons 
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in the resonance region start diffusing in velocity space due 

to quasilinear interaction. Therefore, the equilibrium distribution 

function of electrons changes slowly with time. Because of 

this, the energy density of the ion-sound waves saturates. The 

change in equilibrium distribution function can be found as 

(2.37) 

where <!.- ... '). denotes average over fast time scale. ij is 

the rapidly fluctuating part of the distribution and -fo '» I-f, 1 • 

Calculating as In the linear case, we get 

d~o _ ~ ~ fk%~ +2.W~ - k!J L ] :r;(k;~). 
at - ')"Io)~ t r av:z.. ~v~~ a(~-..tl¢~) ..n.e. 

[ k;> 2. W 2.. - i<~ 2- 1 -+ • 
• z. avz' + fJ~2.. 3(V~-.t2e. ... )J e 

(2.38) 

The calculation is similar to that of Krall and Book (1969). 

But in our case the resonaoce region is determined by VE rather 

than VB' Since most of the waves propagate in a narrow cone 

around the direction of drift, we assume k'2. = 0 and we get 

the effective collision frequency due to ion-sound turbulence 

as 

(2.39) 



The change in the equilibrium iurx:tion due to· quasilinear effect, 

iz 'd.fc v, _ 
3t" 

is obtained from (2.38). This change is proportional 

to the energy density of IS waves which enters through 'the 

quasilinear diffusion coefficient. Evaluation of the integral 

(2.39) yields, 

(2.40) 
/"J- 2.. 

where Ws = ~ I( J~I the energy density of the lon-sound waves. 
k 

We can take the scale le~th of magnetic fieJd variation 

in the shock as 

(2.41) 

where .fJ 13 = (~;B,) is the jump in magnetic field (see Fig.2) 

across the shock and Ls is the shock thickness. Putting this 

in the marginal stability case of (2.36) viz, 

2. 
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- Cs ~ = i. v.... e (2.42) 
e. 8 

we get an expression for the shock thickness LSI 

(2.43) 

The shock thickness is also related to the effective collision 

frequency due to the illStability generated in the shock by (Spicer 

et. al., 1981) 



""12.- i 
A 

(2.44) 

where M A = V. I V A is the Alfvenic Mach oomber, 

V A = 130;) J.f 1T"Y'\~i is the downstream Alfven velocity and 

V I is the velocity of the shock. Relations (2.43) and (2.44) 

can be used along with (2.40) to find 

'I)... :&. 

~ =(~) ~ C.sV: (MA-.i) 
tnle, 'l'Oe. 130 Ve NA 

-[ i-t t- ~ ] 

The above expression IncUcates that the energy density of the 

ion-sound turbulence depends upon the jump in magnetic field 

1l S , the electron temperature Te , the Alfvenic Ma~h rumber 

M A' the coronal plasma f3 and the ratio of the plasma frequeocy 

W pe to the electron cyclotron frequency..t2.e. 

2.4 Comparison with lower hybrid turbulence 

For weak shock waves, the energy density of the LH turbu

lence has been calculated by Spicer et. al. (1981) as 
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.- J§,« - -'l'Y)" 
1. 

VA -
2-

1\1-:1.. 
~ 

comparing the expressiol"'5 (2.46) and (2.45) one gets 

In most of 'the plasmas of interest, 

the LH turbulence saturates at a lower level compared to the 

IS turbulence. The other factors in equation (2.45) are not 

important. In the coronal region where type-I bursts occur, 
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say 100 MHz level, the magnetic field is .,-v 1 G (Gopalswamy 

et. al. 1984.), which corresponds to a cyclotron frequency of 

2.8 MHz. Then 'the ratio -ti;.J 'l. "V 2.8 x 10-2 and hence WUI"" 
7W~ WS 

4.5 X 1 0-3. lIb 1 Under such circumstances, c ear y, IS tur u ence 

is important. 

Though we have compared the LH and IS turbulences 

under identical conditions, one should note that we have assumed 

T e »T i- The solar corona is usually isothermal (T e ~ T i) under 

which case the Landau damping for the IS waves will be dominant. 

But it has been pointed out (Galeev, 1976; Tidman and Krall, 

1971) that a variety of instabilities are excited at the shock 
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front and most of them essentially heat the ele(:trons and quenched 

at the initial portion of the shock front itself. Deeper into 

the shock, the condition T e > T i is established ard IS waves grow 

and these waves determine the structure of the shock wave 

by limiting the perpendicular current, quas ili nearly • The situation 

is explained in Fig.2.2. The Buneman instability is first to occur 

with V E rv Ve near the front of the shock which heats the electrons 

and increases Te/Tj. Deeper into the shock VE<- Ve' and the 

Buneman instability is quenched whereas IS instability is excited. 

In fact, the magnetic field gradient £10 needed for generating 

the Buneman instability can be obtained as 

V -.. c. Bo E - V. • v - e 
E- - e ,..rr""e 

-3 -do. 1· 8 )(. J b e."., 

e -4-1 For IS waves, P.:I~ 1.8 x 10 cm. 

(2.48) 

This means the density gradient at the initial portion should 

be 43 times more than that in the interior. This will be satisfied 

in 'the shock configuration assumed by Vlahos et. ale (1982) • 

. Moreover, M;ller-Pederson et. ale (1977) have concluded that 

whatever be the initial value of Te/Ti' ultimately IS turbulence 

will be generated. 

Now, let us consider the generation of type-! radio bursts. 

Basically we need high frequency waves to coalesce with low, 

frequency waves to procluce electromagnetic radiation as type

I radio bursts. The generation of these waves must be due to 
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Fig. 2.2. The profiles of B, Ve and VE at various portions 

of the shock; the regions of ion-sound and Bunema.n 

instabilities are also indicated. 
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some agency moving through the corona. The small drift rate 

of type-I chains indicates that the agency must be a weak shock. 

The weak shock, therefore, should generate both high and low 

frequency turbulence. In the emerging flux theory of Spicer 

et. ale U 981), the high frequency waves are· UH waves generated 

by energetic electrons stochastically accelerated by LH waves. 

We argue that the IS turbulence is a plausible candidate for 

the low frequency waves because of their higher level of saturation 

energy and the larger width in wave number space so that the 

resonance conditions for the interaction with high frequency 

turbulence is easily satisfied. We consider these points in detail 

below. 

2.5 Energy requirement of low frequency waves 

For the UH waves to provide adequate brightness temperature, 

the low frequency waves should have an energy density, 

w~ 
-> 
'YlTe 

(2.49) 

where ~ represents any suitable low frequency waves that 

interact with the UH waves to produce the radiation; LN is 
q" 

the scale height of coronal electron density variation and v~ 

is the phase velocity of the low frequency waves. For a coronal 

plasma frequency of 100 MHz, LN~ 1010 em. For typical phase 

velocities of the low frequency waves in the million degree 



corona, one gets from (2.49) 

(2 • .50» 

This condition is satisfied only marginally by the LH waves 

whereas the energy density of IS waves is much larger than 

the limit (2 • .50) as is evident from the discussion in section (2.4). 

2.6 Acceleration of electrons to generate high frequency waves 

Now, the low frequency turbulence should generate energetic 
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electrons. The energetic electrons should develop a loss cone 

distribution to generate the necessary high frequency waves. 

The LH waves can stochastically accelerate the electrons to 

tti&h energies while the IS waves cannot (Lampe and Papadopoulos, 

1977; Kaplan et. al., 1974). But there is another efficient 

process by which the IS waves can produce energetic particles 

with a loss cone distribution in order to generate UH waves. 

Whistler waves and IS waves have the same range of frequencies. 

Hence, the IS waves can get converted into whistler waves 

through non-linear scattering from the ions and electrons. The 

characteristic time of conversion is : 

-:l 
,20 ( W'S') - ;L 

- ..I'lc, 
.,., Te, 

(2 • .51) 

where ~::. SJr'l'1T and -'l.c. is the electron cyclotron frequency_ 
8~ 

c 
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These whistlers have electric field normal to the magnetic field 

and hence increase the transverse energy of the electrons as 

they are absorbed by the electrons. Once the transverse velocity 

of the particle exceeds certain threshold value determined by 

the mirror ratio, the electrons are trapped. The characteristic 

time over which this trapping occurs is : 

, -1 
T. -= .!. (~) (v.... ) (~) ...fl.-e, .i 

h rr ...a... l ve, "'IC 
(2 • .52) 

where -w: is the energy density of whistler waves. For a Vh 

(velocity of the heated electron due to whistler absorption) 

of f'V 7· Ve and -W-~ 0.5 W s one gets l rv 0.01 s and scatter 

T - 0 • .5 s. Both these time scales are well within the heat 

collisional damping time (Kaplan and Tsytovich 1973). 

(2 •. 53) 

where 

'i}-'lp.; -ion temperature and ion plasma frequency, No- Debye IlJmber 
. .3 

= "" A,J)' ..\,P being electron Debye radius. Hence the ion sound 

turbulence provides an alternative mechanism to produce loss 

cone distribution of energetic electrons. 

2.7 Overlap in waverumber space 

For the efficient interaction of the high and low frequency 



waves, the following resonance conditions should be satisfied: 

(2 • .55) 

where ( k, w) are the wave number and frequency, and L, 

(J" " t represent the UH, low frequency and transverse waves 

respectively. Since ~I:<'<. kl., kO'" one needs kL IV ~. For 

maximum growing modes (Wentzel 1981), 

I 
(2 • .56) 

and for the ion sound waves, 
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Since .::::s <<. 1 for the coro nal plasma level at 100 MHz, we 
wPe. 

see that there is a better overlap In the k-space In the case 

of 15 waves compared to the LH waves. The equation (2.'7 ) 

demands that V h must be atleast 20 Veto satisfy the resonance 

condition while moderate electron heating is sufficient in the 

case of ion sound wave because of its wider ra~e of maximum 

growth. 
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It is clear from the above discussions tha. t 'the IS turbulence 

excited by the weak shocks is more likely candidate for the 

generation of type-I bursts in the solar corona. 

2.8 Estimation of coronal magnetic field ·using type I emission 

The coronal magnetic fields can be estimated only indirectly 

from the various types of radio emissions emanating from different 

heights in the solar atmosphere. Because of solar activity it 

is difficult to define an average magnetic field in the solar 

corona. L1ke density and temperature, magnetic 1ield also is 

enhanced in the active regions. These parameters, moreover, 

vary from one active region to another. The magnetic field 

also depends on the evolution of the active region in time. 

The estimation of magnetic field using a particular radiatIon 

applies only to that situation which gives rise to the radiation 

in question. For example, .U one estimates magnetic field using 

mise storm measurements, then the field corresponds to a slowly 

varying active sun. If the magnetic field is derived using other 

radio bursts, like Type-II etc, then It correspooos to a fast cha~i~ 

active sun because of their close association with flares. 

Using the properties of various radio emissions, Newkirk 

(1967, 1971) estimated the magnetic field strength, Dulk aM 

McLean (1978) re-evaluated the sources of data and improved 

the estimates by eUminatlng those data which involved an interpre

talon in terms of out !'loded, incorrect or inapplicable plasma 
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concepts. The radio emission based estimates included in the 

analysis of Dulk and McLean (1978) and Tanstorm and Benz 

(l978) correspond only to fast cha~ing active regions because 

all these radio bursts are flare associated. The type-I bursts, 

which correspond to a slowly changing active region, are not 

used for magnetic field estimates mainly because the theories 

of these bursts were uncertain at that time. 

Apart· from slowly varying component, (Kaklnuma' and 

Swarup, 1962) the type-I storms are probably the only phenomena 

that could be used to estimate the magnetic field in the active 

regions in the absence of flares. The understanding of the type-

I phenomenon has improved very much after the emerging flux 

theory of Spicer et al., (1981). A working model based on this 

theory has been proposed by Wentzel (1982). It is -therefore 

worthwhile attempting the magnetic field estimation using type-J 

storms. This provides an opportunity to compare the estimates 

with those of Dulk and McLean (1978) who excluded estimates 

from type-I phenomena. Wild and Tlamicha (1964) made use 

of the spectral characteristIcs of type-I chains to estimate the 

coronal magnetic field. This was included in the compilation 

of Newkirk (1967, 1971). It was mentioned by Wild and Tlamicha 

(1964) that shock waves could generate the type-I bursts. They 

assumed that the velocity of the exciting disturbance to be 

the same as Alfven velocity and estimated the radial field. 

Actually the shock wave has super-Alfvenic velocity and therefore 

their estimate may correspond to the upper limit of the magnetic 
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fields. Takakura (1966) attempted to use the pola.rjzation proper

ties of the type-I bursts to calculate the radial field which sets 

a lower limit. The result was nearly 10 Gauss at 50 MHz which 

is a very high value. This is basically because the theory used 

by him has severe draw backs (Melrose, 1980). In this chapter 

we derive the coronal magnetic fields at various heights based 

on type-I chain observations assuming that the emission is at 

local plasma frequency_ The velocity of the shock, calculated 

from the drift rate of the chains, and the density jump across 

the shock, obtained from the observed bandwidth, are used as 

the imput in the Ranklne-Hugoniot relations and the magnetic 

field is calculated. 

One of the interesting features of the type-I bursts is 

their narrow bandwidth, which implies that the density jump 

across the shock must be only of the order of a few percent 

of the ambient density (Spicer et a1., 19&1). Since ..I2..e.« wre,. the 

emission is assumed to be at the local plasma frequency, the 

bandwidth and relative density jump could be related as follows: 

'l- I-In'l'lc. 
2-

wf't. = -,." (2.59) 

I~I = J.. .1." 
:l- "., 

(2.60) 

where n, e and m are the ambient density, charge and mass 

of electrons and A"fI is the density jump_ As the bandwidth 

of the type-I chains is very smali, the shock travels only a small 

distance in the corona compared to the coronal scale height. 



Suppose the emission starts at a frequency +. corresponding 

to a plasma layer of density 'V'I, and the emission stops at the 

frequency -t:z, corresponding to a layer with density .,.,~. Because 

of the closeness of the layers, the difference ('\'\ I - "'a.,) will be 

very small compared to the average density. When the shock 
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reaches the ~2. layer, the ~I layer will be within the shock wake 

as the shocked region takes a long time to relax to the equilibrium 

situation (Lampe and Papadopoules, 1977; Lacombe and M~ller

Pederson, 1971) compared to the time taken for the shock to 

travel from· the 'Y'I. layer to the "'Solayer. Hence one can assume 

that the density remains almost same from immediately behind 

the shock to the starting layer. Therefore one can equate the 

density jump ,.:1"" across the shock to the difference ( 1)'\, - ~) 

and hence relate It to the bandwidth jjf = f 1 - f 2• (wentzel, 

1981; Spicer et al 1981; Wentzel, 1982). 

The chains of type-I bursts (Wild and Tlamicha, 1964, 

Hanasz, 1966, De Groot et ale 1976) have ·very small drift rates. 

Assumi~ a particular. density model above the active regions, 

the observed drift rate can be converted into radial velocity 

V I of the agency (the shock) causing the bursts as follows: 

where -f: = Pc 

is the gradient 

~~ 
2-'VIC 1\.) e 

Pc. -rr'tY\ 

, -
(2.61) 

Wh/'l.fT, ~ is the frequency drift and ~ilpc 

of the plasma frequency of the corona. Since 

, the radial velocity depends upon the assumed 



density model. If we assume str ictly perpendicular shocks, 

then V 1 corresponds to the upstream velocity. The density 

jump and the upstream shock velocity are related to the Alfven 

velocity and ion-sound velocity through the Rari<ine - Hugoniot 

(RH) relation (Tidman and Krall, 1971) as follows: 

where 

is the Alfven velocity, 'W\. is the ion mass, C s is the ion sound 
" 
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velocity and B is the ambient magnetic field. H the coronal 

temperature is assumed to be constant ( Te, -:::::. It>1. k ) then C's 

is a constant. Knowing .kn/,." and VI from observations, V A 

and hence the magnetic field can be estimated. 

We used type-l chain data, coveri~ the ra~e from 250 

to 46 MHz (De Groot, 1966; Karlicky and Jiricka, 1982; Wild 

and Tlamicha, 1964; Elgaroy and Ugland, 1970; Tlamicha, 1982; 

Aurass et al., 1982; and Aubi~r et a1., 1978) which approximately 

lies between one and two solar radil. This is the region in which 

the noise storm activity is maximum. The shock velocity and 

the density jump are used in the RH relation (2.62) to get, 

a.. 
VA _ ..... 

