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Abstract

An asteroid hitting the Earth may cause the extinction of dinosaurs, 65 million years ago. The re-
search aim of this paper is how the energy of the asteroid hitting the Earth can be depending on
the chosen of the aphelion distance and the perihelion distance, while the mass of the asteroid is
fixed. The adopted aphelion distance of the asteroid is 1.90, 2.15, 2.65, 3.25, 3.95 and 5.2075 AU,
respectively. The adopted perihelion distance of the asteroid is 1.0009, 0.95, 0.90, 0.85, 0.80, 0.75,
0.70, 0.65, 0.60, 0.55 and 0.50 AU, respectively. Our calculated results show that the larger the
aphelion distance of the asteroid is, the larger the energy of its hitting the Earth is; the smaller the
perihelion distance of the asteroid is, the larger the energy of its hitting the Earth is; the minimum
kinetic energy of the asteroid hitting the earth is 1.0725 x 1023 ], and the maximum Kinetic energy
is 5.8280 x 1023 ].
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/IMTEESHIRTTRE S T 6500 FEMB R KL . AXWHAEHIRRE: ERE—NBRT, MTEK
mHAEBENEH SEBNER, ARSESZRNER LEmH/MrEEGHRVEE. RISRANPME
KT H S FE S 4> %1°81.90. 2.15. 2.65. 3.25. 3.50. 3.95f15.2075AU, it H SFEE4541.0009.
0.95. 0.90. 0.85. 0.80. 0.75. 0.70. 0.65. 0.60. 0.55F10.50AU. RAIKIHELEREH: MTEK
I H SRR, EEHERNEERR; MTEREH SEEM/N, BiEHIRAERRLK, MrEfES
HERKIB /N SIEEN1.0725 x 1023 ], B AZHAEA5.8280 x 1023 |,

XA
MTE, HER, KFHER

Tk

1. gl

MTREEN T REFARRUEZ 0], MTE IR KGR 2.1~3.3 AU; /M7 E 30 Xor =
Wy WEM. RRETMIE, FKMVEE AN 2.1~25 AU, 25~2.8 AU 1 2.8~3.3 AU, Fr T+
i Z A, FeB JUA XS A1 2 — M7 BE KBl 1.75~2.05 AU [1)/MT 2 FR N Hungarla /MT 22,
BB 3.3~3.5 AU [/MTEFRH Cybele /MT R, BUEFKHZIN 4 AU B)/MTEFR Y Hilda /MT
B, PUEP KA TARRIIE KM/ NMT EFCN Trojan /M7 £[1].

CLE LI 2 H 4% 5 111/MT A 383,000 i, T4 W2 v A dm 5 1)/MT EIiE 4 260,000 Hi[2]. BHi&
R 500 FRHI/AMTEA 3 B, /0l 2 4 i 2 A p 2 AR w0 , BAR 25 945,519 i 514 2K [3]-[6]-
PART, RICEFHEN NGRS RHI/MT I, A& 2006 4F [F fR R SCBE A 20 il e BUaE A 4 2 T 0ol
AT P LB B R N i K II/MT B, T Fernandez et al. (2015) 45 H ka2 Y BEL 42 A 560 T
K[2]. BEAKT 10 TKI/MTEKLH 1000 B, EAEKT 100 TKE/MTEKLE 100 Bi[7]. M2
BAREERZ, "R TARRUN, FrRLEN TR R HN T HER R T 2r 2 —[8], AU NHER T & 1T
432759

INMT RIS B RN B 22 SRR, KB R IMT R — S TRAR AN | 3R THDRE A 5 WA s R e R
R, EELN25-3.2x10° kg-m~ s HAERMER/IMTERIEEZ91.0-2.0x10° kg-m~ [2] [10], £
BREER/MT RN 28 4.0-5.0x10° kg-m~ [10], TIEkESFI/MT 2 (195 5 7] LT 7.0x10° kg - m
[6] [11]. RZHUMTREIIMAEAE BT, BRBKK/MT R AR EIEE, BHEFIA—8RORT 2.4 /AN i
RN INT B I IO, e R AR Sl N /M T B 0 B R R 30 #P[12]. AL/ MT RIGIA
HOM TR, s 2MENMTBARSUE RS[13]-[15]. MTEEMBEE FRH AR, R —BMTE
(3 H RS /NT 1.3 AU, SRBEFONIEHNMT R, A T Re i ER[2].

