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Update of Experiment Materials of Physics in KTJO8 Course: Oscillation of a Simple Pendulum

Toshio FUNADA ! Masanobu OWAKI? and Katsuhisa OHBA™

Abstract: One of physics experiments in KTJO8 course of INTEC (International Education College) is assigned to the

oscillation of a simple pendulum, as a standard experiment in linear and weakly nonlinear oscillations. In addition, INTEC

which is in Shah Alam city, Selangor Malaysia, is located at North attitude 3.0478331°, thus the acceleration due to gravity

is evaluated as gs = 9.7761 m/s®. It may be very interesting to ask any difference in the pendulum motions due to the

locational condition. The experiment method was improved much to obtain high accuracy data of the oscillation period.

The experiments should be made as in weakly nonlinear oscillations to obtain their periods in high accuracy.

Keywords: Oscillation of a Simple Pendulum, Gravity Acceleration at Shah Alam, Less Foucault Pendulum
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07 O FOFRR IR, Z T S5/, KTIO7 O
HAETIL 2014 4EFE D Semester 2 7 H HAGEIZ X 241
FHEVEED, 20154 4 A O Semester 3 7 P&
HRAEHEOHB L o -7, Thedkiz, 2015 FE XD,
YR [25 4 5 PMES) E TR0 ORTPESSGREEE R
S oBRBREHEICNZ 5. 2O LeREZE 2
T, PIFEMHRT —<1L, Semester 3 (S3) & 4 (S4) T3
OFoEI N BB HREO GO ERER [KET
MR T 5T ) v b (FRHE TAGETR &8 P 1
W 1/014) Xty | W 25% L LCdiESnTRTH .
AdTlE, IRTFOBRRHERZIY BT, kD 3
HPEBEINS. (1) HRO S E FEOERZ AT
W, PR, N s FERTOIRTOFHANREZ ML,
HATOIRFHE « BZMIZET DA ZHD T, EHEA
DIMAFD T IHE 2 R HED 5. (2) INTEC 13k
f& A =3.0478331 [ Bl (Z O ##FE T @ Foucault & 1D
B FE I OL071 3 day/ sin(\;) = 18.8077 day) THf%
101.5017323 EIZfiZi& L, INTEC OFffEH Shah Alam
DENIERE BZ g = 9.7761 m/s? L FHii X, THED
Kuala Lumpur i1i O & HEE B 1% g = 9.77603 m/s?
aﬂﬂﬁéﬂé UK LT, RS EORLEIILHE Ay
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=35.0955842 & Bl (7 Z T ® Foucault 45 T ORE) & 1L

1 day/sin(Ay) = 1.73931 day) THKE 138.8634925 F£1~
friE L, AR oE I IEE BT gy = 9.79747 m/s? &
FHfiE A, D%V, INTEC OHER EDOIEIC X DIRT
DOEBELMENHRE IR D 2 L2 FEBRIIZHTT. 3)
RTHEBRTIZ, ROEIICXAEHHMOEILHY,
WNZFEDE ExWIRR ISR S W2 a2 MfR T 52 &
NETHENLD, RTFOIRIIIAKIEREE L THLD
T, FMORINIRE (FAE) KA 2 AT 5050
YE L.

2 IRFEROERRR

KD KTIO7 OFERRT, ()L T, ADEX%0.2-
1.6 m (0.2 m ZI&) T 5 DMV, /MRIEIIIED & HRE) 5
BAC 10 MO Z 5 [B7E LTz, Bls, JIEICH
WAHZ R v Ty 4y FIE100s 0 HHETEZHDT, #
DEXIH 0.2 m OfRT ORI 0.897598 s DHETH
MEBEFE €, = (0.898 — 0.897598)/0.897598 = 0.045 %
BRETHY, EIIEEDAER (g5 —9.8)/9.8 =0.24 %
KN E L, HEmIZIE gs ZRHFIEETH D, HIC
EroROEX%{0.2,04,0.6,08, 1 O}m ’*“zzm
BREE 5, {0.8,1.0, 1.2, 1.4, 1.6} m IZ3% & L7-HEE T 4
MHY, 10 Az 5 [EE T 5 & 1254 HkeH
A HEHETE 2R T OIREIH O 4 FE O 55 13
{6.26997, 7.35419, 8.27537, 9.09546} min & 725, L
L, ERREGOEFIZET BEERENHHH, 50 5 DE
SR 2 R72H DI - TE 657, 2 FHD KTI08 DHE
BRCoOmBEIZZET - #-T, 3) THIUHRIEZ /6 &
L, #4REHIESRT 10 FIHOREEZ 5 [mHIE S 5 Z &AM