V2. 
I 

1. 2. 

g(t-~)_ 2. (:1- ~)(J+5"~) 
- I 

i + 5' (1.- ~) 

(2.63) 



Those data which give negative values for the right hand side 

of the relation (2.63) have been excluded. In other words 

C, V, and ~ must satisfy the following inequality: 
S "I'l 

(2.64) 

The type-I bursts occur at the top of the closed magnetic fields 

according to the emerging flux theory as well as other observations 

(Kruger, 1977). Therefore the plasma beta must be less than 

untiy or, in other words, the Aliven velocity has to exceed the 

ion-sound velocity. Therefore, (2.64) becomes, 

(2.65) 

where we have also included the requirement that the shock 

velocity VI must exceed the Alfven velocity for the shock 

to exist (Tldman and Krall, 1971). We have used the density 

model, 

tot -r 4- :!>l.h 
'YI(f) = l.t-2.. 'X ~ \0 

(2.66) 

where f:: ~/A.(!) is the radial distance in units of solar radIus 

A.(f) ,x = 2 for Newkirk streamer model and x = 4 for 2 times 

Newkirk's streamer model. The quantities f and ,." are related 

"by 

38 
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f= 4·Q"'4S 

~ ( ~/2.'58?l) 
(2.67) 

and 

f-
. 
.) 

(2.68) 

where ~,-:: -flPC./'O' is the frequency in MHz. The correspondi~ 

shock velocities are, 

, -
-J?, (2.69) 

and 

(2.70) 

Actually, the factor x. can vary from 2 to , or even more for 

specific active regions. We have taken these two models to 

show that the magnetic field estimate is model dependent. 

The derived values of coronal magnetic field stre~ths 
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are plotted in Figs. 2.3 and 2.4 for x = 2 and'x :: 4 respectively. 

Also plotted are the values obtained by assuming that the shock 

velocity is the same as the Alfven velocity. For the sake of 

comparison, we have shown the curve obtained by Dulk and 

McLean (1978), Viz 

-1-5 
13 = 0- 5 (f- I ) (2.71) 

This curve is obtained using the results of many techniques 

for coronal field estimation. The magnetic field values obtained 

from. the Type-I chain data are given in Table I. The values 
• 

can be fitted by straight lines to get the following single parameter 

formulae: 

and 

-0- gq 
B =- 0 - U I (f- I) 

-o-Cf'1 
B= o-5'f(f- l ) 

_ O-~2.. 

B:: 0- S~ (f- I) 

v, > VA J ~ 
, ')(=2-

V, = VA 
(2.72) 

V, > VA} ~ 
... 'J( ':'. It 

V, = VA 

(2.73) 

The above curves are depicted in the figures (2-3), (24) 

and (2-5). It is. clear from figs. (2-3) and (~) and also from Tat>le I 

that the magnetic fields obtained by the method ( Vj :: VA ) 

of Wild and Tlamicha (1964.) are slightly more than the values 
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obtained by our method ( v, ') \A). The field stre~ths obtained 

by Dulk and McLean (1978) are larger compared to both '1,: vA 

and V,) VA cases for the density model, x = 2 while all the 

values come closer for x = If. model. The qualitative behaviour 

of the magnetic field as a function of the radial distance is 

almost same In all the cases. It is clear from fig.(2r.5) tha t 

an enhancement In electron density leads to higher values of 

the magnetic field. 

2.9 Conclusions 

In this chapter we have discussed two aspects of type I 

solar radio emission. The first one deals wIth low frequency 

turbulence genera ted In· the shock fronts responsible for type 

I radiation. Here we derived the dispersion relation for the 

ion sound waves excited by the perpendicular currents In the 

shock fronts and the growth rates are estimated. The saturation 

level of lon-sound turbulence is obtained from a quasUinear 

analysis and compared with that of lower hybrid waves generated 

under similar conditions. It is found that the ion-sound turbulence 

saturates at a higher level compared to the lower hybrid turbulence 

and therefore, the former is a better camldate compared to 

the latter because of the higher energy density· and the fact 

that there is a better overlap In the wave wmber space also. 

The shock waves produced by the newly emerging flux 'give 

rise to the ion-sound turbulence which, aCcOrdi~ to our analysis 
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is the most favourable candidate to interact with the high frequen

cy waves to generate type I emission. 

The second one concerns with the estImation of' macroscopic 

parameters of the corona by assuming that weak shocks generated 

by the emergi~ magnetic flux are responsible for the type I 

radiation. The most important macroscopic coronal parameter 

is the magnetic field. The coronal magnetic fields are deduced 

mainly from the data of various radio emissions from the sun 

during its flare. The type-I emission is of particular importanCe 

because It is the only nonthermal emission which is not flare 

associated. There were a couple of attempts to estimate the 

magnetic fields using type-I bursts (Wild and Tlamicha, 1964, 

Takakura, 1966). The fields obtained by Takakura (1966) are 

overestimates because of the inadequate theory, used. The 

approach of Wild and Tiamicha (1964) Is correct in that they 

assumed the velocity of the agency causing type-I chains to 

be equal to the Alfven velocity. It is known at present that 

the type-I emission is caused by super-Alfvenic shocks and hence 

the magnetic fields deduced will be less than the above. Since 

the type-I bursts correspond to mild variations in the active 

regions, the shocks have to be weak. Therefore the shock velocity 

wlll be slightly more than the A1fven velocity. Comparison 

of our values with those of Wild and Tlamicha (1964) supports 

this fact because our values are only slightly less. 

The field stre~ths obtained by Dulk and McLean (1978) 
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are larger than both our values and those of 'Wild and Tlamicha 

(1964) for x = 2 densIty model. This is because the values 

obtaIned by Dulk and McLean (1978) correspond to active regions 

conducive for flares where one expects' emanced densIty and 

magnetic fields. In the x = 4 density model, the curves due 

to our method and of Wild and Tlamicha (1964) come closer 

to that of Dulk and McLean (1978) because we assume a higher 

density in this m.odel which may not be a reallstlc approximation. 

This therefore provides an Indirect evIdence for the fact that 

the flare associated bursts correspond to a corona with enhanced 

density and magnetic fields. 

The collected data of the type-I chaIns correspond to 

various times and locatIons in the corona and from instruments 

of various characteristics. Therefore the calculated field may 

not correspond to a particular active region. 

In conclusion, we point out that our estimates agree 

well with those of. Wild and Tlamicha (1964) based on shock 

waves. It, Is also evident that the density and magnetic fields 

in the active regions from where type-I emissions originate 

must be less than those in the actIve regions associated with 

flares. In' summary, the formula B = 0.",1 (S _0-0•89 gives 

the coronal magnetic fIeld B above mUd active regIons as a 

function of the radial distance 
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CHAPTER m 

FINE STRUCTURE OF SOLAR OECAMETRIC RADIATION 

OBSERVED USING THE GAURIBIOANUR RADIO TELESCOPE 

3.1. Introduction 

48 

Fast microstructure in solar radIo emission is quIte well 

known in the wavelength ra~e from a few mlllimeters to deca

meters (Slottje, 1972, 1978, Sastry, 1973, etc.). The outer corona 

can be studied uslr~ telescope operating at low frequencies. 

The radio telescope used to study the fine structure of tile radio 

emission operates around 3.5 MHz and is located at Gauribldarur. 

There are many interestl~ features in the decametric radio 

emission both in contiooum and bursts. We mainly coo::entrate 

on two distinct features: 1. the peculiar time structure of solar 

decametric type m radio bursts and 2. decametric absorption 

bursts. 

Usually, time profile of a type m burst is characterized 

by a sharp rise followed by an exponential decay. If the decay 

is due to collisional dampir~, one can easily calculate the kinetic 

temperature of the corona where the bursts originate usl~ the 

standard formulas. Ouri~ the course of our observations of 

storm type III bursts (Thejappa and Sastry, 1982, Thejappa 

et al 1984-) we found that the time profiles of these bursts can 

take a variety of forms; three distinct profiles are presented 

here 1. the intensity rise to a small steady value before the 

onset of the maIn burst, 2. the intensity of the main burst 
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reduces to a finite level and remains steady before it decays 

to the base level, and 3. the steady state is present duri~ 

the rise as weU as the decay phase of the main burst. 

We have also detected many interesti~ absorption features 

during our observations of the microstructure of the decametric 

contlruum. The characteristics of these absorption features 

are found to be different from those at short wavelengths (Sastry 

et ai, 19&3, Gopa1swamy et al 1983, 1984 Thejappa et aI, 1984)., 

In what follows, a summary of these observations are presented. 
, 

A description of the Gaurlbidarur Radio Telescope can be found 

in Section 3.2. The peculiar time profiles of type 111 bursts 

is described in section 3.3, whereas in section 3.,*" the observations 

and theoretical interpretation of decameter absorption bursts 

are presented. 

3.2. Equipment 

Decametric Radio Telescope located at Gaurlbidanur (Latitude 

13-36' 12" N, longitude 7J-26'07"E) is a T-shaped array of one 

thousand broadband dipoles 640 in the east-west arm and 360 

In the south arm. All dipoles accept east-west polarization. 

A full "reflectirg screen (area 60,000 rn2) is mounted 1.' m below 

the dipoles. The entire structure is supported on a grid of 1500 

wooden poles of varying lengths of upto 3' feet to compensate 

for the terrain. The dimensions of the· array are shown in fig. 

3.1. A photograph of the east-west array taken from the eastern 
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Fig. 3.2. The east-west array of the Gauribidanur Radio Telescope. 
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F ig.3.3. The South arm as seen from its southern end. 
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end is shown in fig.3.2. and a photograph of the south array 

taken from the southern end is presented in fig.3.3. The outputs 

of the east, west and south arms are carried by coaxial cables 

to the centre of each arm and from there to the main observatory 

building. The signals are amplified and the sum of the east 

and west signals is correlated with that of the south arm. In 

this way a beam of about 26 x 38 arc minutes at the Zenith 

is produced at a frequency of 34-• .5 MHz. 

The beam of the south arm can be pointed to anywhere 

within :t 6CJ' of the zenith on the meridian. This is accomplished 

by adjusting the phase gradient across the aperture by using 

remotely controlled diode phase shifters. A special purpose 

digital control system sets the beam to the required position 

and also cycles it through several declinations sequentially. 

The time required to shift the beam from one position to another 

is 6f the order of a few milliseconds, and the number of declinations 

can be varied from one to sixteen. The beam of the E-W array 

can be tilted in hour angle to ±~ of the meridian by remotely 

operated diode phase shifters controlled by another special-i>urpose 

digital system. It is thus possible to track a source for about 

4.5 minutes around the meridian transit. 

In addition to the anolog system, a digital correlation system 

is also available. The hardware for this system consists of 

a 32-channel double sideband front end and a 12&-channel one

bit digital correia tor. The sampling rate is 2 MHz and the integra

t~on time can be varied from 2 to 2.56 ms. For this receiver 
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the N-S array is divided into 23 groups and each group Js correlated 

with the E-W arm. At any instant the fourier transform of 

these correlations yields the brightness distribution of a strip 

of the sky of dimensions 26' (RA) X 1,.. (DEC). The 128-channel 

digital correlator can also be configured to measure the autocor

relation function of a signal. 

The present observations were made with the NS array 

and a multichannel receiver. The NS array has a collecting area 

of approximately 9000 m2 and beam widths of 1,. and 0." in 

the EW and NS directions respectively. The center frequency 

of the receiver system is 3.4..5 MHz. The separation between 

the channels is .50 KHz and the bandwidth of each channel is 

15 MHz. The time constant used is 10 ms. The minimum detecta-

ble flux density is about 1 SFU. The data were recorded both 

in analogue and digltlal forms. 

3.3 Time structure of solar decametre type m bursts 

3.38 Observations 

Our earlier observations on storm bursts are mainly of 

short duration (x 1 s) and narrow band (Sastry 1969, 1971, 1972, 

1973). In the present study we have considered time profiles 

of bursts whose total duration lies between 10-20 s. It is well 

known that the decametrlc noise storms consist of a succession 

of many Type m bursts. The duration of a Type III burst at 

frequencies around 30 MHz lies in th~ above ra~e (e.g. Krlshan, 

Subramanian and Sastry 1980; Subramanian, Kr.lshan and Sastry 



55 

1981). The frequency drift of a Type III burst at these frequeocies 

. -1 
JS of the order of 30 MHz s • Since the duration is in the 

expected range and also there is no measurable frequency drift 

in our records we believe that the events we discuss here are 

Type HI bursts. Also, all the other types of known solar bursts 

have completely different characteristics in this frequency range. 

Fig. 3.4 shows typical examples of bursts under study. In Fig. 

3.4a one can see that the intensity rises to about 20 per cent 

of the level of the main peak a'nd remains resonably steady 

for a perIod of about 4 s before the onset of the maIn burst, 

and we designate this as Type A profile. Another type of burst 

in which the intensity decays to about 30 per cent of 'the main 

peak level and remains steady for a period of 2 s before it 

decays to the base level is shown in Fig.3.4b, and is designated 

as Type B profile. In Fig. .3.4c, there is a small but steady 

rise in intensity for a period of .3 5 before the onset of the 

main burst, and also the maIn burst decays to a constant level 

of about 20 per cent of the main peak and remains steady for 

a period of .3 s, which we call a Type C profile. OUt of the 

total oornber of 165 bursts studied, 34 per cent belong to Type 

A, 45 per cent to Type B and 21 per cent to Type C profiles. 

We have measured the various characteristics of these bursts 

illustrated in Fig. 3.4, which are of interest to us in the following 

discussion. 

Histograms depicting the variation of the rumber of bursts 

versus duration are given in Fig • .3.5 for the three types of profiles 
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It can be seen that in the case of Type A profiles the duration 

lies in the range Ilf.-16 s and that for Type B lies in the range 

10-15 s. The duration of Type C profiles is larger ( ? 18 s) • 

In F ig.3.6 the distribution of .1 T, the time' interval 

between the peak of the. main burst and the onset time of steady 

level in the case of Type A and the start of decay of the steady 

level in the case of Type B is shown. For Type A profiles, 

L1 T is about 5-6 s, whereas it lies between 3-6 s for Type B 

profiles. In the case of Type C profiles, AT 1 (interval between 

the main peak and the onset of steady level) ranges from 5-

7 s and .6.T2 (time interval between the main peak and the 

start of decay of the steady level) is ~ 8 s. 

The distribution of the following amplitude ratios are 

shown in Fig. 3.71 1. the level of the pre-rise to that of the 

main peak P riP, 2. the level to which the main burst decays 

and remains steady to the level of the main peak P 2/p. It 

can be seen that the ratios P I /? and PiP lie in the range 0.1 

to 0.3 in all the profiles. 

Followil"@ the procedure of Aubier and Boischot (1972) 

we have measured the decay constants of the main burst (T1) 

and also that of the final decay of the steady level (~t. Note 

that in the case of Type A profiles only Tl Is present. From 

the his10grams gIven in F 19. 3.8 it can be seen that the deca.i 

constants 't"1' and '-r=z lie in the ra~e 1-4 s for all the three 

types of profiles. We did not find any stro~ correlation between 
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the decay constant 'Tl and the duration of the exciter. Also 

"'C1 and the total duration Tare uncorrelated. 

3.3b. Discussion 

During the periods of enhanced emission at decametre 

wavelengths we have observed that there can be single or groups 

of bursts occurring at random intervals. Therefore, the simplest 

possible explanation for the three types of profiles presented 
to 

here can be that they are dueLsuperposition of bursts occurring 
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randomly in time. But it is found that the occurrence of the 

three types of profiles presented here is maximum only on parti

cular days although the period of enhanced emission may last 

for a much longer time. The fact that the time interval, AT 

as defined above tends to lie in a rather narrow range irrespective 

of the total duration of the· burst, indicates that the profiles 

are not produced by entirely random superposition of independent 

events. Also the measured ratio of amplitudes shows that the 

amplitudes of the initial and final phases are always a fraction 

of the main peak, and this ratio lies between 0.1-0.3. This 

need not be the case in case of bursts of various a~plitudes 

occurr ing randomly in time. 

The second possibility is that these profiles are the manifes

tations of fundamental harmonic (f-h) pairs. From the work 

of Daigne and Mfller-Pedersen (19711-) and Rosemerg (1975), 

it is clear that the time separation between the peaks of the 

fundamental and harmonic emission is, in general, constant 
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and is equal to about 4 s. It was also found that the amplitudes 

in f-h pairs are comparable (Rosenberg 197.5). In the present 

case it is difficult to rule out the f-h pair hypothesis on the 

basis of the time intervals AT· which are about the same as 

found by above authors. But the fact that the intensity ratios 

P lIP and P jP observed by us are much less than unity does 

not lend suppost to this hypothesis. Also, accordi~ to caroubalos, 

et al (1974) the ratio IF- (-r.H of the decay constants of the funda

mental and harmonic should be 01 the order of two if one assumes 

that the intensity of the fundamental IF rv W (the energy density 

of plasma waves), th~ intensity of the harmonic 1H ~ W2 and , 

the temperatures in the regions of both fundamental and harmonic 

emissions are the same. Our observations show that 1', and 

-z;. are in general same and in some case '"[1. can be greater than 

',. Even if our Type A and Type B profiles are possible mani

festations of f-h pairs, it is difficult to interpret type C profile 

on this basis. In the case of f-h pairs studied by caroubalos, 

et al (1974) there are two clear-cut peaks in emission whereas 

in the profiles presented here no prominent subsidiary peak exists. 