MT R BIRAKR, (H2/NMT B dithsk = s R K. 20013422 H 15 H, —ME % 13.7
KIG/IMT BIER D Wi 2 AR = e i B bE, &k BT A %245, 1908 4, —HELE 40 KIK/MTETE
% v Aa R E 5 B B E, SR T 2000 P U7 A BLARMR[16]. HET, TR K LAl i
JETE 6500 J4ERT, —BIEAARZA 10 TRM/MT BT B SEM IR R B kg s, RIp@ENA T
HEEAR, fEfE 5 R M A A4 K48 T [2] [17]. M7 EfEG IR RO, SIRMBIEAR K
REJTBRK, IR AEY KA MRe ok, M7 EER, ffaeEtik, X2 EmS . i
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2. HE G
2.1. MTEESR IR IIREP B LECMRIE

AT RS ER AR LB A, TAVE LA T JUAME . /MT R R AE IFEBE F2E 0 AR, BT
2 BRSNS 1 70 S0 (FE B2 R R B B8 Ve F 17 ERE R AR 1, SO AR ), /IMT R AR
OB R, 35 HIRA B PEG A X . /MR AR HUE T H 50 B /M T B R R 0 E %,
T SR E N T R ST O EE B . HhER A BB IO AR/, SRR ER 1 A R E 2 E B, T AL
AR EHIRE 5, IMT R IR TR, e s <,

ARSI B E AR B INMT R A RS 03T B R B AR A SR B IR E, X/ MT R b ik
BB BE IR . RS IMT R IV E R TR E LR, RN TSR, IMFREIEUE R
AR BBk, 5 R S R R BB . AR B RS Tl 3R H/INT 2 1R 8
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2.2. JUEHEY]
AMTRPUBTEFGER L, EHAIEE N, T H SRS TR AR R, W= /MR
A BESSTEIT H S g BR IR, & T hEk, Wl 1 Pos. EASCH, HHbEE SR A Allen (1973) 1%L
, Alr, %7 1.0009 AU [18]. /MTRZERAR:, ZEIRAMSI IGO0, M7 R MEEf s
fE: T HAER H s H L AMT R AR 7 5 RA2 0 R, 4F:

L =rmy, =r,mv, )

AT RS2 BRG] SRR 7, HUMRE <71
1 , GMm 1, GM

mv2 — ==m

2 7 r 2 %,

(L+r)n

AT EAEIE F AR, = e, » HIERIIAREHE v, = Ve, THEE =1, . FTLL, MR RIH
FRS| AR, M T HOER I

2GM GM
AV =V, —Vg = o _ © e, (5)
(fo + 1)1 ry

AT R BRI IR T, R BRG] 0, HUEE e

lmsz :lmvﬁit _GM—@m
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Figure 1. The diagram that an asteroid’s orbit is tangential to
the Earth’s orbit
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Figure 2. The diagram that an asteroid’s orbit crosses the
Earth’s orbit
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_ [26m, 10)

AT RAEBNTERT SRR A B v T 226 A2 -
S L — (11)

BET AT BASK HH/IMT B AEBUTE S XS A AR A 2
V, = V2=V (12)
INT R O BRAT RS, RS T bR 3 AL 43 )y -
AV = (V,8) —V,€, ) —Vey = (V, —Vs )€, —V,&, » AV =1/(V, —Vg ) +V? (13)
SRIGIRAE(6). (7)3X, AT LASK HH/IMT 2 el T I O 3l g
24. EEFHR

