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Study on Teaching Materials for Science Education, I
“Experiment with a Cylinder Rolling down on a Slope”

Satoru MAEKAWA, Emmanuel MACARAEG, Chao LIN, Hiroomi AKIYAMA,
and Osamu EGE
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The experiment with a cylinder or a ball rolling down on a slope has been done since
the time of Galilei, and is also now positioning as one of the most popular educational
materials. In order to make the material more effective, we repeated the experiment
mainly in the two ways that @ we changed the sheets over the slope focusing the
friction between rotator and slope, and @ on aiming the increase of the accuracy, we
derived a semiautomatic system of time-measuring. It was resulted that the
semiautomated system for measuring time was even recognizably effective, but there
did not show any clear resultant distinctions among the sheets of the slope. While, it
is so important to measure the heights and keep the experimental device on the level.
On accounting these situations, it is necessary not only to exchange right hand side and
left hand side of the device to offset the systematic error but also to avoid the rotator

running zigzug or sidlingly.
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D, FoTCENESLEVWTHMA 72D 0T 5, RIEZEHNMNIELZ L L EoTENDTDY
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#1 EBRTHERALLAE - - HRo7F—7%

FIIZT A 9 E73 >
(K) () (/) (K) (71) (/) (K) () (@)
HE(g) 259.6 132.1 55.9 874.2 446.6 187.8 765.0 391.2 165.6 286.2
BE%(mm) 50.00 40.00 30.07 50.00 39.95 29.96 50.00 40.00 30.00 39.25

5 & (mm) 50.00 39.90 30.00 50.10 40.10 30.00 49.90 40.05 30.05

INSOME - REHCTHREORA Ny 7y 4 v FTHELZNRZYER - TIAF v 7
WM b= R=%— - ) a2—=F58— (1.0mm) - By L ¥ 78— (1.1lmm) « B
Ty 8= (2.1m) OFEMOFMETOMUERLRELEK2I1Z, HBREDOA MYy T o+ v F
THE L 22N ENOEM OB TORERHREERIIIRT, 4B, ITIIEBREOEIIZX
LZRBEEE L T2OIREOM E % AN ZNZFN200FOHIE L &E0FHE % Rk
& L7z,

#£2 ANy Tty FHBRTOWEER R
FHHERE (s) 1.00m
HEEQD (h,—hy) 0.0658m
BEE® (hy—hy) 0.0658m

[x=v&#K]
TIVIZT A £ £33
(K) () - () (K) () (/1) (X) () (@)
EHO 2.216 2.251 2.267 2.241 2.253 2.249 2.257 2.257 2.269
T 2.167 2.167 2.190 2.150 2.177 2.146 2.169 2.178 2.172
SR 2.191 2.209 2.228 2.196 2.215 2.197 2.213 2.217 2.220
[79 2+ v 7]
THO 2.224 2.245 2.256 2,232 2.245 2.231 2.227 2.229 2.229
FHD 2.126 2.150 2.179 2.153 2.151 2.147 2.141 2.142 2.149
E NS 2.175 2.197 2.217 2.192 2.198 2.189 2.184 2.185 2.189
[FL—3 v rm—ys—]
FERyO 2.262 2.243 2.268 2.273 2.273 2.261 2.271 2.267 2.264
FHE 2.182 2.163 2.192 2.175 2.175 2.171 2.180 2.171 2.167
L] 2.222 2.203 2.230 2.224 2.224 2.216 2.225 2.219 2.215
[0 a—>5,35—(1.0mm)]
FyD 2.280 2.272 2.291 2.304 2.292 2.273 2.291 2.298 2.281
FHD 2.170 2.170 2.188 2.199 2.200 2.169 2.209 2.188 2.170
X3 2.225 2.221 2.239 2.252 2.246 2.221 2.250 2.243 2.225

[Bvr Ly 55— (1.1mm)]

EHO 2.279 2.285 2.317 2.299 2.311 2.292 2.302 2.288 2.296
EH@ 2.228 2.218 2.248 2.226 2.235 2.221 2.235 2.234 2.216
£ ] 2.253 2.251 2.282 2.262 2.273 2.256 2.268 2.261 2.256




6 B - 2~v=a2x)V wH 7 - Ml - LR - BT&

[Evr L% 58— (2.1m)]

FHO 2.328 2.317 2.338 2.306 2.310 2.298 2.323 2.297 2.293
TH@ 2.233 2.234 2.257 2.237 2.242 2.233 2.243 2.223 2.229
el 2.280 2.275 2.298 2.271 2.276 2.265 2.283 2.260 2.261

