58 5 2009 5 Vol.58 No.5 May 2009
1000-3290/2009/58 05 /2902-05 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.

221008
2008 9 4 2008 10 22

—Kardar-Parisi-Zhang KPZ
Lai-Das Sarma-Villain LDV
super rough

intrinsically

PACC 0540 0250

B z
t t < L
WLt o~ = 1
1. L s
Lz
—14
Family-Vicsek
1—6
w |t
W Lt WLt wlt ~vVglLt =10f U 2
glt = hx+lt -hxt*
W Lt :LZ hxt —h t *"
\/z f [ ual«x: u <<1 3
u -~
L h x t t ! const u>>1.
T 1 2 3
X hy t = —L h xt (
JLT > t< I
glt ~ e 4
£ P s I
. Family-Vicsek ° k=p-anlz ay . a
W L t [T a = A 4
WLt = Lfu/L" Qa B Family-Vicsek R
z=alf . fu e = 1 Qe
fu ~ u u—>0 fu ~ <1 2
const u —> © Lopez »
W Lt
* 10674177 200318
2006A043

F E-mail zhlip_ 77@163. com



5 2903

Y=Vh Y ®
W. ¢ 7 12 5 28
y ~ . .
2
t* t<<l£ Ohlot = G Vh + 7 xt 7
Wy Lt ~3 . . 6 c Vh
rorsr
& 2 K n Xt
a>0 k>0 nx i
a<0 k<0 nx it oqpx
Family-Vicsek . =2Dlx-x 1" 1t-v P 8
D d o 0
2 7 v
»
oYlot = VG Y +Vp x ¢ 9
Langevin Y x ¢
Langevin . 9
Family-Vicsek 7
Hentschel ~ Family " Langevin GY
»
17—19
. GY ~b"Y" n=0m=1. 10
growth kernel equation 9 x—>xb 1—1iF Y
D2 e v
Q/ &—EQ/ - am- n+1
Lpez 2 ot b Y VG Y b VG Y

-d-z

Vg x t ~b" 72 ’HZPV?; X i .

A~ n+20+20n+1 —d-1

T 2m+ 20-1 m-1

20 n+1 +n+20-d-1 1

K_2n+m—2p—d m-1"~
23—26 n m 11

a>0 k>0 d<20 n+1 +n+2p-

1 a<0 k<0
d>20 n+1 +n+20-1

27

Family-Viesek

0 p d
11



2904 58
3 Kardar-Paris; Edwards-Wilkinson EW 2 p=2
) ardar-tarisi- Mullins-Wolf-Villain B Mullins-Wolf-
Zhang KPZ Villain
. . 34
Kardar Parisi Zhang » Si Si
Pt B @
=3
KPZ o
A , G Vh = -1 %WW*h
8h/8t=»Vh+EVh +7 Xt 12
x —> xb -
77 x i 8 1 ¢+1Vv2¢h —- 1 ¢+1vv2¢—1 Vh — 1 o+l b1—2g@
KPZ G Vh = Wh+d vp? v V¥ VR 10 n=2¢-1ms=1
- 2
11
\Y
¢ Vh &_2g0+2,0+40g0—d—2
% Vi 2 e ? 16
400 + 290 + 20 —d - 2
A 2 A 0 2 K = 4 °
0 5 1 d<2p+
"= 20 +40 -2
~ 20420 -d -1
@ = 3 +20 a =
20+ 20 - d - 1 B3 2¢420440p-d 20 20+20+40p—d -2
K= e d 2 T 4p+20+20-d-2
CAI>O /C>0 Qe = A4 — K aluczl d<2{0
. KPZ d<2p  *20+4¢) -2
+20 -1 28 36
KPZ 0=0 p=0
19 30 » A 20-d-2
_20+40-d+2 _4-2p+d oo = - 2 17
3+20 3+20 foe Kngg—d—Z
ca-x  an=1. d<20+20-1 KPZ ) 4
d<2¢ -2 a>0 x>0
0=0 p=0 KPZ ¢=1
. —d-1 _d-1 ” EW
a = 3 kK="414 d<1 EW
d< -1 .oe=2 Mullins-Wolf-
KPZ Villain d<?2.
Family-Vicsek 3 d=1 Mullins-Wolf-Villain 17
a=1/2 k=1/8 Lopez 1+1
15
4.
5. Lai-Das Sarma-
Villain LDV
Ohidt = -1 “"W¥h 4+ 9 x ¢ 15 LDV Lai 7



