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Preparation and Arrangement of Education Materials of Pendulums for Service Seminar:
Pendulum Snake and Bifilar Suspension Pendulum

Kouji MOCHIZUKI "2 Toshio FUNADA?" Yusuke FUNATSU® Dai IWAMOTO™
Keisuke SHIMIZU® Takuya ISHIMOTCG* Yoshiyuki NAKAMICHI 2" Katsuhisa OOBX™
Tatsumi MIYAUCHI?"® and Makoto KAWAKAM[?™3

Abstract: Education materials of pendulums are reexamined as a candidate for the service seminar to be held at secondary and
elementary schools. A simple pendulum will be taught to the fifth grade students at elementary schools as a major subject of
science, thus new feasibility studies on the teaching plans are much made in the 2009 academic year. Pendulum snake, which
consists of ten simple pendulums of prescribed length and was recently provided by Prof.Doherty, is now adopted as a very nice
device for various experiments in the service seminar. Before opening the seminar, some apparatuses of snake pendulum were
made up with various parts and are tested in detail on account of theoretical results and with numerical simulations, which is
reported in the fore part of the present paper. In the latter part, three oscillation modes of a bifilar pendulum are experimentally
checked in comparison with the periods estimated theoretically by the linear oscillation theory. The agreement is sufficient in
demonstrations, but the device will be improved to hold higher resolution which is available for the service seminar.

Keywords: Education Materials for Service Seminar, Pendulum Snake, Device for Multimedia Education Tool, Periodic and
Chaotic Motion, Bifilar Suspension Pendulum
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Table 2 Half periodT;/2 given by (2.4), where the initial
angle is taken a&;(0) = 7/12, 7 /6 and= /3. Ty ; in the
first column is the period predicted by the linear theory.

Tr: Li;/g T;/2 for T;/2 for 1T;/2 for
w/12 /6 /3

: T

%g = 1.0043006 1.0174088 1.0731820
292

%g 256i2 0.9415318 0.9538207 1.0061081

30 225

T omo.3 08861476 08977136 0.9469253

30 25
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29
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gg 61%5 0.6276879 0.6358805 0.6707388
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Table 1 For the infinitesimal amplitude oscillation of a

simple pendulum, the peridf;, ;, angular frequency
w; = 2n /Ty ; = \/g/L; and the length

Li = (TLJ;/(27T

)2 g, fori =1to 10.

Tr; w; L; Tr: w; L;
B g [ % Tor
15 2 16 15 25672
01 g |0 6 %
17 15 28972 18 5 3672
B0 10r 2y |30 dr 0
19 15 36172 20 3 1672
00 Tr g | 30 2 2
21 5 4972 22 15 48472
00 2 Wy | W st 2y
23 15 52972 24 5 6472
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2 0 0s(0) — cos(6p)

Fig.2aTime sequence df;(t) versust in 0 < ¢ < 30.
0;(0) = m/12fori =1to 10.
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Table 3 For the infinitesimal amplitude oscillation of a

simple pendulum, the peridf,, ;, angular frequency

w; =2n/Ty,; = \/g/TZ and the length
L; = (Ty../(27))? g, fori = 11 to 20.

Tr; wi L; T  wy L;
3057 9g | 30 26 2259
2% 3 2522 | 26 15 676n2
30 9 25¢ | 30 2871 225g
27 5 8lx2 | 28 15  784x2
30 29 225¢ | 30 30 9
29 15  84lx2 | 30 15"  4n?
30 31w 225¢ | 30 327  225g
31 15 96172 | 32 15  1024x2
30 1lm  25¢ | 30 34m  225g
33 5 12122 | 34 15 115672

Table 4 Half periodT;/2 given by (2.4), where the initial

angle is taken a&;(0) = 7 /12, 7 /6 andx /3. Ty ; in the

first column is the period predicted by the linear theory.

