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(a) (b) (c) (d)
Fig. 1 Photographs showing the growth of

resonance. Single-spring pendulum: spring con-
stant k=26.5 N/m, original length [,=0.27 m. (a)
Equilibrium state, (b) vertical oscillation as a
normal spring pendulum, (c) growing horizontal
oscillation, (d) horizontal oscillation as a simple
pendulum.
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0.27m. Bb0H0.25kg DESICRGIRL. S0
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the growth of
resonance. Double-spring pendulum: spring con-
stant £=26.5 N/m, original length [,=0.27 m. (a)
Equilibrium state, (b) vertical oscillation as a
normal spring pendulum, (c) growing horizontal
oscillation, (d) horizontal oscillation as a simple
pendulum.

Fig. 2 Photographs showing

3. JBYFDEEFRENEHEED 20— 3V

BLOIHEHT 2 NEENEHWN O o1 T 12H04ES)
FEREREEs FRER Y, Foflicbnd e
HIBIRIIEBONL VW Ehbh>T&k. I TmoT
|3 basic ¢, BIff!d Mathematica TEFHFER L 7 o 7
5 uibl, EEOFEBTHIENR SN LEM (k=265N/
m, ly=0.27 m, m=0.25 kg, amplitude A =0.05 m) % AL
T, 001F27 v 7 THEE, &R, RO SRS ZT
Bers7{td sy ial—varyaiTo72" Fig 3
216 BN o8 b 0 OEEAIASHEEEA TRHRL
bOT, &7 57 OFERIIHEAN, wEE KA O R
BrRl, 77 7HEEOHE (Xy=2,1,0.5,0.1,0.05,0.01
cm) BIREND X ¥ — P HIEDOKFHROEMEERZL TV
5.
v Ea—4%—RiiBuThiEhiRh) FoEHHSPIEASE
HobFhiEVItL > TRECE (LT A IC3ExS
HUZBO, BEROERTREG D AT & ZOMW T
NREICLOVFPEEA 2y P o— LT 52 & IERDTH
HTHD, FroENLEREZEORT LI RRD
SFEXFNHEFLELRIFERTLL S.
moELITo LY MHRME N, Fh o EERICRK
DFEES LERBHSATEERN LD TH B,
DEZAHREICE ST, BHOMBEARD SIZADD
ThThTh Tk o HREAFRT 3.

QG KT AHCH S I RIRY FoREICK
KT 5.

BEE (x—v 7'57) I22\WTHE, FHER 1AW LI
L7 WICHED MO OHHENICRE » TS,
BLOoEE LN I AEBELOTHY

“/i_—xl/*—:/a‘/

Resonance 16T X0=2 cm X0=1cm X0=0.5cm
-0.25 -0.25 I -0.25 T
-0.275 -0.275 -0.275
-0.3 -0.3 -0.3
-0.325 CES " -0.325 C -0.325
-0.35 - “7 -0.35 -0.35 5
-0.375 -0.375 \ -0.375
-0.4 -0.4 -0.4
-0.425 -0.425 -0.425 I
~0.45 -0.45 -0.45
-0.1-0.05 0 0.05 0.1 -0.1-0.05 0 0.05 0.1 -0.1-0,05 0 0.05 0,1
X0=0.1cm X0=0.05cm X0=0.01cm
-0.25 I -0.25 T -0.25 T
-0.275 -0.275 -0.275
-0.3 — -0.3 -0.3
-0.325 ["@ y -0.325 T -0.325
-0.35 AN B -0.35 m -0.35 {%!
-0.375 S -0.375 \gp -0.375 1
-0.4 -0.4 -0.4
-0.425 i -0.425 i -0.425 i
-0.45 -0.45 -0.45
-0.1-0.05 G 0.05 0.1 -0.1-0.05 0 0.05 0.1 -0.1-0.05 0 0.05 0.1

Fig. 3 Loci of a spring pendulum (16 periods) simulated by Mathematica. Vertical position (unit : meters)
in relation to horizontal position (unit: meters) of a pendulum. The simulation conditions are £ =26.5 N/m,

1,=0.27m, m=0.25kg, amplitude A=0.05m, time-step 0.01 s.

starting position.
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Fig. 4 Measurement of the resonance by means of a motion sensor. The upper graph shows the horizontal
position, and the lower graph shows the vertical position of a pendulum in relation to time. The
measurement conditions are £=26.5 N/m, [=0.27 m, m=0.25 kg, amplitude A =0.05 m.
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Resonance spectrum of a spring pendulum
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Fig. 5 Resonance spectrum of a spring pendu-
lum. Resonance index in relation to the mass of
the pendulum. Observed results (points) and
average values (solid line). The peak of the
spectrum for a mass of 230 g.
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Fig. 6 Internal mechanism of a swing toy. A
search coil and a kick coil are wound around the
same steel core. The search coil detects the
magnet of the pendulum approaching. The
induction electric current is amplified by a
transistor. The kick coil is magnetized by an
amplified current and repels the magnet of the
pendulum.
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Fig. 7 Swing toy “Nobita-kun.”
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Fig. 8 Stroboscopic photograph and resonance spectrum of the swing toy “Nobita-kun”. When the
frequency of the swing toy's motor is adjusted to f=0.74 Hz, a slight perturbation results in a large

amplitude oscillation.
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Fig. 9 Heat pipes (prepared with several lengths
and shapes).
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BN TOICHTES LIEDICC {15 (Fig. 9).
N—F —TNEBO LSO HFRAT 213 ML, KEILD
T TRPBEIITE LB REREVESRES 3.
1B COaRPIT 1 75KEICT 5 T3P0, &1,
LB LUERTE LN TOERE TACK S, F

BE, N—F—TESEPRTZREMAL TLHRES
W, B AAEVA FREWESIEY, HON T

CBALCEWIBS (Fig. 10).
BORET B A1, BYR (31 7 MO SR O 5D

v‘%f@m n‘i}fi«w
(b) (c)

Fig. 10 Wave form and frequency of a heat
pipe’s sound. (a) Columnar pipe (length=1.0 m),
(b) square pipe (length=1.0 m), (c) columnar pipe
(length=0.4 m). A long pipe sounds with a low
frequency, while a short pipe sounds with a high
frequency and purely.

Fig. 11 Loud sound caused by the growth of
noise.
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Experimental results obtained by students for heat pipes
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Fig. 12 Frequency of a heat pipe measured in
experiments conducted by students. Frequency
in relation to length of heat pipe. Observed
results (circles) and calculated values (solid line).
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Fig. 13 Scene of during a physics class. “Hey,
it’s resonating!”
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Fig. 14 Various resonance apparatus in Beijing
(2003).

Fig. 15 Magnet Roulette. When several mag-
nets are placed on a steel plate, a light pendulum
fitted with a small magnet wanders here and
there above magnets on a steel plate as a result
of magnetic interaction. The motion of the
pendulum is very interesting and chaotic.

Fig. 16 Children making Magnet Roulette
(Junior Science Cruise 2001).

DOALECEEBOMI S 5 FADEIRE 23 TR,
RN SN OIREICIIRIBOEESIEFICRZ L, &
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BRom bbb T,

738

Fig. 17 Chinese child gazing at Magnet Roulette
(Beijing 2003).
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