2Btz (3) T, XS WIMEEE 7/3 TOMET
ERAR SN, UL, MEROBRE LR EY
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7, FEBROFERRRED 50 2 IZRENTHW S8, (2) D
FBRIZ 10 I OB EIIE TR0 MAEN B L <. 100
JEI0 D IR R E 6 2 a9~ 5 R K 7270 <, STRDE
ERO7ik EMERA O TR Z R/ Tl NI e 5 7e 0,

2.1 KTJ08 DixFEERDERIRIL

2016 ©F 9 J1 5 HICIR FOFEERLMAE Y, 97 6 HDIEX
TH 4 WEDRIE « JERIARE) FEBR D pace Z1EV, 12T
B3P, XHIZ9 AT HODIZXH 5 M IEMRIZIES)
DT —FEW->7=2DT, DIFXZIFBSWDOT — % &l
HIEMSRE oDz, 20k, BEREN MTDN, 130
TH TP I3RS E A, DX IF 3 IOIERHIRE)
DF =7 FHERE A A E L CEOELFHIIN 5. &
FILABE T, DIXZE S HEOEER RO E & HDERH
L, 26 3 MOIFARE) T — & Z RSt 5.

3 BIRFOBHIRE & IEHRIERETHM

Fig.1 IZ/RT K12, ITORDEZ % Ly, HEITIEE %
g=9.8m/s2 HEOHEEE my, SEHELT SR
IS BHEFOREE 01 = 0u(t) & LT, SN 6 7
HEINICIE R DIRT OFIE B HRE) 01(¢) = 0y cos(wot)
DRI wo &M T 13, kA THZ BN A:

g 27
= —_— T = —_—
wWo =4/ L, 0 w0

) T

3.1

Fig.1 Simple pendulum of a

particle of mass m; which

b1 Ly is constrained with string of

Uy

length L; inclined by angle

. 01 from the vertical y-axis.
ymi -

The tension S and the grav-
(:C 1 yl)

e mlxl

Y mig ticle at 71 = (x1,y1)-

FRED IR 1= LT, BT 0BIESIES) 0, () =

ity force m g act on the par-

90 cos(wlt) @ﬁﬁ)ﬁ@bﬁ w1 k& %,ﬁﬂ T1 Gi(kfif%{k 6?}/1/%)
eowE © o (2.11) R):

g 62 2
7 _ 20 T, = 22
L1< 8)7 ! w1

e OEE SRR 2D 74V b HEEER OEE) TR A x
SRR R AR I L 72 Ko — )

’n’hL%él = —mlng sin(&l)

(3.2)

w1 =

(3.3)
DYIE RS 2 BafbT U, BEfign o/ T, 2R 7z,

R OEBIZHO>VWT, N¥HNZ RN F— E ORFD
AL B, FHRZ T O Oy HEXEGS:

E= %L%Q% + mygLy (1 — cos(6y)) (3.4)

=mygLy (1 — cos(bp)) (3.5)

— 0% = i—g (cos(f1) — cos(6p)) (3.6)
1

I ERZ T, IRENE T 3R AKX 0 < 6 < 6
OB AR 4 572 DT, IRADKILD:

A bo dé, _

0 /29 (cos(fy) —cos(6p)) /L1

ZOMEME, WIEESIIEEEN 0D, BUEIZIL AR
%. Z ZTl¥, MathematicalOJ % FI W CHUfiERE 5 L 7-.
BAERT > Tld g = b /12 DB E, —FHITEERDH TR
LM, BRELDTYVIETTHA.

