MOCCTOUO O

(20000 90 190000O)

godgd

OO MHDOOODOOO
Joog20000 90 110- 90 150
goooobooogoon

1 MOC-CT O
0000000000000000000000000000000

V-B=0
00000ooooooOo (CTo)ooooooooooooo

gboobobooogd

00000000 (MOCO)0000000000000CTO0000
000 [1)0000000000000MOCOOO0O0O000 [2][3]0

2 CTUO

guooooooobooobd
0B
Z _VxE 1
5 = VX (1)
E=—-vxB+nd (2)

oo00o0oo0oooobbooboob n=000O0DOCTODODOOOOODO
ooooobo v-B=00O0OO0OOooooooooobobooo

1



00000020000000000000000000(1H0DO00OO
goon

0B, Oe

0B, Oe

7y 2 4
ot ox’ (4)

gogoooogno

€= —(v.B, —v,B,) (5)
goodg
Ax
<“—————

[ [

I le &

: y:y j+12

[ [ v

[ N A IR M S

| o,\p B ! d

[ [

: : j-1/2

[ [

[ [

[ [

-1 i-172 i i+1/2

0 1: 200 MHDO OO (CIP-MOCCTO)0O0O0O0O0O0OOO0OOO

CTOOO0001000000000000000000000 200
DyO0OOO00O0OO0000000000e00000000000000
000000000@G+1/2,/)0 (i—1/2,/)000000 (3)0000
000

1 1
n+1 n _ n+1/2 n+1/2
E[Bx(iﬂ/zg’) - Bx(i+1/2,j)] = _A_y[e(i+1/2,j+1/2) - €(i+1/2,j71/2)]7 (6)



1 1
E[Bx(iq/zj) - Bx(i—l/Q,j)] = _A—y[e(ifl/Z,jJrl/Z) - 6(%1/2,]'71/2)]7 (7)

00000000, j+1/2)0 (i,j—1/2)00000 (40000000

1 1
n+1 n o n+1/2 n+1/2
E[By(i,j—i—l/Q) = By jr1/2)] = E[e(i+1/2,j+1/2) — €itpge2)s (8)

1 1
n+1 n o n+1/2 n+1/2
g Butii—i2) ~ Bii-n] = xl€azi-y — €t )

0000000000 [(6) xAy — (7) xAy + (8) xAz — (9) xAz] x At
0oooooO

n+1 n n+1 n
[B;v(i+1/2,j) - Ba:(z’+1/2,j) - Bac(i—l/2,j) + Bac(i—l/2,j)]Ay
n+1 n n+1 n _
+[Byij+1/2) — Byjr1/2 = By j—1/2) — Byij—1/2]Az = 0(10)
googooogooooog
n+1 n+1 n+1 n+1
Bm(i+1/27j) — Bw(i—l/lj) + By(i7j+1/2) B By(iJ—l/?)
Ax Ay
_ By = Beicapg) | Biwgryn = Buig-ye) (11)
Ax Ay
gogogno (11) 0O
0B, 0B 0B, 0B
[ + 2 = (12)
ox oy ox oy
gogoogg
V-B]"" =[V-B]" (13)

goboboobooboobob v-B=0OUOOOOOooOoOooooODOo
gboogbbboooobooboooodgooo

cThoooboboool1boboboobobobboboboboooboog
guoboboubdboogdgogo



3 MOCO

croboobooboobobogoobobobobooboobooobooooog
000 ()0000000000O000000o0oo0ooooooooOO
gogbbbboooououoobdobobbboobooouboobbb
guobdgooobuogooboboooogbbbbobooboouoooo
gougobgobuobbbbdoodbooboooobobbbbuouagon
goobouogoooboooooobbboonoon

O0G) D0 «e00000000O0

6n+1/2:—(U;B;—U;B;). (14)
DudUo 0B 0y B;O0ooooooooooood

3.1 0JOdoon

100000000 MHDOOODO (yOO)DO
v, _ B, 0B, _ Jv

ot 4mp Oz BT
o, _ o 0B,
ot “or T Ox’
00 00 p =constantdv, =constantd B, =constant (10 (16)0 (47p)~ /2
000000 (1500 (16) 0000000