MTEILEHOS C . RMT R A RIS RE e MR B SN RE, IRYEREE FIEERE, T LA
R H ST R IR At
E

At = ﬁ (14)

3. HEER
3.1 IMTERNRE

6500 Ji4ERT, KA LHMBU/NMI EMWEZAN 10 TK[L7]; KZH MM EAEEN
2.5-3.2x10° kg-m™® [2] [10], fEASCHIRATRH i IAME 2.85%10° kg-m~2 . fRHEAN(1), FTLAKH K44
R IR/ M T B 5 B8 1.4923% 10 kg -

3.2. IMTERIHIIRIFIRET A LR

KT/MTREIPEH AE Ry, EARSCRIATRA 7 HEHE, 4351 Hungarla /M7 & [P35 80E
i 1.90AU, /M7 E EAT NS 2.15 AU, /M7 R 31 B E{E 2.65 AU, /MT R TSN S 3.25 AU,
Cybele /MTE [P HIE A 3.50 AU, Hilda /M7 2 K EIHUE KM 3.95 AU, Trojan /M7 & K-
PRS2 K S T AR 3 IE K S [1] . Allen (1973)%5 H A B H1IE - K4l A 5.2075 AU [18], FrbAfE
A Trojan /M7 R FPF- 58058 K AR 5.2075 AU. /M7 3T H A5 8E B r 43 312K 1.0009. 0.95.
0.90. 0.85. 0.80. 0.75. 0.70. 0.65. 0.60. 0.55 F10.50 AU; r, 2% H Hu it g% N (2 S AR DI s o,
T 1y /0N T T 1t 5 X 2 1) AU 5 A D7) 155 190 o AL 2 2(4) A (10) FT RASK HE /N 2 X ol i 3 ) 46
X (MT B AT ORPE IR ), VI 1o @it A(4). (8)s (L0)a DA : vk, /MTERIFH:
BRAF RIS (L SRR RO, /M7 R NI R A SR P A0 T R . AT T L R AR
THIFRWL®, FERE L.

3.3. IMTERIHIIRFIR BT FIHERHE SR

AR 22 20(5) AN (A3) FT LASK HH/IMT 2 WP BRAT SRS ARG S R (T AR T ER AR ), T I 2.
nBOK, AMTEKPUREERC; oMK, PUBBR, ERShEREERN, B SEshs 5 s s 5@ m

O,
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Table 1. The absolute velocity of an asteroid, when it is just captured by the Earth. The velocity is in unit of m/s

= L MTERIBSEEREIRE R EXHRE, BAIE m/is

1 H SR ize H SR (AU)

(AU) 1.9000 2.1500 2.6500 3.2500 3.5000 3.9500 5.2075
1.0009 3.4079E+04 3.4784E+04 3.5876E+04 3.6820E+04 3.7133E+04 3.7613E+04 3.8566E+04
0.9500 3.3919E+04 3.4651E+04 3.5780E+04 3.6751E+04 3.7073E+04 3.7563E+04 3.8535E+04
0.9000 3.3754E+04 3.4515E+04 3.5683E+04 3.6682E+04 3.7012E+04 3.7514E+04 3.8505E+04
0.8500 3.3583E+04 3.4375E+04 3.5583E+04 3.6611E+04 3.6949E+04 3.7463E+04 3.8474E+04
0.8000 3.3405E+04 3.4228E+04 3.5479E+04 3.6538E+04 3.6885E+04 3.7411E+04 3.8442E+04
0.7500 3.3219E+04 3.4077E+04 3.5372E+04 3.6463E+04 3.6819E+04 3.7358E+04 3.8410E+04
0.7000 3.3024E+04 3.3919E+04 3.5262E+04 3.6385E+04 3.6751E+04 3.7303E+04 3.8377E+04
0.6500 3.2821E+04 3.3754E+04 3.5148E+04 3.6306E+04 3.6682E+04 3.7248E+04 3.8343E+04
0.6000 3.2608E+04 3.3583E+04 3.5030E+04 3.6225E+04 3.6611E+04 3.7191E+04 3.8309E+04
0.5500 3.2385E+04 3.3405E+04 3.4908E+04 3.6141E+04 3.6538E+04 3.7132E+04 3.8275E+04
0.5000 3.2151E+04 3.3219E+04 3.4782E+04 3.6055E+04 3.6463E+04 3.7073E+04 3.8239E+04