GB.7) RS LD b (3.3) XOBMETE D DT HMF kT
EDPHEIRENLNTEHI 06, (3.3) ADOEMEMIZ X
LR Ty 72 TIERE R IRENRIZ K B & LTS,

DL EOFFAERIT, TableliIZF &L HN5. Z2I0E

Ts 3.7

FN AR €, €1, €2 1F, RKANTERIND:
T, —1Th T —1T T — T3

- 22— 71 _12"7%3 33

€0 To €1 T €2 T (3.3)

BERODEORMOEN R LHDT, EET D,
Ty & T3 (3 Table 1 IZFRENTHWAHHETIEFLTH
D, A e DNSRRETERSHND.

Table 1 #4510 [ thiRE) O P4 & fAYRE# & A W ORI FR & FAERTF (Il

o | wo w1 To Ty T, T €0 €1 €2

57| 3.1305  3.12714| 2.00709 2.00924 2.00924 2.00924| 0.00107201 —6.38 X 1077 391 x 1078
15| 3.1305 3.11706| 2.00709 2.01574 2.01572 2.01572| 0.00430056 —0.0000107947 —7.976 % 1079
%1 3.1305 3.07639| 2.00709 2.04239 2.04203 2.04203| 0.0174088 —0.000176216 —1.108x 108
7131305 3.00738| 2.00709 2.08925 2.08732 2.08732| 0.0399733 —0.000925088 7.184 x 107°
% | 3.1305 2.90803| 2.00709 2.16063 2.15397 2.15397| 0.073182 —0.00308255 1.755 x 1078
% 3.1305 2.77507| 2.00709 2.26416 2.24585 2.24585| 0.118959 —0.0080847 1.879 x 107
5| 3.1305 2.60335| 2.00709 2.4135 2.36905 2.36905| 0.180341 —0.0184172 —8.719x107?

I 0g IZMIZIEEN D we & Ty IZIFFE L oW,
0 < 6y < /6 DEPFACTIE, To 13 Ty (F 7213 Ts) 173l
THY, FWMDEZE ¢g 73 2% UINDT, FI»wilAg
Bk S0 TETOFERM] ARV >EF2 5. £

7z, (9s —9)/g9s = —0.24 % %R 3 % B2 i 7= 3

DD, LU, WA DRI ¢ 236N L T,

7/6 < 0y TR HERIIK VLI EEX BNA.
SHIEMIEERIC X D wy & T) IZHRIEAVN S WSS
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LREVEHEDL T (2 T) ORWELEER 52 Tk
D, §g=7/2 TL#FEE e T2 UNThHAL. BEe &

€ I LT, 9IEIEHGR D w & Th 3EEHEER O wo
ETy EVEHET VIO REICSRHETHAHET R 5.
3.1 HEkoZEAH M

SNiE, FEEENE L THILGN A HFED
% H EOFHE(EIZ, 9.80665 m/s? ThbH. HiFED By
DENE, NXNV—DT ZHF D 9.7639 m/s? H & LG
W o 9.8337 m/s? £ T, #90.7% DERNH S,

HEROFENIIEE L TCEHY, ZORHBEERTIET 0.
FROEMT OFE T, #HEROHEIZ X - TAE L B4m &
D LIE, BAELOKEX VL RE . 20, H
KOBENZFEFLTRK03% ITHH L, Ao E
& DI % b X 5 101

gs = 9.7761 m/s? & [EFREEHE(E go = 9.80665 m/s? &
DEFIZ (95— go) /g0 = —0.00311523 THH DT, 0.3%
REDAERLYFRTHRIBTA2LELNDHD. IRTOEX%
Li=1m&E< &, AT, Ts 1FRAE %!