B B, .0 B,
_ - —_ = 1
g+ (et )l — ) =0, (17
gooooooooo
0 B, .0 B

(15)

(16)

Y
— S P —Y% )y=0. 1
00000 (170 (13)b000oooooooooooooooO
B
Ct =, z 19
U + T (19)
B,
- _ . 2

gudbobobooobbbobbbobobbboouoobooobbbbboo

000000000000u—-750u+ 70000000



3.2 eUU0Oog

0 (17)0 (18)000000000000000000000 /20
00000000000

(0 =) = e B~ By) =0, (21)
. .- 1 . L
(Uy_vy)—i_\/W(By_By)_O’ (22)

gogooobobd+0 —-0odbuboooooboobbobobbbo
Db 2000000 ByOO

o vy VAT pT + v, \AnpT — B + B

= 23
Y Varpt +\/Arp~ ’ (23)
E_—@+g+@%@@#ﬂﬂﬂmf (24)
v 1/\/Ampt +1/\/Amp~ '
OoOooOoooooo
iG]
A
I
I
I
ct | 1724t
I
I
I
+ g 7o
vi" v vlzl i = Eﬁ
« - - — - — - — - — — — — = >

U2 10000000o000oo



googoouobboobibb n0oubuoooouoobbbb2ton
000000000000 (ClpO0000)D0000 van Leer 00O
guoggobboboobobooon v;jDD

n + dv

ot /Uy(') + 2(A CHI/QAt) ydl if Cz+1/2 >0 (25)

Y V(1) (A:c + C;;mAt) ” (1) if C+1/2 <0
oooooooood

280y (i-1/2) Dy (it1/2)

Dy _ ) R B Bty Atz > 0 (26)

dz () 0 otherwise,
oood

Avyiir1/z) = (Uyipny) — V) /D (27)
ooog

3.3 duuobnooooooon

1.D(25)DDDUJDDDDDBJDDDDDDDDDDDDDDD%’D
B, 000000 ¢c-OOoO0oobobooboOobbOoobooboo

O000pt=pr,0p =pn, 0000
2.vf0B}0v,0B; 0000 (23)0 (240000008, 00000
00 B:000000000000000000

3.v,0 B 0v; 0By oon (1400 200000

4.0(6)0R®)0000000000000000

3.4 UJUooboboooboooood

Jdodooooooogooooooooogoonogooboooogg
OMOCOOOOOO 200MHDOOODDODOOOOODOD yOOono
v, (%y (%y

o Vg Ty,



B, B,
+ )+ dmp 7 Ox

ooogooo cclpObobO0b0o0ooboobooobooooooooog
gboodgodb2gtubsgguguooubuogboobooboogoon
ooboooooboobbobobbobobooo400b000bgan
000000000 () 0000000000000 40000000
gogbd

(28)

(Uy);",jﬂ/z - (Uy)?,jﬂ/z _

At

( 1 )(#) < B. =" (By):+1/2,j+1/2 - (By):—l/lj—i—l/Q
v n T i,j+1/2
Amplin + P Az

ggogdgoogon

(29)

1
< By >ijy1/2= Z[(Bx)i+1/2,j+(Bx)i+1/2,j+1+(3x)i71/2,j+1+(Bx)ifl/z,j](30)

00000 (2900000B;000B,0 i+1/20 ¢-1/200000
0000000 MOCOOOOOO0O0O0O00000000000000
000000000000000000000000

B,
Ct = o (31)
_ B,
- =— @@ (32)

gooobbdagd
gobobud000000b0buobouoooa

oo

[1] C.R.Evans and J.F.Hawley: Simulation of Magnetohydrodynamic
Flows - A Constrained Transport Method; Astrophysical Journal,
vol.332, pp.659-677, (1988)

[2] J.M.Stone and M.L.Norman: ZEUS-2D: A Radiation Magnetohydro-
dynamics Code for Astrophysical Flows in Two Space Dimensions.
IT. The Magnetohydrodynamic Algorithms and Tests; Astrophysical
Journal Supplement, vol.80, pp.791-818, (1992)



[3] J.Hawley & J.M.Stone: MOCCT: A Numerical Technique for Astro-
physical MHD; Computer Physics Communications, vol.89, pp.127-
148, (1995)



