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Table 1 Coefficients in the formula of the zenith luminance
K, ao ai a2 as a4 as
0.14+0.05 —0.61028 0.07637 —0.00230 4.1759 x 107~° 3.5364 x 107 9.9856 x 10710
0.2+0.05 —0.74443 0.13868 —0.00622 1.6009 x 10~* 2.0732 x 107 1.0384 x 1078
0.34+0.05 —0.80534 0.15724 —0.00748 2.0423 x 107*  2.7761 x 10~° 1.4533 x 1078
0.4+0.05 —0.70779 0.11398 —0.00327 4.4639 x 107° —2.0180 x 1077 —2.325 x 10~ *°
0.54+0.05 —0.54822 0.07021 —0.00087 —8.785 x 10~° 2.9294 x 1077 —1.5406 x 107°
0.64+0.05 —0.51149 0.06782 —0.00243 7.2244 x 107° —1.0678 x 10~° 5.8770 x 107°
0.7+£0.05 —0.58312 0.09006 —0.00447 1.2809 x 10~* —1.7135 x 10~° 8.6374 x 107°
0.8+0.05 —0.60908 0.09863 —0.00523 1.5046 x 10~* 1.9881 x 1076 9.6937 x 107°
1 I I - L B—— T T T
i /' . ] 12| .
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Fig.1 The change of zenith luminance with solar elevation angle (left panel) and the curve of sky light at sunrise (right panel)
by CIE well-distributed sky
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Fig.2 The solar apparent magnitude change during sunrise (left panel), and the relation between eclipse fraction and solar

apparent magnitude (right panel)
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Table 2 Visible light stars with more than 0 magnitude in the northern middle latitude

Star Name Magnitude Star Name  Magnitude Star Name Magnitude
Venus —2.98 ~ —4.92 Sirius —1.46 Arcturus —0.04
Jupiter —1.66 ~ —2.94  Mercury 5.7 ~ —2.6 Vega 0.03
Mars 1.86 ~ —2.94 Saturn 1.0 ~ =0.2 Capella 0.08




65 4

F2E5: HETBCRHE IR ET

5 3

x3 RESETIBEEARTEBNF
Table 3 The level of sky dimness by visible
bright stars

Visibility of Stars

Sky Dimness Level

Level 1 Venus is visible
Level 2 Jupiter is visible
Level 3 Sirius is visible.
Level 4 Vega is visible
Level 5 A total eclipse begins

MR el LR LR, 0.956 4 (1) H
P A2 B 58 RO R v H A B 140%, 1X
SRR 2 Bl S A5 1 45 B2 BON R,
HE b oy 5595855 ZO0 K BH B A = 2 1 7H
FRRE AN, Tov8 U R S A oAt 2 R A0
SR R, RS REARE R, A NH &
e AR AT, 5 RKBH A& 5 LK P A A2
R = A AR R A K.

WHRHERAEEHE ZBR, A4 S2Bx W2 1)
R H R P RS0, H&&5r7E0.958L
T, KBHAESEM T T35, ATLUA N R K
ACRBHIR, &4 700.80L R 3 2 X K BH
P e E . T T4y 7E0.95 A B o,
AT N R 8.

T, FRATT T B E B R AR (AR H B RELE
I TR GEAT X bL, R H f RF S 8] i K T BE O RR
S B AR O B, S sl T e ROW 2R A R Ak By
= A IR RS SR S (115 W7 IS R N EE N S R 3
SE b, A N E 43083 & BE I K Z)7E10-14 min,
T 55 KB 730,97 1) P18 A 430,821 38 1 46 W) K 24
F17 min. MEILA35° LA ) Eh X, B2 s
FFE230 min/e 44, MO6 T RATEH Rl s H |,
LA AR (R AR, RICRFEEY, 58 4
RETH.

Hk, HERAENZIA G B, R e
TE A BH P 5 AR T —3° (VEWLERST) IR i, %2
HBEE B IR R e, AR L IR
HHE”,

T8 7E0.98 UL L tE I, K PH 2 % T BE
SRR Z Sk B A S A T e SR R e

55-5

T A BH 3B~ 75 B O 6° A2 A4 B (7 K L ik 7 R s 26 52
A0l DLR B HAE), KAEEIEH 24T DL K BE
EETHRIZEU L & EH& B FREAES
UL b, RO R CRFE IR, X T IXFE
AR BOE A8, AT LA & R AR R R B P 5
JE—3° %6 2 ], A AT RE AR AE “RFFH”.

#7843 150.9530.98.2 8], X & H &k A I ZI 1
BURK TR, X PR H & SR
s A R, 720 RSB ARG —
SE [ B IS R G, 2R BH T w5 B 20 i, KA
TER Tk 22,6 2%, S EHERRESE TN
S5FN6%%E, R B T W T AR HE, S
IR L7 (10 R BH L~ v B — BB il 72— 1° 3120 /2
i, HARRETS SEIUIE 75— B VA HT

F T i (R, HhER ) 2 0 e, (515 5
—HE ALK, 72t L THEEX SR 2
AR, DAVG JE B T, 7ERT9004E 72 45 Hixk H
FEARS AT R AR A IK6 h (22000 8) 2 %, X £ 1
H & AR TR 51900, F 2 H &1 & 58 44y,
106 T 7 R SCT R 2N N Hi BR B B o e, 6
CRFFHE7IXFERI R S, HiER B 3 SOE P52 3 N B
e

R FEAL G s 5 S0 R &
TER— Mk, RIE 0T
AT = %cTz, (3)
XTI 180054 A Mt 8 8, RN
/42, — e = 307445

4 X1997F HEBRIEN

570 R AR TR R E1997 3 HOH I H & &
IGAE R H BRI E R, 1%k H &R AT
R E W IEAL TR FR T W, W v 4 A [ AT B AL,
Wi TAEAEBram 2 Mgl 21 7 I, FRrEfm s, g
EUAT. B ZE. ESIREE AL B T AN R RE B A R
H L%

AN IX LI T AE19974E H 4 & I B K&
Oy B %) K 2 2 A R R H B A (R BB
).