To = 27//g0/L1 = 2.00641 s,

{TS =2m/\/gs/L1 = 2.00954 s G
INHDHEIZEDX,
ERNPHAINS:

100  (Ts — Tp) = 0.313254 s (3.10)
Zhic&k s &, BIRTOREO 100 AOHEIEIZES S
REf1 200.954/60 = 3.349 min TH YV, 1000 FHHHDRE
IZHg S HERIE 10 £5 0> 2009.54/60 = 33.49 min Th 5.
100 A OBEILESE A TRETH 5%, KTIO8 D IFERIE]

57" ClE 1000 A DMIE 2 EEEIAT 5 DIFEE LV,

3.2 ERAVERZEVME
P10 HBIRE OREBIERA 3.1) 120X, BEAHEZ
RAD. WMETHEICEE e NELDE X, RIEEERIC
o8 %E%& FIdEN, WEEOEEEZED S, &
TIIEEIZERE e DY, IRTFORIIZHEE 2 1D
LT, MEESRMORNITROL I IZEINS:

+€
w(e1,€2) =27 / Li( 1+612 (3.11)
Ty = T,(0,0), Ty = T,(0,0.01), Ty = T,(0.002,0)
INGEHW, BTOEX L IZOWTEE R, 84
it HE T A& Table2 & 7c 5.

wikipedial'?l 1=

100 ok HEZ L D& LT,

Table 2 go & Ly IZ3UEDH 5556 OIEN D E
Ly 0.25 0.5 1 2

To 1.00354 1.41923 2.00709 2.83845
Ty 1.00855 1.42631 2.0171 2.85261
Ty —Tp | 0.00501 0.00708 0.01001 0.01416
T> 1.00254 1.41781 2.00509 2.83562
T>—-Tp | —0.00100 —0.00142 —0.00200 —0.00283

A REZN D AL EICE INEEN DB Z N5

2 2
g:(e3) = Ly (T(lie?,)) (3.12)
92(0) = 9.8, ¢,(0.01) = 9.6069,
(92(0.01) — g2(0))/92(0) = —0.019704, G1%)
92(0.001) = 9.78043, :
(9(0.001) — g,(0))/g.(0) = —0.001997

FERIZHWTWD Z N v 77+ v F13 1/100 s F THeH
BnsoT, 10 FMORHE 2 EFEZH - 7238556121335 E
& e3 = £0.001 f‘ﬁﬁ))ﬂkfi@*ﬁﬁ?&% 3 +0.2 %, H
WHIE T e3 = £0.01 THMHREX 2% &5, L
MU S, FEEOMEME TIZHAEZAET 20% BED B
DELHY, ff)ﬁ%@ﬂﬁ@)ﬂﬁ(ﬂm@ﬁ‘ Srafid, MED 3
VICEHALUMTEREE 2 X B LT A08E)NH 5.

4 BiRFOBEHRKREOEHE

KTJO8 & #l & LA T IZ/R"d . AJJE, #EDPE
ro [em], SEOE & m [g] IZftE, ROEX Lo &AM 519
DOHIEMETHEREIN S, IR OFRIE L1 Lo + 7o,
WERM T., T, = 2r/\/g0/L1, & = T.)/T;,
g1 =472 L1 /TE, €5 = (9= 90)/90 C. L, Te, Ty, € [%],
g1, €g [%] EMEELEIN L. £z, 55 EGR O FK R
L1, T., Ty, €, g1, €95 Tin = 270/\/g0/L1(1 — (7/6)2/8,
€tn = (Ttn - Te)/Ttn THY, Ly, T., Ty, € [%], g1,
€g (%], Tin, €1n [%] EMEEEEIND.