#3 AbvyTYt v FUBEOBERSR

[R=Y &)
FIIZT A Eil $% K
(K) () (/) (K) () (/) (K) () (7))

T 2.230 2.234 2.264 2.224 2.237 2.238 2.237 2.233 2.251 2.161

FH@ 2.161 2.162 2.181 2.142 2.165 2.165 2.151 2.156 2.161 2.095
SHRFEH 2195 2.198 2.222 2.183 2.201 2.202 2.194 2.194 2.206 2.128
[79AF v 73]

FHDO 2.205 2.210 2.222 2.197 2.209 2.212 2.197 2.197 2.207 2.118

FH@ 2.145 2.150 2.157 2.121 2.143 2.141 2.118 2.139 2.152 2.043
EhFYy 2175 2.180 2.189 2.159 2.176 2.176 2.157 2.168 2.179 2.080

[FL—2rrr—ri—]

FHD 2.238 2.247 2.283 2.226 2.231 2.236 2.242 2.242 2.239 2.182
B35 2.151 2.156 2.192 2.145 2.148 2.153 2.159 2.152 2.159 2.100
Ext ] 2.194 2.201 2.237 2.185 2.189 2.194 2.201 2.197 2.199 2.141

[21)2—253—(1.0m))

F#O 2.242 2.243 2.251 2.258 2.244 2.236 2.262 2.251 2.246 2.219
FH 2.157 2.164 2.178 2.181 2.170 2.156 2.172 2.167 2.164 2.141
ST 2.199 2.203 2.214 2.219 2.207 2.196 2.217 2.209 2.205 2.180

[yl s 58— (1.1mm)]

FHO 2270 2.259 2307 2270 2273  2.267 2278 2268  2.275 2.241
FHO 2186 2187 2218 2195 2200 2202 2199 2194 2198 2.169
LfF¥ 2228 2223 2262 2232 2236  2.23¢ 2238 2231  2.236 2.205

[BEvr L% 58— (2.1mm)]

FHO 2.283 2.290 2.309 2.257 2.291 2.287 2.262 2.282 2.287 2.235

FH® 2.190 2.187 2.22 2.186 2.209 2.207 2.185 2.196 2.203 2.168

ERFY 2.236 2.241 2.264 2.221 2.250 2.247 2.223 2.239 2.245 2.202
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£4 ALy Tyx v FURE]
TLIZTA Tl 23
(X) () (7]n) (K) (%) (7I7) (K) () ()
N = % A& A 949536 9.34338  9.18264  9.45864  9.29493  9.44572  9.31174  9.27607  9.24893
T AF vy 963778 9.44357  9.27398  9.48886  9.43928  9.51489  9.56289  9.54976  9.51707
FL—ivymx—t— 923437  9.39647 9.17235  9.21777  9.21984  9.28654  9.20742  9.26353  9.29073
TYT—r5N— 921155  9.24477  9.00467  8.99397  9.04210  9.24685  9.00797  9.06227  9.20742
WAL YL 898001 899597 875516 891067 8.82851 895614  8.86163 892052  8.96210
BuwwLyro3— 877053  8.80912  8.63743  8.83823  8.80138  8.88512  8.74941 892842  8.92250

HIIEE

#5 ALy TUaxvFUHEE
TINIZTA 3 £ K

(K) (%) (7)) (K) (%) (/]r) (K) () (/)

N Y AR 946079 943928  9.23229  9.56946  9.41142 9.40715 9.47589 9.46941 9.37093  10.38864
TIAFy 7K 964221 959582 9.51272 9.78342 9.62892 9.62892 9.79703 9.70235 9.60242  10.92438
Mo-yyys—s— 947157 9.40928 9.10891 9.54758 9.51272 9.46941 9.41570 9.44572 9.42855  10.33891
Ya-u 8- 942641 9.39221  9.29912  9.25727 9.36032 9.45648 9.28025 9.34338 9.38156  9.95164
BovLyygs— 918470 9.23022 890870 9.15181 9.11706 9.13339  9.10077 9.16412 9.11910  9.69622
Buylgyrgn- 911706 9.07845 8.89493 9.24061 9.00797 9.03405 9.22399 9.09874 9.04814  9.70083

