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l"'ilfl[h EFE ¢ PERE Z1UPR9R (The expansion of the Crab nebula)

Abstract

By comparing eight different epoch images of the crab nebula taken through 1942 to 2004, we have
calculated the expansion velocity of 27 optical bubble features and 60 filaments. The mean expansion
velocity of bubble features and filaments is 0.173 arcsec/yr and 0.15 arcsec/yr, respectively. We also
estimated the maximum radial velocity of the expansion by analyzing the emission spectrum of the
nebula. The maximum radial velocity is 1385.5 km/s. Combining these measurements indicates that the
crab nebular 18 approximately 5870 light year away.

In addition, if we assume that the nebula has been expanding at a constant rate, our expansion
velocity projected backward indicates the mean date of the supernova event as A.D 1124, more than 70
yrs later than the accepted date of 1054. The result confirms the well-known acceleration in the crab's
expansion. Although we have analyzed eight images with a 62 yr baseline, the acceleration still can't be
derived from this study.
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Table 1. The eight images

image date (year) Telescope Scales filter
(arcsec/pixel )
Mount Wil 24.5 ) N
1942 194237 oo TESOR - 0.45 SN R R M
Telescope
1951  1951.853 1.2 m Schmidt Telescope 2.82 AN AR,
1976 1976.159 4m Kitt Peak 0.46 A HE I,
1990 1990.790 1.2 m Schmidt Telescope 1.71 A SR,
1991 1991.796 1.2 m Schmidt Telescope 1.66 A SR
1996  1996.785 1.2 m Schmidt Telescope 1.69 JEok SR
1999  1999.860 8.2-meter VLT Telescope 0.21 AT ALCCD = e F’ﬁ A
2004 2004.077 3.6-meter CFHT 0.94 A IFASLCCD = e fﬁl Y

Figure 1. The eight images
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Table 2. The transformation of eight images

1mage The transformation
a 1= 1.332359* X -0.02881* Y -598.008
£31=0.030208* X +1.316323*y+262.6766

a = 8.45893*X+0.087131* Y -491.703
5 1="-0.09436*X+8.455708*Y-180.512

a = 1.337327% X -0.02284* Y -632.011
1999 and 1976 B1=0.022604* X +1.342887* Y +319.4392

a = 5.017913% X -0.00065% Y -493.977
1999 and 1990 B1=0.00797* X +5.010112* Y -197.112

a=5.020767* X +0.064181* Y -512.825
52=-0.05936% X +5.005773* Y -179.422

1999 and 1942

1999 and 1951

1999 and 1991

a3=5.019189* X -0.00421* Y -493.307
5 =0.005791* X +5.003204* Y -196.679

as= 3.558844% X -0.04642% Y -196.679
1999 and 2004 Bs= 0.044026% X +3.462394* Y +512.4225
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Figure 2. The position of the 46 stars
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Figure 3. The position of the 60 filaments
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Figure 4. The position of the 27 bubbles
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Table 3. The Standard Deviation of images

2500

1999 & [t fef =

IP;"J[F AUTS B o e —‘)?EJT Elf=Ra s Al

image date (yr) Numbers of position g o
stars (pixel)  (arcsec)
1942 194237 46 § ?gii 8;%2
1951 1951.853 4 § 3253 Ségi
1976 1976.159 46 § ;Sﬁ 83{3?
1990 1990.790 46 § 38?2 832?
1991 1991.796 46 § }ig; 8222
1996 1996.785 46 >§ f?@i 8;%?
2004 2004.077 46 >§ }23; 8%

fi-Table 3. "I/ HI5EL 1951 7 5 Ao (i do s o S LIS BLIIRRY (AT g e 2 19 »

iy 7" IR ey O g X

R

8

0.35 = 0.56 =% » Y i1 0.31 = 0.60 =*} -



FIH - =
LR - Fig. 6 1137 L7
EREE > T ERE 2

Y(pixel)

y (arcsec)

). B ERIEOIRISIY

,;__‘

Gl

iﬂ BRSO PRIRSE B T 4 ST A IR
A PIREIETE Fig T SR PpiEig » (B R LAFIRERS 1999 gp A

aR LS

H;EHJ[HJE ﬁ[’f/ EPIPHEEE R AR

Figure 6 The expansion of 60 filaments
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Figure 7 The expansion of 27 bubble-position
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Figure 8. Compare the bubbles of eight different epoch
® Bubble 9

® Bubble 10

140 | ® Bubble 25
/ — 354% (Bubble 25)

a — 56U (Bubble 9)

120 + — 5544 (Bubble 10)

ol /

9

o0 —

70

150

Y (pixel)

60

100 110 120 130 . 140 150 160 170
X (pixel)

Pl Fig 8. JEZER' bL 1942 & = 2004 & [l 1 =g {aepl 1Y S Papume gl i iastE » U aiERlE 50
PR EELTET M'EFHIBJ“'SH"JL@@ [IOR [ o RIS R [l BV E TS B
%ﬁjﬁé SHNFSGR (= > hyZ[FiAsL -
ﬂ$u% Uﬁw VEHIBR I B b ZYposEig o SR EUF] 1942 52 1999 R
igbvicee Sl EJE ] o T BT R SRR R R o BIVIERE PR -