4.1 RFEERIEW® T-No.1(rg = 8.35 mm, m = 29.9 g)
M7 [E7% Table 3a, 3b IZ AL HE R % Table 3¢, 3d 12737

Table 3a A 117 — % (FIEEE))
0.2 | 0.2470,9.38,9.37,9.34,9.34,9.43
0.4| 0.4470,13.00,12.94,12.93,12.97,13.00
0.6| 0.64710,15.78,15.84,15.75,15.72,15.75
0.8| 0.8471,18.06,17.91,18.13,18.09,18.19
1 147(,20.28,20.09,19.96,20.00,20.09
Table 3b A )5 — % (EfIEIRED)
0.2| 0.2470,9.47,9.53,9.53,9.50,9.47,0.1
0.4| 0.441,13.06,13.09,13.09,13.06,13.10,0.2
0.6 | 0.6+70,15.94,15.91,15.94,15.94,15.90,0.3
0.8 | 0.841(,18.35,18.28,18.35,18.31,18.34,0.4
1 1479,20.63,20.60,20.63,20.65,20.66,0.5
Table 3¢ #ZIEE) DGR E & DL
Ly Te, T, €t [%], gi, €g [%]
0.20835| 0.9372,0.9161, —2.3,9.3646, —4.4
0.40835| 1.2968, 1.2826, —1.1, 9.5862, —2.2
0.60835| 1.5768, 1.5655, —0.72,9.6596, —1.4
0.80835| 1.8076, 1.8045, —0.17,9.7669, —0.34
1.00835| 2.0084, 2.0155, 0.35, 9.8689, 0.70

Table 3¢ O 4 71| H OFBIZARE) H B ORI HZE € [%] 5
MEL, HEBEMRWHIEETH S (Fig.2a). 6 5IHDET)
IR DRIRFRZE €4 [P] . WIHD 2 DDT — 4 2Rl
X, NEVD, K gs EIFXLTWD.
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Fig.2a T, (black) & T; (red) versus L;.

Table 3d 55 FFRIIRE) O P Ew{E & O ML,
Ly Te, Ty, €; [%], g1, €9 (%], Tin, €tn [%]
0.20835| 0.95,0.9161, —3.7,9.1139, —7.0, 0.9323, 1.9
0.40835| 1.308, 1.2826, —2, 9.4227, —3.8, 1.3051, 0.2
0.60835| 1.5926, 1.5655, —1.7,9.4689, —3.4, 1.593, —0.03
0.80835| 1.8326, 1.8045, —1.6, 9.5022, —3.0, 1.8363, —0.2
1.00835| 2.0634, 2.0155, —2.4,9.3498, —4.6, 2.0509, 0.6

Table 3d O ¢, = (T} — T.)/T, X6 F - 5o < 2
FEFMCTH Y, FIEMIFI RIS < BAEFM e =
(Tin —T0) [ To DFEFEDTAVNS | (Fig2b). SF 1,
&I BRI IR R < A

/b
Fig.2b JEFIEIRE) OHIE 1A T, (black mark) versus L.
T, 1395 JEAR AR ED O B am I T, (blue curve) & —E L
Tnad., Zhd, PR OHRAM T, (red mark, red
curve) & IZIAREIZ ST 5.

42 RFEBRDIFE-No.3(ro = 9.35 mm, m = 39.3 g)

HI7E E % Table 4a-dc (2L K5 K% Table 4d-4f 127377
Table 4a A )15 — % (53R E))
04| 0.447p,13.16,13.31,13.25,13.19,13.16,0.10
0.6 | 0.64710,15.97,15.81,15.97,15.97,15.94,0.15
0.8 | 0.841(,18.50,18.28,18.84,18.44,18.31,0.20
1 1470,20.43,20.31,20.22,20.35,20.28,0.20
1.2 1.247r0,22.25,22.28,22.44,22.35,22.40,0.20
Table 4b A J) 7 — % (JEMIEIRE) 01, 09 = 7/6)
0.4 0.4410,13.31,13.31,13.32,13.44,13.32,0.20
0.6| 0.6+7r0,16.19,16.25,16.35,16.28,16.16,0.30
0.8| 0.847r0,18.50,18.47,18.31,18.41,18.47,0.40
1 1470,20.50,20.60,20.53,20.50,20.63,0.50
1.2 1.2479,22.62,22.56,22.57,22.72,22.57,0.60
Table dc A )7 — % (JEMIZRE) 02, 6o = m/3) Z OBIE,
DIFEIFEIPDTATTTHY, FFEFIZEL.
0.4 | 0.4470,12.80,13.14,12.94,13.19,13.09,0.3464
0.6 | 0.64+710,16.16,16.12,15.83,15.57,16.08,0.5196
0.8 | 0.8479,19.11,19.13,18.28,18.31,19.28,0.6928
1 1479,20.48,20.22,21.18,21.38,21.59,0.866
1.2 1.247r9,22.32,22.40,22.34,22.28,22.19,1.039