EHIhERE

HADERDPOMEOMEIL L2 ELDEAVIEIALNLLDOD, AUEMOPETH F1
FROMBIZ L ZEREOMOEDSKE L EEMIINTINT TH D, FRIZHERTEDL DFERED
S CEMOFE TIEL ML THWVEDOREENSE O, T2, SRMICEBHEIZE OV Z
Ebhb, LL, BRCIRENINEEIEH S B TW5, Zhid, MAEICkERORRAIFEF
IS LICHE EEST HHEBAVNE D IIBEN LR (IF) RS ENS) T b0k
Eibhb, 22T, ANy Tor v F2RB LA ETENRLZTIERBORBEYN LA - 72
PE, ANy Ty FOYBMESIBERZRY ET 2075 TREZT L IZMAEOZNEOF
PR EL KO, FEOFY RFERELRTIZ, RBIBKOENERT,

£6 TPRFERE
TIhIZT LA E0) £
(K) () (/17) (K) () (/y) (K) () (/v)

[N=F&HK]

A by T4y FELRHT
FHD 0.02479  0.03145  0.02555  0.01841  0.01997  0.02151  0.02100  0.02780  0.01711
TR 0.02452  0.01735  0.01549  0.02098  0.02027 0.02312  0.02351  0.01894  0.01749

ALy Ty FUBE

FHD 0.01414  0.01062  0.01715  0.00970  0.00954  0.00927  0.01062  0.01005  0.01023
THO 0.01071  0.01122  0.01499  0.01388  0.01204  0.01162  0.01532  0.00921  0.01179
[75 2% v 7]

