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Fig. 3.1 Average binding energy B/A in Mev per nucleon for the naturally cmcurri_ng
nuclides (and Be?), as a function of mass number 4. Note the change of magnifi-
cation in the A scale at 4 = 30. The Pauli four-shells in the lightest nuclei are
evident. For 4 > 16, B/A is roughly constant; hence, to a first approximation,

B is proportional to A.
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Kiedy astronomiczne zrodio X
moze zawieracC czarng dziure ?

Okresowe zmiany natgzenia promieniowania
Identyfikacja z obiektem optycznym
Ocena masy (My > 3 M,)

Migkkie promieniowanie X



Fale elektromagnetyczne dochodza_ z Kusms.olrem kiym Zzaznaczono
obszary atmosfery, gdzie promieniowanie jest zatrzymywane na réznych wysokosciach
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Fig. 14-10a, p.286


Figure 14–10 (A) The black hole Cygnus X-1. (A) An artist’s conception of the binary system, where gas from the visible, blue supergiant star HDE 226868 is swirling over to and around the black hole. The mutual orbits around each other take 5.6 days. 
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Position and Identification of the
Cygnus X-1 Radio Source

. THE initial measurements's? of the position of the radio
source associated with the X-ray source Cygnus X-1 were
uncertain by 3 to Sarcs. The results were consistent with two
possible identifications with stars®: the 8.9 mag. BOIb star

. HDE 226868 (=BD + 14° 3815), and a 15 mag. red star 9 arc s

- 10 the north-west of the B star, Because of the apparent
normality of the B star and possible signs of peculiarity in the

red star’, it was not clear which should be identified with the

radio source. Here, we report the resolution of the ambiguity
by 22 accurate determination of the radio position,

The observations were made at frequencies of 2.695 and
8,085 MHz with the NRAO three-element interferometer at
Green Bank from October 28 to October 31, 1971, The
baseline lengths were 500, 1,800 and 2,700 m. Cygnus X-1
was observed concurrently with sixty other radio sources in a
programme of precise position measurements. The method has
been described previously*; certain refinements, however, were
introduced in the analysis to eliminate the principal sources of
Systematic error. The procedures and results for the sixiy
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position of the Cygnus X-1 radio source., with its
$tandard errors, is found to be:

Qygso=19 h 56 m 28.87 s=002s
Euu- +35° 03° 550703,

. The AGK2 position of HDE 226368 is

ﬂ.|‘"-|9h55muul
E|||°- +35‘q ﬂ]' 51.9".

The nearly perfect positional coincidence of the radio source
ml?;uﬂu leaves no doubt that HDE 226868 is the correct
Lification.

\ _ During the three-day observing period, the flux density for

. C¥Bnus X.1 was (1243)% 10-2* W m-? Hz-' at 2,695 MHz

[ 30d (1543) % 10-2* W m~2 Hz-* ar 8,085 MHz.

" JUis now known™* thar HDE 226868 is a spectroscopic

" inary with a period of 5.6 days. Bolton® has found var bl

: ion lines resembling those of P Cygni in high-dispersion

. ¥ecira of this star. This strongly supports the identification
Er“"‘ dio and X-ray sources with the LITSE Sa%zose Lo
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Identification of Cygnus X-1
with HDE 226868

THE ninth magnitude BOIb star HDE 226868 is closely
coincident with the position of Cygnus X-1 and its associated
variable radio source!, Dolan?® has pointed out that Cyg X-|
appears to be a two component X-ray source. One component
has a synchrotron spectrum, and the other has a thermal (or
bremssirahlung) spectrum. The latter component varies on a
time scale of dayvs in a way that suggests it is being eclipsed.
Therefore 1 decided to 1ake photographic spectra of HDE
226868 to look for velocity and spectrum variations that
might be correlated with the X-ray fluctuations. I find that the
velocity of the star varies with a period consistent with that of
the X-ray variation. [t may not be possible, however, to inter-
pret the X-ray variations in terms of simple eclipses.

The spectrograms were taken between mid-September and
mid-November 1971 with the 74-inch telescope of the David
Dunlap Observatory in Richmond Hill, Ontario. Al except
one were taken at a dispersion of 12 A mm-', but because of
the star's faintness and unfavourable weather conditions it was
necessary 1o use projected slit widths of 40 1o $0 pum. These
observations have been supplemented by results from $ to
40 A mm-* plates taken in one night with the 50-inch reflector
of the Steward Observatory of the University of Arizona.
These plates were obtained and measured by Dr Roberta
Humphreys, who communicated the results 10 us before pub-