Therefore, we believe that the profiles are probably not due 

to fundamental and harmonic emission. Zaitsev, et al (1972) 

have calculated the Type In burst profiles by solvl~ -the one-

dimensional relativistic quasi-linear equations on a timescale 

t ,>,) "( where "t is the characteristic time for the development 

of two-stream instablllty (time taken for the plateau formation 
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i::f: lo..-i. n/n where w is the plasma frequency, n is pe s pe 

the density of the background plasma and ns is the density of 

electrons in the stream) and for the spatial scales x ":»L where. 

L is the intial thickness of the cloud under .the initial conditions 

of a local explosion type. They have shown that at decametre 

and lo~er wavele~ths-where the characteristic time of the 

absorption associated with collisions of electrons with ions in 
-, 

a 'cold' plasma,.v eff is much greater than the characteristic 

time of absorption due to Landau damping in the back of the 

stream ~x/V s (where.AX and V s are the extent of the stream 

in the corona and its mean speed respectively) is satisfied-

colllsions can be neglected and only Landau damping in the 

tail of the stream. determines the dissipation of plasma wave 

energy. Their theoretical profiles agree well with the experimental 

data in the hectometre range under the assumption that electro-

magnetic wave generation takes place at the second harmonic 

of the plasma frequency. Zaitsev et al. (1974) extended the 

same in the case where the injection time of hot electrons 

from the region of the flare is considerably greater than the 

time of existence of the burst at a given flxed frequency. 

The dissipation mechanism is the same Landau damping on taU 

of the beam even at the decametre and metre wavelersths. 

The results of Zaitsev et al. (1974) have been confirmed by 

"the extensive ru mer ical work done by many authors (Takakura 

and Shibahashi 1976; Magelssen and Smith 1977, Grognard 1980).1 

The energy density of plasma waves is given byt 



for the final momentum distribution of the stream: 

The mean velocity of the beam 

~ 
\J~ -=- (€:o/~) ~ 
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(3.1) 

(3.3) 

where ns is the electron density in the beam, e. is the intial 

energy of the beam, ~ = x/t, x is the distaoce between the photo

sphere and the respective plasma layer, m is the mass of an 

electron and =v eff is the effective number of collisions. The 

energy density reaches its maximum when 

It is possible that the profiles presented here are due 

to the superposition of two or three bursts caused by ordered 

electron beams ejected with a constant time difference. In 

the case of Type A profiles, the electron beam responsible for 

the main burst should reach the. appropriate plasma level soon 

after the electron beam causing the pre-rise leaves the same 

level. Then the time interval • ~T' is equal to the time at which 

WL (plasma wave energy density) causir~ the main burst reaches 
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its maximum. Since we know .4 T from observations, we can 

find the initial energy of the beam causing the maIn burst. 

From the observed ratio Pl/P, we can find the intial energy 

of the first beam. If we take x = 1.1 x 1011 cm and AT = 

10 -1 10 
/4. s, the V 2 = 1.856 x 10 cm s and VI = 0.37 x 10 cm 

-1 s , where VIand V 2 are the mean velocities of the first and 

second beams respectively. By computing the resultant time 

profile with the above initial energies of the beams, we are 

able to reproduce approximate profile of Type A and the rise 

part of Type C. It is not possible to reproduce the steady decay 

of Type B and Type C profiles in this manner. Note that the 

superposition of WL is possible since we have used a combination 

of two beams which foUow independent paths. It may be possible 

to construct all the time profiles by a combination of more 

than two beams. Bllt it is not clear how the electron beams 

are accelerated to the above energies and ejected with constant 

time differe nee. 

The other possible explaration for the observed profiles 

is that the conversion mechanism of plasma waves into electromag-

netic waves· and their decay show such a peculiar character. 

3.x.. Conclusion 

We have investigated three distinct time profiles of Type 

III bursts' occurring during the periods of enharced emission. 

These aret (1) profiles where the intensity rises to a small but 
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steady value before the onset of the main burst, (2) the intensity 

of the main burst reduces to a finite level and remains steady 

before it decays to the base level, and (3) the steady stat~ is 

present during the rise as well as the decay phase of the main 

burst. 

It was shown that these profiles are not due· to random 

superposition of bursts with varying amplitudes. They are also 

probably not manifestations of f-h pairs. Some of the observed 

time profiles can be due to superposition of bursts caused by 

ordered electron beams ejected with a constant time delay at 

the base of the coro na. 

3.4 Decametric absorption bursts 

The absorptiol1 or sudden reductioDJaFe common in decimeter 

and meter wavelengths (Young et aI, 1961, de Groot 1970, 'Slottje' 

1972, Benz and Kuijpers 1976). Among the observations of 

a variety of fine structures superimposed over decametric contiruum 

(Gergely 1982, Melrose 1982, Sawant 1982) and of smooth cdntiruum 

(Gergely and Kundu, 1975), interesti~ absorption features have 

been discovered. (Sastry et al 1983, Gopalswamy et al 1983, 

Thejappa et al 1983). The' absorptiotl bursts were detected uslr~ 

the Gauribldaoor Radio Telescope, described in section 3.2 of 

this chapter. 

The interpretation of the absorption features depends 
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on the mechanism of radio emission and the propagation characteris-

tics of the radio waves. Since the generation of radiation itself 

may be different at different frequency ranges, the absorption 

mechanism also could differ. However, one can classify the 

interpretations of the absorption bursts into two categories. 

One is to attribute it to the temporary stoppage of the radiation 

generation in the source itself and the other is to ascribe it 

to the propagation effects. In the former case, if the radiation 

generation is due to a pJasma process then the reduction can 

occur either due to the stoppage of the production of plasma 

waves or due to the stoppage of the coversion of pJasma waves 

into radiation. For example, the reduction in microwave flux 

observed by Kaufman et al (1968) could be interpreted as the 

temperature dependence of optical depth. If an optically thin 

flux tube from where the thermal radiation emanates is heated 

by the passage of cyclotron waves or a shock wave then the 

optical depth decreases, hence decreasing the observed brightness 

temperature. In this paper we discuss the possibility of absorption 

in the propagation stage and mention the possibility In the genera

tion stage also. 

3.4a Observa tio ns 

In Fig.3.9a one can see a broad-bard absorption feature 

with a (turation of 6 s at 06h .52m09s• The absorption bursts 

at 06h .53m 23s UT is stro~ and has fine structure. The total 

duration of the bursts is about 1.4 s. The fall time, i.e., the 
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Fig. 3.9. 8-channel record obtained on 1981 April 1.3. The 

ordinate is the intensity of the radio emission. 
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065220UT 13 APRIL 1981 

FIg. 3. 9 contd~ 



063'OOUT 013. 30 UT 0I4000UT 

2S JUNE 1981 

Fig. 3.10. Second example of the absorption bursts observed 

at Gauribidanur. 
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20 AUGUST 1981 

Fig. 3.11. Another example of the absorption bursts observed 
at Gauribidanur. 



time taken for the intensity to reach the minimum value is 

400 ms and the rise time, i.e., the time taken for the intensity 

to reach the minimum value is 400 ms and the rise time, i.e., 

the time taken for the intensity to reach the preabsorption 

level is about 1 s. The bandwidth of the absorption burst is 

500 KHz, whereas the associated emission burst is narrower. 

Another very-short duration (400 ms) broad-band absorption 

burst occurred at 06h 53m 2Ss UT whose fall and rise times 

were very rapid (150 ms). Two more narrow-band absorption 

bursts with bandwidth~ of 200 KHz and 250 KHz respectively 

occurred at 06h 52m 32s UT and 06h53m q.Ss UTe Note the 

double structure in the time profiles of absorption in some channels 

and that the emission bursts which occurred at the same time 

in some channels are very intense compared to the absorption 

bursts~ 

Part of another record obtained on 19S1 June 25 is shown 

in Fig.3.IO. One can see the reduction in intensity with both 

sudden and gradual onsets. Note the split time structure of 

some of the absorption bursts. Another record obtained on 

1981 August 20 is shown in Fig. 3.11. Here we have shown 

examples of sudden decreases but with very slow recovery. 

A careful examination of the time profiles of the two bursts 

occurring at 06h 32m OSs and 06h 32m 215 UT shows that 'after 

the intial decrease the intensity recovers only to about half 
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of the initial level and stays there for about two seconds before 

attaining the preabsorption level. It is interesting to note that 



the time profiles of these two bursts occurring at different 

times are exactly similar to each other. 
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A statistical analysis of several hundred absorption bursts 

revealed the follow ing characteristics. 

1. The absorption bursts can occur isolated or can be followed 

or preceded by emission bursts. In come cases absorption 

and emission can occur simultaneously in different frequency 

channels. 

2. The bandwidth of absorption bursts is always greater than 

about 500 KHz whereas those of emission bursts could 

be as narrow as 50 KHz. 

3. The minimum duration of the absorption bursts is of the 

order of 1 5, whereas that of the emission bursts ca n be 

much smaller (100 ms). 

4. The depth of the absorption is about 30-40 per cent of 

the continuum level. We also noticed that in some cases 

where the duration of the absorption burst is small, the 

depth of absorption can be as high as 70-80 per cent. 

3Ab A suggested explanation 

The broad-band reductions in the intensity of contlooum 

radiation have been reported at high frequencies (Benz &: Kuijpers 

1976; Fokker 1982). Benz &: Kuijpers (1916) regard that the 
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continuum radiation in the decimetric wavelengths is due to 

electrostatic loss-cone instability and the reduction in the continuum 

is due to the filling of the loss cone by electron streams momen

tarily, thus stopping the generation of radiation. Fokker (1982) 

has suggested that the reduction in intensity need not be at 

the generation stage but can also be at the propagation stage. 

He proposed that the continuum radiation is ducted through 

open magnetic flux tubes and the radiation is screened by inhomo

geneities created on the path of the radiation by lateral shock 

waves or solitons impinging on the flux tubes. We are concerned 

here with the reductions in decametric continuum. The most 

recent theory on the origin of decametric continuum is due 

to Levin (1982), who ascribes the continuum to the Rayleigh 

scattering of plasma turbulence generated by an anisotropic 

distribution of a diffused electron beam with high transverse 

temperature. Levin's mechanism does not require a closed mag

netic field and hence the loss-cone filling mechanism is not 

appropriate. So, following Fokker (1982), we assume that the 

radiation is absorbed on its path, rather than at the generation 

stage. 

It was pointed out by Kaplan & Tsytovich (1973) that 

ion-sound turbulence can scatter the radio emission of the Sun 

prqducing additional maxima or minima in the stationary spectrum. 

Melrose (1974) explored the possibility of radiation by ion-sound 

turbulence to expaUn Kai's (1973) observations of shadow type 

III bursts. The generation of ion-sound turbulence can be attributed 
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to many sources (Melrose 1974, 1982). It has also been theoreti

cally shown that shocks under coronal conditions can generate 

high level of ion-sound turbulence (Lacombe &: Mangeney 1969; 

Kaplan de Tsytovich 1973; Klinkhamer & Kuijpers 1981). We 

would like to mention that the shock generated ion-sound turbulence 

of no nther mal level can cause absorption in the decametric 

continuum radiation. This is another important consequence 

of the presence of shock waves,apart from what Fokker (1982) 

has considered. A shock propagating perpendicular to a magnetic 

filed can be a source of many types of waves, like the La~muir, 

ion-sound, ion-cyclotron, electron-cyclotron etc. As pointed 

out by Galeev (1976) most of the instabUities other than ion

sound are excited at the intial portion of the shock front. Because 

of these instabilities, the electrons would be essentially heated 

. and the ion-sound instability with the lowest current threshold 

would stop the magnetic field profile steepening at a level where 

aU the other instabilities are quenched. Moreover, the saturation 

level of turbulence for other waves is always much less than 

the ion-sound turbulence level (Spicer, Benz &: Huba 1981; Kaplan 

&: Tsytovich 1973). Therefore, one can regard that the ion-sound 

turbulence is the most favoured one. We assume that a shock 

propagates perpendicular to the open magnetic field line~ 

in the region overlying the decametric continuum source, generati~ 

ion-sound turbulence. The magnetic field gradient of the shock 

can induce stro~ electric fields which can accelerate electrons 

to velocities U greater than the ion-sound velocity V s so that 
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the condition for ion-sound instability is satisfied. The change 

in magnetic field H, the induced electric field E and the electron 

drift velocity U are related by: 

- --.. ~ x H :: = l1 IT 'Y1e e Li - c (3.5) 

where c is the velocity of light, (J" - the plasma conductivity, 

e the electronic charge and n the electron density. The condition e 

for the ion-sound excitation can be obtained by demanding that 

U must exceed V s. 

dH > 
ol. (3.6) 

where L is the coordinate along the direction of magnetic field 

variation. For coronal conditions (n = 108 cm-3, T = l06K), e e 

the right-hand side of the above inequality works out to be 

1.8 x 10-4 G cm -1. Following Klinkhamer and Kuijpers (1981), 

the left-hand side can be estimated as l.!! ~ at.. A H(7c/ Wf~ ) 

where ...d H is the jump in magnetic field across the shock and 

is the electron plasma frequency. It is well known (Tidman 

a nd Krall 1971) that A. H ~ 3H l' where H I is the upstream (ambient) 

magnetic field. From frequency splitting and polarisation measure

ments of type I bursts, the coronal magnetic field at decametric 

level is obtained approximately as 1 G (ter Haar and Tsytovich 

1981). Hence for a magnetic field jump H/H 1 0.18 is sufficient 

to satisfy the inequality dH/ dl > 1.8 x 10-4 G cm -1. 

The continuum radiation, while propagating towards the 

observer, encounters the ion-sound turbulence and enters into 
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a three-wave interaction. In other words, the continuum radiation 

(t-wave) interacts with the ion-sound (s-wave) producing Langmuir 

wave (Jrwave); thus occurs a reduction in the intensity of the 

t~waves. The conditions under which such an interaction takes 

place w ill be worked out below. 

If one accepts Levin's theory, then one should consider 

the possibility of ion-sound turbulence generation by the return 

current caused by the o ne-dimensional beam that separates 

from the diffused beam. It is easy to show that an urusually 

high beam density is required to generate the required level 

of ion-sound turbulence. The fact that the return current is 

unimportant even in other situations is pointed out by Smith 

(197"). 

Let us now estimate the effective temperature of the 

ion-sound turbulence needed to absorb the radiation. Let the 

ion-sound turbulence be described by asslgni~ a central or 

average frequency -< W.s '> and a width of ~w.s: "V <,w",)to be created 

over a solid a ogle A..t'l. with an effective temperature ~ Ts">' 

The energy and momentum conservation relations for the three

wave process t -+ 1 ± s, by which the radia don is absorbed, are 

given by 

and 
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(3.8) 

"7to 
where ( k, w) are the wavevector' and frequency respectively. 

These processes cause a net conversion of transverse waves 

into longitudinal plasma waves, provided they satisfy the condition-

under weak turbulence regime-that the effective temperature 

of the t-waves and ( wre I W.s ) times the effective temperature 

of the s-waves exceed that of the generated L waves (Melrose 

1970). For such a three-wave process, or its reverse process 

L ± s.-. t (Shukla et ale 1982), It is shown that the coupllng is 

possible when the wave numbers of the s-wave and L-wave are 

approximately the same, i.e., 

(3.9) 

The dispersion relations for the interacting waves are given 

by, 

WPc. (I + ~ 
2.. :z. 2.1. 

W := kl. ~J)) I k J ~<. 1 (3.10) c. L :D 

lOs = ~, Vs (3.ll ) 

and 

w,£(, + ~ k~Yw;c.l, 
kl.. 2-

wl:;= ~c i 
-:-r « ~ (3.12) 
w~ 

where )J) is the Debye radius, V s is the phase velocity of Ion 

sound waves and w, .. is the plasma frequency. The other symbols 



are standard. using the resonance conditions (3.7) and (3.8) 

and defining '::\Wt ::. w~ tVp~ the typicaJ wave number of the generated 

L -wave is .' 

!.< 
~ -= (3. .1fA)l: ):l. W 

.3 -- Pe. 
t.IO -Pe. ve, I 

with 

AlrJb :» Vs -
Wp~ ~ ve. 

and 

-.'2. .2-

.AWt-~ .E. k Vc. 
2-

wp .. 