Table 2. The relative velocity of an asteroid, when it is just captured by the Earth. The velocity is in unit of m/s
2 2. MTERI R IBIRET AV ERHEER, SR m/s
i H AR izt H SR (AU)

(AV) 1.9000 2.1500 2.6500 3.2500 3.5000 3.9500 5.2075
1.0009 4.3035E+03 5.0084E+03 6.1001E+03 7.0440E+03 7.3576E+03 7.8371E+03 8.7903E+03
0.9500 6.5033E+03 7.2590E+03 8.4088E+03 9.3880E+03 9.7108E+03 1.0202E+04 1.1173E+04
0.9000 8.1925E+03 9.0226E+03 1.0264E+04 1.1305E+04 1.1645E+04 1.2161E+04 1.3171E+04
0.8500 9.6724E+03 1.0576E+04 1.1912E+04 1.3017E+04 1.3376E+04 1.3918E+04 1.4971E+04
0.8000 1.1035E+04 1.2009E+04 1.3435E+04 1.4603E+04 1.4980E+04 1.5547E+04 1.6645E+04
0.7500 1.2329E+04 1.3369E+04 1.4879E+04 1.6107E+04 1.6501E+04 1.7093E+04 1.8232E+04
0.7000 1.3581E+04 1.4683E+04 1.6273E+04 1.7556E+04 1.7967E+04 1.8582E+04 1.9759E+04
0.6500 1.4813E+04 1.5973E+04 1.7637E+04 1.8972E+04 1.9398E+04 2.0034E+04 2.1246E+04
0.6000 1.6039E+04 1.7253E+04 1.8987E+04 2.0370E+04 2.0810E+04 2.1464E+04 2.2708E+04
0.5500 1.7274E+04 1.8538E+04 2.0336E+04 2.1763E+04 2.2215E+04 2.2887E+04 2.4159E+04
0.5000 1.8528E+04 1.9840E+04 2.1696E+04 2.3163E+04 2.3626E+04 2.4313E+04 2.5610E+04

KAAMHEA B, n B8ORS AMTE R BRI A ARG FATHITHFLAE R g 7 AR TE
fIEEE, VEILE 20 /)y, /M7 R FIHUIREE OB/, B BRI SRR (0 4 00 3 8 Bl s vl e o B,

PUEBR, RN, B S8 sh 75 105 BRSBTS SO, AR ]

RERA K. P

L, 2 AR/, ARSI AR 4T R 2E /T 2 KIS B S (AR G S R B IR AR /N R AR K. T
FATHITHFEEE RIEW I EoR: 20 BN, AR AR, FEIRAE 2.

3.4. IMTEESMEAEEMINEE

T BARE AT ER R AR, BRG] J i, MR 2 2(6) AT LASK HH /N T 2 4 ol e ) R
PR 30 MRIEAI(T), WLLKRI/MT B ditb i fshee, VeI E 4. RATRTHELZIRER: ok,
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Table 3. The velocity of an asteroid, when it is hitting the Earth. The velocity is in unit of m/s
32 3. MTRIETHEAAER, BALE m/s

i H riEE RS 1% H AR (AU)