4008

5 2905
Oh/dt =-V? kVh + A2 Vh* 4+ x ¢ d<1 a>0 k>0
18 LDV
K n X ! LDV Family-Vicsek
LDV
8§ .LDV
GV =-V? kVh+ A2V . 19
LDV
AR
16 -
. K
x>xb  —A2V? Vh P> - 2/2b77 d
V? Vh ? 10 n=2 m=2
11 —KPZ
&_1+2,0+6(9—d LDV
- 20 +3
0 20
K=6 +1+2‘O—d. KPZ LDV
8-20+d
d<2p+20+1 LDV
17
7 LDV o J—
., Xt X 1 = -
_20480-d+4 __8-2p+d _ o e °
4T 3420 T 3+20 Hhoe = & e —x" 1775 =" 177
—x  ap=1. d<20+20+1 LDV 11 d—>d+2
LDV 0=0 p=0
A 1-4d 1 -d
a = K = 21
3 d+38
1 Meakin P 1998 Fractal ~ Scaling and Growth far from Equilibrium 9 Santamaria J Gomez M E  Vicent J L et al 2002 Phys. Rev. Lett .
Cambridge Cambridge University Press 89 190601
2 Barabasi A L Stanley 1995 Fractal Concepis in Surface Growth 10 Huo S Schwarzacher W 2001 Phys. Rev. Lett. 86 256
Cambridge Cambridge University Press 11 Lopez J M Rodriguez M A 1996 Phys. Rev. E 54 R2189
3 Halpin HT Zhang Y C 1995 Phys. Rep. 254 215 12 ILopez J M Rodriguez M A Cuerno R 1997 Phys. Rev. E 56 3993
13 Lopez J M Rodriguez M A Cuerno R 1997 Physica A 246 329
4 Krug J 1997 Adv. Phys. 46 139
14 Ramasco J J Lopez ] M Rodriguez M A 2000 Phys. Rev. Lett.
5 Family F Vicsek T 1991 Dynamics of Fractal Surfaces Singapore 84 2199
World Scientific Press
15 Lopez ] M 1999 Phys. Rev. Leit. 83 4594
6  Family ' Vicsck T1985 J. Phys. A 18 L75 16  Hentschel H G E Family F 1991 Phys. Rev. Leit. 66 1982
7 Das Sarma S Lanczycki C J Kotlyar R et al 1996 Phys. Rev. E 17 Tang G Ma B K 2001 International Journal of Modern Physics B 15
53 359 2275
8 Bra A Pastor ] M Fernaud I et al 1998 Phys. Rev. Lett. 81 18  Tang G Ma B K 2001 Acta Phys. Sin. 50 851 in Chinese

2001 50 851



2906 58

19  Tang G Ma B K 2002 Acta Phys. Sin. 51 994 in Chinese accepted
2002 51 994 29  Kardar M Parisi G Zhang Y C 1986 Phys. Rev. Lett. 56 889
20  Tang G Zhang LP Wu Y X et al. 2003 Chin. Phys. Leit. 20 30  Medina E Hwa T Kardar M Zhang Y C 1989 Phys. Rev. A 39
2008 3053
21 Zhang L P Tang G Xia H et al 2004 Physica A 388 431 31 Xia H Tang G Hao D P 2006 Journal of Betjing Normal University
22 Lopez JM Castro M Gallego R 2005 Phys. Rev. Lett. 94 166103 Natural Science 42 161 in Chinese
23 Koscielny-Bunde E Bund A Havlin S et al 1998 Phys. Rev. 2006 42 161
Lett . 81 729 32 Edwards SF Wilkinson D R 1982 Proc. R. Soc. London Ser.
24 Ausloos M Ivanova K 2001 Eur. Phys. J. B 20 537 A 381 17
25  Bunde A Havlin S Kantelhardt J W et al 2000 Phys. Rev. Lett. 33 Wolf DE Villain J 1990 Europhys. Leit. 13 389
85 3736 34  Yang HN Wang GC LuT M 1994 Phys. Rev. Lett. 73 2348
26 Buldyrev SV Goldberger A L. Havlin S et al 1995 Phys. Rev. E 35 Jeffries JH Zuo J K Craig M M 1996 Phys. Rev. Leit. 76 4931
51 5084 36 Pang NN Tzeng W J 2004 Phys. Rev. E 70 011105
27 Cattani M Salvadori M C 2000 Thin Solid Films 376 264 37  Lai ZW Das Sarma S 1991 Phys. Rev. Lett. 66 2348

28  Hamouda A B Pimpinelli A Phaneuf R J 2008 Surface Science

Anomalous scaling of the growth equations with spatially and
temporally correlated noise *

Zhang Li-Ping’
Department of Physics ~ China University of Mining and Technology ~Xuzhou 221008 China
Received 4 September 2008  revised manuscript received 22 October 2008

Abstract

A dynamic renormalization-group method is generalized to explore the anomalously dynamic scaling property of kinetic
roughening growth equation and the general conclusion on the anomalous exponents of the growth equation with spatially and
temporally correlated noise is drawn. The results of the anomalous exponents are employed in several typical local growth
equations which include the Kardar-Parisi-Zhang KPZ equation linear equation and Lai-Das Sarma-Villain LDV  equation to
judge the condition of anomalous scaling behaviors. Analysis shows that within the long wavelength limit the dynamic scaling
property of a growth equation is related to the most relevant term the dimension of the system and noise and if the anomalous
scaling of the equation exists super-roughening instead of intrinsic anomalous roughening will be displayed in local growth

models.
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