Thcmuluﬂrnnudhlvdndurmmmﬁwmin
lehllﬂdlh;ﬂﬁ:i&ﬂuuilﬂﬂhdiﬂﬁ;]fmlpﬂiud

Tabile 1 Racial Velocity Measurements

Inter-
Julian date ¥.  Standard m_lttl: HB  Disper-

deviation K emision sion
(kms=') (kms=') (kms-') (kms-') (Amm=1)

*2441210.650 +15 =9 =195 43
1213.665 -24 + 9 =157 =76 "
t1217.558 =58 =10 =14.3 + 39 12
+74.7
1224.581 | + 7 = 10.7 +154 12
1225856 +13 + 9 =156 12
1237.579 +57 *135 -28.3 12
1245.555 —-48 =14 =126 12
1252545 =42 + 9 —156 12
1259.524 + 56 *= 7 =144 12
1261.573 =15 + B =172 12
12637 =65 =6 20

* Unidentified smictinn Festiiire =i % 4€1a 1a 1
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Phase
1 The radid of HDE 126888 plotied
ﬁh!ﬂflﬁ.wrdﬂ! 'I‘heﬂhdmmlh-guu

of 5,607 days. The orbital elements in Table 2 were derived
from this wvelacity eurve The velocity curve has severs|
nodable festures.  In particular the absorption and emission
Enqmrmuufu.ijuﬁmﬂmmmhlmmnmmi"
meﬂmlm“lhulmwuhﬂ. The emission
Iupnﬁili-mh-qmpdamiunmﬂuﬁmnmhlhhnd
ﬂmupzunuhuiuauhﬁtrnmur+ﬂm+3mimr‘
relative to the B siar,

Thhmwbdqmmmm&muﬂmwmigﬂm
aises, M (M, of the two stars in the system cannat be very
large. The mas function

MY uim?i
My = M

requares thal Af, 1M i M 212 Mo, | believe that the
hnunmhrh:mﬂ:huﬂmumthmﬂml
sar, Auu:mummhulmh-minlw
ways, The firit is through normal sellar in which
uunhumﬁmwwhumljug. The sécond and
lhwm1hwmmhlmm.-
Iimnd':reu:uu-mrmmmudum:}muk;
wdmnmuﬂunpmhdhu&:murmmm-
ing. muiw-nwmmmmmu-thm
m&-:ﬁ;ﬂm’lhmimcqmudmldumpuim
have & BOIb specirum, Iumﬁnﬂlhnqtm}tmuug
at that point, however. A 12 to 15 My star irg by mas
exchange 3y above might also have s BOIb specirum after it
had Jou 75-80°% of its mas, Sach a star should show pro-
wmm-MMu‘mrmmHm
LG8, Ihﬁ:u&ud‘m.lh:lzkumlkqm

Tabie 3 Profimicary Oebisl Bamants do HEQ 126888

SiM)= =018

P 5607 dan Tmla8i214.24]
Fam =75 joom -1 To= 1840216 954
Lwbs ke g™t T 281219472
Fuii]d auinfmdn I0* kmw 72 Re
w2 N =006
* Usien ion in frons of B siar,
T Uragen mm tehisd B siar,
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reasanable lower Limits on the pri and secondary massey
respeciively, i

The erucial point in identifying HDE 226868 with Cvg X1
i3 the comparison of the X.ray period with the velocity periad.
mmm:rmﬁmwmm period within
the ranige 5,595 1o 4,635 days. Unfortunately the X-ray data

ﬁnmﬂmlhnahw:ﬂnlmuhufthmdlﬁl
pmnhmhnhﬁlﬁulpqindmlhubﬂrmiou.
Because of theee dimmlmmlumm.
period within the range allowed by the radial velocitics thar
would fit the Xray data, ragher than 1o fry
;}rﬂ m-lndl'i‘.;l':l: Xeray data,
an's interpretation®™* of fhe Xeray data except for tweo
obiervations which | explain below,

Iha.uchﬂmmplulam:mlnmw:wm thay

called & mazimum * and apother that he called o mini.
The first of these was o poine obtained by Brind
rrat.‘lﬁ:hmlhtwuf i
days, The secand i