(AU) 1.9000 2.1500 2.6500 3.2500 3.5000 3.9500 5.2075
1.0009 1.1989E+04 1.2260E+04 1.2745E+04 1.3222E+04 1.3392E+04 1.3661E+04 1.4230E+04
0.9500 1.2943E+04 1.3338E+04 1.3997E+04 1.4607E+04 1.4816E+04 1.5143E+04 1.5813E+04
0.9000 1.3868E+04 1.4374E+04 1.5185E+04 1.5906E+04 1.6150E+04 1.6526E+04 1.7282E+04
0.8500 1.4791E+04 1.5397E+04 1.6343E+04 1.7166E+04 1.7439E+04 1.7858E+04 1.8691E+04
0.8000 1.5716E+04 1.6415E+04 1.7484E+04 1.8397E+04 1.8698E+04 1.9156E+04 2.0057E+04
0.7500 1.6650E+04 1.7434E+04 1.8617E+04 1.9612E+04 1.9938E+04 2.0430E+04 2.1392E+04
0.7000 1.7597E+04 1.8461E+04 1.9749E+04 2.0819E+04 2.1167E+04 2.1691E+04 2.2707E+04
0.6500 1.8565E+04 1.9502E+04 2.0887E+04 2.2027E+04 2.2394E+04 2.2947E+04 2.4012E+04
0.6000 1.9557E+04 2.0564E+04 2.2039E+04 2.3241E+04 2.3627E+04 2.4206E+04 2.5316E+04
0.5500 2.0582E+04 2.1654E+04 2.3211E+04 2.4471E+04 2.4874E+04 2.5476E+04 2.6625E+04
0.5000 2.1645E+04 2.2778E+04 2.4412E+04 2.5724E+04 2.6142E+04 2.6764E+04 2.7948E+04

Table 4. The kinetic energy of an asteroid, when it is hitting the Earth. The energy is in unit of the joule
4. IMTEELHENNSE, RUREE

i H RE i H e (AU)

(AU) 1.9000 2.1500 2.6500 3.2500 3.5000 3.9500 5.2075
1.0009 1.0725E+23 1.1215E+23 1.2120E+23 1.3045E+23 1.3382E+23 1.3926E+23 1.5108E+23
0.9500 1.2499E+23 1.3275E+23 1.4619E+23 1.5919E+23 1.6379E+23 1.7110E+23 1.8658E+23
0.9000 1.4351E+23 1.5417E+23 1.7204E+23 1.8879E+23 1.9461E+23 2.0377E+23 2.2286E+23
0.8500 1.6324E+23 1.7689E+23 1.9930E+23 2.1986E+23 2.2693E+23 2.3796E+23 2.6068E+23
0.8000 1.8430E+23 2.0104E+23 2.2810E+23 2.5254E+23 2.6087E+23 2.7379E+23 3.0015E+23
0.7500 2.0684E+23 2.2678E+23 2.5861E+23 2.8700E+23 2.9660E+23 3.1143E+23 3.4144E+23
0.7000 2.3106E+23 2.5429E+23 2.9102E+23 3.2342E+23 3.3430E+23 3.5106E+23 3.8473E+23
0.6500 2.5715E+23 2.8379E+23 3.2553E+23 3.6201E+23 3.7420E+23 3.9289E+23 4.3023E+23
0.6000 2.8539E+23 3.1554E+23 3.6242E+23 4.0304E+23 4.1654E+23 4.3719E+23 4.7819E+23
0.5500 3.1607E+23 3.4986E+23 4.0200E+23 4.4683E+23 4.6165E+23 4.8426E+23 5.2892E+23
0.5000 3.4958E+23 3.8712E+23 4.4466E+23 4.9375E+23 5.0991E+23 5.3449E+23 5.8280E+23