Table 4d #JZIRE) O MR E & O L
Ly Te, Tt, €t [%], g1, €4 [P]
0.40935| 1.3214, 1.2842, —2.9,9.2552, —5.6
0.60935| 1.5932, 1.5668, —1.7,9.4773, —3.3
0.80935| 1.8474, 1.8057, —2.3,9.3621, —4.5
1.00935| 2.0318,2.0165, —0.76, 9.6525, —1.5
1.20935| 2.2344,2.2072, —1.2, 9.5629, —2.4

Table de 55IEFIZRE) O BLER (B & O HEHRE (1).
L1 Te, T}, € [%], g1, €9 [%], Tin, €tn [%]
0.40935| 1.334,1.2842, —3.9,9.0812, —7.3, 1.3067, 2.1
0.60935| 1.6246, 1.5668, —3.7,9.1145, —7,1.5943,1.9
0.80935| 1.8432, 1.8057, —2.1, 9.4048, —4.0, 1.8374, 0.3
1.00935| 2.0552, 2.0165, —1.9, 9.434, —3.7, 2.0519, 0.16
1.20935| 2.2608, 2.2072, —2.4, 9.3409, —4.7, 2.2460, 0.66
Table 4d (FZIRE)) T, HI7E (8 & SRTARE) O B Em 15
NI L —FKT 5.

Table 4e (0 = 7/6) T, e = (Ty — T.) /Ty DRI
FmICEED S ERAEFHE IS LT, 9 R EEmIC D < RE
P €, = (Tyn — Te) /Tin DREREDTIDVNEZ Y (Fig.3a).
XV, WERINISIERZEREANICE< G5,

00F

Fig.3a JEARIZIEE) OMIE FHA T, (black mark) versus L.
T, 1395 B8RS O B am B Ty, (blue curve) & —2 L
TWa., ZNnid, BRSO GRAL T, (red mark, red
curve) & ITIATRIZ S0 5,
Table 4f 55 IEF RS O BEER (1 & D LETE (2).

Ll Te’ Tt’ €t [%]s g1, €g [%]s Ttn’ €tn [%]

0.40935| 1.3032, 1.2842, —1.5,9.5155, —2.9, 1.3824, —5.7

0.60935| 1.5952, 1.5668, —1.8, 9.4536, —3.5, 1.6866, —5.4
0.80935| 1.8822,1.8057, —4.2,9.0191, —8, 1.9438, —3.1

1.00935| 2.097, 2.0165, —4, 9.0616, —7.5, 2.1707, —3.4

1.20935| 2.2306, 2.2072, —1.1, 9.5955, —2.1, 2.3761, —6.1

Table 4f C1%, ¢ = (T, — T,)/T; ORIZEHIZIES
ERZEFHM Iz UC, 99 IEM R 12 D < ARG
€tn = (Tyn — Te) /Ty DREEDTIDVNIWGHEKE D
Band 5 (Figdb)., W KiREL 52 2856, Fb -
E FCHREERENRE L T A &IN5,

0.0

Fig.3b JERMEZIRE) O#IE &I T, (black mark) versus L.
T, (33w AR Ty, (blue curve) & ——F LT\ 5.
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43 RFERIEPRET-Nod(ro = 9.25 mm, m = 29.3 g)
&l % Table 5a, Sb [Z 4L A5 SR % Table Sc¢, 5d 127779

