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FURTHER DATA BEARING ON THE IDFNTIFICA-
TION OF THE CRAB NEBULA WITH THE
SUPERNOVA OF 1054 a.p.

PART I. THE ANCIENT ORIENTAL CHRONICLES
By I, J. L, Duyvexpax

In his Catalogue des (toiles extraordingires observées en
Chine depuis les temps anciens fusqu’d Uan 1203 de notre ire
{extrait du livee 204 de |a gtandc collection de Ma Tm-lm),
E. Biot listed a “guest-star,” or k'o-hsing, for July 4, 1054,
which is of unusual interest. I propose here to collect some
further information about this phenomenon,

The original text (quoted by Biot from Ma Tuan-lins /en-
hailen T ung-%'a0) is found in the Sung-ghik (“History of the
Sung Dynasty™) by T'o-t'o (1313 to 1355).% It runs:

In the 1at year of the peried Chih<lio [1054], the Sth moon, the
day ehdseit’on (July 4] (8 guestostar] appenred approximately sevs
eral inches south-cast of T'fen-kuan [§ Taurl], After more than 3
year? it gradually became invisible.

In the Annals of the Sung-zhih, which do not report the phe-
nomenon under the first year of Chili-ho, this information is
supplemented in an entry under the first year of the period
Chia-yn. There (chap. 12, p. 10b) we read:

On the day hrin-wer [of the third moon of the firkt year of the
period Chig=yn, .. April 17, 1056] the Chief of the Astronomical
Bureau reported that from the Sth moon of the st year of the period
Chih-ito [June 9 to July 8, 1054] a guest-star had appesred in the
morning in the eastern heavens, remaining in Tiex-kuan [§ Tauri],
which only now had become invisible.

The duration of visibility of this guest-star was; thereiore,
from July 4, 1034, to Apnil 17, 1056.

L Connailssance dex Tempx, 1846, Additions, p. 67. .

3 Treatise on Aztronomy, paragraph on “guest-stars,” chap, 36, p. 250,
Po-pa edition.

3 Biot's teamlation, "4 la fin de l'année.” is erroneous.



1053] in the 8th moon the Lord of the country died [according to
Liao-shili, Po-na edition, chapter 20, page 9a, he died on the day
chi-chi’ou, 1.e. August 28, 1055, Previously there had been an
eclipse.7], and in the Ist moon [ January 31 to March 1. 1055] a guest-
star had appeared in the Pleiades. Liu Yi-sou, Senior Vice-Presi-
dent of the Bureau of Historiography said: “Now Hsing-tsung has
died, [these omens] have indeed come true.”

Not only at K'ai-feng-fu and at Peking in China, but also
at Kydto in Japan the guest-star was observed. The Mer Get-
sukr® and the [chidai-Y o0& both contain texts'® which, though
there are graphic yariations, are virtually identical and are clearly
derived from an earlier text written in running hand. The text
in the Mei Getsicki runs as follows:

In the middle ten-day period of the 4th moon of the 2nd vear of
the period Ten-%: [i.e. May 20 to 30, 1054] and thereafter, between
I and 3 A.M., a guest-star appeared in the orbit*® of Orion’®; it was
visibie in the eastern heavens, It shone like a comet®® [7] in T'icn-
kuan [§ Tauri] and was as large as Jupiter.

8 By Yeh Lung-li, middle of the thirteenth century,

¥ This eclipse took place on May 10, 1054 (Casuon v. Oppolzer, 3368:
or Hoang, Catalogue des Eclipses, Var. Sinol. 36).

% The passage in the Mei Getsuk: (by Fujiwara Sadaie, 1162 to 1241)
was first noticed by Y. Iba in Popular Astronomy, 42, 251, 1934. It oc-
curs under the date of the eighth day, eleventh moon, 1230 (Edition of
Kokusho kankokai, vol. 3, p. 233).

o Author unknown. Printed in the collection of chronicles, entitled
Kaitar Shizaki-Shiran, Vol. 1, p. 187,

10 Communicated by my colleague, Professor J. Rahder.

11 The [chidai-Yoki reads "“location.”

12 Tsu-ts'an; Tsu corresponds to A, @, and Ts'ax to &, & 3, « (Betel-
geuse), v (Bellatrix), and B (Rigel) of Orion; cf. Schlegel, Uranographie
Chinoise, p. 391.

13 The Ts'u-hai distinguishes between po and sui, the ordinary word
for comet. It says that a po (the word used here) has short rays, shooting
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FURTHER DATA BEARING ON THE IDENTIFICA-
TION OF THE CRAB NEBULA WITH THE
SUPERNOVA OF 1034 a.n.

