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|  RADIO STARS
" R. M. Hjellming

Sincevabdut 1890 people have Eeen trying to detect radio'emission
fféﬁvstafs, beginning with_@ﬁf‘own Sun. Héwever,.it was nét until the A
. 1940'é that Reber,.Southwortﬁ, and Hey independently detected radio emiésion '
© from ﬁhe Sun. - Only during the last decade haVe ah§:othéf‘radio.stars been
di‘sc;ove'red_._ Be‘t'ween,tﬁe 1940's and the ear].y.'l960i's, radlo asffonomers
had the habit of célling any new fadio‘source é ra&io'star.‘ HoWever, the
 da§; evéntually showed thét iﬁfall casés these spﬁrcés werevnot sing1é L
grévitationally'boﬁna-bodies, as are all stars, by'definiti@h.
‘Tobappreciate.the ﬁroblem of detecting radio étars,‘let us consider

the simple relatiénship between flux density, Sv (in flux units, 10—26Wm—2Hz”l)i-

" and brightness temperature, T

B (in °K) for a uniform source of solid angle

'Qs (= nezla where 6 is an equivalent disc diameter):
-
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.. In equation (1) 6 is measured in arcseconds.
One of the most sensitive radio instruments presently available is the
NRAO interferometer for which the minimum detectable flux density is 0.003 flux'
- units for eight hours of observing. Therefore, for a source to be detectable
S, %2 '0.003

and‘usingbequation (1)

TBe 2 61" | (2)
| o?‘. T o2 5 81 at 3.7 vﬁ
B 7 c
| (3)
T o2 s N

z 730 gt 11.1 cm



,1t is dlfflcult to produce 1arger values of T

The optical sizes of the stars with the largest apparent diameters .
(the red supergiants) are a't‘:Athe most 0. "05_, hence for these one needs

T, 2 32,000°  at 3.7 cm

T, 2 292,000°K at 11.1 cm

Normel proeess on the surfaces of stars easily prodaee TB z iO6°K,' but

B’ . .
Some processes.w1th 1arger »TBvare known- on the surfaee‘of the Sun
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I‘ng. 1~1 (b) The spectra of dlt’ferent components of solar radlo emlssmn plotted -
 in terms of brightness temperature.  To calculate the brightness temperature,
.. the source area is assumed to be as follows: the optical disk for the quiet sun; the -

sunspot area for the slowly varying component; and estimated mean areas based: -

- upon available ohservations for the bursts and storms (After Smerd 1964a). .

The above flgure shows the brlghtness temperatures for some - of the major

:types of radlc emission for the Sun.



" Quiet Sun -~ chromosphere and coronal thermal emission
Slowly varying component - radio emission associated with sunspots
‘or plages

Storms -‘non—thermal em1331on w1th time scales of hours to days. At

o sun8pot maxnmum, in progress about 10/ of the tlme
_ Radio,bursts:— short lived}non—thermal events with time scales of a few
»minutesvto'hours.

Unfortunately, the quiet Sun at'lO cm could be.seen only‘if tloser than ‘

0. 07 pc, the slowly varylng component could be seen only at less than 0 l pc, ,

and very strong bursts could be seen only w1th1n 2 5 pc.
The.nearest star, ProximaCentauri, is only,l.3 pc away._ You thus can

see that only unusual processes are likely to prodoce a radio star. The worst.

~problem with stars is that 6 is always rather small, hence it takes a fantastic

TB to make up for this.

| Despite all this,'there are now‘five'(and possibly 6) different types of

radio stars.

 FLARE STARS

. Certain red dwarf stars are known to increase their brightness radically

for brief'periods of time (typically a few.hours). These obJects are called

',flare stars, and the flares they exh1b1t could be more intense ver51ons of the
well known solar flares._ Since the solaryflares are accompanred'by intense

‘radio bursté, the possihilityvof deteeting these flare stars.led,British'and

AuStralian radio astronomers to monitor them eXtensively in the last decade.

During several thousand hours of observing time, these_investigators have
found several cases of 81multaneous rad1o and optlcal flares for a few stars,'

'notably UV CETI YZ CANIS MINORIS and V37l ORIONIS. These were the‘firSt

true radlo stars.



corona, or to non-thermal flare phenomena like the radio bursts on the-Sun.

One of the best examples is the flare of YZ CANIS MINORIS shown below.
The interpretation of radio flare stars is stillvquite uncertain. There

hévefbeen attempts to attribute the radio emission to shock waves moving through a

©

" There is the‘difficulty,‘however,»that the brightness_temperétures are at least
1lg - o S - : o B :
"10'5°K in some cases. This is a few orders of magnitude greater than has

been observed on the Sun.
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" Some stars are subject to explosive activity in;whichvthey blow off part

- of their atméspheres, The m3ss which is ejected, perhaps 10’5'05 their total B
1mass, is thrown of‘violehtly'witﬁ velocities which typically réa¢h iOOOAkm/sec.f

'jThesefétaré,.Called novae, were first detected aSvradio,starsaby‘myself and. -

C. M. Wade in June 1970 with the Green Bank'interferometer;'vThree novae:

- Nova Delphini 1967, Nova Serpentis 1970, ‘and Nova Scuti' 1970 have sb far

been detected.
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Some of the data for two of the no-vae. are shbwn;above.

has been seen to increase in flux, level off

 vicH)

Serpentis 1970

“and start a decrease. Delphini

1967 has shown only a decrease in radlo flux at 3.7 cm. -

The promlse of the nova data 1s that at first 1ook 1t is 1ncompat1b1e

: W1th all known theorles.