Then, the fractional bandwidth of absorption defined by : 

8 -

is obtained as : 

because 

k V = < lA:>$ > s 

(3.13) 

(3.14) 

(3.15) 

(3 .. 16) 

(3.17) 

(3.18) 

The observed fractional bandwidth of absorption B is 

, 10-2. 1 nd b I x Hence the central frequency of the on-sou tur u ence 

should be < W.s: '> ::. J : 8 J; .. !:=:: 0.18 t.o pr This is a stable frequency 

ra~e for the ion-sound waves because the waves of low Landau 

8U 
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damping exist with a dispersion relation (3.11) only for Ws « t.\:)p~' 

The transfer equation for the continuum radiation can 

be written as 

dT,- -
---!:' -= -,AA 't: 
dS 

(3.19) 

where p.. is the absorption coefficient and s is the spatial coordinate 

along the ray path of the continuum radiation, with an effective 

temperature T t. If L is the linear extent of the absorber and 

)J<. is independent of spatial coordinates over this region, the 

optical depth could be written as 

r = J .... ..IS - j.). L (3.20) 

A reduction in the intensity (absorption) occurs if the 

optical depth exceeds unity, as can be seen from the solution 

to the transfer equation (3.19), i.e., the condition for absorption 

is 

"uL > i 

(3.21) 

Let us now estimate the linear extent of the source. The thickness 

L of the absorbing layer is defined by the relatIve bandwidth 

of absorption and the scale-length of inhomogeneity Ln of the 

coronal 'electron distribution. The maximum thickness could 

be taken to be 

L = e L't"I • (3.22) 



where 

(3.23) 

In the undisturbed corona, Ln is calculated from Newkirk's formula 

for electron distributjon as 2 x 1010 cm for the decametric 
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region. Using the observed fractional bandwidth -2 B ~ 5 x 10 , 

the thickness of the absorbing layer can be obtained from Equation 

(3.22) as 109 cm. The absorption coefficient can be estimated 

as (Melrose 1974): 

(3.24) 

where r 0 = e 2/mc2 is the classical electron radius and Te is 

the electron temperature. Under coronal conditions with Ve~ 

108 em s -1. one can rewrite the condition (3.21) as 

(3.25) 

where f is the frequency of the· radio-waves in MHz. For 

f = 35, .AA.= 3 steradians and T .- 106K, the condition (3.2.5) e 

becomes 

(3.26) 

this effective temperature is an order of magnitude more than 

that required for the, shadow type-Ill bursts (Melrose 1974). 

The reason for this is the fact that our relative bandwidth is 
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less than that correspondi~ to the shadow type-III case by an 

order of magnitude. The l -waves build up due to the decay 

process, at the cost of the continuum radiation. Once they 

have sufficient energy density, the condition for net conversion 

of the t-waves into L -waves, viz., 

(3.27) 

will not be satisfied and hence the saturation of absorption 

is reached. The reverse process becomes significant and hence 

the final brightness is determined by the level of the L-wave 

turbulence produced due to the decay process. Once the level 

of the ion-sound waves falls below the critical level, the absorption 

mechanism fails to operate and so the intensity recovers back 

to the continuum level. Thus the duration of absorption could 

be attributed to the time during which the ion-sound turbulence 

exists above critical level, satisfying inequality (3.2.5). 

3.4c Discussion 

We have· shown that the sudden reductions In the decametric 

contiruum can be. ascribed to the absorption by ion-sound turbulence, 

generated by a shock wave. [In Fig.3.12, a sketch of the suggeste d 

model for the decametric absorption bursts is given). The magnetic 
, 

field gradient necessary to generate such a turbulence and the 

level of turbulence necessary to cause absorption are derived. 





The duration of the absorption could be attributed to the period 

during which the ion-sound turbulence stays undamped above 

thermal level. The depth of the absorption is determined by 

the level of Langmuir turbulence generated as a result of the 

absorption, after which the reverse interaction between the 

1a.ngmuir waves and ion-sound waves will become important. 

Since the conditions are most favourable to the generation of 

ion-sound turbulence and most of the other instabilities are 

quenched very fast in the front portion of the shock front itself, 

we did not include any other instability. Nevertheless, one 

can expect the genera don of La I"!; muir turbulence, though its 

level is about two orders of magnitude less than the ion-sound 

level. This small amount of Langmuir waves plays some role 

in the three-wave interaction process and we have ignored it. 

We would like to point out that the lon-sound turbulence 

could also cause emission by interacting with the Langmuir 

waves that can originate from two sourceSI (1) those excited 

by the shock itself and (il) those generated during the absorption 

of continuum radiation. But the conditions under which the 

emission takes' place (the inequalities (3.2.5) and. (3.27»)are different 

from those for absorption considered in this chapter. The presence 

of the Langmuir turbulence of low level might slightly affect 

the final brightness tmeperature of the continuum radiation. 

Though we have assumed shocks travelUng perpendicular 

to the ambient magnetic field lines, the lon-sound turbulence 

8f) 
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could also be ge nera ted by oblique shock wa ves as discussed 

by Galeev (1976). 

Our interpretation is semi-quantitative and we have not 

calculated, for example, the life-time of the ion-sound turbulence. 

Actually, the ion-sound turbulence is generated behind the shock 

where high gradients in magnetic field are formed. These gradients 

could even be of a stochastic type i.e., distributed randomly 

behind the shock front (Kaplan, Pikel'ner and Tsytovich 1974). 

Actual time structure of the absorption could be estimated 

only when the time dependence of the intensity of ion-sound 

waves is known. One may estimate the latter by analysing 

the behaviour of the turbulence in the wake of the shock. 

The fractional bandwidth we used in our interpretation 

is approximate because of the limited bandwidth of our system.

The transfer equation for the continuum radiation could be used 

to estimate the fractional bandwidth of absorption from the 

absorption coefficient. of the ion-sound turbulence calculateq 

by assigning an effective temperature of the lon-sound turbulence 

<: Ts') that satisfied the inequality (3.26). From Equation{3.24) 

for ~ Ts'> ..-v 2.5 x 109K, and Te "" 106K, JA can be estimated 

as 2.3 x 10-8 cm. If we take.ML ...., 10, then L -- 10/,M so that 

Equation (3.22) gives B ~ 0.02, which is in, the range of observed 

bandwidths. 

The above model assumed that the emission and absorption 

are independent of each other and hence It can not explain 

the emission preceedi~ or following the absorption. 



It is natural to ask the question as to what happens when 

the shock passes through the source region itself. If the shock 

is sufficiently weak so that the diffuse beam is not much affected, 

then the ion-sound turbulence will interact with the enhanced 

plasma fluctuations and give rise to radiation that propagates 

away from the line of sight, thus causing absorption again. 

If shocks propagate successively, one after another, then 

depending upon the time intervals between the shocks and the 

ion-sound damping time, different time structures will obtain 

for the absorptions. Hence the multiple time structures could 

be interpreted as due to mUltiple shocks. 

In the preceeding disucssion we did not address to the 

question of origin of the shocks. First of all it should be noted 

that the decametric corona is a region where the magnetic 

field makes a transition from closed to open structures and 

hence one expects opening up of field lines. If an emerging 

magnetic field line opens up adjacent to the site of the decametric 

source as shown in Fig. 3.12, then It can drive a shock across 

the magnetic field lines along which the continuum radiation 

propagates. 

In corclusion, the absorption bursts seem to" reveal the 

complex and "transitior1' nature of the outer corona and the 

non-drift1~ character of these bursts indicate no line of sight 

velocity "for the "screerl' absorbIng. Hence, the shocks "must 

propagate perpendicular to the l~ne of sight. 
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CHAPTER IV 

THE DRIFT PAIR BURSTS 

4.1 Introduction 

The most prominent and interesting radio emission phenomena, 

at decametric wavelengths occurring in the solar corona, are 

the drift pair bursts (OP's). After the first discovery by Roberts 

(19'8) many authors have studied various aspects of OPs (Zheleznya

kov (1965), Ellis (1969) de la Noe and MI/>ller Pedersen (1971), 

Sastry (1972), Abranin et al (1977), M;l1er Pedersen et al (1978), 

Zaitsev and Levin (1978), SuzukI and Gary (1979), Melrose (1982). 

The DPs appear as two parallel drifting ridges In the dynamic 

spectrum. In most of the cases both the traces start at the 

same frequency, the second trace being delayed by approximately 

two seconds. This time delay is almost independent of frequency 

of occurrence and the drift rate. The OPs can have both positive 

and negative drifts, although the former is more frequent. 

The sIngle frequency duration is small ( N 1 $)and the bandwIdth is 

in the range of a few MHz to few tens of MHz. In a few cases, 

three traces and In a few other cases, only a single trace were 

observed. (Abranln et aI, 1977). 

a 
Though there are /J.ew attempts to interpret the OP. (Roberts 

(1958), Zehleznyakov (196-'>, M;ller-Pedersen et a1 (1978), Zaitsev 

and Levin (1978), Melrose (1982», the understanding of DPs 

is not yet complete. We pre$ent here a detailed analysis of DE's 
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observed during Sept. 26-30, 1983, which brings out some additional 

features like the DP chains, the vertical DPs and the decrease 

of drift rate with frequeocy etc. The existing theories are critically 

examined in the Ught of the new observational results. 

In section 2, we present the observational results and compare 

them with those available in literature. In section 3, the existiT)g 

theorIes are critically examined. In section 4, we give a qualitative 

interpretation of DP chain and vertical DPs. Finally we present 

the conclusions in section 5. 

4.2 Observations 

The observations were made using the swept frequency 

spectrograph at Naocay (BoJschot et al 1980) during Sept. 26-

30, 1983. About 1006 events of DPs were observed durl~ the 

above five days. Using the NS array of the Gauribidarur radio 

telescope which is described in Chapter nI, we have also observed 

the DPs with a multichannel spectral receiver on l'th, 16th and 

19th July 1980. The typical examples of drift pair bursts observed 

at long wavelengths are shown in Fig.4.1. Previous observa

tions indicate that the DP activity/s prominent only for a few 

days. For example, Roberts (19'8) found that the DP activity 

was prominent for 38 days out of 2'0 days of observations and 

de la Noe and Moller-Pederson (1971) have reported only two 

days of activity out of 2' days of observatIons. No ul1lsual 

feature was found on the sun either in H -pictures or in magneto-
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Fig. 4.1. A Typical example of a drift pair bursts (Sastry, 1971) 
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grams (Dulk et al 1984). The DP events studied in this paper, 

occurred in the range 25-65 MHz, 85% of which occur in the 

range 35-60 MHz. 
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Previous observations are summarised in Table 4.1 depicting 

the frequency range of occurrence, drift rate, single frequency 

durations, time delay, etc., in order to compare with our observations. 

4.2.1 Time Delay 

In the majority of DPs both the traces show identical 

fine structures precisely at same frequency with a time delay, 

although in a few cases the starting and ending frequencies are 

slightly different. The tIme delay ( tt2 ) between the two traces 

is almost constant and independent of the frequency of occurrence. 

It does not seem to depend on the frequency drift, intensity 

or any other parameter. Our analysis shows that for a majorIty 

of the DPs, t12 lies in the range 1.5 to 1.95. 

4.2.2 Single frequency duration 

The single frequency duration of each element lies in the 

range 0.9s to 2.5s, similar to other observatIons. The duration 

at a fixed frequency Is not the same for' both the ~ traces and 

it does not depend either on frequency of occurrence or drift 

rate. 
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4.2.3 Frequency drift 

The fact that a majority of DPs have reverse drift is brought 

out in our analysis also where about 70% have reverse drift. 

About 2696 of the observed bursts drift from higher to lower 

frequencies. The remaining 496 of the bursts appear as vertical 

traces in dynamic spectrum implying that the drift rate is enormous

ly large or the emission occurs simultaneously at all the frequencies. 

It is clear from our analysis that in 34% of the cases the two 

It is clear from our analysis that in 34% of the cases the two 

traces have similar drift rates while in about 4.6% of the events 

show slightly different drift rates for the two elements. The 

magnitude of the drift rate is almost same for both forward 

and reverse drift pairs, and lles In the range I to 3 MHz/Sec 

[see fig. 4.2]. It is very intersting to note from the fig.4.3 that 

the drift rate decreases as the frequency of occurrence increases. 

Our analysis contradicts the earliest results in that the frequency 

drift decreases with increasing frequency. Fig.4..4 is an example 

of vertical DPs. 

4.2.4 Polarizon 

The DPs occur In both the polarization channels with 

almost same intensity (see flg.4.1 and flg.4.4) indlcati~ that 
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Fig. 4.4. An example of a vertical DP. 
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the OPs are very weakly polarized. It is also noticed that the 

background continuum is polarized in the left handed sense, as 

expected. 

4.2.5 Intensity ratios 

We have measured the ratio of the intensities of the elements 

in OPs observed using the Gauribidanur Radio Telescope,and 

found that the intensity ratio at a fixed frequency is less than 

or equal to one (IRE [0.6,1]. 

4.3 OP chains 

Occasionally the DPs are found to occur in chains (fig.4.5) 

The number of DP's in a chain ranges from 2 to lI-. The chain 

as a whole also has a slope in the f-t plane indicating that the 

chains have drift rates similar to that of OPs. The chains occur 

over a bandwidth of 10 MHz and they drift from lower to higher 

frequencies in a majority of cases. About 50 DP chains were 

observed of which 43 have reverse drift 7 have forward drift 

and one appears like vertical trace. It is also found that the 

oombers in a chain can have different drift rates as -in the case 

of type I chains. The individual members may differ in the duration 

at a fixed frequency the life time, that total bandwidth etc. 

Among the fifty chains, 39 contain two DPs, 8 contain 3 members 

and in three of the chains there are 4 members. The frequency 

drift of the chains is measured and depicted in the fig. 4.6. 
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Fig. 4.6. Histogram of the frequency drift of DP chains (in MHz 5-1). 
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Fig. 4.7. Main characteristics of a typical OP chain, where 

L1 f - Total bandw idth, t 12 - time difference 
and df-frequency interval between the two consecu
tive OPs. 
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It is clear from the histogram that the frequency drift rate lies 

between 1 and 3 MHz s -1 which is in agreement with the frequency 

drift measurement of a single DP (ElliS, 1969, de la Noe and 

Pedersen, 1971; Abranin et al 1977). . There are about 11 DP 

chains whose drift rates are very large and in one among them, 

the elements look like traces parallel to frequency axis. . The 

least square fit to the data points whose drift rate is less than 

6 MHz s -1 showed that the drift rate decreases as the frequency 

increases. The curve fitted for the above data point is 

-1 f = -0.21£ + 1.5 MHz s (4.1) 

where f is the central frequency of the DP chain in MHz. The 

main characteristics of a typical DP chain is presented in Fig.4.7. 

4.4 Vertical drift pairs 

Roberts (1952) noted that the frequency drift¥ of some 

drift pairs, he recorded was very large. In most of these cases 

the condition existed only at frequencies near 40 MHz and the 

rate decreased at higher frequencies. In two cases, however 

all frequencies in the burst occurred simultaneously within the 

limits of measurement. Abranin et al (1977) also reported detection 

of bursts with very large drift rates, which appear sometimes 

like vertical traces in the f-t plane. In the present study we 

have found that about 4% of the observed 1006 events are similar 

bursts where the emission occurs simultaneously at all frequencies. 

The time delay t12 between the traces remains as in the case 
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of the other DPs which is about 2 seconds. The total duration, 

bandw idth and polarization also are the same as for the other 

DPs. 

Here one should note that in additon to the already reported 

var iants of DPs like hook bursts, triple bursts, etc., there are 

some peculiar events like four elements with the third trace 

having a small bandwidth, DP's with curved traces: events where 

one of the traces appears to have a branch trace etc. The 

appearance of many DPs in the dynamic spectra is very random, 

and therefore events like hook bursts or bursts which look as 

if they diverge from a point or converge to a single point may 

be just due to coincidence. 

4.5 Interpretation 

Most of the interpretations in the literature explain only 

a limited number of characteristics of DPs. The complexity 

with which the DPs occur ill the dynamic spectrum indicates 

that the processes going on in the decametric corona are complex. 

Therefore any simple interpretation based on one or two observa

tional facts like drift rate etc will not explain all the features 

of the DPs self consistently. The corona at decametric wavelengths 

is a special region because the magnetic field lines are predomi-· 

nently open. This is clear from the transtion of type I to type 

III bursts. The type I bursts are supposed to occur at the top 

of closed magnetic fields and when the field lines open up, 
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electron beams are ejected into the' corona which subsequently 

produce strom type III bursts. Some of these beams might become 

diffuse due to quasi-one-dimensional relaxation and generate 

decametric continuum radiation (Levin, 1982). Since DPs also 

occur in such a region, these electron beams in particular stages 

of their evolution co.uld supply the necessary 'energy in DP radiation. 

It is difficult to think of any other source of free energy available 

in the decametric corona. 

Once the electron beam is fixed as the source of energy, 

it is tempting to think that the frequency drift of the bursts 

is caused by thqmovement of the electron beam in the corona. 

But the random slopes of DPs in the dy namic spectrum, specially 

the vertical traces indicate that the drift is not caused by the 

physical movement of any agency like a shock or an electron 

beam. Therefore one should look for a radiation mechanism 

which accounts for the observed drift rates without involvl~ 

the movement of the exciting agency. Keeping these in mind, 

let us crtically discuss the existing theories. 