PART II. THE ASTRONOMICAL ASPECTS
By N. U. Mayacr axp H. Oort

The early attempts to link the xapxdly ﬂpandxng Crab
Nebula with the “guest-star” observed in the Far East in 1034
A.D. were concerned, at firse, with pointing out that both ob-
jects were found in very nearly the same phce in the sky,' and
thiat the present size and rate of expansion® of the nebula indi-
cate that it began to expand ot approximately the same time the
nova appeared.’ Later, when order-of-magmitude estimates for
the apparent brightness of the 1034 nova* and for the distance
of the nebula® became available, the evidence was discussed by
a number of persons® with the object of sbnwmg that the 1054
guest-star probably was a supernova.
ever, .conservatively be mgarded as mahﬁshed for the anmem
records hitherto known did not provide suﬁcxenﬁy convincing
data relating to, the maximum brightness and duration of visi-
bility to make the identification certain. But with the pnblxca
tion .of Professor Duyvtndak's translat:ons, m. pamcular the
new ones wherein the nova is reported to have been seen in day-
light and followed for almost two years, it is now possible

t Lundmark, Pnb. AS.P., 33, 234, 1921,

4 Duncan, M¢, W, Comm., No. 76; Proc. Nat. Acod., 7, 179, 1921,

3 Hubble, A.5.P. Leaficts, No. 14, 1928,

4 Iba, Pop. Astr,, 43, 251, 1934

* Mayall, Pub. A.SP., 49, 104, 1937. Lundmark in Pop. Astr. Tidskr.,
7, 18, 1926 (Upsaia Medd., No. 12) had earlier used the same method, but
different data, to estimate the parallax of the Crab Nebula

¢ (The Editor] J, British Astr. Assoc., 47, 274, 1937. Morgenroth,
Die Sterne, 17, 255, 1937; Baade, 4p. /., 88, 303, 1938; 31 W, Contr,
No. 600: Lundmark, Festskrift tillignad Osten Bergsirand, p. 89, 1938;
Mayall, A.85.P. Lesflets, No. 119, 1939; Zwicky, Rev. of Mod. Phys., 12,
71, 1940,
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In a paper appeating in the Philesophicel Mogazive! the anthoe
hns eonsidered the dessity of white dwarts from the point of view of
the theury of the polytrople gos spheres, in conjuaction with the
depenerate non-relativistic form of the Ferml Ditare statiaties. The
expression obtained for the denslty was

My )
»-:rr-:)ll:&‘?"(‘\) ‘ 3

whire M,/ equals the mass of the star in wnits of this sus, This
tormula was lound to give a much hetter agresment with lscts tha
the theery of E C. Stoner,* based alw oo Fermi-Dimc statistice but
an undorm distribution of dentlty o the star which = not quite jus
tifiahle

I this note it is proponed Lo inguice 25 10 what we ace able ta get
when wn use the relativistic form ol the Ferml-Dirac statistics foe
the degenemate case (an approcimation spplicatde if the aumber of
eloctrons per cuble centimeter is o 62Cto™), The pressurs of auch 3

Subrahmanyan Chandrasekhar's discovery of a limiting
mass for an ideal white dwarf appeared In a two-page
paper’ published In 1931, The limiting value of 0.9 solar
mass Is different from the modem value, which is 1.5 solar
masses. The difference results from Chandra’s using an
obsolete estimate of the chemical composition of the star.
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On Massive Neutron Cores

1. R, Orrexnuiver axp G. M. Voukory
Depurtment of Physics, University of California, Berkeley, California
(Received Janvary 3, 1939)

It has been suggested that, when the pressure within stellar matter becomes high enough,
a new phase consisting of neutrons will be formed. In this paper we study the gravitational
equilibrium of masses of neutrons, using the equation of state for a cold Fermi gas, and general
relativity, For masses under §© only one equilibrium solution exists, which is approximately
described by the nonrelativistic Fermi equation of state and Newtonian gravitational theory,
For masses §© <m<{0O two solutions exist, one stable and quasi-Newtonian, one more
condensed, and unstable, For masses greater than {© there are no static equilibrium solutions,
These results are qualitatively confirmed by comparison with suitably chosen special cases
of the analytic solutions recently discovered by Tolman. A discussion of the probable effect
of deviations from the Fermi equation of state suggests that actual stellar matter after the
exhaustion of thermonuclear sources of snerov will. if massive enouch. enntreact indefinitelv,

although more and more slowly, m _
SEPTEMBER 1, 19)9 PHYSICAL REVIEW VoL

On Continued Gravitational Contraction

J. R. Ovenxmayer ANn H, Ssynex
Umiversity of Colifornia, Berkeley, California
(Received July 10, 1939)

When all thermonuclesr sources of energy are exhausted a sufficiently heavy star will
collapse. Unless fission due to rotation, the radiation of mass, or the blowing off of mass by
radiation, reduce the star’s mass 1o the order of that of the sun, this contraction will continue
indeBinitely. In the present paper we study the solutions of the gravitational field equations
which describe this peocess, In I, general and qualitative arguments are given on the
behavior of the meteical teasor as the contraction progresses: the radius of the star ap-
proaches asymptotically its gravitational radius; light from the surface of the star is pro-
greasively reddened, and can escape over a progressively narrower range of angles. In 11, an
analytic solution of the field equations confirming these general arguments is obtained for the
case that the pressure within the star can be neglected. The total time of collapee for an ob-
sorver comoving with the stellar matter is finite, and for this idealized case and typical stellar
masses, of the order of a day; an external observer sces the star asymptotically shrinking to
its gravitational radius.
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SPECIAL ISSUE:
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e 15 times light gathering power
 New era for optical astronomy in NZ (Hercules ..)
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