Tv:, LiJg T;/2 for T;/2 for T;/2 for
w/12 /6 /3
% % 0.6025803 0.6104453 0.6439092
% 6'?(237?# 0.5794042 0.5869666 0.6191435
% 8?% 0.5579448 0.5652271 0.5962122
% % 0.5380182 0.5450404 0.5749189
% % 0.5194658 0.5262459 0.5550941
% 47712 0.5021503 0.5087044 0.5365910
2*(1) 92?75;2 0.4859519 0.4922946 0.5192816
% 1022% 0.4707659 0.4769104 0.5030541
% %5%2 0.4565003 0.4624585 0.4878100
% % 0.4430738 0.4488568 0.4734627
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Fig.3aTime sequence df;(t) versust in 0 < ¢t < 30.
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0;(0) = w/12 for i = 11 to 20.

i

AAAAAAAA AAAAAAAA

Fig.3b Time sequence d;fi(t) versust in 0 < ¢ < 30.
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Fig.3cTime sequence df;(¢) versust in 0 < ¢ < 30.
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6;(0) = w/3 for i = 11 to 20.
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Fig.4 Test apparatus of two pendulum snakes.
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Fig.5 Measurement system with PSD (Position Sensitive

Detector) for a bifilar suspension pendulum.
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Fig.6 Three oscillation modes of bifilar suspension

pendulum.
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L1 = 7130%; + 5@2 +migza (3.2)
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coboodoooobooooooobooooooobood
OwOdoooooooo:

o mag(h —abz2201)
I R e (3.5)

00 w?>000h,010 pO00000000OADODO
0000000 moment O parameted] O O O Fig.7 O
0000000000 (8=1)00000000000
w? =mygly/(mL3) =g/l =03 000000000
000 vw¥/wi000000000000J=1,2@00
o000 J/(mL?))00 000 2000000000
J<10000B<100 «?00000F>100 w?0
00000000J=1/300000000000000
0000000J=10004=10000 w?/wd=10
00000000000 (Figh) oo J=m,/480000

50

/
A

-

Fig.7 w? /w3 versus3 for J = 1 (solid), 1/3 (dashed 1), 0.1

(dashed 2), 0 (dashed 3), 2 (dashed 4), 10 (dotted), with

my = 1[7]
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Table 5 Data of oscillation times per 20 sec for mode 1 with

2a=0.3m,L =0.3m
()2c=0.15m | 189 19 18.8
(i) 2¢c=030m | 187 19 19

(i) 2¢=045m | 20 20 19.6

Table 6 Data of oscillation times per 20 sec for mode 1 and

2with2a =0.3m,L =0.4m.
()2¢=0.15m

(1) 16 163 163 165 16.4
(2 161 16 16.2
(i) 2c=0.30m
(1) 165 16 163 16.2 16.4
(2) 16 162 16.2
(i) 2c = 0.45 m
(1) 167 17 165 16.8 17
(2) 16 16 163

0000000000 modelD0O0O0OODOOODODOO
00oo0oo0o e, 0000000000000 00
06, 000000000DOOOO0O0OOODOOOOOO



0000000062 0000 6y 000:

Table5(i) : @ = —0.25268, 030 = 017 + 0.12909967,,
Table5(ii) : « = 0, a9 = 611,

Table5(iii) : v = 0.25268, 0a0 = 611 — 0.38729867,,
Table6(i) : « = —0.188616, Hap = 011 + 0.095442762
Table6(ii) : « = 0, a9 = 011,

Table6(iii) : a = 0.188616, oy = 01, — 0.28632867,

Table 5(i)-(iii), 6(i)-(iii) O datad 0 OO mode 1, 2, 310
000000000000 (w,7,1/7)000000:
Table5(i): (1) 5.73219,1.09612, 0.912306,
2) 5.81041, 1.08137, 0.924756,
3) 4.26976, 1.47155, 0.679554,
1) 5.71741, 1.09896, 0.909955,
2) 5.71741, 1.09896, 0.909955,
3) 5.94171, 1.05747, 0.945653,
1) 5.91421, 1.06239,0.941275,
2) 5.81041, 1.08137,0.924756,
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Table5(ii) : (
(
(
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(3) 7.39545,0.849602, 1.17702,
(
(
(
(
(
(
(
(

Table5(iii) :

Table6(i) : 1) 4.95828,1.26721,0.789135,
2) 4.99593, 1.25766, 0.795126,
3) 3.67124,1.71146, 0.584296,
1) 4.95143,1.26896, 0.788044,
2) 4.95143,1.26896, 0.788044,
3) 5.14567,1.22106, 0.818959,
1) 5.04622,1.24513,0.803131,
2) 4.99593, 1.25766,0.795126,

(3) 6.35878,0.988112,1.01203
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Table6(iii) :
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