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On the Obzervation of Brownlan Motlon as an Experiment for Undergraduates

Kenichiro Aok and Akira Sisazak.

Summary We present an explicit realization of the claszic experiment on
Brownian motion that s appropriate for undergraduate education. The philosophy
of the experiment basically folows that of Einstein. In particular, we formulate
the experiment =o that il can be performed by siudents in hunanites and social
seiences meaningfully. The zet up and various parameters that facilitate the
experiment without losing Its eszence are Investigated and dizcussed. The
experiment iz cumrently being emploved successfully in undergraduate educarion
for studentz In humanites and soclal sciences, at Kelo Liniversity.

Key words: Brownian motion, education, cxperiment.
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Complexity of Graph and its J Program

Yoshiko TakENaKA®
Juichiro Taxevch**
Katsuo MaTsuoga***

Summary —We obtain a new approach to calculate the number of spanning trees for any
simple undirected graphs on the basis of the singular value of the incidence matrix.
By this resuit we obtain J program for computing the complexity of graphs.

Key words : J program , singular value , complexity of graph

1 INTRODUCTION

G =(V,E)is a simple undirected graph with a vertex set V={v,v,,...... ¥, tand an



edge set £={e,&,,.....e,}. K(G) is the comlexity of graph G i.e. the number of
spanning tree of G . By giving an arbrtrary orientation to each edge of G,we define the

(0.1.~1) —incidence matrix E=(e,) of G in the following way

1 if v, isthe initial vertex of e,
e, =1-1 if v, isthe terminal vertex of ¢,
i
0 otherwise

E, is the matrix obtained from E by removing the i-throw. It is clear that
rank £ =rankf, =n-1
for ie{l2,...n}.
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12

RIS« BSCERIZ L

B RISCATE &, P30S - KA - FilE 2 A s,

Hivoshi Review of Natural Science
Keio University No. 28, 60-81 (20000

BXBYFEERAE X

1 [#RUDLEN] LHHTIFOE

LR B Ao BITEAD, WELORIENL KRl THE (FlIfTaht, £0
—oir [HeUnLin] LETANMF2E S, §E17.0 - 857 5cm, HEO—EE X bh—o
DANEGCHIART, ALIGH. AT EES L, BEESTEYTHL. BER (EvT0
FRE] w5 AT, AYdbhbine, SEECESEBEEDR (F51-3144, 1
) oFE, TRERFEF [1834] 1EA LM,/ JhgIgrees) ©, ok (£



FHRERE, MBELA [FE&] 2] &, HEEHcLaHEAhawds GE1).
KEBRIIFOEEEAOEFREAT, M) M) A fXoFE0d2A0CE< £hth
CEALT DA - B - FHAR S REFL LGS ENETFEREY, B lofHEos
Fote, BARU2KRISCRY, COFOLOTHEYE (. BREE > CH LT, B
ELEHEOLSIVAVGAENS TS L, BH LIECHA» HEkK - B - 15 - BEE T
AoTvd, EFLhTVGLENOR L%, ¥54 - A8 - BRI &7, BEHI1000% 8
A AH. fREL, HEIEA S T L, BB X S icfEnREyET o E b,

bR O, BOERTTHo e, Bk, B TE - 5FE) - BT - BHE - fHEE GR b
FPEAY R (2 AF) cHHE B TE B RKE BB (=41 10> imlE (o).
B (&0 -8 (=9 - BIED19%,

Fooh, BE (/9w BTEIST, STHECIRH6SPEALS, ThlliTi,
CEREREL BT OE i, FOMETEECH ORI Mg, fos 2l F
PREF Py F - BEOEMEOR « MW » 7 « BIBEF, & b F ARG - FEERE

T232-0066 BEFRHREES Y 3 -76- 3 -D210, BERERE-LFEEEE | Notes on Natural History in
Japan (IXJ, by Naohide Isoxo (76-3-D210, 3 chome, Mutsukawa, Minami-ku, Yokohama
232-0066, Japan ; Professor Emeritus, Keio Univ.} [Received Mar. 30, 2000]

QAT SIANOETLRACHETTEEHA Y, B T2 E LML, IR ()
BEE, O EEokrEE, [ ] BT - EmokAomE, [ ) GBI sELEETED,
RAAHEEC & &, HEOHBICTEAZNLTHEAST{LESSLH D,

60