65 & N

5 1

TR

T4 197TFHERENBHSH
Table 4 Parameters of the 1997 total solar eclipse in Xinjiang

Maximum Eclipse Magnitude Mid-eclipse Time

City Latitude and Longitude Sunrise Time
Altay (FiT#13) 88°8'E, 47°51'N 8:33
Habahe (4 ELi) 86°25'E, 48°4'N 8:40
Fuyun (&%) 89°32'E, 47°0'N 8:28
Tacheng (}53%) 83°0'E, 46°45'N 8:53

0.998 8:41
0.999 8:41
0.988 8:40
0.974 8:39

FEIR LS SHOULIN =25 rh BRI &5 SR foe R
%, BARFIRTHEAG I B JOG AR I AN &
ER 5 2RI, 7RSI W R 2 st
I RELE TN IR R BN R, BONAE K “R
B E A 1 EE AR, SCHR[5) 58 63 TR A il b 5

W) R EHLR:

RAFEIE (AT ILR NRE, G RRA
), EEPR, 8:004 /i A, 8:10%4
T, SR, Wi g, W aT RN,
R, 8:20% B FE. 8:30M T4k oLk
SPH, BB RS A L R, A A
A R P R . 8:35 B S I 3] K A8
BT, B R T A A7 BH G I — %
K PHFE TR, SEAd (A G 21 £, B
R, RIRR A =R, B At
FIPE R X BIE T F K. 8:38C k& I

e R-BOEE BRI T ARIERFR, BlEE
R RIBRIR 5, £20 80 2. 8455,
KA 7 8 SO B AL B, S AR 5%, P
A EEMIRER.

TERTEHRAEZL, BT ESER, SENZS
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B E B2 AR 2R AL %

T AT A R S A Stellarium, XX K H
TS FERAT R, FE 526 E fIRA LL X, 45
L3R5, fEEE N, BEAUAS B R B B IR AN
559, 1E8:30)5 MIE oy ¥ 9 R 25 52 8 LT B8 4k, i
IR B AER:36 83T A M TI IR e th, 5
N It LA T K AR — 3K

F 5 StellariumiBHIBHA1997TFEHRRER

Table 5 The astronomical phenomena of the 1997 solar eclipse moderated by Stellarium

Time . Time . Time .
Astronomical Phenomenon Astronomical Phenomenon Astronomical Phenomenon
(Altay) (Fuyun) (Tacheng)
. . . . The sun’s elevation angle
7:30 Nautical twilight began 8:00 Civil Twilight began 8:00
was about —10°
8:30 The sky was a little light 8:40 Jupiter was dimly visible 8:10 The comet subsided
8:39 The sky turned very dark 8:50 The sun rose 8:30 Twilight was obvious
The eclips itud The sky almost st d
8:40  Polaris was dimly visible  8:55 ¢ eciibse magmitude 8:35 © Sky almost stoppe
was about 0.75 to turn lighter
8:42 The sky turned a little lighter 8:36 The comet turned lighter weakly
8:47  The sky became much lighter 8:37 The comet stopped to turn lighter
8:45 Stars disappeared
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Table 6 Visible “Double Dawns” in the central

plains

Date of Solar Eclipse Date of Solar Eclipse

BC1848-10-07 194-08-04
BC1299-04-04 368-04-04
BC1093-03-07 637-04-01
B(C899-04-21 823-10-08
BC727-07-07 975-08-10
BC653-02-02 1303-06-15
BC615-06-29 1397-05-27
BC600-09-10 1731-12-29
BC546-10-13 1763-10-07
BC314-10-28 1824-06-27
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Fig.3 The eastern skyline in “Zheng” (the west Quandu
ruin in Shaanxi), on which the process of a sunrise with

eclipse is depicted
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Fig.4 The change of solar apparent magnitude when the

maximum phase happened with various zenith angle
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Fig.5 The earth rotation correction derived by ancient

Chinese documents on solar eclipses(2]
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Restudy of the “Double Dawn” Phenomenon Caused by Solar
Eclipse

WANG Sheng-hao
(School of History, Beijing Normal University, Beijing 100091)

AgstracT According to an ancient document Bamboo Annals, the day dawned twice (“double dawn”)
in Zheng (#7) during the first year of King Yi of Zhou (JAZ&T), and it has been regarded as a solar
eclipse happening around sunrise by modern scholars. The annular eclipse on April 21th, 899BC is chosen
as the candidate of “double dawn” eclipse by the Xia-Shang-Zhou Chronology Project. Besides, the more
general researches confirm that only eclipses with magnitude more than 0.95 can cause the phenomenon
“double dawn”, and the altitudes of sun during eclipse are constrained as well. After defining “Zheng” in
Fengxiang county, Shaanxi, we use astronomical software to imitate the solar brightness change during
the 899BC eclipse and the 1997 eclipse, which was observed by the Chronology project. As a result, we
confirm that the “double dawn” is a general phenomenon, derive the specific process and some particulars
of the “double dawn” eclipses.

Key words eclipse, celestial mechanics, history of astronomy, methods: observational
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