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New type of polariton in a piezoelectric superlattice

ZHANG Xue-Jin XUAN Xiao-Feng LU Yan-Qing ZHU Yong-Yuan'
CHEN Yan-Feng ZHU Shi-Ning MING Nai-Ben
National Laboratory of Solid State Microstructures Nanjing University Nanjing 210093  China

Abstract We have studied the propagation of an electromagnetic EM wave in a piezoelectric superlattice.
Because of the piezoelectric effect a transverse polarization can be induced by a longitudinal wave which cou-
ples strongly to the EM wave in some particular frequency regions resulting in the creation of a new type of po-
lariton that does not exist in ionic crystals. The forbidden band associated with the polariton is not due to Bragg

reflection  but rather to the coupling.

Key words superlattice polariton photonic crystal phononic crystal piezoelectric effect
1
2
3
® 69938010
: 10021001
2003 -07 -01
¥ . E-mail yyzhu@ nju. edu. c¢n

32 2003 11 - 745



x
d 1 a R R g R R g R R i
= (©
1
Y
x
T, = C:\S, +e, x E,
s
P, =-e¢, x S, +g, &, -1 E, 1 8251 i 3251 ) P2 e, x E,
Y "oox’ o’
+ e, 0<sx < % =d p 2
€p X = X
- ey A sx <A =2
2
T, S, E, P, 8/ o
) 3 e &
-ClEl €n X ‘9?1 & w = 3?1 + z 2227920
m wL - W
w, =mmv,/d m 135
«/Cfl/P
1b c
S, 3
P, 1
b, . Ak I Z 8es,/ d’pe,
wz 11 < lx)i —(1)2
P, ¢

. 746



4
v, = % = C/\( gfl
2 A
()
@y
\
08 o s e — s
0 0.0002 0.0004 -200 0 200
kd/m &w)
2
Aw _ 4 K 5
Wy, mr
K m=1 3 5
K 0.28 °
3.2%. 6. 6pm
1GHz
w, =mv,/d
m=3 5
5
2
m. m

32 2003 11

Pb Sc-
Nb ,50,: PbTIO, K 0.48
9.34%.
K 0.76 ¢
23.4%.

Joannopoulos J J Meade R D Winn J N. Photonic Crystals.
Princeton NJ Princeton Univ. Press. 1995

Zhu SN ZhuYY Ming N B. Science 1997 278 843
Vasseur ] O Deymier P A Chenni B et al. Phys. Rev.
Lett. 2001 86 3012

LuYQ ZhuYY ChenY Fetal. Science 1999 284 1822
ZhuY Y Zhang X J Lu Y Q et al. Phys. Rev. Lett. 2003
90 053903

ZhuYY ZhuSN QinY Q et al. J. Appl. Phys. 1996
79 2221

Alberta E F Bhalla A S. Mater. Lett. 1998 35 199

747-



1 100080
2 100081

115

Effects of air on the segregation of particles in a shaken granular bed

YAN Xue-Qun' 2 SHI Qing-Fan' 2 HOU Mei-Ying! LU Kun-Quan' *
1 Institute of Physics Chinese Academy of Sciences Betjing 100080
2 Department of Physics Beijing Institute of Technology Beijing 100081
CHEN Zhi-Qiang Chan Chikeung
Institute of Physics Academia Sinica NanKang Taipei 115

Abstract The effects of interstitial air on the motions of a large intruder in a shaken granular bed are stud-
ied experimentally as a function of ambient air pressure particle size of the bed and the density of the intrud-
er. It is found that the intruder always rises from the granular bed in the absence of air. However the intruder
can acquire both positive and negative buoyancy in the presence of air. Negative buoyancy can be observed only
when both the density of the intruder and the particle size of the bed are small enough. This negative buoyancy

can be explained by the unusual air pressure distribution found in the bed.
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