Roberts (1958) interpreted that both components of the 

drift pairs are due to plasma emission at the second harmonic 

and that the first component escapes directly from the corona, 

the second component is an echo, i.e. a reflection of the harmonic 

radiation at the relevant plasma level, lower in the corona. 

He also puts forward two possible explanations of the reverse 

drift in RDPs: (1) an exciting disturbance (electron stream), 
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travels downward in the corona with speed V ...... (2-.5) x 104 km/s. 

(2) Type III exciti~ electron streams encounter 'hills' in the 

electron density of the corona. If echo hypothesis exp~lins 

the DP burst radiation, it should also predict a similar 'echo' 

for other types of bursts, especially for type III, which is not 

observed. The other objections for echo hypothesis are : 

(1) the absence of a single burst at fundamental frequency (2) the 

scattering of the reflected radiation should make the second 

element more diffuse, and (3) the appearance of triple bursts 

etc. 

Zheleznyakov (196.5) pointed out that, a casual electron 

stream generates an ordinary type III burst as it moves through 

the outer layers of the corona. On encountering a coronal irregu

larity denser than the surrounding corona (hill) and of comparatively 

small size, the agent will excite plasma waves that get reflected 

from the hill. The generated and reflected plasma wave interact 

through combination scattering to produce a short lived burst 

with -reverse drift. He also explains the high brightness tempera

tures of DPs, sioce the emission is due to combination scattering 

of plasma waves. The above interpretation expalins only reverse 

drift. 

M9Sller-Pedersen et al (I978) assume the existence of 

magnetosonlc solitons propagating at large angles to the am

bient magnetic field, of a streamer. Upon entering the streamer, 

these pulses steepen as they propagate into the higher density, 
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lower- region towards the axis. At some point the magnetic 

profile will be so steep that the current density exceeds the 

critical value at which low-frequency intabilities start. Through 

these current instabilities, the magnetiC energy of the pulse 

is transferred to plasma layer in a very short· time. The layer 

expands with super Al:ienic velocity, generating shock waves 

on both sides of the inital instability point. These shock waves 

generate ion sound turbulence which causes the generation of 

Langmuir turbulence through turbulent bremsstrahlung but only 

in those regions of the streamer, where plasma P is small. 

The time delay t12 is due to the delay involved in the inward 

propagating shock crossing the axis of the streamer and entering 

the low- ~ region on its far side. The emission is fundamental 

plasma emission with the band width determined by that of 

Langmuir waves. 

According to M~ller-Pederson et al (1978), the two com

ponents of the DPs are generated on opposite sides of the streamer. 

As the magnetic field is oppositely directed in the two source 

regions, emission in the first component is polarized in one 

sense and the second component in the opposite sense, contrary 

to the observations of Sastry (1972) and Suzuki and Gary (1979). 

The theory predicts more forward DPs than reverse OPs, and 

when RDPs occur they should be related to the FOPs in the 

form 'hook' bursts. But observations show relatively less rumber 

of FOPs and hook bursts and not all RDPs are related to FOPs. 

There are problems in the pairing mechanism also. According 
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to the theory the radiation is confined in a small range of angles 

about ..,..::. % where 'f' is the angle between the emerging ray 

and the streamer axis. Further refractions arrJ./ or reflections 

are required to account for two parallel rays being directed 

towards the Earth. Moreover, nothing has been mentioned about 

the ·origin of the solitons. 

Melrose (1982) suggested that the two traces in a DP 

are due to two rays from a single source (the echo hypothesis), 

which is within an overdense :flux tube inside a conical coronal 

duct. Fundamental plasma radiation is assumed to be generated 

over the cross section of the flux tube by an exciter which 

moves up (forward DP) or down (RDP) the flux. tube. Two parallel 

emerging rays, one reflected from the near side of the duct 

and the ·other from the far side of the duct give rise to two 

parallel traces. 

The qualitative explanation given by Melrose (1982) by 

combining some aspects from Mpller-Pedersen et al (1978) and 

Roberts (1958) is also not satisfactory. This is because the 

e){citi~ agency is not clearly indicated. Since Melrose (1982) 

attributes the drift rate to the physical movement of an exciting 

agency, the DPs which appear as vertical traces are not explained 

naturally. If the electron beam is assumed as the exciting agency, 

one should be clear about the origin of . the electro n beams because 

in the decametric corona the injection of electron beams, towards 

the sun is less probable. Since the magnetic field lines are 
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predominantly open, one expects more of forward DPs than 

reverse ones due to electron beam movement. This again supports 

the idea that the drift may not be caused by the movement 

of the exciting agency. Melrose (1982) predicts a frequency 

difference between the two traces especially when the viewing 

angle or the angle made by the flux tube with the axis of the 

duct are more. Since there are no specific limits set on these 

anles, one expects more of frequency difference rather than 

time delay. Melrose (1982) predicts that the two rays producing 

the DPs should be separated by a distance equal to that of 

the distance across the duct. This is contradictory to the observa

tions that two rays emanate from the same region (de la Noe 

and Gegeley, 1977, Suzuki and Gary 1979). According to 

this conical duct hypothesis one expects a ring rather than 

two points for a particular frequency because of the three 

dimensional character of the duct. The conical nature of the 

duct indicates that the separation between the pair should 

increase with decrease in frequency whereas observations indicate 

that the separation is independent of frequency. 

Zaitsev and Levin (1978) proposed a new mechanism for 

the generation of drift pairs. According to them, the same 

stream of fast electrons which is reponsible for type III radio 

bursts is responsible for the generation of drift pairs. 

The generation of type m burst is due to Chererkov 

plasma emission. The interaction of the beam particles and the 

plasma waves excited, lead to theformation of a beam distribution 
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function of the 'Quasi-Plateau' type with respect to longitudinal 

velocities with a certain limiting velocity Vs. Such a distribiution 

is unstable relative to the excitation of plasma waves through 

the normal Doppler effect, if the edge of the plateau is deformed 

in such a way that, in some regions of Jongitudinal velocities 

V" '> V s a section develops with a positive derivative of the 

beam distribtuion function with respect to the transverse velocities. 

The most efficient excitation of plasma waves in this case occurs 

in those layers of the corona where the condition of double 

plasma resonance is satisfied. Since the region of the instability 

is tied into the limiting velocity V s of the plateau, while the 

limiting velocity varies with time, the position of the double 

plasma resonance i.e., the frequeocies of the excited plasma 

waves also vary with time. The direction of motions of the 

resonance region and hence the sign of the frequency drift of 

the narrow-band bursts depend on the local ratio of the magnetic 

field gradient to the coronal density gradient. Drift pairs with 

positive and negative frequency drift are both possible. 

Abranin et al (I977)· Zaitsev and Levin (1978) successfully 

explain the relatively small number of bursts at a fixed frequency 

is due the disappearance of the positive derivative of the beam 

distribution function with respect to the transverse velocities 

as a result of the intense excitation of plasma waves in several 

very close regions of double plasma resonance. 

Abranin et al (1977) also calculate the time delay as 
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t, ~ -= 2 'Z.: J2H ~ const; if ...12-... / ~ U2, where ..f2..H 
~ ..fl.... .n. .... 

and -a... .... are the electron cyclotron and upper hybrid frequencies, 

Z is the distance from the injection region, c and V s are the 

velocities of light and beam respectively.' 

The interesting part of this theory is that the drift rate 

is not attributed to any physical agency but to the shift of 

the resonance region. The theory of Zaitsev and Levin (1978) 

does not explain why the majority of DPs not associated with 

type III bursts and also it does not explain the excess of polar.iz:ation 

of DPs in comparison with storm type llIs (Dulk et al 19&4). 

Also one needs to change the slopes of the curves Aj.Z) and 

--I( V· • ,:,' I, II + -fZ:-~'J,.).,' very rapidly to explain the appearance of 

both positive and negative drift bursts within a few seconds. 

4.6 Discussion 

The drift pair chains and the vertical drift pair bursts 

reported by us may provide some very important clues to under-

stand the complex plasma processes taking place in the outer 

corona. 

4.6.1 DP chains 

The individual members in drift pair chains have the same 

characteristics as the usual DP bursts. Therefore, the same 

agency should be responsible for all the members. In this case 

the conditions for the generation of DPs to be intermittently 
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satisfied so that one sees a chain. It is interestl~ to compare 

these chains with type I chains. In the case of type I chains 

the condition for generation of individual type I bursts is intermi

ttently satisfied along with path of a weak shock in the corona 

(Wentzel, 1982). The slow drift rate of the type I chains corres

ponds to the shock velocity (Wild and Tlamicha, 1964). As pointed 

out above some of the DP chains have very large frequency 

drift. Therefore, the physical movement of an agency is probably 

not the cause of the drift. It has to be caused by some characteris

tic of ~e medium such as the double plasma resonance (Zaitsev 

and Levin, 1978). Abranin etal., (1977) and Zaitsev and Levin 

(1978) put forward a hypothesis that the DP bursts are generated 

while the quasiplateau type electron beam with positive derivative 

of the distribution function with respect to the transverse 

velocities .crosses the regions of the double plasma resonance 

successively. Depending upon the slopes of ..tl.h(Z) and K,,' ~, 

; :+~ (z) the coordinates of double plasma resonance increase 

or decrease, causing negative or positive frequency drift. The 

disappearance of the instability region in the distribution function 

as a result of the intense excitation of plasma waves in several 

very close regions of double plasma resonance puts the constraints 

on the oomber of bursts at a fixed frequency. 

We propose that the condition for double plasma resonance 

is intermittently satisfied along the extent of the beam. The 

instability region appears and disappears alo~ the spatial extent 

of the path of the beam. The structure of the density or the 
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mag netic field may be oscillatory in space causing the intersectio n 

of ..t"l..t..(z) and K I' V" + n -'\i (z) at different points In space 

at the same time at short intervals. The localized fluctuations 

in density and magnetic field, as evidenced by observations 

(Yakobalev, et aI, 1980) may be responsible for such an oscillatory 

nature. 

4.6.2 Vertical drift pairs 

The drift pairs which occur simultaneously in all the frequen

cies have the drift rate tending to infinity, which is not feasible 

physically, because this needs any exciti~ agency responsible 

for such bursts to travel with velocities faster than velocity 

of light. 

Abranin et al (1977) and Zaitsev and Levin (1978) proposed 

that the relative slopes of .1t" (z) and K II . V" + n~ (z)' 

define the drift rate and show that the anomalously high rate 

of frequency drift arises in those cases where the derivatives 

with respect to z of the functions Lf'rl(z) = 1 - n..llH I..n.h and 

VIJ Ic are close in value in the region of their intersections 

(c being the velocity of light). 

Assuming similar arguments, Zaitsev and LevIn (1978) 

derived a formula for the drift rate as: 
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where f is the frequency, VII is the limiting. velocity of the 

beam. When the frequency drift rate tends to infinity, the denomi-

nator of the above expression tends to zero i.e., 

o 

since' . k = Q Jl.r the above equation reduces to 
II 2. C 

-~ 
H dZ 

for n = 1; and V" = 1/3 c; the equation becomes 

, dN ---
.'2."" ~:z:. 

(4.3) 

(4.4) 

(4.5) 

Now if we assume that the density in the corona. where 

the DPs are predominant is the same as in the u~erturbed corona 

and only the magnetic field is' perturbed i.e., different from the 

usual corona, we can write the above equation if we assume 

that the deMity arxl magnetic field obey the followIng laws: 

4 104 X 104.32/(a+z) 
N(z) = 4.2 x 10 x (4.6) 

and 

H(z = 0) = 0.5 (a_1)-I • .5) 



as (Dulk &: McLean, 1978) 

~.,c./(A.+'2.») 
-0'1')"" 10 
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(4.8) 

Here we assumed that the upper limit of the DP bursts bandwidth 

is around 65 MHz which corresponds to a?t', 1.4 solar radii 

from the center, z corresponds to the radial distance in the corona 

where the DP activity is confined. The equation (4.7) can be 
" 

used as a boundary condition to solve equation (4.8) , which gives ~ , 

Similarly if we assume that the magnetic field is unaffected 

by the DP activity and only the density is affected, then we 

get the followi~ differential equation: 

,. 5" - (4.10) 

here we have used that the magnetic field varies as given by 

Dulk &: McLean (1978) : 

( )-1.5 
H = 0.5 a + z - 1 

If we use 
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Fig. 4.8. Variation of the magnetic field H with radial 

distance in the DP active region (I) and In quite 

corona (II). 
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Fig. 1f.9. Variation of the density N with radJal distance 

in the OP active region (1) and in quite corona (U). 
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N(z = 0) = N(a) = 4.2 x 104 x l04~321a (4.12) 

as the boundary condition, the equation (4.10) can be solved, the 

solution of which is : 

In Fig.4.8 and 4.9. we have sketched the variations of H and 

N in DP active region and also in unaffected variation for compari

son. It is clear from the figures that the magnetic field should 

decrease very steeply when the density is not varied and the 

density ~hould increase very steeply when the magnetic field 

is unaffected to produce DPs with very high drift rates. 

4.7 Conclusion 

We have reported some new observational results regardl~ 

the enigmatic OP bursts occurring in the decametric region. 

The reported drift pair chains and the vertical OPs indicate the 

complexity of decametric corona with a free energy source which 

causes these peculiar radio signatures. As the magnetic field 

in this region is predominantly open, one cannot thiJi< of a free 

energy source propagating sun-ward most of the times to explain 

the predominant reverse drift pair chains. In addition to this, 

the appearance of the vertical chains and OPs rules out the possibi

lity of an agency moving in the corona causing the observed 
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drift. These observations lend support to the idea that the reso

nance layer in which the radiation is generated is different at 

different instant of time so that one gets a slope in the frequency

time plane. If one assumes considerable fluctuations in some 

macroscopic parameters such as density, and magnetic field, 

supported by observations (Yakobalev, 1980) then it is possible 

to have drifts of all directions as the drift rate depends upo n 

the medium in which the fluctuation occur. Therefore, it has 

been shown that the magnetic field decreases steeply if we assume 

that the density of the medium is not affected by the DP activity 

when the frequency drift is very high and it is shown that the 

magnetic field H is given by : 

when N = "..2 x 104 x 104.32/a+z And similarly if we assume 

that the magnetic field is unaffected and is given by the formula 

H = O.j(a + z - 1)-1.5,' then the variation in density in OP activity 

region where M -flo oP is given by 
at 

There the fluctuations in the magnetic field and density can 

produce very high drift rates. 
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CHAPTER V 

A SELF CONSISTENT APPROACH TO THE THEORY OF TYPE II 

SOLAR RADIO BURSTS 

5.1 Introduction 

Historically, soon after the introduction of the solar radio

spectrograph observations the slowdrift bursts had been recognized 

as a special phenomenon and were classified. as type II bursts 

by Wild and McCready (1950). A typical example of the dynamic 

spectrum of a type II burst is shown in the figure 5.1. Usually 

type II bursts are characterized by: 

1. Drifting ridges of emission, with bandwidth as low as a few 

MHz. 

II. Fundamental and harmonic spectra of similar form. 

III. Splitting of both components into two bands ,v 10 MHz apart 

for fundamental, ,..... 20 MHz for harmonic (not seen in all 

type II). 

The starting frequency of the fundamental component is 

usually below 100 MHz, but can also reach higher frequeocies, 

say 250 MHz. Correspondingly the second harmonic features 

are observed at twice the frequency. 

The polarization of type II bursts is typically random, however, 

complex polarization structures can also be obtained. 

Type II bursts, which are characterized by the slow drift 
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in their spectral features from high to low frequencies are generally 

accompanied by a large flare. On the plasma hypothesis the frequen

cy drift is found to correspond to a velocity of the order of 103 

km/sec and the moving source had bee.n identified with a flare

associated collisionless MHD shock wave (Pikel'ner and Gintzburg 

(1963), Kundu (1965». Later, direct evidence for the generation 

of type II radiation by shock waves was given by the space observa

tions of interplanetary type II bursts and interplanetary shock 

waves [Malitson et al., 1973, Cane et al., 1982]. The estimates 

of type II shock speeds are subject to considerable error because 

of the uocertainty in the coronal density models. Velocities derived 

from heliograph observations of source positions are even more 

uncertain because of the imperfectly known effects of coronal 

scattering and refraction and of ionospheric refractIon [See Nelson 

and Melrose~ 1985]. 

Although it is evident that type II solar radio bursts are produced 

by collisionless shock waves, there is no general agreement about 

the microscopic processes that actually give rise to radio emission 

sioce the details of the burst generation are not clear yet. 

One of the possible means of burst generation by colllsionless 

shock waves movi~ across the magnetic field was proposed by 

Pikelner and Gintzburg (1963) and developed by Zaitsev (l917); 

it is connected with the Buneman instablllty developq in·· the 

shock front. This instability is due to the relative motions ,'Cd: 

ions and electrons. However, the excited plasmaw8vesMve 
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low frequencies. The rising of the plasma wave frequency' (..I)" 

needs subsequent induced scattering on nonthermal electrons that 

leads to the broadening of the spectrum upto 2 Wp• and to Its 

isotropization. So the transformation of plasma waves into electro

magnetic waves gives rise to the radio emission in a wide frequency 

band WPe~ W ~ 2 LVPe • The harmonic structure of the emission 

spectrum can be obtained only when the plasma wave spectrum 

is isotropic and has two maxima with respect to k; one in the 

region of plasma wave pumping and the second in the region of 

dissipation due to the radiation losses. 