ANy Ty FUEA

FRO 0.02437  0.02132  0.02871  0.01905  0.02179  0.02234  0.01682  0.02886  0.02189
FH© 0.01530  0.01581  0.02455  0.02605  0.02681  0.02390  0.02559  0.02056  0.02414
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Aby Ty v FURE
FHD 0.01244  0.01342  0.01314  0.01062  0.00995 0.00963  0.01487  0.01236  0.00910
@ 0.00921  0.01284  0.01382  0.01091  0.01005  0.01071  0.01043  0.01221  0.01652
[FL—vrrm—ri—]
ANy Ty xy FUBE
FHO 0.02462  0.02124 0.02586  0.01706  0.01847  0.02606  0.01814  0.01982  0.02596
FHD 0.01600  0.02299  0.02393  0.01658  0.02312  0.01284  0.02156  0.01830  0.01276
ALy Tr v FYUBHE
EHD 0.00887  0.01236  0.01054 0.00735 0.00865  0.01071  0.00678  0.00748  0.00768
FH@ 0.00921  0.00970  0.01108  0.00921  0.00927  0.01005  0.00995  0.01030  0.00995
[ a—25/5—(1.0m)]
A by T4y FRBET
FHO 0.01465  0.02159  0.02397  0.01934  0.02220  0.01972  0.02061  0.02088  0.01729
FH 0.01871  0.01936  0.02755  0.02406  0.01465  0.02495  0.02022  0.02064  0.01962
A by S r oy FRRE
F#HO 0.01166  0.00781  0.01596  0.01122  0.01114  0.00973  0.01195  0.01179  0.00805
@ 0.00853  0.01014  0.01249  0.01284  0.00894  0.00917 0.01195 0.01187  0.01108
[yl %> 535—(11m)]
A by T4y FHERRT
F#HO 0.02809  0.02784  0.02286  0.01956  0.02061  0.01905  0.01652  0.01568  0.02202
FEH@ 0.01813  0.01639  0.02321  0.02269  0.01802  0.02809  0.01987  0.02372  0.02291
ANy Tty FRBE
THO 0.01095 0.01195 0.01740  0.00865  0.01337  0.00910  0.00980  0.00536  0.01117
S350 0.01114  0.01276  0.01860  0.00973  0.01581  0.01364  0.00910  0.01526  0.01135
[BEvL s 55—(2.1m)]
ANy Ty FRLBR
FHO 0.02299  0.02833  0.02358  0.02711  0.01871  0.02441  0.01841  0.02410  0.02547
F15@ 0.02256  0.02435  0.02610  0.02777 0.02112  0.01997 0.01646  0.02487  0.01905
ALy Tty FURE
FD 0.01552  0.01687  0.01590  0.01424  0.01203  0.01195  0.00927  0.01590  0.01520
T 0.01322 0.01639  0.01532  0.01114  0.01578  0.0145%9  0.00973  0.01746  0.01670
K7 FEHEOFH TFEE
FILIZTh Bl %
(K) () (7)v) (K) (4) (@] (K) (H) (/)
[~N=¥ 5]
ANy T4y FURET
FHDO 0.00554  0.00703  0.00571  0.00412  0.00447  0.00481  0.00470  0.00622  0.00383
FH 0.00548  0.00388  0.00346  0.00469  0.00453  0.00517  0.00526  0.00424  0.00391
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Abhy Tty FRBEK
FHO 0.00316  0.00237  0.00383  0.00217  0.00213  0.00207  0.00237  0.00225  0.00229
FH 0.00240  0.00251  0.00335  0.00310  0.00269  0.00260  0.00343  0.00206  0.00264
[75 25 v 7]
ALy Tty FYRE
FHO 0.00545  0.00477  0.00642  0.00426  0.00487  0.00499  0.00376  0.00645  0.00489
FHD 0.00342  0.00354  0.00549  0.00583  0.00600  0.00534  0.00572  0.00460  0.00540
ANy T+ FHRE
FHO 0.00278  0.00300  0.00294  0.00237  0.00222  0.00215  0.00332  0.00276  0.00203
FH 0.00206  0.00287  0.00309  0.00244  0.00225  0.00240  0.00233  0.00273  0.00369
[FL—3 > rm—yi—]
ALy Ty d oy FHBR
F#O 0.00550  0.00475  0.00578  0.00381  0.00413  0.00583  0.00406  0.00443  0.00581
FHD 0.00358  0.00514  0.00535  0.00371  0.00517  0.00287  0.00482  0.00409  0.00285
ALy Ty d oy FUBHE
FHO 0.00198  0.00276  0.00236  0.00164  0.00193  0.00240  0.00152  0.00167  0.00172
FH 0.00206  0.00217  0.00248  0.00206  0.00207  0.00225  0.00222  0.00230  0.00222
[v1)a—rF3—(1.0mm)]
A by T x y FYURE
FHO 0.00328  0.00483  0.00536  0.00432  0.00496  0.00441  0.00461  0.00467  0.00387
FHD 0.00418  0.00433  0.00616  0.00538  0.00328  0.00558  0.00452  0.00462  0.00439
ARy Ty FUBE
EHO 0.00261  0.00175  0.00357  0.00251  0.00249  0.00218  0.00267  0.00264  0.00180
FH 0.00191  0.00227  0.00279  0.00287  0.00200  0.00205  0.00267  0.00266  0.00248
[Bw L g2 5/5—(1.1mm)]
ANy Ty FRRE
FHO 0.00628  0.00622  0.00511  0.00437  0.00461  0.00426  0.00369  0.00351  0.00492
FHD 0.00405  0.00367  0.00519  0.00507  0.00403  0.00628  0.00444  0.00530  0.00512
ALy Ty FUBE
FHO 0.00245  0.00267  0.00389  0.00193  0.00299  0.00203  0.00219  0.00120  0.00250
R3316) 0.00249  0.00285  0.00416  0.00218  0.00354  0.00305  0.00203  0.00341  0.00254
[[BEwr L 53— (2.1mm)]
A b w Sy d oy FELBHET
FHO 0.00514  0.00634  0.00527  0.00606  0.00418  0.00546  0.00412  0.00539  0.00570
FHD 0.00504  0.00544  0.00584  0.00621  0.00472  0.00447  0.00368  0.00556  0.00426
Ay Ty gy FREE
F#HO© 0.00347  0.00377  0.00355  0.00318  0.00269  0.00267  0.00207  0.00355  0.00340
FH 0.00296  0.00367  0.00343  0.00249  0.00353  0.00326  0.00218  0.00390  0.00373
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#8  CPIISRERE

NRZY AR TTAFy IR -y riR-s- MRVt oLy yin-  Buelirin-
FHD 0.01091 0.00994 0.00792 0.01071 0.01071 0.01072
FEH@ 0.01025 0.01100 0.00747 0.01023 0.01186 0.01077

THME O TP — Feqht

NEYER  TIRF IR bU-vvia-n- Yha-ygna- Beoliygn- Beglbiyin-
FHD 0.00244 0.00222 0.00177 0.00240 0.00240 0.00240
FHO 000229 0.00246 0.00167 0.00229 0.00265 0.00241

F6ID, Ay T r v FERBLLZI L TRADMEEOEEE Y ET PH HFAET
12 +0.014~ +0.028D [ 72 » 72l EH I DB ZE D #PHAT+0.007~ +0.018 & 2 fEE S HBED L
MBoleZ bbb, £/, £TOLEOVHEOEEHE L RTFEHMBOFH _REEZTIIL
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