Ifﬁdlhl!lpﬂ‘ldufmmﬂu!hrxﬂrmdndhl
very well, mx-n;u.u,mmmm-m
mrw:hawmmm:. All but on= of the minima fall
mwﬂwew_mmmmmnmw
ihe other mdmhmmdimfmm
[ - From the relationship of the Xeray and
m@cird;uilmump‘im-ﬂipumuuhn:h
companion occults the X-ray region. I the minimum
at phase 0.03 i & real eclipse, then its potition combined with
llﬂﬂwm#lmhdmum:&x-u;mh
mmmmmwaumnhmw:m
lies somewhat imside the orbit, Moge information about the
mﬂuﬂhﬂhﬂm&yﬂpﬂmhaﬂwmﬁmu
mhmummﬂﬂum@x Unless the inclin-
uhnnhhuﬂ:hml.lhmmuuhnm:h
very large because the photometry mear primary eclipse
{arrews ia Fig. 1} indicates that there is no optical eclipse.
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The motion of the gas stream and the apparent position af
the X-ray source sirongly suggest that the X-rays are being
produced through the interaction of the gas siream and the
unseen companion. The high encrgies of the X-rays imply
that large accelerations are invelved—accelerations such as
might be produced by the intense gravitational field of a
coflapsed object. The lower limits placed on the
r.ass are 100 high for a white dwarf and probably rule out a
reutron star. The lack of o supermnova remnant ako argues
against the secondary being a meutron star, This raises the
distinct possibility that the secondary is 2 black hole. Further
observations around secondary eclipse could test this possi-
bility.

The good agreement between the velocity variations of HDE
226868 and the X-ray variations of Cyg X-1, combined with
their close positional coincidence, argues strongly for their
identity. Furthermore, I have found 14656 of Hell in emission
on plates taken by Humphreys, and this and other emission
Enes may be marginally visible on my plates. This would be
very unusual for a BOIb star, but 34686 has been seen in
emission in the spectra of Sco X1 (ref. 8} and Cyg X-2 {ref. 9).
Thus the identity of Cyg X-1 and HDE 226368 appears almost
certain,

Several problems remain, however, | have already discussed
the problems involved In deriving 4 period for the X-tay
variations. The observations by Matteson® supgest that an
additional complication may be present. He finds that Cyg
X-1 varies by a factor of seven while the observations sum.
~arized by Dolan®™* indicate varistions of no more than a
tzctor of two, The difference here may be due to some of the
experimental problems discussed by Dolan®, The difference
might also be caused by variations in the synchrotron com-
ponent of the source, If this were the case, it would be quite
easy to derive 4 spurious period for the X-ray variations from
the limited data that are currently available. The true nature
of the X-ray variation can only be adequately determined by
continuous monitoring of Cyg X-1 over a large ENergy range.
Ideally this should be coordinated with optical and radio
observations,
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sources, Braes and Hovenier® predicted that X-ray emission
might be obtervable from the region of Per OB2. Such an
X-tay source, 2ASE 0352+ 30, has now besn detected (R.
Gincconi er al., unpublished catalogue of Uhuru Xeray sources),
The quoted Uhuru position of this saures, which has a 2e
uncertainty of 5= 15, agrees to within 2* with that of X Per.

arguments lead us to believe that the Xeray source 5
associated with this star,

Because some other X-ray sources are known 0 be radio
emitters, we have searched for 1,415 MHz radiation from the
X Per region with the Westerbork synthesis radio X
Twelve-hour observations made on both May 24 and 27, 1971,
failed 1o detect any source brighter than 0.005 flux wnity
within the 2ASE 0352 + 30 error box, Because of the extreme
radio variability of X-ray sources, however, these measure-
ments are not conclusive. Continued monitoring of X Per
at both optical and radio wavelengths & needed.

‘We thank the ASE group for providing us with data in
advance of their publication. The Westerbork Radio Observa-
tory is operated by the Metherlands Foundation for Radio
Astronomy with the financial support of the Netherlands
Organization for the Advancement of Pure Research (ZWO).
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Possible Identification of X Persei
with an X-ray Source

Companison of the Yale catalogue® with a recent catalogue of
116 X-ray sources observed with the Uburu satellite (private
communication from R. Giacconi, H. Gursky, E. Kellogg,
3. Murray, E. Schreier and H. Tananbaum) shows that the
position of the irregular variable star X Persei (see Table 1)
coincides with that of the X-ray source ZASE 0352+ 30. The
total number of chance coincidences of bright stars to within
ﬁ.imminhumdﬂ'.linaufthnmnmx-mrm
positions is estimated to be ~ |—the exact number of chanes
coincidences is difficult to evaluste becauss both the bright
stars and the X-ray sources have a non-random distribution
on the sky—but the very unusual nature of X Persei lends some
support to the speculation that the positional agreement of
this siar with an X-ray source may not be a chance coincidence.
The spectrum of X Persei is classified as O pe, and js peculiar
because it is strongly veiled.

Table 1  Comparisons HIT!P-I?'IM of X Persei and JASE
o 1 .- T .1
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The Energetic Jet in Messier 87
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Fig. 14-15, p.290


Figure 14–15 A Chandra X-ray Observatory view of a tiny region at the core of the Andromeda Galaxy. The relatively cool object (blue in this color coding) is at the very center of the galaxy and is deduced to be a black hole millions of times more massive than the Sun.
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