Lampe and Papadopoulos (1977) proposed that type II emission 

can be associated with acceleration of electrons by lower4ybrId 

waves followed by nonlinear conversion. The lower hybrid waves 

were assumed to be generated by a current driven instabIlity 

in the shock front. 

Holman and Pesses (1983) proposed that shock dirft acceleration 

of electrons could be responsible for type II radio bursts. The 

streaming distribution of reflected electrons produced upstream 

of the shock front is unstable to the generation of electrostatic 

plasma waves, which in turn, could interact to produce the observed 

radio emission. 

However, the mechanisms proposed are not general. In particu

lar, they do not describe adequately an analogy between type 

III and type II bursts, which is often observed (Roberts 19.59). 

Small type 01 bursts can grow on tIme scales of seconds from 
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the type II shock front, caused by electrons emitted from It. 

Certain type II bursts exhibIt the so-called lherri~-bone' pattern 

In the dynamic spectrum consisting of a succession of fast drifti~ 

burst elements (Roberts, 1959). 

The type III radio bursts, as it is well known, are produced 

by fast electron streams propagating alo~ the magnet~c field 

lines. From the analogy between the components of the type 

II bursts and the type III bursts, one can suppose that type II 

bursts are also generated by streams of accelerated electrons 

(McLean and Nelson 1977). . It is natural to connect the radio 

emission of the coronal shock with the fluxes of the electrons 

as the most general and effective way of direct generation of 

plasma waves. Therefore in this case the key questions are those 

of electron acceleration and of the transformation of electron 

energy into electro-magnetic radiation. It is known that the radio-

I. 11 emission of the type II bursts may be very stro~ i.e., b ~ 10 K 

(Nelson and RobInson, 1975). 

In this chapter we propose, that the majority of the type 

II shocks are supercritical since the estimated Mach .... mbers 

of the most of the type II shocks exceed the recently revised 

critical Mach number Me by Edmiston and Kennel (1984), which 

lies, between 1 and 2 for typical solar wind parameters. This 

fact is also supported by the studies of the forward interplanetary 

shocks observed by ISEE-3 [Bavassano-Cattaneo et al 1986]; where 

it has been shown that a majority of the interplanetarysnocks 
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are supercritical. We also propose that many of the shocks responsi

ble for the type II radiation have an overshoot, foot and ramp 

in the magnetic field structure in consistence with their supercritical 

character. The reflected ions which behave like a beam In the 

foot and ramp of the shock front, and like a ring in velocity just 

behind the overshoot [Leroy et al., 1981, 1982] accelerate electrons 

to ultra-relativistic energies both in the upstream as well as in 

the downstream through resonantly excited low frequency waves. 

[Papadopoulos (1981); Vaisberg et al., (1983); Galeev, (1984); Krasno

selskikh et al., ( 1985), Thejappa, (1986, 1987) ]. 

Regarding the shock propagation angle relative to the magnetic 

field Dull< et al (1971) suggested that propagation Is likely to 

be more parallel than perpendicular. These authors, however, 

could not arrive at any firm conclusions. Later Stewart and Magun 

[1980] analyzed a case where a transverse shock seemed to be 

required in order to explain the herringbone structure of a type 

n burst. Therefore the observational evidence is not consistent 

with either strictly perpendicular or parallel shock propagation 

for all type II events. The range of shock angles over which type 

n bursts can be produced seems to be quite large. The advantage 

of the proposed acceleration mechanism over the Fast Fermi 

process or the shock drift acceleration [Wu, 1984; Leroy and Man

geney, 1984; Holmann and Pesses, 1983] is that it is applicable 

for a wide range of shock angles. 

It is well known that in some cases the fundamental and 

harmonic bands of type II bursts are split in two. The present 
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model is consistent with the qualitative model suggested by Smerd 

et al (1975), who attributed the split-band structure of type II 

bursts to simultaneous plasma-frequency emission from plasma 

ahead of and behind a type II shock front. Nelson and Robinson 

(1975) reported that at a given frequency the U and L sources 

were circular, essentially the same size arxl In the same position 

where U and L represent the upper frequency band and lower 

frequency band respectively. At the fixed observing f~equency 

the L band is observed earlier in time than the U band and so 

it is inferred that at a given time the L source is further from 

the Sun than the U source confirming the model of Smerd et 

al (1975) for band splitting • 

.5.2 Electron Acceleration 

Uchida (1974) proposed that the type II radiation comes both 

at fundamental and harmonic, from the low-VA regions, where 

the shock has a relatively high Mach number. Gary et al., (1983) 

reported that the Mach number of type II shock lies in the range 

1.3 to 3. Kennel et al (1982) first reported that among 10 interpla

netary shocks, the fast wave Mach number MF ranged from 1.3 

to 4.7, where the critical Mach number Mp ~ 2.5. However 

Bavassano-Cattaneo et al (1986) reported that among 34 forward 

interplanetary shock waves observed by ISEE-3 during 1978 and 

1979, 19 were supercritical, seven has a Mach number close ~to

the critical Mach number, four were subcritical and the remai~ng 

four shock were ambiguous. However, the average critical Mach 
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rumber < Mc) was taken as 1.5 due to its strong depeooence 

on shock parameters. 

Kennel et al (1982) as well as Bavassano- Cattareo et al 

(1986) have detected large amplitude low-frequency electrostatic 

noise, Whistler turbulence and a high frequency ( ~ f ) contiruum p 

near each shock and for upto several hours downstream. In the 

cases observed by Kennel et a1 (1982) no type n bursts were observed 

at I AU, although intense impulsive Langmuir waves were observed 

an hour upstream from one shock. Impulsive Langmuir waves 

were present for a few minutes on either side for other shocks. 

It is well known that the structure of a shock wave propagati~ 

perpendicular to the ambient magnetic field in a collisionless 

plasma undegoes a distinct change of shape when the Alfven Mach 

number is increased above a critical value Mc. In additIon to 

the ramp, the spacedraft observations [Russel and Greenstadt, 

1979] show that there is a precursor structure of length equal 

to a few c.Jwp(. which appears closely associated with the presence 

of ions reflected off the ramp, and is usually called the "foot" 

where c is the velocity of light and wP.: is the ion plasma frequency. 

Also it is seen [Russel and Greenstadt, 1979] that 1n the immediate 

post-ramp region the magnetic field exceeds its downstream value 

(magnetic field overshoot) and develops further downstream a 

somewhat oscillatory behaviour with a scale length of an ion gyro

radius. Leroy et al (1981, 1982) from numerical computatioflS 

showed that the reflected ions behave essentially like a beam 
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in the shock front (in the foot and ramp region), whereas they 

tend to form a gyrating stream in the downstream region behind 

the overshoot. Krasnoselskikh et al (1985) approximated the distri

bution function of the reflected ions .in the foot and ramp as: 

(5.1) 

where "b is the reflected Ion beam density, Vb and 11 Vb are the 

beam velocity and velocity spread respectively. More realistic 

representation of the reflected ion distribution function in the 

downstream, which includes thermal effects is the Dory-Guest

Harris distribution (Dory et al 1965): 

(5.2) 

where N is the anisotropy index and AVb (A Vb ) is the thermal 
a. U 

speed J.( 11) to the ambient magnetic field. [Thejappa, 1986; Akimoto 

et al 1985]. The reflected ion beam is the basic energy source 

of electron acceleration. The acceleration of electrons is due 

to the ion-bearn-induced excitation of very low frequency plasma 

oscillations propagating almost across the magnetic field. .Deali~ 

with the mean parameters of the plasma in solar corona, let us 

suppose the following inequalities are valid: ..!lc. ~<. "'f& ,and 

~c, ~ ::. 9 n ""0 (Te~T~)« t. Here B is the stre~th of the magnetic 
o:L . 

field, n is the background plasma density, T , T I. are the electron o e 

and ion temperatures, 
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and 

are respectively the plasma frequency and cyclotron frequency 

of j-sort particles. The low density ion beam ("I,/no <<. 1) with 

small thermal spread ( L1 Vb« Vb) moves almost perpendicular 

to the magnetic field and hence can effectively interact with 

low-frequency plasma oscillations, which have wave vectors almost 

perpendicular to the magnetic field lines. If we assume that 

the oscillation frequencies and wave vectors are in the range: 

(5.3) 

where '4. = J ;J.'1jJ::'j is the thermal velocity of j-sort particles, 
J 

f L j - VTj / ..0. i is the larmor radius of j-sort particles 

kIt and k~ are the components of the wave vector, alo~ and 

across the ambient magnetic field, it is possible to co nsidedr 

that electrons are strongly magnetized and ions are not. Then 

one can easily write the dispersion equation for no r'l1>otential 

waves: 

where 

E = c 

w'1.. L. J,..) k..l.._ 
2.:a. -k c: ~ L 



128 

is the contribution of the background plasma to the permittivity 

whereas E. and Ef!. are the reflected ion beam and accelerated c. 

electron beam contributions respectively. The solution of (1+ E.)= 0 

is the dispersion relation 

2-
1.0:: . (5.6) 

Here ..u:. 'I¥I~. is the electron to ion mass ratio, cO"'$J.e 
" 2.. .-..11 

.:::. k'2./ «I B :: & t'z • In the limit of short-wave oscillations 
- / k2. I 

k c:. ">"> wPe. (5.6) describes the electrostatic oblique La~muir 

waves and their frequency is equal (at ~, = 0) to or higher 

(at ~I' F 0) than, the lower-hybrid resonance frequency tv LH. 

With wavelength increasing i.e., Itc ~< w the non-potentiality pe 

of oscillations becomes essential, and they turn into well-known 

whistlers. Here we confine ourselves to the case k~ -« k';; 

this is justified by the fact that, as a rule, the particle energy 

density in the coronal plasma turns out to be of the same order 

as the magnetic field energy density; because of this, waves 

with kU '> k.J!L',have a longitudinal phase velocity of the.order 

of V Te and thus, strongly damp. The quantity e,: is given 

by: 

€. = .. 

and the contribution due to acclerated electrons is 

E :: e: 
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where is the distribution function of the ion beam; 

Fe is the distribution function of suprathermal electrons over 

10l"@itudinal velocities in a drift approximation and 

J1\(l VoL ) ( :f+ ~ to;;) 
~~ ~~ k£C~ 

- + 
( .1. + tJ:JPYf.c") 

[See Galeev, 1984] 

Here V" and v.,. are the velocities of particles along and perpen

dicular to the magnetic field, respectively • 

.5.2a Acceleration of electrons due to the presence of reflected 

ions in the upstream (foot and ramp) 

In the shock front (foot and ramp region) it is necessary 

to consider only waves with ~~ cI ,., Ie Va, )J, because the Ion beam 
Jl . .. 

exists only in a region of finite thickness J,.. ~. So the Ions are 
..n.;. 

automatically unmagnetized. Since the ion beam distribution 

in the foot and ramp region can be approximated by a drifted 

Maxwellia n I 

where 
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(5.11) 

and 

~-s 

f. -. -... 
w- k· vJ. + 1.0 

~-4 
Ie· AVb 

(5.12) 

The function Z(~.: ) defined in (5.11) is referred to as the plasma 

dispersion function. In the present case let us comlder that ...,-40 
W - It. V1,::: -to - '< vb c./I'"J tf '::t. k.A Vb , so that 

~L' «:L ,for which 

Hence 

2.. I f '?~ ~-+ 2-
"'"i:.... ~ -= .! r.rp p. LOpe. 'YI1, I( w- It.vJ. ) fl»- k.V ... ) 
~ r;." ,l" - _ - ~P-{ =::t ..... '(5.14) 

1\'\0 Ie "(11 v J,) 2. I k \ -r. ~ \I~ J\ • .i v" 

Maximum of 1m f L, occurs when KYb Cos'f- W= ~It. Therefore 

. one can write 

-~e.= - .. .e.'I'-P (- ~) 
(5 .. 15) 

For a small growth or damping of waves (Y), such that the 

inequality .!:. <~ w , is satisfied, the growth (dampirW .is given 
to 

by: 
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(5.16) 

Using the equation (5.5), one can write: 

Using the dispersion relation (5.6), we get: 

(5.18) 

When the reflected ion beam which is approximated as 

a drifted Maxwellian is present in the ambient plasma the waves 

described by the dispersion relation (5.6) are unstable and the 

growth rate is calculated using (5.15), (.5.16) and (5.ln as 0 

'hY""o e.')CP (- ~) (5.19) 

(t + Wi",{~&) 

The growth of oscillations resonant with an ion beam 

is in principle, limited (a) by convection of waves through 

the shock front; (b) by the energy losses due to the resonance 

with the electrons, tv = kilo "', ,and their acceleration and 

(c) by the nonlinear effects. Here we shall suppose that the 

quasi-static amplitudes of the excited waves are small and 

neglect their nonlinear interactions. 
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In such a case the excitation of waves in the upstream 

by the reflected ion beam, the relaxation of the beam and 

the quasllinear acceleration of electrons are descrlbed by the 

following system of equations (Vaisberg et aI, 1983 Krasnoselskikh, 

et aI, 1985): 

~ 
\j. 

2.1 ~~ I. L 2.. ) !=-~ .... F _ -r:-tE) ~ Ie. ':\ K,r Elc $(UJ-K"v,.!...J 
..,O' 0 (_ " - _ -fit. L .2.. ~v. 

-,-:t 'h'Ic. (:z:n) ~ ~\f'Z. kS,(1 + ~ ) " 
ICC 

(5.20) 

(.5.22 ) 

These equations are valid in the frame of reference movi~ 

with the shock wave with velocity Vo. Here the a~le 

is the angle between the ambient magnetic field vector and 
~ 

the normal to the wave front, i.e. the angle between H and 

X axis, ~ = 1it is the group velocity of the waves. The 

left hand side of (.5.20) describes the convection of oscillations 

from the region of interaction, whlle the right hand side. of 

(5.20) deals with the growth of the low-frequency waves by 

an ion beam ('Yb), their dampi~ due to the resonant interaction 

with the electrons ( Ye ) and the ions of tile background plasma 

( ~). 
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Before analysing the system of equations (.5.20) - (.5.22), 

let us make some simplifications. First, one can suppose that 

only a negligible part of the ion beam energy is transmitted 

to the waves and does not affect the relaxation of the ion beam 

described by Eq.(5.21). This assumption is confirmed by the 

observations near the Earth's bow shock and the computer simila-

tions mentioned earlier and is in good agreement with the results 

obtained below. 

Second, since the electrons are magnetized, their transverse 

energy does not change and a one-dimensional distributIon function 

is enough to describe the behaviour of the electronsl F(v'&.)= 
, 

S Ti Ql v1: ~~(~'/~~ To calculate the damping one should first estimate 

~ e:~ , where Ee is given In (5.8): 

-_''m f = - rr w;: r(rn.n.e. d F~ + k" ~ )!~b(W-"'Jle-kllV,~d~~3) 
e ,,:L j' 'i3".J. 6Vj, 

--+ 
Since I3b is very large for the electrons we retain only the 

n = 0 term in the expression (.5.23). Moreover, in the small

Larmor-radius approximation, J: ~( k..L V.l.) ~ .:L' and Eq.(5.23) 
..n.. ... 

reduces to 

- IT w~ J 'd-F, I 
l'VV\ fe.. - - -( IA;) 1-J )2- ~I (.5.2".) 

~2- 1+ '7 J,.Lez" \1'1':. ~It 
Ush-g equations (5.16), (5.18) and (5.24), w.e can write the dampi~ 

of waves due to the chereri<ov resonance with the electrons 

as: 



134 

The damping of waves due to background ions is: 

'Ot' -w (.5.26) 

where b =- I. ~ is the phase velocity of the waves perpendicular 
'\L 7"'0 

to the magnetic field relative to the background ion thermal 

speed V Tio. Since ~ <:<: If'"e ,li can be neglected. The velocity 

of the resonant electrons is: 

"
So 

v: w~,.~~ 
C1n"e (l + IDP;;': .. ~ .. ) 

is the Alfven velocIty-

The third, and the last simplification, is due to the fact 

that the term describing the wave convection is small in comparison 

with 1b J Vb = M V A >V g' V A' and LHS of (5.20) is 
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-\ 

Here oJ. ~ 1 and we use the estimate %-x. ~ d....,. ~: 

Comparing (5.28) with lb E~ one can conclude that the convection 

is important only for long wavelength oscillations for which 

l'b <. ..n.~. For simplicity it is assumed that 

then 

2-
w= -

Therefore the inequality 'Yj, < Ai. takes the form 

~ Q..)(P f~) <. .fl.: 
""0 

which reduces to 

'/.. 2- It c / tl.'Pe. 'I. 