There‘is 1ittle doubt that the ;adiation comes from

.ethermal emission of the ionized matter cast from the star, but the evolution

‘

‘of the radio flux shows interesting features.
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In particular, the rapid decrease expected:when the density in the

 expanding shell drops rapidly is not.seen. Probably either (l) re-ejection

of new matter or (2) somethlng holdlng parts of the shell together w1ll be

needed to f1t the- data.'

RED SUPERGIANTS

ThlS type of radio star must be placed in the maybe category. Keilerman'

' _and Paullny—toth have reported a‘po851ble flare in the red~superg1ant calleds‘
‘Betelguese'(a ORIONIS).h On February 21 1966 ‘they found a flux of

”’(O 11 = 0 03) f.u. at a wavelength of 1 9 cm. - No signal was found, however,‘

on eleven follow1ng nlghts“

In‘addition? Seasquist reported‘a,possible detection of T AURiGAE,<another
red supergiant._ However; again the result rS'notvreproducible. |

This non—reproducibility is the curse of this subject. ‘We know now that

every known radio star is variable and some are erratically variable, hence it

"may be difficult to obtain a particular flare on a particular star.

ANTARES B -

Extenslve observatlons of . Antares, another red superglant have produced

‘an unexpected result and a new type of radlo star. Observatlons-at 11.1 cm
' by myself and C. M. Wade on the NRAO 1nterferometer have shown that in March

June and November 1970 Antares ‘had a flux dens1ty of 0. 005 + 0.001 flux unlts.‘

In June the flux at 3.7 cm was 1ess than 0.003 f n. - On June l 1971 the‘Antares
radlo source was "flarlng' at 3.7 cm to a level of 0. 011 + 002 f.u. A'month § |
later it was.aoaln less than 0 005 f.u, at thls wave-length

" The surprlse inherent in thlS data was that the radio source was not
Antares ‘A. the red supelglant but rather ‘was Antares B, a B3V blue companion
3" 2 from the‘superglant. The nextvpage shows a 3.7 cm map of the source provlng

this..



;26019'00:11_._ . :

SR “,‘260‘1:9']:5‘_(“?’ ' ‘

-26°19'30" |-

ANTARES A~

X

| POINT SOURCE

RESPONSE TO A -

AN ANTARES B

...260 }9'45«1—_

S A=3.7cm
- ' L . L =
20° 19°



Whereaé'é red supergiant is véry 1éfge, é B3V étar‘ié very‘sma11.
Hence fantastic-brightness feﬁperétﬁres are'p?obably nee&ed‘to.produce the
'radibAemission; ‘ |

Thevvériéble radib:soufce ﬁay‘aISQ be‘relafed tova 1ong knoﬁn'optiéal
anomaiy,of tﬂe‘blﬁe stér: sharp‘forbidden eﬁissidn.lineé~of FéII énd‘NiII
‘with ﬁo]other,émiséion lineé, fhiskis’physically,Véry hérd.fé_expiaiﬁ
bécéuse anything that excigesighéseflihes should-excit¢ hydrogen
lines. | | | | |

- Thévgnéwéf;td Bofh'aﬁdﬁéliés seémévio be uhusualﬁpartiéie.stééming

in the atmosphere of the B star.

 PULSARS = . e R L T

Pulsafs.are true fédio stars. Because they hayevbéep a sﬁbjéct of spééiéi" 
'leéfures thisvsummer I'willvﬁoi diécusé theﬁ.‘ e | |
- X-RAY STARS‘

Oﬁe.of fhé ﬁost'iﬁfereSting aeVelépmeﬁﬁsbéfbthé}laét Year'is the
boﬁpling betwéen X-ray astfonomyfand radio‘aétfqno@y becausé'of tﬁé.facf fhat.
m%%ix-ray sourges aré radio stérs." = n
| It:all‘begéﬁ with Sco X-1. In 1968 Andfew_and'yurtbn found it was a
radi6»39urée and in 1969 Abiéé;bbtained datavinaicétiﬁg it Was é variable
© source. I énd,C. M: Wéde entered théusubjeétblést yéér;and‘héVéhhad é g?eat’
deal of fun‘éiﬁcé then.behe firSt #hing wé:fouhd,_by’using an’intgﬁferometer”:.
which could accurately piacgvﬁadiation in the fiéid‘of view,vwas that;,v.b
~Sco X—l,is a triple radio soﬁrce with thé éomponents érranged infa line.
,Thg néxt page shéwsia ﬁap:of'the'éoﬁrqé. This is;reﬁiniscen£v§fn§né'§f the

" major unsolved phenomena in radio astronomy: why do double sources tend to
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Indeed the central source sits exactly

~as the X-ray source.
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on the peculiar star identified

 Furthermore, the central source varies in flux by as
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much as two orders of mégnitude in a few hours.  Nobody vet understands this
-radio-source, which appears tévbe non—thermal with a very variable spectrai
index. |
Some pageé of'data'on the“time variétiohs of fﬁis sourée’fqllow,»
Dufing the last month we‘haﬁé followed theiciue of the vériagle rad16
‘ stérvto fiﬁd‘other X—rayﬂstaré. We have succeeaed in finding one objeét‘in
 3 béautifui‘Sco Xfl—iike,fiare:‘ GX17+2, The map of this souréeLaﬁdvthe
”'prbofkof‘variation are shown iﬁAfiguresﬂbelow. L |
”   A third X—ray Soﬁrge Ctg X—l,’has been deteéted as ‘a different‘type of
*vériable.fadio Star.-'It‘wasbnot.detecﬁable bef;te Apr11 28,,1971;»but “
was a éteady radio sdurce.for'a:spacé of three weeks in May. The mépvof this

source is also shown below.
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