Figure 9 The expansion of 27 bubble-position between 1942yr and 1999yr
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Table 4. Radial Velocity and Convergence age for 27 Bubbles in nebular Shell

1999 arcsec) 1942 arcsec) Distance to Radigl Convergence
pulsar Velocity age
Bubble  X-Xc Y-Yc al-xc Bl-yc  As(arcsec) v slv
1 -15.33  -107.1  -14.36  -98.37 8.781 0.153 708
2 -83.16  -116.55  -80.23  -107.06 9.933 0.173 829
3 -126.63  -90.72  -117.40  -84.39 11.190 0.195 800
4 -169.89  -30.66  -158.09  -28.62 11.972 0.208 829
5 -12495 8568  -11741  82.38 8.230 0.143 1058
6 -75.81 12348  -71.69  116.60 8.017 0.139 1039
7 -39.27  140.07  -37.34  132.87 7.458 0.130 1121
8 54.81 152.67  50.90 142.89 10.533 0.183 885
9 14826 10542  138.58 101.73 10.355 0.180 1010
10 157.71 86.52 146.57 82.28 11.923 0.207 867
11 143.01 54.18 135.51 50.22 8.479 0.147 1037
12 131.25  -72.03 123771  -62.88 11.852 0.206 726
13 -160.86  -92.82  -15041  -85.42 12.805 0.223 834
14 10143  -97.44 95.73 -88.96 10.216 0.178 792
15 86.31 -94.08 80.26 -85.72 10.320 0.180 711
16 38.01  -109.62 3328  -100.89 9.929 0.173 672
17 -51.03  -134.82  -50.46  -124.36 10.476 0.182 791
18 -137.55 7938 -128.59  -72.20 11.485 0.200 795
19 -145.32 3.36 -133.89 3.74 11.439 0.199 731
20 -132.93 23.1 -126.77  24.09 6.234
21 -126.63 6594  -11895  62.98 8.232 0.143 997
22 -20.79 17829  -20.84  172.24 6.053
23 15.12 138.39 14.22 130.72 7.725 0.134 1036
24 72.66 150.15 67.17 141.32 10.394 0.181 923
25 116.13  138.81 107.72  130.35 11.927 0.207 872
27 145.11  -26.88  136.04  -25.27 9.207 0.160 921
average 0.176 874
o 0.027 129
NS 0 0 0.2253  -3.366 3.374
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Figure 10 The expansion of 60 filaments between 1942yr and 1999 yr
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Table 5. Radial Velocity and Convergence age for 60 fialments in nebular Shell