ANT BT M TH BN R R AN BN RE RO ko, /AT R T M T I R S RN B AR K s B KB RE A A
SIAER] 5.4340 1%,

MMTRMEEMEARZEL, ERlHRm e DR S AR 0.8374x10° J-kg*"Ct. LA
r,=2.65AU , 1r,=0.60AU FI5UIE FmMESER G, RIEAX14), TRLRE/MTE A SR
290,017 £ IRFE . A I s 2008 1500 £ [, M I (1)1 353 FE 290 15 33 IRFE: /M7 B H & T+ 290,017
BREFEWE MTE B S5 195 K. 2bs b, AMTEAGRIZIFHRIG, A7 58 G 2 10 B
B /IMT B H Bk 195 Ik, SEBR IR /IMT B 200G 5 B SO B 194 £ B 5 5 E 5T AL

52 B ARAIIS], KPR e i, JERELIN)LToKs s e R e s s, JREAN
JUHTFKe BLER LKL FIRBUMT RERLAN 10 TK, i s A T bSR3 5 B (0 v i it 35k
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Table 5. The kinetic energy of an asteroid, when it is hitting the Earth. The energy is in unit of trillion tons of TNT
5 MTEELMEERENEE, BRI TNT HE

i H RS i H R (AU)

(AU) 1.9000 2.1500 2.6500 3.2500 3.5000 3.9500 5.2075
1.0009 25.63 26.80 28.97 31.18 31.98 33.28 36.11
0.9500 29.87 31.73 34.94 38.05 39.15 40.89 44.59
0.9000 34.30 36.85 41.12 45.12 46.51 48.70 53.27
0.8500 39.01 42.28 47.63 52.55 54.24 56.87 62.30
0.8000 44.05 48.05 54.52 60.36 62.35 65.44 7174
0.7500 49.44 54.20 61.81 68.59 70.89 74.43 81.61
0.7000 55.22 60.78 69.55 77.30 79.90 83.91 91.95
0.6500 61.46 67.83 77.80 86.52 89.44 93.90 102.83
0.6000 68.21 75.42 86.62 96.33 99.56 104.49 114.29
0.5500 75.54 83.62 96.08 106.79 110.34 115.74 126.42
0.5000 83.55 92.52 106.28 118.01 121.87 127.75 139.29

[2] [17], B HL A 5% B R AT AT A A A2 20 T-K o /MTE LUK 194 %5 H & i BT i iail, mie
MR /NMT B AT DO R 5 AR VS A G T A, M B BRI Y, S1E R O R,
KN HER K HIEEEZ A, [, RAFER KL,
4. e
4.1. SaTAT{ExtEE

51 S K A R NT B M BRI R A 24 T 100 I AZME TNT 2458[19]. 1 W TNT FEZ5R 1)
AEE N 4.184%x10° 3, XFEEL AT LAEE T REE R R TNT JEME, FEWE 5. B % 5 afLLEH,
ST HUEFY RS O, AT ESE R S 100 HAZmE TNT LML, WEE/NMEZ, T HEs
1M H. ry /v F 0.50~0.65AU HuE T 10, FATHITHF S RS 100 5420 TNT 2E AR —2.
4.2. KRR BRFN/NMTEIERNF L

AR SR LT A MR PUIE KB AT B A o K, S T /MTE RS HEREE R . TR KL
BNy (R AR/ NT SR SR TE 6500 5 4F B8 T MO IR (1, 24 I [0 Hi R Eh 38 K A /N T B A 3030 K Bl 2 75 R
E—FER? — 71, AKBHEE AL R R b i T % S AR RSk i, TR R kS S8 2
PG R AMNEFE[20] [21]. 3 — 510, RFEAT 2 2 MG BW R, W1V 1145817 B 8uE I N IiEF[21]-[25].
AL, RBHE EFHr BOX PN N #B IR 55, ST EHUE AR /N, M 6500 JJERTFIBIE, HTXH
AN RN T 51D AR ER BUE 2 K Sl AT /N T B U 2 K AR B AN+ 43 2 —[26]
S

RIUEFL TAES 2] 72 H AR R & (45 K2015030). mFAHAE T HARIHELS S
5 2012Y FI 2014Y)ME K A AR RS (FE S5 11265012) 150 FF -
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