L%) ; I'YIb 
_ :a. 

e .c:i-
:z... 

( I ... /,V· r ""'0 (.A Vb) 
w~ 

Pt.. 

which can be rewritten as 

~1lA' 'I ... 
_ v. 

Pt. c::::: p e (~) 
1/:z. 

(1+ ~1.~2- )- ~~ CA ) --t.v.:&. -;;;; -A vb 
Pc.. 

(.5.29) 

<5.30) 

(5 • .31) 

(.5.32) 



136 

J 

The important parameter -
connected with the convection, determines, in particular, the 

threshold of the ion beam instability. Since the LHS of (5 • .32) 

is less than 3/8 for all k, for the instability to occur it .is necessary 

( V.)~ 9 r:rrJ-Va,. 'Ia.. V~ 
to fulfill the condition ::0 .1 ~J. ;> ~ \...'"i" e p. 

This inequality is satisfied for ~ '> ta/,o and one can take the 
""0 

convection into account only in the small part of phase volume 
. \ 

occupied by the oscillations. The energy of these waves is 

small too. So the energy of the ion beam which is transferred 

to the waves, is mainly absorbed by the electrons. As a result, 

stro~ electron acceleration along the magnetic field lines will 

occur and Ff.(~I)will have a non-Maxwellian "tail". 

, 

• 

We shall describe this process in more detail. The scheme 

of the solution for the distribution function of the accelerated 

electrons is the following. Balancing Ii with Yc one can 

find the fraction of electrons accelerated and determIne FeN,) 
such that the energy lost by an ion beam is absorbed by the 

electrons. Note that, when solving Eq. (5.20); we do not take 

into account the finite size of the system, while the wave convec

tion is considered in a simplified way, see e.g. (5.28). Knowing 

F -(V'I ), one can determine the wave spectrum and estimate 

the relaxation of the ion beam if it .is important. 

In that part of phase space (kJ.! KU) where E~:f: 0, It 

follows from (5.20) that : 
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(5.33) 

in the rest of the phase space the LHS of the eq. (5.33) is negative, 

because the waves should damp. Taking into account the Eqs. 

(5.19) and (5.25), equation (5.33) can be written as 

(.5.34) 

It should be noted that the resonance condition (5.27) 

and the dispersion relation (5.6) allow us to find cos e and OJ 

as functions of k and V'I ,so that RHS of (5.33) depends upon 

both independent variables. The exact equality occurs only 

for a single k = k_- " for which the RHS of (,5.34) reaches 

its maximum. The waves with another k are damped, i.e. the 

spectrum of the oscillations is streamer-type and the energy 

is concentrated in a narrow band near the line I< = k~· . on 

the phase plane (kJ. k
" 

). (See the fig. 5.2). Now our a1m Is to 

find the maximum of RHS of (5.33) for a given electron velocity 

VII For this purpose we can eliminate kif in the equation 

(5.6) and write W =W (k J ~I,\j, ) using the resonance condition 

W = k". ~, which gives : 

2. 2. 
W = )J..f2.c. 
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Now substitute the above expression in Eq~(5.33). To slmpUfy 

the formula let us introducez 

0- - J f ' 
'/" _ .a. 

e. 

and write down the eq. (.5.33) in the form: 

, 
) 

(.5.36) 

(.5 • .37) 

We are interested in the region of suprathermal velocities 

VIf "> 2· VTe, i.e. u2 > (". )A. V~e I v~) = ". Pe- Hence, 

if pe is not too small, one can neglect the term with u -2 in 

(.5.3n. Then the maximum of the RHS of (5 • .37) 15 reached for 
2-

1 -= ~* = (t .J? J ~:1. and, i~ does not depend on~. It 

implies that the distribution function of the accelerated electrons 

is linear: 

Here we do not dwell upon the dependence of L O'ft o1her para

meters for the convenience and the compactness ef· iormtilae. 
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When /3e < f d :,' I ~* slightly depends on u for small 

velocities. Although this dependence 1 .. (U) is easy to find and 

determines the deviation of Fe (V II ) from the linear law, this 

effect proved to be insignificant and it would be ignored • 

. 
For small velocities V'I = V * ~ (2-3) V Te' the distribution 

function of the accelerated electrons merges with the thermal 

electron distribution function, which is supposed to be Maxwellian 

e><p - ( Y~ v.,.~ ) 
~ LTT '4-~ 

(.5.39) 

'.2b Electron Accelration due to the ring distribution of reflected 

ions just behind the overshoot 

By rumerical simulations Leroy et al (1981, 1982) showed 

that the reflected ions tend to form a gyrating stream In the 

down stream region behind the overshoot and evolve into a 'rl~' 

with, a significantly large velocity spread. A realistic represen

tation of the ring type distribution of reflected ions which includes 

all thermal effects is given by Dory-Guest-Harrls distribution 

(Dory et aI, 196.5) as given in (5.2). 

The distribution function (5.2) resembles a ring or torus 

in V-space. When N = 0, it reduces to a MaxwelUan distribution, 
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and when N (the ring anisotropy) is larg~, ,the perpendicular 

energy is concentrated near the maximum: 

(5.40) 

The average gyro energy of expression (5.2) is 

The distribution function (5.2) has many of the features 

expected for monoenergetic injection of ions corresporxling to 

reflected ions. The Quasi-linear wave effects will act to reduce 

the anisotropy. The model given in equation (5.2) with the free 

parameter N· will suffice to make a determination of the growth 

rate of waves given in eq. (5.6) which are unstable when such 

ion beams with N/'O are present in the background plasma. 

H we substitute the expression (5.2) into equation (5.15), 

then we obtain: 

(5.42) 
o 

where 
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We can write a necessary condition for growth from inspection 

of the equation (5.42). It is R2< N or, alternatively, 

(5.43) 

H we define 

TN= f.ll: /'/..~ (R'+ tt/ (5.4~) . 

b 

we can derive a recursion relation 

For a = 1 equation (5.42) takes the form 

T.,..... E. = .., .AA. - , - (5.46) 

(N'-+I) ! 

For integers N = 0,1 we have 

II ~ ~tt~ (R~o.5) 

from which higher order IN ~ay be obtained. 

The 
for the lowest three orders N = 0,1,2 are given 

as: 
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2-

I'M ~..cNol) =: 2? :~)A ~ rt e R (R .... o· 5) 
(5.49) 

and 

(5.50) 

T~ Ei (N = 1) gives Instabillty for R2.( 0.5 and the maximum 

growth occurs at a value 

Ro = [0.5 ( 3 - J6' )]1/2 ~ 0.5 (5.51) 

(see for example Barbosa et al (I985) for details). Usi~ the 

equations (5.16), (.5.18) and 5.42) one can write the growth rate 

as: 

(5.52) 

o 

If we assume that c "';-9<' .M. arid use the relation (5.29) for 

W , we can write: 

o 



Due to the similar arguements as in section 5.2a, by analyzi~ 

the inequality (5.33) in this case also we get an equation similar 

to (5.37) which is: 

(5.54) 

where 

Agian since RHS of (5.54) reaches its maximum for 
~ 

~ = ~¥ = (f ~ ) ~ 1, it does not depend upon u, which implies 

that the distribution function of the accelerated electrons 

is linear which is: 

(5.56) 
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For small velocities VI} = V*~(2-3)VTe' the accelerated 

electron distribution fUTx:tion coincides with the ambinet equilibrium 

electron distribution function which is supposed to be Maxwellian 

L (v ) - _:2. A "M. V, -
Ie ft - - -- --:r "'-

11 ~ ~~ v: ,s '2. '!T" "re. 
In flg.5.2 a sketch of the distribution function of the accelerated 

electrons is given. 
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he distribution function of theaccelerated electrons. '")j~ 
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.5.3 Analysis of the streamer-type energy spectrum 

As mentioned above, the waves are coocentrated near 

the line k l.. = k l- (k 11) = ~t. j f ... "1 :. k.". = const on a phase plane 

as shown in fig. 5.3. Therefore the frequeocy, 

.M. v.lL 
" 

'/2-

]~ k'l~ (.5 • .58) . 

is practically constant for about the whole spectrum, where 

\1.'1'.2. >') V»2. r .. l.. 1" ,..4... • As it follows from the resonant condition 

W = K • Vb cost.f' the streamer consists of two straight lines 

on (k ky) making angles :t <f* with k axis. Here x _ x 

C~ Cf*= 
(.5.59) 

To find the wave spectrum, let us rewrite eq. (.5.22) in 

the following form: 

Here we have used the fact that the spectrum is of the streamer

type. For simplicity we shall comider only the region v,;1 > v; F,,"
..Nl 

which is the most important for the following. From (.5.27) 

V:1.. 
one can obtain that cos2e ~ ~ f.. . Substitutl~ (.5.39) 

"J, 
or {.5 • .57} into (.5.60) one finds after integration: 
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o 

Fig. 5.3. Streamer type spectrum. 
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(5.61) 

The wave energy density is: 

(5.62) 

..;;..5_.4'--_a=.:....:::C~h=a.!!jngl).:e::...;.;.in=--=t:.:;he=---v:..:e:.=;lo:.:c:.:.ity:.l..-..:Jspl:.:r:..::e:;ad::,z,"----=.:.b.r- Maximum velocity 

c. Turbulence level and d. Total density of the accelerated 

elections 

Knowing the wave intensity one can easily find the cha~e 

of the velocity spread in the beam, $ ( A Vb)" In agreement 

with (5.21) 

J (5.63) 

where the diffusion coefficient 0 is determined by the waves 

as: 

.0::: 
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The assumption that the change of the growth rate of the ion 

beam is small and that the energy of the beam is transmitted 

to the electrons is fulfilled if S(AVh) <: JVh or, as it follows 

from (5.62) - (5.64), if 

2- .l. :i 2.. 
»v~ c:::: (AVb) Vb -'2e. 8 - "'" .L I V2. S:')'\ 9 0 

(5.65) vJ.. ,,~ 
WPe. A A * 

To find Vh it is necessary to balance the energy fluxes, i.e. 

the energy flux lost by the ion beam must be equal to the energy 

flux gained by the accelerated electrons: 

From (.5.34), (5.63) and (5.64) it follows that: 

(.5.67) 

Note that the maximum velocity of the accelerated electrons 

does not depend explicitly upon the density of the ion beam. 

However the ratio ~lo/ N)g determines ~ *" For example, 

-1 -1 
for shock waves with M ?: M = 2, f'J, '" 10 , B4t "" 10 , cr 2. 

~j) 'V 10-2., wy ~ = 900 and eVYvJ'V p,: , one can find 
~o ~ 

from equation (5.32) that ~". "X" 1/4 to 1/3 and after substitution 
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in (5.67) one obtains: 

(5.68) 

So the electrons are accelerated up to supra thermal velocities 

( foc"" ~,: tV 10-1). In accordance with (5.62), the level of turbulence 

appears to be: 

(5.69) 

and the total density of the accelerated electrons in the upstream: 
V, fh 2. _lila. 

"Y)::. I='e'" '1" :. - ~ 
S", ,frJ' 10 ~ 

V ~* 
if (5.70) 

Here we substitute Eq. (5.38) for Fe. Similarly the total density 

of the accelerated electrons in the downstream is: 

_ 2--TT (5.71) 

for all values of the Anisotropy index N_ where 1J:l"eiSgiven 

by (5.56) and A by (5.55). 
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.5 • .5 A qualitative analysis of nonlinear interactions 

The self-consistent theory of electron acceleration near 

the shock front, developed above, is based on the quasllinear 

approach. However, in the case of quasllinear theory for 

waves with k" < w( V*, ~ ,r:;;' ~ , there are no re-

sonant electrons which can limit the growth of these waves. 

So the growth of the waves in this region of phase space is 

limited by nonlinear interaction. The full nonlinear analysis 

is not the main task of this chapter, so we restrict ourselves 

below only to a qualitative analysis of nonlinear interactions. 

For kik 1 <. ~ the strongest nonlinear effect is the 

induced sca ttering of waves by electrons. The physics of 

this process is the following: the beating of two lower-hybrid 

waves may have the phase speed close to that of the electron 

thermal velocity V Te. So the beating will be quickly absorbed 

by the electrons leading to the nonlinear "coupli~ of primary 

waves and forcing the lower-hybrid waves to move outward 

the region of k-space where they wer located earlier. Thus, 

the waves driven by a beam will quickly leave the resonance 

region in k-space, limiting the density of the waves there. 

For potential waves this process and the collapse of 

1 1 connected with it, studied in 
the lower-bybrid waves, cosey 

the rumerous papers (Sturman, 1974; Sotnikov, et at, 1"_ 

Hasegawa and Chen, 197.5). With noJ1)otentiality of waves take" 

into account the nonlinear increment of ,induced sca~by 



electrons may be found in a similar way: 

k' 
W' ) V~ T-m £( k-k') 

I 
W-k> 
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(5.72) 

Here we use the fact that the spectral "repumpi~ of the waves 

occurs in a differential 

A kz. ~ ( w- "J) / Vre. ~ 
way: for the si~le act of scattering 

~vrY« ~. 
Te. 

As the result of the induced scatteri~ the energy of 

waves is transmitted along the line kz = 0 to the region of 

grea ter k J! where it is absorbed by the thermal electrons. 

The part of the energy is lost during the spectral "repumping" 

because of a~ular scattering of waves into the region of phase 

space, where waves are effectively absorbed by the accelerated 

electrons. 

Thus, the streamer-type spectrum W(k) rv S ( ~ - k~) 

for kz """ V Ak*!Vh turns and is continued in a form of a streamer 

alo~ k.l axis. In this branch of a streamer there is a balance 

between the induced scattering of waves and their generation 
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by an ion beam: 'V "" ........ Es . 
'b"'" 'NL" tlmati~ the thickness of the streamer 

as A kz "" W Iv h and substituting in (5.2.5) W (k) - W (k') % Jj1.ne 
one obtains 

2-

°NL~ 
rr wp, D 4, fJrr~ 1 .. k 
~ ,W(kJ ..., :I- :.L ~ 

1+ wp.. L ' 

kl.c1 (~kz. v,.Q.) (.R.IT) 3 "" 
-"oTe, 

"V f~, h:::)~· W!J. - V {S.73} 
'l1o"~ 

Now, balancing Y b ~ T NL, one can find the wave energy 

density on the streamer, passing along k~ axis, supposing the 

waves are concentrated near the maximum of the increment 

'b and k~ c./W pe'?<; 1. The result is 

(5.74) 

It should be noted that the presence of shortwave oscillatiom 

(i.e. the streamer passed along the kJ. axis) may change the 

position of the main part of a streamer, k ~ k*« ~ and thus 
Co 

may change 5-*" To understand this fact one should keep in 

mind that the nonlinear interaction of waves belol'@il'@ to the 

main streamer in k-space is not essential, because the main 

nonlinear process for k/k ~ > V is the induced scatteril'@ of 

ions and the corresponding phase velocity of the beatings is 

V ph tV (w - wI )~ - k') IV VA» V Ti' so only exponentially small : 
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fraction of ions takes part in this process. On the contrary, 

the induced scattering caused by absorbtion of the beati~s 

between the waves from the main part of the streamer, k tV k4 

and the shortwave oscillations from the tail of a streamer, 

kc > e( ~Pt. is very effective because in this process all the ions 

may playa role. The increment of the last process is (Sturman, 1974). 

(5.75) 

l"NL > ...i?.j. and in this case the just considered "cross-sectiorf' 

induced scattering on ions is more effective in stabilizing the 

waves with k < k* than the convection of oscillations considered 

earlier (see (5.11)). In this case the position of the streamer 

in k-space does not depend upon no: 

k c 
~ _ rv 

(5.76) 

Since It is difficult to determine k* c/ wpe with nonlinear effect 

taking into account, we estimate it as ~ * '" 0.1 -7 0.3. 

