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Abstract

This experiment investigates the phenomenon of perturbation waves generated when a circular chain is
suspended and begins to rotate, specifically when it is struck while rotating at different speeds. The main
focus is on analyzing the relationship between the speed in which the wave travels along the chain and
the chain’s rotational speed. First, we used a laser cutter to create a custom turntable and observed the
waves produced on the rotating chain at different speeds and strike points. Following that, we recorded
the phenomenon using a mobile phone, marked the wave position changes with Tracker software, and
plotted the data in Excel for regression analysis to infer the relationship between wave speed and
rotational speed. We then studied the periodic oscillation caused by the frictional force when the metal
chain touches the ground, proposed a theoretical model to estimate the period, and found that the
calculated results matched the experimental data. Finally, we examined the movement of the rotating
chain after it was nudged off the turntable and moved across the ground, analyzing the relationship

between the distance traveled, travel time, and rotational speed.
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v(m/s)
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FEH Y c c =
ZIE P; (m) vi P, (m) vz Lg (m) T, —T, T, -T,
(m/s) (m/s) (m/s) N) N)
1 2.38 1.03 1.63 0.09 0.33 0.93 0.37 0.38
2 3.59 1.02 1.21 0.20 0.25 0.81 0.35 0.33
3 5.03 1.21 1.09 0.33 0.33 0.89 0.37 0.37
4 6.77 1.18 0.88 0.30 0.31 0.88 0.35 0.36
5 7.33 0.99 0.80 0.30 0.38 0.69 0.28 0.28
6 8.36 1.19 0.79 0.40 0.39 0.79 0.30 0.32
7 9.35 0.95 0.71 0.25 0.34 0.69 0.31 0.29
8 10.35 1.18 0.78 0.31 0.37 0.86 0.37 0.36
9 11.00 1.12 0.77 0.24 0.40 0.89 0.35 0.37
10 11.73 0.88 0.57 0.28 0.31 0.60 0.26 0.25
() =80y« BHERER M 7 HELf B 1R A
1~ Z5—4f : v = 2.375m/s
Ly (m) R R e, (m/s) | Bz c(m/s) HIET,(N) TEHIT, (N)
0.94 1.63 4.00 0.28 0.24
0.37 1.08 3.46 0.35 0.24
0.13 0.61 2.98 0.32 0.24
0.02 0.33 2.71 0.30 0.24
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v = 3.592m/s

L,(m) R e, (m/s) | ER 2 c(m/s) HIET,(N) TEMIT, (N)
1.10 1.47 5.06 0.62 0.54
0.83 1.07 4.66 0.57 0.54
0.22 0.38 3.97 0.57 0.54
0.13 0.33 3.93 0.60 0.54

—=¢H : ##3fv = 5.029m/s

Lyp(m) R e, (mfs) | Bz c(m/s) HIET,(N) TEHIT, (N)
0.92 0.78 5.81 1.04 1.06
0.77 0.91 5.94 1.17 1.06
0.30 0.42 5.45 1.12 1.19
0.27 0.40 5.43 1.13 1.06

4 ~ EEPOgH - v = 6.766m/s

Ly (m) Rz, (m/s) | Bz c(m/s) HIET,(N) THHIT,(N)
0.97 0.79 7.56 2.00 1.93
0.94 0.84 7.61 2.05 1.93
0.43 0.44 7.20 2.00 1.93
0.41 0.43 7.19 2.01 1.93

5 54 - v = 7.330m/s

Ly(m) Rz, (m/s) | B Rz 2 c(m/s) HIET,(N) THHIT,(N)
1.05 0.96 8.29 2.45 2.26
0.92 0.80 8.13 2.40 2.26
0.39 0.51 7.84 2.42 2.26
0.31 0.39 7.72 2.38 2.26

4H : fEify = 8.357m/s

Ly (m) UK e, (mfs) | B c(m/s) HFET,(N) THHIT,(N)
0.96 0.85 9.21 3.16 2.94
1.03 0.80 9.15 3.10 2.94
0.44 0.53 8.88 3.14 2.94
0.33 0.39 8.75 3.08 2.94
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7~ S - iy = 9.346m/s

Ln(m) B e, (mfs) | B Hcmfs) | EERT,(N) TEHIT,(N)
1.03 0.79 10.14 3.90 3.67
0.97 0.77 10.12 3.92 3.67
0.40 0.46 9.80 3.87 3.67
0.26 0.38 9.73 3.87 3.67
8~ 55/\4l : #ifv = 10.351m/s
Ln(m) B e, (mfs) | B Hcmfs) | EHERT,(N) TEHIT,(N)
1.06 0.80 11.15 4.79 4.50
0.94 0.64 10.99 4.69 4.50
0.39 0.47 10.82 4.76 4.50
0.31 0.39 10.74 4.72 4.50
9~ SEJU4H ¢ HEY = 10.996m/s
Ln(m) B, (m/s) | B i) | BERT,N) TEMT,(N)
1.00 0.81 11.80 5.44 5.08
0.99 0.84 11.84 5.48 5.08
0.39 0.33 11.32 5.22 5.08
0.31 0.44 11.44 5.37 5.08
10 ~ 55140 « $8y = 11.729m/s

