NATIONAL RADIO ASTRONOMY OBSERVATORY =

Lecture Notes |
. J. R.: Fisher
~ August 1974

THE RADIO SUN

Radio radiation from the sun isinormally divided into 3 phenomenological
categories: quiet sun,‘slowly varying component, and bursts. Bursts are
further divided into five types, each type having very characteristic spec—

tral andbtemporal properties.

The Quiet Sun

As one might guess, the quiet suﬁ referé‘téithe level of radiation when‘
theré are novdisturbaﬁces”on fhe solér surface. 'Since the solar atmosphere
is an ionized plasma with generally decreasing eleé:rOn density with altitude,
radio waves of a given frequenéy will only propagate above é'ceftain altitﬁde.

The refractive index of a simple plasma is given by
n=V1- fYf2
o
where f is the radio frequency and fo is the critical frequenéy given by
£=9x 1073 N MHe

where N is the electron density in cm~3. Hence, as a radio wave gets closer

to the surface of the sun, N gets larger until the refractive index becomes

imaginary and the wave is reflected. Also for frequencies above about 100 MHz.

the optical depth of the plasma due to free-free absorption becomes large near

the c:itical altitude.
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From this very simplistic picture one can explain the gross properties

- of the quiet‘sunlradiation.'vAt long wavelengths all of the observed radiation‘

comes from‘the 108k corona and the snn appears;roughly that-hright. As the E
-fre§uency is increased, the critical altitnde descends into the chronOSphere
-which_is avfew X lO“K andvfinally‘into the,photosphere‘atv6600 K. In fact,

the temperature profile of thepsolar atmosphere can.he deternined by measnring

the apparent hrightness ofvthe sun over}a'wide range ofvfrequencies, In |
practice; the effects of the solar magnetlcvfield and refraction must be

:taken‘into account but the principle remains the same. v

The Slowly Varying Component

The slowly varylng component (S—component) is most prevalent at declmeter
wavelengths and ‘is strongly correlated with activ1ty in the photosphere.‘
ﬂﬁeeausewtheacausatave»dlsturbancesclast,forwmanynwsekswwtheUslowly~yary1ng
component has‘a 28-day period dne to:the rotation:ofvthe sun. |

vHigh resolution mapS‘of thevsnn;show bright areaS'justlabove the‘surface'
whose area and intensity‘correlate rery well with the S-component Which'was
originally disconered with broad-beam antennas. The brlght areas generally
appear above the optlcal phenomena called plages which are, in turn, closely
related t0'sunspots.

The S-component mechanlsm is thermal and closely related to the qulet sun

em1331on mechanlsm. An active area on the solar surface enhances the electron

density above it which raises the cr1t1cal altltudes for radlo ‘waves. Deci-.

meter radlatlon whlch normally or1g1nates in the chromosphere has its reglon

of high optlcal depth pushed up into the hotter corona which results in a’
'hlgher apparent surface brightness. The highest observed brightnesses are

_equal to the physical temperature of the corona.




‘.Burstsc

The phenomenological categories of solar burst are as complex as galaxy
morphology and the Burpee Seed Catalog. Some phy31ca1 dlsturbances on the
vsun show up as different types of burst at dlfferent frequenc1es.‘ Since - g
meter and decameter bursts are the most varled and represent most solar
dlsturbances, only they will be con81dered here.

Type 1 bursts were one of the flrst observed and yet are one of the |
1east understoodvkinds of solar radlatlonfv.Observatlons at a single frequencyv
'show them as a series of many quick bursts of radlatlon superlmposed on a |
general enhancement of radlatlon called a noise storm.‘ Individual bursts .
‘last only a few seconds while the series of bursts and the noise storm may -
: last for many hours. Type I bursts’are'generally only observed between 1 and
30 meters, and‘the,radiation.is not well correlated over‘frequency ranges
greater thanea'few megahertz; This radiation appears to come from highvin‘
the corona and reaches brightness«temperatures uuch-greatertthan the physical
’temperature of_the corona.i Circular'polarization,can‘be as high‘as 100%,
andvthe:sense”of poiarization corresponds to the magnetic‘field polarity:ofv.
'hnthevassociated sunspot group. | |

Type 11,*¢r slow:drift‘bursts, are best characteriied by the fact that
a'sharp risebinisolar radiation is seenfat a laterztime at low frequencies
than at higheriones. This type of burst islbelieved to be caused by plasma

oscillations being excited by a shock front propagating up through the corona.

The frequency of maximum plasma radiation is just above the critical frequency,

-so"as the shock front moves into lower electron densities, the radiation fre-
‘quency decreases. Drift rates are on the order of a few tenths of MHz/sec

which implies shock front motions of  about 1000 km/sec.
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. In.many ways type III,‘or fast drift bﬁrsts; érelidenticéi to_tyﬁe two »l
'buféts except that ﬁhéir duration is‘ﬁuchishorter!(secoﬁds instead of miﬁutes)
and the drift rate is mucﬁ‘higher —- on the ordér of 100'£o SOO_MHé/éec. it
.is believed thét this type Qf radiation is excited by partical stréams_
tréveling at a few éenths fhé speed of light. »Typicai starting’frequenciés
for type II and III bursts are 100 to 500 MHz alﬁhough type iIi;s can be

seen much higher and have been traced to a few tens of kHz with satellites.

TYPe’iV radiation is more of a noise storm>than aagﬁpgt: mLi#é £¥PQIII
and III bursts, the time of onset‘of enhanced solar fadiation is delayed at‘
lower frequencies, buf unlike the bursts, it does not die out quiékly, S0
a few minutes aftei the start of the storm at high fréquencies (a few hundred‘.
MHz) a relatively smooth éontinuum rédiation can be seen to below 10 MHz which
may last for a few tens of minutes to aé.léng as a few days. This type of
radiation is prefty well determined to be synchrotron emission from a swarm
éf relativistic eléctrons drifting rapidly up through the solar atmosphere.b
Typicai drift velocities arevon the ordér of 1000 to 3000 km/sec, and type iI
and type IV bursts aré 6ften seen together.

Type V bursts are essentially not understood at this time. They follow
about 307 of the type III bursts and look like miniature type IV's in the
‘sense 6f frequency range and duration. Their position and time of onset are
very close to those of the éssociated type III.

For a much more detailed description of solar phenomena, the book

"Solar Radio Astronomy" by Kundu is probably one of the best in the field.

T
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Below 100 MHz the apparent brlghtness of the center of the sun,v
is less than the coronal temperature. Why9

What effect would the solar magnetlc field have on propagatlon

of radio waves? What happens to the critical altltude of

vdlfferent senses of polarlzatlon?

How can brlghtness temperatures greater than 2 x 106 K be

" generated on the sun?

Can you guess what the physical connectlon ‘between type II and IV

bursts is?