Table 5a A JJ7 — % ($HIZ4RE)) 1M &
90 = 10O = 10%/180, ﬁf&@ﬁ”‘i Lz = Ll Sin(@o)
0o = 10 [deg]= 107/180 [rad]
1.6 | 1.64+79,25.35,25.37,25.43,25.35,25.41,0.28
14| 1.4479,23.78,23.78,23.81,23.75,23.72,0.24
1.2 1.2470,22.01,21.94,22.03,21.94,21.94,0.21
1 1+70,20.15,20.03,20.09,20.18,20.32,0.17
0.8 | 0.84710,17.97,18.04,18.02,18.00,18.05,0.14
Table 5b A )7 — % (55 ER0ARED) #1I0 fE
6o = 30° = 7/6, EfEDFIL Ly = Ly sin(by)
6—30 [deg]= 30 x PI/180[rad] = 7 /6 [rad]
1.6 | 1.64+70,25.75,25.81,25.84,25.69,25.60,0.8
1.4| 1.4470,24.03,24.03,23.90,24.00,24.06,0.7
1.2 1.2470,22.29,22.25,22.25,22.26,22.27,0.6
1 1470,20.34,20.46,20.53,20.47,20.25,0.5
0.8 ] 0.8470,18.13,18.28,18.28,18.37,18.44,0.4
Table Sc¢ 55FERARE) O MG (H & O HERE (1).
Ly Te, Ty, €t [%], 91, €g [P], Tin, €tn [%]
1.60925| 2.5382, 2.5461, 0.31, 9.8612, 0.62, 2.551, -0.50
1.40925| 2.3768, 2.3827, 0.25, 9.8483, 0.49, 2.3872, -0.44
1.20925| 2.1972,2.2071, 0.45, 9.8886, 0.90, 2.2113, -0.64
1.00925| 2.0154, 2.0164, 0.047, 9.8093, 0.09, 2.0202, -0.24
0.80925| 1.8016, 1.8055, 0.22, 9.843, 0.4, 1.809, -0.41

Table 5¢ CTld. ¢ = (T}, — T.)/T, OIS
AT X LT, 85T I S < B A
ein = (Tin — T.)/Tin DEEDHIVNE . DED, il
N S SRR T 2 < &5 (Figda). E O
R DML L NS VD, g > 98 THAHNMD gg H b
TRTED, SARBIC X5 g (BE) &0 LRIERVIE
T (32) RIZLD g, (FE) DEDHAKE L, 2008
LTV AR D = £ B (Figdb),

Fig.d4a T, (black) & T; (red) versus L.

104

Fig.4b g (black, linear theory) and g,, (blue, weakly
nonlinear theory Eq.(3.2)) versus L, for 6y = 7/18.

Table 5d 550 RE) D H G & O HEL (2).

Ly Te, Ty, €t [%], g1, €9 [P], Tin, €tn [%]

1.60925| 2.5738, 2.5461, —1.1, 9.5903, —2.1, 2.5909, —0.66
1.40925| 2.4004, 2.3827, —0.74, 9.656, —1.5, 2.4246, —1
1.20925| 2.2264,2.2071, —0.87,9.631, —1.7, 2.2459, —0.87
1.00925| 2.041,2.0164, —1.2,9.5647, —2.4, 2.0518, —0.5
0.80925| 1.83, 1.8055, —1.4, 9.5398, —2.7, 1.8373, —0.4

Table 5d Ti%, ¢ = (T, — T,)/T; OHILIERIZIES
SRAZERHIIC R U T, 99 R B 12 2 D < =T
éin = (Tin —T0)/Tin DREEDSTHVNZ W (Figde). D&
v, W RIS IER R AR < & .

g < 9.8 (Fig.4d OMIZEE) OFH) THV, KTIO8 O
BIEMEOF CTRHERZIIF /NI 0D, BIEREILE)
IEFE DR (gg — 9.8)/9.8 = 0.24% D 10 (5fREH 5
o = /6 THHH) 5, IR (3.2) Ik AHENM
HE DEIIRPIRIIZ L DEID S RE L, ZDEREN
K& e->TW 5.

26|
241
22

20

16

Fig.dc JERZIRE) OHIE B3 T, (blue mark) versus L.

T, 13595 JEAR TR E O B am W Ty, (blue curve) & —E L

TWa,. ZhE, IR OB R T, (red mark, red
curve) & ITIATRIZ SR/ 5.
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° [ ]
[
9.8
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94

Fig.4d g (black, linear theory) and g,, (blue, weakly
nonlinear theory Eq.(3.2)) versus L, for 8y = 7 /6.