Ln(m) B, (m/s) | B i) | BRT,N) TEHIT,(N)
1.06 0.80 12.53 6.16 5.78
0.98 0.70 1243 6.09 5.78
0.29 0.37 12.10 6.03 5.78
0.18 0.33 12.06 6.03 5.78

GEBUR & Ry BT HE R

=)
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— BT BETieEEr B o A AVNERR S T B § TR U R
(—) SRR AR S AN B PR (E PR

o) Loy | B | By | T
i3 Cy(m/s)
1 2.38 0.49 3.31 5.12 5.69
2 3.59 0.41 4.20 7.97 7.79
3 5.03 0.78 5.78 9.14 10.81
4 6.77 0.77 7.34 1.20 14.10
5 7.33 0.71 7.82 14.95 15.15
6 8.36 0.74 8.81 15.47 17.16
7 9.35 0.93 9.85 19.11 19.20
8 10.35 0.63 10.67 20.50 21.02
9 11.00 0.93 11.42 20.86 22.472
10 11.73 0.63 12.01 21.18 23.74

GEEES HETERIUS)
() g y(m) 6] T eyt
1.80
1.60 i
1.40 .:
1.20 .
1.00 :
0.80 :
0.60 .
0.40 :
0.20 .
0.00 v
0.00 1.00 2.00 3.00 4.00 5.00

t(s)

Bl 11 o R R R R G 3 T4 )
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y(m) [A) Byt
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20

0.00
0.00 1.00 2.00 3.00 4.00 t(s) 5.00

12 [ _F R PE R (PR JECEL = FE (H T T8 )
(=) BRI B A5 R 228

(DHERF ST
S R 2R BRI et fraes
10.06m/s 9.2m/s 8.54%
GEBIE S HETTHRIS)
Q)#itks gt

SRR R 208 - LU tracker S34fT > (HAE B PR R ER AR TR IRERMEREL -
~ B = o ATHR RS2 R A A Y A A B A R R R R A

1~ BRI KL E

R ERHY x-t
7%%@%%)

0.15
0.10
0.05 ¢

0.00

0.00 5.0 20.00

-0.05

-0.10
k¥ (s)

13 ~ GHRIGEIEC S0 S P R T (5 IEEIE 2 v=5.03ms
BRI G E T4
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2 ~ BCERBRIRAYIEI

2 v(m/s) T(s)
1 2.38 3.43
2 3.59 3.78
3 5.03 7.92
4 6.77 10.03
5 7.33 10.57
6 8.38 13.13

GEEdE S HETERIUS)

3~ W ALSH QGO EIHE SR ] - BT ERG Ay BB e e T EER (A 2N X (H
LL1.68mfUA > RAIZLL0.07m fTA)

ZIE v (m/s) EEEEAF () | EEEm BRI (s) a7 (%)
3 5.03 6.30 7.30 13.69
4 06.77 8.42 9.43 10.77
5 7.33 9.90 10.14 2.37
6 8.36 11.57 11.44 1.12

GE B S HETERIUS)
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U~ EhalU: ST Rk B R - AR EEENHIS T
() EERVIAYER— B0 77 SR R PRI IR ShEE Bl B 2 7 R H 37T -
+ [BIE Ry 20cm HORSEhiEE L o (PR 28 P Y AR B S AT [ (B B oy BT T E B HUS)

ZIE | #Eiv(m/s) | FBENEERE(m)
1 3.223 0.158
2 4873 0.241 T4 By P - S (i B kP
3 6.825 0.3894 16
[ ]
4 0.182 0.493 e o
. 1.2 o
5 0.048 0.7168 % 1 ¢,
6 11341 0.98425 B o
~ o
7 12.684 0.9134 = 04 o °
0.2 ® °
8 14.047 1.188 )
9 14.923 1.332 0 > 10 1 20
S (KRS B R (ms)
10 15.917 1.493
14 ~ SRA2 B EEE B S (R s AR FE U E G B TT4E )
2 ~ [ElfE By 20cm B2 8 FE kB S PR i e 20 FEE W =& B log {8 I FAS ELBAR B (BUE B B BT
FEHS)
ZIE log(m/s) log(m)
1 0.508 -0.801
2 0.688 0.618 (logm) log (T2 BliEEfE)-log (H7K) [&
3 0.834 -0.410 0.4
4 0.963 20307 0.2 y=1.436x-1.5842 o*
0 R?=0.9773 o R
5 0.998 -0.145 0 0.2 0.4 0.6 0.8 3.-"'. 1.2 1.4
0.2
6 1.055 -0.00689 s
-0.4 __.o'
7 1.103 -0.0393
-0.6 ._,.
8 1.148 0.0748 o o]
9 1.174 0.125 0
(logs)
10 1.202 0.174