Summarising the results of this section, we come to· the 

following conclusions: 

, 
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The electrons near the front of the shock may be accelerated 

up to the energy of the order of miv A/2, and the density of 

the accelerated particles may reach the value of "eh rv (IO-~ 10- 2). 

no' depending upon the Mach number M and th e a~le eo • 
Besides that the acceleration of electrons up to high energies 

may also take place due to their resonant interactions with 

waves locating in a narrow cone kz ::;;:, 0 in k-space. However, 

the number of such electrons is small • 

.5.6 The radiation caused by electrons movirn from the 

shock front 

Let us consider the magnetic field line movi~ with plasma 

flow. At some moment of time this field Hne will touch the 

front of the shock. From this end the electrons accelerated 

by the shock, are injected into the background plasma. Since 

the electrons are magnetized, they move alo~ the field line, 

and there is an analogy between this process and that considered 

by Ryutov and Sagdeev (1970), when the flow of the hot plasma 

enters the half-space occupied by the cold plasma. If F(vz) 

is the distribution function of hot electrons, one can suppose 

that at a given point z >0 a moment t)O the distribution function 

of electrons fe(vz' z, t) is equal to P(vz) for vz "> zIt and is 

small for all the other velocities (we consider t = 0 as the moment 

of injection). However, this distribution function is unstable 

and can drive Langmuir waves, which, in turn, cause fast diffusion 
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in v-space and form a plateau: 

I 

(5.77) 

The quasihydrodynamk equations for p and u were obtained 

and solved by Ryutov and Sagdeev (1970). Knowing p(z, t) and 

u(z,t) , one can find the energy density of plasma waves. This 

approach was successfully used in a number of papers for explaining 

some features of type III Solar radio bursts (Zaitsev et aI, 1972; 

Zaitsev et aI, 1974). In these papers it was shown that at a 

given point on the field line the wave density grows when the 

first group of hot electron comes, reaches its maximum value 

and then decreases during the passing of slow electrons. Since 

we do not know the details of the injection process, following 

Ryutov and Sagdeev (1970) and Zaitsev et a1. (1972, 1974) we 

estimate that the energy density of Langmuir waves is approxi

mately equal to one tenth of the energy density of hot electrons: 

(5.78) 

Substituting the density and 'the energy of the hot electrons, 

obtained in Section 5.4 in (5.78), one can find WL'> (10-5..;- 10· ~ • 
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Now let's consider the processes responsible for the radio 

emission of the shocks movi~ in the Solar corona, 

The high level of turbulence e~ures the high efficiency 

of nonlinear transformation of Langmuir waves into electromagnetic 

ones at the frequencies close to W pe or .twpe' A I'llmber of 

processes causing the generation of electromagnetic waves by 

plasma turbulence were studied in connection with Solar type 

m radio bursts and kilometric radio emission of Earth and JupIter. 

Amo~ them are induced scatteri~ of Langmuir waves by ions 

(Melrose, 1970, 1974; Tsytovich, 1966; Kaplan and Tsytovich, 

1972), merging of two La~muir waves (Tsytovich, 1966; Smith, 

1977; Papadopoulos et al., 1974; Smith et al., 1979), coalescense 

of upper-hybrid waves with the low-frequency electrostatic 

waves (Galeev and Krasnoselskikh, 1978), the radiation due to 

the collapse of Langmuir waves (Ga1eev and KrasnoseIsklkh, 

1976; Kruchina et al 1980; Goldman et aI, 1980). 

Returning to the process considered in our paper, one 

can argue that the collapse of La~muir waves does not play 

any role, since the spectrum of plasma waves driven by hot 

2 2...2.. "-
electrons is broad enough, ( k )0) rv V TeJVhot '" 'e " WL/no Te, 

and the condition of modulational instability (OTS!) is not valid. 

The ion-sound waves are absent because the plasma of the Solar 

corona. is considered to be isothermal (T e = T to In such a case 

the generation rate for electromagnetic waves with w ~ Wpe 

is determined by the induced scattering on ions. 11" T is the 
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energy density of electromagnetic waves and. vph is the phase 

velocity of La~muir waves this generation rate is (Tsytovich, 

1966; Melrose, 1974): 

.hL,-
(.5.79) 

To estimate the brightness temperature of the emission 

one should know the optical depth of the radiative region, which, 

In turn, is determined by the length at which La~muir waves 

exist in the background plasma. This le~th may be estimated 

as t.., (1/2 - 1/3) vh• tin' where tin is the time of electron injection 

into the given field line, sliding alo~ the surface of the shock 

wave. 

It is easy to understand that the acceleration of electrons 

alo~ the given line continues only till the moment when the 

angle between the shock surface and this line exceeds some 

critical value 6 > 9cr ~ 300. Thus, if R is the curvature radius 

of the shock, the time of the injection may be estimated as 

tin 1'\1 ~,,: sin. e cr < f{/ v.' which gives t ~ ..!! Vh,t- • So, 
740 Ie V; 

one can conclude that electrons, accelerated in the shock, excite 

the intense Langmuir oscUlations (WL!no Te .-v 10-47 10-'> in 

the wide foreshock region. The size of this region is comparable 

with the radius of curvature of the shock wave or is determined 

by the long-scale irregularities of the magnetic field in the 

solar corona (if their typical size is L 1 <<. R). Usir~ Eq.U.~ 
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and estimating l as 1/10-+1/30 of the sh~k wave front curvature, 

L"'" 1011 cm, one can find that plasma layer emitti~ the radiation 

is optically thick for WL/no Te :> 10 (cl wpe R) (c2vh/~ ) "'10-.5. 

In this case there is an equilibrium between the electromagnetic 

and La~muir waves, and the brightness temperature of the 

radioemission is equal to the effective temperature of La~muir 

waves: 

(5.80) 

For n = 108, T = 106 . one obtains Tb", loll K o e 

We are not going to treat the machanisms of radioemlssion 

at harmonics in details. It shol,lld be only pointed out that the 

optical depth in this case is large too, so the brightness tempera

ture of the harmonic emission is appeared to be approximately 

equal to that of fundamental emission. This conclusion is confirmed, 

at least for a part of type n bursts, by observations. 

The value of brightness temperature obtained for "\ / noT e 

= 10-3 - 10-5, Tb......, 109 - lOll K is also in good agreement with 

the observational data. For WL/n T < 10-' the plasma becomes o e 
optically thin, the brightness temperature may stay at the same 

level"", 109 k, but the difference between the rates of generation 

of fundamental and harmonic emission becomes signif.icant, 

and their brightness temperatures will differ, the fundamerrtal 

emission should be brighter. 
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'.7 Bandwidth, polarization and the frequency. splitting in type 

II radio bursts 

The self-consistent theory of r~dio emission by shocks 

movi~ in the Solar corona. developed above allows us to explain 

in a natural way at least three more features of the type II 

radio bursts. One is the finite band width ,A\.I)/ ~ rv 10-1 , pe 

the second - the relatively high degree. of burst polarization 

at W pe (Suzuki et al., 1980). The former may be explained 

by the finite width of Langmuir wave spectrum: i1w""3/2 W • pe 

(k ). D)2 rv La pe' v~/vh - 0.1 W pee Besides that, the density 

'irregularities in the emitti~ volume may also play a signl:ficant 

role. To explain the polarization one should keep in mind that 

ordinary and extraordinary waves are generated in different 

ways. 

The induced scatteri~ of ions considered above, L + i~t, 

Is a very effective way to generate the ordinary waves, since 

the frequency of this electromag netic mode slightly differs 

from the frequency of La~muir (upper-hybrid) waves, while 

the frequency of the extraordinary waves Is shifted from that 

of upper-hybrid waves at the value of the order of~. • So 

the process of induced scattering gives raise mainly to the ordinary 

waves. 

The extraordinary waves may be, in principle, generated 

due to the mergi~ of La ~muir waves with the lower branch 

of electrostatic oscillations. However, as it was pointed out 
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by Galeev and Krasnoselskikh (1978) this process occurs only 

in the quadrupole approximation and so it is very slow. 

Early interpretations of the splitting of fundamental and 

harmonic bands involved magnetic splitting or Doppler splitting. 

As pointed out by Wild and Smerd (1972), the magnetic spUtti~ 

in some cases requires unacceptably strong magnetic fields, 

and Doppler splitting requires a current which would cause electrons 

to flow at unacceptably high speed relative to ions in a laminar 

shock model. 

McLean (1967) proposed an interpretation in terms of 

a local inhomogeneous structure in the corona. The parts of 

the shock front which are parallel to the surfaces of constant 

electron density should emit intensely at a si~le frequency 

whereas the emission from other parts of the shock front will 

be spread thinly across a range of frequencies. McLean (1967) 

analyzed an idealized quantitative model for a shock encounterirg 

a streamer and found that the simulated dynamic spectrum re

sembled a split-band Type II burst. A variant of McLean'S mechan

ism could explain split bands in terms of emission from two 

related low V A regions in Uchida's (1974) blast wave. 

Smerd et al (197.5) suggested that two bands corre$pond 

to emission in front of and behind the shock front. The electron 

density jumps at a shock front by a factor related to the sheck 

Mach rumber M A; Smerd et al (197.5) estimated that valtJes 

in the range MA%I.2 to 1.7 (which are plausible) are sufflcle~ 
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to account for the observed splitting. 

Observations of slightly different positions for the two 

components of split bands have been interpreted as evidence 

in favour of McLean's (1967) model (Wild and Smerd, 1972). 

However, Smerd et al (197.5) pointed out that at a fixed frequency 

the components from the two sides of a shock front would be 

emitted at different times. Nelson and Robinson's (197.5) inference 

that the L source is further from the Sun than the U source 

a t the same time is qualitatively consistent with the mechanism 

proposed by Smerd et al (1975). 

Our model self consistently explains the frequency splitti~, 

which .is one of the maIn characteristics of the type II bursts. 

It is due to the character of the reflected 10 ns, which excite 

low frequency waves both in the upstream as well as in the 

downstream. Due to anisotropy in the phase velocities the elec

trons are accelerated by these waves to very high energies 

along the field lines. The detailed observations of the electron 

and ion distribution functions in the downstream of, the Earth's 

bow shock as well as interpla netary shocks w ill support the 

present model. The energy density of the L.a~muir waves excited 

by these electron beams can be approximately written as 

W -x. 0 • i 'Y\ M\ t v ... 'L. - 4 "T. If one assumes that aU 
L",(d) :SuCd.) -;L ~ 10 "'0 e. • 

the energy is converted into transverse waves and the source 

size is ~ 1 Rf:)' the brightness temperature can be estimated 

which lies in the range 109 K to 1011 K ... Nelson and Robinson 
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1975 reported that 18 fT~V)~2.3. The difference In the rumber 

density of the electron beams In the upstream and downstream 

will account of this difference in the brightness temperature 

in the two bands. If the anisotropy index N is large, the rumber 

density in the electron beam accelerated in ¢e upstream will 

be decreased which may not be sufficient to excite observable 

radiation leading to disappearance of the bandspUtting [Thejappa, 

1987]. 

5.8 Conclusions 

1. The majority of the shocks responsible for type II radiation 

are supercritical, and they are characterized by the 

ion reflection. 

2. The reflected ions behave like a beam In the 100t and 
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the ramp whereas they behave like a ri~ in the downstreaAl. 

The resonantly excite low frequency waves whose fre-

quency is near the lower-hybrId frequeney both in the 

upstream as well as in the dow nstream. 

3. The electrons are accelerated by these low frequency 

waves to ultra-relativistic energies due to the anisotropy 

in the phase velocities. 

fl.. The hot electrons enter the background plasma of both 

in the upstream and downstream al-ong tile magnetic:. 

field lines and drive the Langmuir oscillations which 

may reach a rather high energy levels (~,?(.lO-'" - 10",1)~ 
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5. The La~muir waves are scattered by ions and transformed 

into ordinary electromagnetic waves of the same frequency 

W X wPe. • Since the optical depth of the emitti~ plasma 

layer is large, the brightness temperature of the radiation 

does not depend upon the fine structure of the spectra 

and appears to be of the order of lOll K. The radiation 

at second harmonic is due to the merging of two Langmuir 

waves. For typical parameters of the coronal plasma, the 

brightness temperature of harmonics may reach that observed 

at W • pe 

6. The present model fully agrees with the suggestion of Smerd 

et al (197.5) regarding the generation of the L and U bands in 

the upstream and downstream respectively. 

7. The brightness temperature In 'the L and U bands depends 

on the number density in the accelerated beams. Since 

the number density of the electron beam in the downstream 

is less than that of upstream, the U band is fainter than 

L band as experimentally observed (Nelson and Robinson, 

197.5]. 



CLOSING REMARKS AND FUTURE OBSERVATIONS 

In the introduction of our study we had broadly indicated 

the differeoce between inner and outer: corona, and classified 

the types of disturbances that perturb the corona into two classes: 

(1) particle beams and (2) shock waves. We had also argued 

that both of them are interpreted sioce the electron beams 

are mainly accelerated by shocks. 
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The radio bursts at long wavelengths give very important 

clues for understandi~ the various physical processes taki~ 

place in the corona. in the presence of the above disturbances. 

In chapter II we studied theoretically the problem of 

type I noise storms which is believed -to be caused by weak 

shocks driven by the newly emerging magnetic flux from the 

sunspots. We derived an expression for the growth rate of the 

ion-sound waves generated by the shock gradients and the energy 

density of the ion-sound (IS) turbulence saturated by quasllinear 

effect. We compared the energy density of the lower hybrid 

(LH) turbuleoce with that of IS turbulence generated under 

similar conditions and show that IS turbulence grow to higher 

levels. It was also shown that there is a better overlap in the 

wave oomber space in the case of IS waves. Therefore we showed 

that IS turbulence could be a better candidate for the low frequen

cy turbulence needed to generate type I solar radio bursts. 

In the same chapter we derived an empirical formula 
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for coronal magnetic fields based on the type I chaIn observations 

assuming that the chain is caused by a weak shock and the emission 

is at local plasma frequency. The velocity of the shock calculated 

from the drift rate of the chains and 'the density jump across 

the shock obtained from the observed bandwidth are used as 

the input in the Rankine Hagonlot relations and the magnetic 

field is calculated. We recommend that observational programs 

should be desig ned to test whether parallel current or perpendicular 

current in type I shocks is responsible for the low frequency 

turbulence. The exCitation of upper hybrid waves by trapped 

particles is to be -investigated. 

In chapter III we described the Gauribidarur RadIo Telescope 

operating at decameter wavelengths. The ul"lJsual time profiles 

of type III radio bursts and absorption bursts in decametric contl

mum observed using this telescope were studied. It was shown 

that the unusual time profiles of type III bursts are not due 

to random superpositIon of bursts wIth varyj~ amplitudes and 

also they are not probable manifestations of fundamental and 

harmonic pairs. Some of the observed time profiles could be 

due to the superposition of bursts caused by ordered electron 

beams ejected with a constant time delay at the base of the 

corona. This has to be further investigated both theoretically 

and observationally. We had also shown that the sudden reductions 

in the decametric continuum can be explained as due to the 

absorption by ion-sound turbulence generated by a shock wave 

propagating laterally with respect to magnetic field. The duration 



of the absorption was interpreted as the period during which 

the IS turbulence stays undamped above thermal level. The 

depth of the absorption is due to the level of Langmuir turbulence 

generated as a result of the interaction between ionsound waves 

and transverse waves. 

Actually there is a build up of Langmuir waves upto a 

level after which the reverse interaction, i + S - t:- becomes 

important, i.e., the saturation stage of the absorption. 
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In chapter IV we studied in detail the drift pair bursts. 

The data on drift pair bursts, obtained using the swept frequency 

spectrograph at Nancay,Fraoce, had been analysed. We detected 

for the first time features like drift pair chains and vertical 

drift pair bursts. We showed that the drift pair bursts and their 

related phenomena like chains and vertical DPs can be understood 

seliconsistently ~ one assumes that the double plasma resonance 

layer, where the radiation is generated, is different at different 

instants of time so that one gets a slope in the frequeocy-time 

plane. It was also shown that the bursts can have all types 

of drift rates if there are considerable fluctuations in some 

macroscopic parameters such as density and magnetic field. 

A steep variation in the magnetic field was derived in the case 

of vertical DPs when the density was assumed not to be affected 

by DP activity. A more detailed high resolution observations 

of DPs are necessary to build any new theory. 

In chapter V we proposed that the majority of shock waves 
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responsible for the generation of type II radio b~rsts are super

critical. It was also proposed that the reflected ions behave 

like a beam in the foot and the ramp and like a ri~ in the 

downstream, i.e., just behind the overshoot. These were described 

by drifted Maxwellian and Dory-Gust-Harris d.istributions respective

ly. The ion beams were unstable and could drive the low frequency 

waves, whose frequency lies between the electron and ion cyclo-

tron frequencies. These waves were absorbed by the ambient 

electrons, leadi~ to the formation of electron "tails", in upstream 

as well as downstream. On entering the cold background these 

hot electrons, in turn, drive the high frequency Langmuir oscilla

tions to high level energy de nsities !!.!:: .... JO' ~ J;~ in the upstream 
"'oTe. 

as well as in the downstream. The conversion of plasma waves 

into electromagnetic waves was caused by the induced scatterl~ 

of plasma waves off ions or by merging of two· La~muir waves. 

The brightness temperatures in the lower and upper bands depend 

on the rumber densities in the accelerated beams. Since the 

rumber density of the electron beams In the downstream is 

less than of upstream, the U band is fainter than L band as 

experimetally observed. Thus it naturally explained the band 

splitting in type II bursts. The role of nonlinear processes was 

also studied in this chapter. Theoretically the herrl~bone 

structure in type n bursts remains to be explained. Observa

tionally also it is to be confirmed whether herri~bones am 
type II bursts are completely related. 
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In conclusion we believe that a combination of high resolution 

radio observations from the ground and space will enable us 

to confirm the predictions like shock acceleration, shock excited 

low frequency turbulence etc. 
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