5648 3 R X % Vol.56 No.3
201545 H ACTA ASTRONOMICA SINICA May, 2015

doi: 10.15940/j.cnki.0001-5245.2015.03.004

B B RLRAT 5T 5 B RN S| 1R 4E ST

sAATL2T T2 Bl KRRY B2 B A2
FouE? FfEd2s
(1 i KFHIEF R R %M 121000)
2 FEHFREZXAXE L3 100012)
(3 FMIFE RS G b FH 2 ¥ %[ 550001)

FEE o B RO R, T RN S R R e A T A, S ko S AR
PR TSR T HE 11 B SR R AN S 1 22 TR, AT 5380 B RE (B T A . AR
PREEHE S, P RIR AL 2 ol £ (Crab) (( RIS JE SI3EAT U0, JF40- 5 78 R SRAT RE R %1,
T FREAR S I S, Ui A2 W P SR A MM e e S 00 S i 534 T e A7 DY
AR, 517 e U2 A oo 2 e S FEE U/, T B0k — 252 7 Crrab ikt S 5 7 3¢
SO T (Ve B0, S5 K P R SR L AR R 45 A e o L AR L 0 ) £
FAF Ve R AL EAT 4 B

XA BORE: LE, EE. TR, EE: EL, EE: Wi

FESES: P145; XHEAFRIEGS: A

1 5|5

196 74E VUR RIS 1B B Lok, 224 R II2 3002 Wikk et A0 -3 R0, Bk
PRELIR) e R A A S B NS5 et s e v kb B E A ISR B e R I3 4520 ~ 30
ms, 11 F 745 738 F e R IAE0.5 s A AT =6 b Ik oh &L 1 e 3 R G 12 A0 13 1) X
PR, BATVAGE Ny RS, L rT RS 5 ) B m S I FE A L Re kS (17—,

ikt =B B ~ 1012 Gs, BTkt 2 3 3h, e AT idR . bkoh B 58
THAE B L RER TR MR ST L B RE I, AT 3 350 A S 2 1R B W T8O, AN SC ) 2 A 5T
X G CrablVk it A2 1 H A, 19694F RO AL BOIR A = kB T — Bk b £ (PSR
B0531+21), Bl Crabkyf . B MEAE T10544, A& — WA 4455 10 kb A2, e 7 22 st
7572 P H o AR ST K L K . i3 ATNF (Australia Telescope National Facility)
Pulsar Catalogued& ¥ ik 5 £ d, LI B P = 0.033085 s. Crablikit AR T
ER SN SN bk AT XN SRS i e, FURR SO T RE R I 30 ke V, i ATIA10 TeV,

2014-11-28KCF1|J5i s, 2015-01-30M 215 ki

*[H K ARBI AT H (11173034) 2 [H 5 rUE AT 97R 141 (2012CB821800) %t Bl

fyzzhang@bao.ac.cn

tzhangem@bao.ac.cn



236 K X FE R 56 4

i HARF A E, PR S0 50K Crab ik nh B & e 5l H i RS H R 2 Bz —,
FR ILAE Ry — i bR v SR 2 5 7 LA A SRR T RO, ke B 1) e AR R T AL
5T & FAST (Five hundred meters Aperture Spherical Telescope)*H it 5% 1) F 2 L2~ H
PR —, FAST500 moK M A8 H A e RS, BN LG T ] A 254 000 0T )ik
MR, I HZTS R INAT R KR BRI e, N, kb B - B R G, BiE 5| )i A0 16],
A A ARHEDE (1) Crab bk 22 45 75 KA I S 7)) 8 LEo RRS MEFAS T3 328 5% (17 ik
SERIATLE R, Crabik i K & A RFAST UM AR 2 —. Rk, X ILMERE 4
[T AR B TFASTUM (1) e T, b AR Crabik it 5L i B il b I sk F e H 2
PR TB IR IR AR, A, 2 ME — — Uy RE Aff e 8 FL L AR AR RS R kb 2, AERIE S ikl 22 B e Sl 2]
FRARF I T BT B R . AR ST 32 22 AR S WE5E Crab ik & (1477 46 5 191 K 151 %6 4 39
A4, MR FIEFAST ik rh B8 R I AEA S HGE . SR 28 27 TRoAR e ik o 22 37 i il
R AL 8101 A TH0 Crab ikl B2 A1 FLBEER S VE T TRITT 46 191 I8 F8 BRI A SR AT 7 1 0 11
H e B IR AR A, oAb, JEWTST T Crabik = AL S| JJHRE SN 1 1 B 2537 Tk Py fh
BRSNS B, 23 M FEAE X P PR [R5 0 1R 4% Bl s B () Il S Qe TEXT HE
TR O ZEAN AN () Q. SCF I T B3 R Dk v 22 A5 YRR AR S ATLRIAE FH R 1) 1 s
AR &5 S AH N 18

