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Abstract

This paper uses the PhET simulation’s Energy Skate Park module to vividly and intuitively simulate
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a block sliding down an inclined plane and constrained to move in circular motion along a semicir-
cular track in a vertical plane. It quantitatively analyzes the relationship between the block’s ascent
height d and its sliding height h on the inclined plane. The results show that the simulation results
are highly consistent with theoretical results, verifying the correctness of the theory. It was found
that when the block’s sliding height h and the radius R of the circular track satisfy a certain relation-
ship, the block lands exactly at the lowest point of the semicircular track. The application of the
PhET simulation not only stimulates students’ enthusiasm for learning but also allows them to dis-
cover and verify this critical condition, helping students build an intuitive understanding of the
physical scenario and achieving good teaching effects.
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Figure 1. A typical model of circular motion in the vertical plane
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Figure 2. Motion of the block in conclusion (1)
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Figure 3. Motion of the block in conclusion (2)
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Figure 4. Energy skate park operation interface
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Table 1. The maximum height d, reached and the corresponding relative error values & when the skateboard slides down
from rest at different ramp heights 7 0<AZ<R, R=2m

F 1. BRETENRASE h (0<h<R, R=2m)LHFILTEN, EANRRSE J RNOEXIRE 6 &

N BAHE d, /m
AT h/m _ 51%
SEHAA LN el
1.0 1.00 1.00 0.00
L5 1.50 1.50 0.00
2.0 2.00 2.00 0.00
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Table 2. Height d, , speed v, , and relative error & of the skateboard when it leaves the track after sliding from rest at
different ramp heights . R<h<2.5R, R=2m
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SHERFE B m Jii S ENIE = d, /m 5% JREEE v, (m/s) 5%
SEERAH BLIR7Y ) SEEAH B A

3.0 2.65 2.67 0.75 2.55 2.56 0.39

35 2.98 3.00 0.67 3.23 3.13 3.19

4.0 3.38 3.33 1.50 345 3.61 4.42

y=x-(x+2)(1-x)*-2(1-x)"3

0.01138
0.01078
0.01018
0.00958
0.00899
0.00839
0.00779
0.00719
0.00659
0.00599
0.00539
0.00479
0.00419
0.00359
0.003
0.0024
0.0018
0.0012
0.0006
0
-0.0006
200012
0.00188
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Figure 5. Function graph and solution results

Bl 5. RBEGSKBER

DOI: 10.12677/ces.2025.1312954 235 ClE e E= R


https://doi.org/10.12677/ces.2025.1312954

A, AT

SRR, AR N S AL T R < h < 2.5RIGHINT, P AT REAE A BYIPIE |, AT REAE KL
b, 2h=35mi, FEHAGIEAE B R R AR A 3 A K)o % BA_E I S A7 B AT LUR B IE

W RS PUE S, VIR RNy, (0<v,? < gR), WIEE TINS5 K1 2 (%—ﬂj LRI

Eﬂo%aﬁﬁi,ﬁmﬁ%EL%E%:—@:wwwp%g%HM+mmmcﬂ%:&@ﬁ*mﬁ
AT

z=l[. [gRsin B —sin’ +\/gRsin,B(1—sin2 ﬁ)+2g(R+Rsinﬁ)]
g

ACETT W b, ERIAIE B ZIZ8): x=v,sinfB-t=Rcos B W[ AN LI, 715

Rcosf = 1/g]i’sinﬂsinﬂ-l{«/gRsin,Bcos,B-i-\/gRsin,Bcoszﬂ—i-ZgR(l+sin,3)}
g

b i15: cos® B = (cos2 ,B+2)(1—cos2 ,3)2 +2(1—cos2 ,B)% .

4 x=cos’ Be[0,1], ERBIEN: f(x):x3—(x+2)(1—x)2—2(1—x)%o FIFE WA B TFH app, 15

FIE G A 5.
M f(x)=00F, RERHTTAF, x=cos’ f=0.74938 . BEIMIHAE sin B = /1-cos =§(%—1), AR
%%:mw%m%oW%hﬂ%hﬁwm,ﬁﬁ%ﬁ%%ﬁﬁﬁ%ﬁ%ﬁﬁo%ﬁﬂﬂ,%

R<h<1.75Ru}, MR EINN G, RAEARINMLE; H1.75R < h<2.50R B, 8852 BN A,
A TEAEKPTH L

3.4. BRIUSLL 3 RERDH

Table 3. The speed v, of the skateboard when it leaves the track, the horizontal distance x between the landing point of the

skateboard and the highest point of the circular track, and the relative error values when the skateboard slides down from rest
at different ramp heights 7, #>2.5R, R=2m

F 3. BMATRINRESE 1 (h>25R, R=2m)ABRFIETER, BREBNERENERE v, BRE S SR

HiEREaZBRIKEESx, UREMRE S|
RRE m PR X/n? 5 1% jw’ﬁﬁg Y (m{s ) 5 1%
SERGAH Hit{E SEIGAE Hit(E
5.0 3.99 4.00 0.25 450 4.43 1.58
6.0 5.75 5.66 1.59 6.15 6.26 1.75
8.0 8.00 8.00 0 8.88 8.85 0.34
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