5 HbOHIC

RWE T, 24 HO KTIO8 D L& LI, %
DOERZR LIz, BRITHE, ROXHITI5.

(1) EBRTo R OMIE &% KTI08 TIXfFIZEe L
D, ROENTZRFEINIZERATETH D Z LRI N,
S, [RFOARDEXZ SHEE, 250 10 AHHD
ez 5 mIAIE S 5 | Kz 2 BIFEEST 5 Z &N T/,
BRI ED & 55 JERZ IR EY O R DM E AN el e & s - 72,
FRFIC, WEBEO—EDmM EAR SN, iz, FEhk
BT D7 FERE R SRR D R0 7 F 2 47 W HlE 8 R D fifi



36 BEHTHESFHM AR ZEHmE 515

WH (AL vy T+ v F, /ﬁx«Wme Yy &5
Baiia T L Ch< &, ERECHES M T, EEREERH
ZIERIZADICFIATE 5.

Q) MEREDOMENFIZEHAT L XS, HECHFE
T4, /F2OBNWHIEHATEFFRTEET 508,
LU=y T TCIEKRBEDZETHD. MEKEZ L
FAHEDIZ2N v T+ v FOEWHLTRT S, [IEHE
ES ML Z & BEMERAFT RSN T, 5%
ANDORFEFMOTHHE & LT, b TRRTOFEE DL
BEOTHNL. o, ERAFICH L EECHREIT
W, EBRATES LA OREE % LIS 5.

(3) BAE, #E (30 g DESRDER) &K D & DY 1% FEk
Bl Loz s v FIZBE, 1A 0o 2 BEIZS
LURFES S, 10 iz 2ty 7o v FTHIEL
Tha. ZOEBDOYEG, 0 =r/6 ORTHE I 2D
EfEZiliEZTE 5. La L, 6y =7/3 O TS (Table
4f, Fig.3b) Tlx, /1429 VR OLFF S ORIV,
PEDIR T EE D22 KIS X A RENMER TE 2. &
REELT MOBEREY K& UTREDRAMHE L, £
FRR OB FIF CRNEZMZ 5 Z L% N5

@ T OFERIZHZY, T xE LT, BiRE)
S, EEEAMENS ] &0 HESSRNTH S, [k
TOHEREIZED, PIHIAEIZKRSZ0] & LT, PIA
ﬁ%m&f’ﬁﬁﬁ%@&mé*&iE%fiﬁm B'a
il Ty, EENERE CEREICER LB S FF
fi&F%m%wkﬁJ&LTWUEH,m%&5¢®
FERFARFEIC [ 1] EX 50cm ORY T2, g
NIENAKRENWEZ &, NN EXTI10 EHT AEHEZ 3
BRI, 1 AEET HREZFHRE LTS, | ERIRIE
RAFEDNERIHE IZH 5 Z &2 fEM LT\ 5.

(5) FRRE OBRIERKZR O R « BEIET BN L. §E
DI A BT AEXIZZAN vy T v FRFGRALT
ELTWADD, lMAERSHY, FREDORKREL->THA.
ETMHITEREEDEANEEN D,

(6) iR T OfEENIX, HATEHABEOREIZLD
INFRE S FEDOBEFERE 7o 5 72 2 & 12 o/ b E iR
DT FEH OB B DIEGIRE O (3.2) RiFEHD
QDN TCE -2 & OV B3 HM & U TR L.

(ﬁﬂi%@%%ﬁétb JE 017 Sl 9 % ST K 14

\/ 02 01 S
wr =wo\[1 =+ 795 " 9216
W, INaAnWs e, B GmMEE =R,

O, =7m/2 DEXIZ02% NE 5, £iz, B

DI & H N CHIRREEE O EAIRCX %,
KMETIE, KT WIEERO [S4(1) BIET OIEH

CMEIROIRB BN & R T 0% g 0llE, KIRIED

PRED I | MY B, 2 45 H o KTI08 e Febi s L
T A, FEFE OB EMEIZ XD RE IRBERIMG
bR, ZZICRLT, #EEERLET
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