The problem of a ladder leaning on a wall:
experimental investigation of its static equilibrium
and dynamics using software Tracker and
modelling/simulating using software GeoGebra.

J. B. Oliveira b, P. Simeao Carvalho P, M. F. Mota ?, M. J. Quintas 2

2 IFIMURB, University of Porto, Rua do Campo Alegre s/n, 4169-007 Porto,
Portugal

b Department of Physics and Astronomy, Faculty of Sciencies, University
of Porto, Rua do Campo Alegre s/n, 4169-007 Porto, Portugal

o [BPORTO

FACULDADE DE CIENCIAS
:\r/llg’fl(talljlltael (F))P%/hselcs | | g]]_rep | |.:. MPTL FC UNIVERSIDADE DO PORTO
University of Porto “wﬂj exchg e



Experiment

- a high-speed photography (220 frames/s)

- arigid meter stick with (or without) a low-friction pulley
attached to one end




Modelling the dynamics of the “ladder” leaning against a wall

rigid body
friction coefficients of the

ladder against the wall u,,
and against the floor y; are

constant: a) py,,= s = [ or
b) 1,,=0; ug # 0

initial conditions are
consistent with the top of

the ladder being on the
verge of slipping downward

center of gravity of the
“ladder” is at the middle.




ZFx =0
Static equilibrium:{ 1, F, = 0

YT=0

(on the verge of slipping downward)

1—u,,u .
Ocritical = arctan( — f) = 0p; 0
2Uf




Y. E, = mix
Dynamic equilibrium:{ 2. F, = my
YT =—-18

L, : instant just before the ladder loses contact with the wall
t. : the end of the movement

time intervals separating movement: I = [0, t]; I, = [tg, te]
Fy(ts) =0 6(t,) =0

=



t < ts (1degreeof freedom)

2
420 32,ugsin9—gcos«9+y2gc039—uL(%)
a2~ L Uz —2
Fy=— i [Bg sinf cos@ + Lusinf <ﬁ>2 — 2L cos 6 <ﬁ>2 —2ug + 3ug(cos 0)2]
2(u% —2) dt dt
Fg = e [—SMg sinf cos 6 + 2L sin 6 <%>2 + Ly cos 6 <ﬁ>2 —4g + 3g(cos 9)2]
2(u% —2) dt dt

t = ts(2 degrees of freedom)

2 2
420 3[2ugsin9 +Lsin9cos@(3—f) — uL sin 6% (Z—?) —2gc039]

dt? L(1+ 3cos0? —3ucosOsinf)
d2x u(Zg—LsinBCcll—f)
dt? 2(3ucosBsinf — 3cos0? — 1)
Fy =0
1 m <2g — Lsin@ (3—?)2>
B = 5(1 + 3cos 62 — 3 cos 6 sin6) —> (numerical calculations)




Experimental data

L=1.005m

m = 0.23572 kg
6, = 0.69 rad
u=0.43

Results obtained using
Tracker




Numerically calculated time critical values

* L, :instant where the ladder loses contact with the
wall.

* t,:final instant.

t,.max: iNstant where the x component of center of
gravity velocity reaches a maximum.

t; = 0.592574 s

t, = 0.6791960 s
tora=0.551314 s

0(t,) = 0.259555 rad

= (t) = —2.41396 rad/s
x(t,) = 0.4856683 m



Theoretical data versus experimental data

Theta (angle of inclination of the ladder) as a function of time
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Theoretical data versus experimental data
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Conclusions

The experimental data are in fairly good agreement with theoretical
results and, in particular, the observation of a maximum of the x
componentof the center of gravity velocity, just before the ladder

loses contact with the wall.

The comparison between the video of the experimental work, with
the simulation of the experiment using software GeoGebra, has a
great potential in physics education and gives a new approach for

teaching mechanics introductory physics courses.

GeoGebra simulation
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