2 BKPEBRRENK

2.1 WERES

FEIX HLFRATTIS 18 ok o 2 () R S AR TR P A A o A2 0 Qg T sh e e A6 A
LRSS RE, T BERE Bl RE S TLER AT REEE S — AN RE. R K A e R Q,
WEAR R FE m IR 7 ) 55 Bl IR 1K e 1 oo = 90°). ikt BRI Ab Wi S B, 5 G 1)
f % 5 o 20

_ B’
jm| = P2 (1)
Jerp, RGBSR, el s RE AL pE 4 )
S 2
Horh, NG,
m = %B][,R3
(e cosa + e sinacos Qt 4 €, sinasin Q) | (3)
e FETAT T HERE A 26 6 1 B, e Fle L S T IE42 FLI 1 Ty 100 940 1 I, 1495
. B2RS
_ v 42
Eon = 63 Q% sin® o . (4)

i b, BATTRT LARIE SRS BRI T kb R R e . FLe ke s he

1
B, = 5192 , (5)



3 1 KA VTAE: kot 2R g B 9T FR AN 5 D R S 237

TR, Fi)
Frs = 1961, (6)

AP BERUCEMSERS, ) To = 90°, AR TR T

Eon =100 = K04 (7)
HpK, = 7%, B, ~ 10" Gs, R ~ 10 cm, I ~ 10% g - cm?. PRl Ak T 45
B R 1
2 _ —17/ Pp \2 6 -1

it = O, C; = Q72 WA, = 1.23 x 10717 (525)2(:85)5 (585 ) 1, F LA FURE LA g
P(t)? = (2m)? At + P? . (9)

BFFATEP = AN, A

K, (27)?

PP) = — =1

(10)
E]i:a
P(t)? = 2t[PP] + P? , (11)

He P[P PYJE AT AR, 1 H A5 B R AE L TE5%. % T Crablik /2, P = 33 ms, P =
4.23 x 10713 s /5B ¢ = 960 yr, AR (11)2, KAFCrabkpf 2 IV AP, ~ 0.01556 s.
PECRIELFIR.

050 ———r———————

r spin-down line 1
0.45 - .

0.40 - -
0.35 - B
0.30 -

0.25 - -

Pls

0.20 - N
0.15 - —
0.10 -

0.05 |+ -

t/(108 yr)
1 Crablikyb 2 53 PR IRk 5 R E

Fig.1 The diagram of Crab pulsar spin period P varying with the time ¢
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Fig.2  The diagram of pulsar time t varying with the angular velocity Q
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Fig.3 The diagram of pulsar spin period P varying with the time ¢. The solid line represents the period
evolution by electromagnetic radiations, while the other curves stand for the cases by the gravitational

radiations with various stellar deformation rates.
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Spin-down of Pulsars, and Their Electromagnetic and
Gravitational Wave Radiation
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AsstracT Pulsars possess a strong magnetic field, and their magnetic axis is not
coincident with their axis of rotation, which makes the existence of electromagnetic
radiations. Pulsar’s rotational energy is able to compensate for the energy emitted by
the electromagnetic radiations, which deduces a gradual slow down of the pulsar spin
velocity. According to the theoretical derivation, we predict the initial period of the
Crab Nebula pulsar, and derive the period evolution at any time in the future under
the effect of electromagnetic radiations. Since there is a quadrupole deformation of the
mass distribution of pulsars, the gravitational wave radiation will reduce the rotational
speed of the pulsar. Hence, the influence of gravitational waves on the spin period of
Crab pulsar is taken into account for a further analysis. Finally, two models of radiation
mechanism are combined, and the evolution of spin period of the pulsar is studied.

Key words pulsars: general, stars: neutron, stars: evolution, stars: magnetic fields