B 15 - SRR R (i
2 W log ZIAMIIERIGE: 45



3~ [EIHE R 30cm HRS B EH i B o (FR s 2R P Y AR LA AT

U log(m/s) log(s)
1 4.92 0.187
2 7.44 0.283
3 10.4417 0.475
4 14.015 1.135
5 15.184 1.407

GEBIR & HETHERIIS)

1.600
1.400
#£1.200
£)11.000
£56:0.800
3 0.600
0.400
0.200
0.000

10
B (m/s)

T Bl - R R AL B

15 20

16 ~ (A% S e L (PR B 2R S AT

GE:HTT4E%)

4 ~ [EIHE B 30cm A RS BhiEk BB 548 (PR 2R W 2 il log 1% MY R A8 B AT

I log(m/s) log(s)
1 0.692 -0.729
2 0.872 -0.549
3 1.019 -0.323
4 1.147 0.055
5 1.181 0.148

GEBIR S HETTERIS)

(log(m))
0.200

0.000

0.000

-0.200

-0.400

-0.600

-0.800

-1.000
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y =1.8162x-2.0632

W& Hllog 2 (R HITEE]

(
*

1.000." 1.500

(log(s))

17 ~ (GRS B EE Al L (PR B 2
W EL log Z AR GE: BT T4 %Y



5~ [EIER Ry 20cm HORLENHT ] B (FREsEh 2R LAY AR BT 8] (B & o B T B B US)

ZIRE | BEv(ms) | B
1 3.223 1.071
2 4.875 1.444
3 6.825 1.789
A 9.182 1.889
5 9.948 2.067
6 11.341 2.117
7 12.684 2.333
8 14.047 2.211
9 14.923 2.544
10 15.917 2.411

RN (s)

3.00E+00
2.50E+00
2.00E+00
1.50E+00
1.00E+00
5.00E-01

0.00E+00

T B -k [

. “»
[ L .
s ®
)
.
5 10 15 20
2 (m/s)

18 ~ sE{RAS By ] Lo (PR B 2R P AT [ G B A T

6 ~ [EIRE R 20cm RS Bl i B o4 (PR 8l 20 FEE T & il log IRV RAZ BT B (BIR B BB 1TE

LZEIES))

ZIrE log(m/s) log(s)
1 0.508 0.029
2 0.688 0.160
3 0.834 0.253
4 0.963 0.276
5 0.998 0.315
6 1.055 0.326
7 1.103 0.368
8 1.148 0.345
9 1.174 0.406
10 1.202 0.382

log(s)
0.45

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

25

log (£ EJH#E])-log (#E 28 ) &

y =0.4979x - 0.1958g-
R?=0.9651 @-°
s ®
9.

R )
.
° .
.

0.2 0.4 0.6 0.8 1 1.2 1.4
log(m/s)

[ 19 ~ SR PR BT ] L g (R e 2R e
W HL log Z AR GE: BT T4 %Y



o ~ 55w
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7 -
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(PR B B (B B BRI At — IR B ot — o IR A - BRIL 41
BEBR S B AR T, AR (3 B (L) SR T 2 AR R AR OTIAR(3) »
55 T LA

(TR TR BN R S ROAGRAT © (R R R B RTIR A LR 7 AT R A (&N
GESR TN LR NS - MR A B e LA » ISR RA B - dE
20-1 EfE] 20-2 -

ﬁ

()R G LR IR H 5% >

B 20-1 ~ BB =0s B 20-2 - B P t=1.4s
TEEGE BT H G )

%ﬁﬂﬁ%@ﬁ%’ﬁﬁtmﬁmﬁ%@%fi=f%=v’@ﬁﬁw%ﬁﬁ@@
BEIGEENR T AR » TR PSSR R — v = 0 - SPBIEEISIR el -
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()RS AR R - Ay IR e
e BRI A A4 FTHI 5 BB ST T, = Tp + Lnpg = —ug + uv? + Lopg -
EvBRGBOR R - TnEPT 1g + Lypg S HIECBIEROAGEY N > (H5 R PR e, BT
v o MEAFIRE R e, — vRATEEAGHY N - SR thEr BRI 2 RS & e
R (PR R TR D
(JORER > 8dE s Ry4EsR I EETRRAMER & - SRR RS 12258 FE T -

~EERT ¢ e R DR o A AR AINERT S T B S T A U R B
(—)$kZ S EH SRS

=05 21 ~ BB I EEE GEETeEY) t=9.2s

BRI BRI UELE 21 Fon » BRBESEE NIERSHERRCRRT - W
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WikE 21 Fm e
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2~ [m] B R BT AVAETR IR - EECAERET BB R T e EASERRLR - P
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