1999.86 1942.37
number  X-Xc(M)  Y-Ye()  al-xe(") Bl-ye(") As v s/v
1 124.53 100.38 116.67 92.53 11.112 0.19 827.55
2 89.67 62.16 84.09 58.88 6.472 0.11 969.18
3 81.69 84.42 74.65 81.07 7.800 0.14 865.85
4 128.73 79.8 118.98 76.54 10.284 0.18 846.70
5 161.49 104.16 145.67 97.33 17.225 0.30 641.38
6 98.49 53.34 91.55 50.47 7.505 0.13 857.99
7 163.17 75.6 152.09 72.87 11.413 0.20 905.84
8 83.37 49.56 71.11 45.17 7.644 0.13 729.44
9 101.85 91.14 93.58 85.64 9.927 0.17 791.52
10 67.83 111.72 63.78 104.60 8.190 0.14 917.48
11 86.73 139.86 79.13 132.06 10.893 0.19 868.56
12 61.53 124.74 57.53 121.33 5.254 0.09 1522.00
13 58.17 117.6 52.23 107.66 11.578 0.20 651.48
14 58.17 139.86 51.48 129.22 12.572 0.22 692.69
15 43.47 140.7 39.67 131.71 9.757 0.17 867.69
16 42.21 120.12 42.32 112.69 7.429 0.13 985.27
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1999.86 1942.37
number  X-Xc(")  Y-Ye(")  al-xe(") Bl-ye(") As \% s/v
17 9.03 116.76 9.34 110.56 6.207 0.11 1084.75
18 33.39 100.38 31.23 95.29 5.528 0.10 1100.20
19 -12.39 100.8 -13.79 92.89 8.033 0.14 726.80
20 -32.55 126.84 -30.32 119.07 8.089 0.14 930.74
21 -20.67 1134 -26.15 107.82 5.603 0.10 1195.21
22 -49.35 122.22 -46.48 115.66 7.163 0.12 1057.86
23 -53.97 96.6 -50.71 91.50 6.053 0.11 1051.01
24 -78.33 90.09 -73.82 85.72 6.280 0.11 1092.89
25 -73.29 72.45 -71.79 69.73 3.110 0.05 1905.11
26 -103.53 7791 -95.94 73.33 8.864 0.15 840.36
27 -63.63 48.51 -59.29 48.71 4.342 0.08 1059.33
28 -108.36 48.51 -105.96 4489 4.344 0.08 1571.09
29 -146.37 32.13 -136.14 29.82 10.486 0.18 821.61
30 -103.11 20.58 -95.35 20.52 7.764 0.14 778.61
31 -96.81 -0.21 -90.99 0.70 5.887 0.10 045.38
32 -143.22  -11.34  -133.94 -6.91 10.286 0.18 802.97
33 -154.77 -26.67 -145.86  -25.16 9.043 0.16 998.47
34 -111.51 -1596  -103.88 -11.76 8.712 0.15 743.35
35 -171.78 -46.83 -162.00  -42.12 10.857 0.19 942.80
36 -149.73 4872 -139.56  -44.10 11.170 0.19 810.39
37 -82.95 -25.62 -78.42 -23.63 4.945 0.09 1009.29
38 -03.24 -52.92 -87.67 -48.73 6.969 0.12 884.37
39 -119.07 -75.81 -115.776 -69.83 6.833 0.12 1187.64
40 -87.78 -82.11 -83.50 -73.25 9.844 0.17 701.98
41 -50.4 -103.53 -49.98 -95.44 8.099 0.14 817.35
42 -49.35 -127.68 -44.41 -119.65 9.425 0.16 834.97
43 -15.12 -81.27 -11.85 -72.73 9.148 0.16 519.52
44 7.35 -08.28 5.34 -71.87 20.508 0.36 276.28
45 18.69 -63.42 17.49 -57.13 6.405 0.11 593.46
46 34.02 -79.59 35.23 -74.70 5.033 0.09 088.65
47 28.56 -48.51 22.27 -45.40 7.016 0.12 461.29
49 63.88 -83.58 62.95 -74.90 10.511 0.18 592.38
50 95.97 -91.77 88.61 -83.73 10.901 0.19 700.26
51 104.58 -66.99 97.31 -59.19 10.660 0.19 669.81
52 87.99 -45.15 82.10 -42.11 6.625 0.12 858.24
53 90.3 -19.95 83.83 -18.84 6.561 0.11 810.26
54 117.18 -53.76 108.81 -47.31 10.564 0.18 701.63
55 116.13 -20.58 107.02 -16.66 9.919 0.17 683.55
57 129.99 14.49 120.89 1491 9.114 0.16 825.00
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1999.86 1942.37
number  X-Xc(")  Y-Ye(")  al-xe(") B l-ye(") As \ s/v

58 108.99 4.62 101.78 5.35 7.248 0.13 865.29
59 152.25 36.54 142.64 31.44 10.879 0.19 827.38
60 115.5 31.71 104.01 31.40 11.496 0.20 598.97
average 0.15 875.98
g 0.05 258.00

ns 0 0 0.23 -3.37 3.374

3. B B

Figure 11. Emission lines of the crab nebula
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Table 6. Maximun relative velocities of approaching and receding knots

Eimission line (3) A A (pixel) Scale(A/pixel) A A (Angstrom) Relative v (km/s

O 113727 23 1.4965 34.42 2771
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Table 7. Maximun relative velocities of approaching and receding

Expansion velocity Distance
feature , Date of outburst
(arcsec/pixel ) (lyr)
Bubbles 0.173 A.D.1126 4450
filaments 0.150 A.D.1125 5520
Mean 0.163 A.D.1124 4800

fi%églf[fjﬁ\jjflgﬂ > F IR Iﬁl PR S gﬁﬁff fﬂ 2Rkt 1054 F  (Nugent 1998 ) >

iﬁ% BT PR s e ﬁgﬁiﬁ%ﬁggupﬁlw | o APHSHPALE 62 5 i i %%4

7\”;[:1;%5{&5; Exi J/%igﬁlH?EF Ry pJ 7% > i [J\?J}‘EIEIHTFUEJ 77 > BVHEIT [l
Elj—l@ pﬁ;ﬁ«[&ﬁ srpr) up;[wjlﬂml Jﬁiﬁﬁfé{ 71%” Jr T HH A pUZEl g o

Table 8. compare the date of the crab nebula’ s outburst

Observer and date Date of outburst
Duncan 1939 AD.1172 £ 21
Badde 1942 AD.1180 % 21
Trimble 1968 AD.1140 £ 15
Wyckoff & Murray 1977 AD.1120 £ 7
Bester et al. 1996 A.D.1160
Nugent 1998 AD.1130 £ 16
Present A.D.1124

T HEGIVIE o Bester 7T 1996 7 g A fUd gt PRGB! SIUHES T 4000 = 7000
A VI (Bester 1996 ) 2 Yt’r?‘“ M1 OII H - ?»E»«E J%FI*JET%LHEJ SHEESRS 5430 = 6370 A F o
YN IV 2 JﬁFF'” AN PAT S “ Jﬁﬁﬁm«
Table 9. compare the distance of the crab nebula
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Observer and date Distance (lyr)

Bester et al. 1996 5600

Trimble 1973 6290

Present 4450-5520
[~ =2HIR
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