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Experiment

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

- a rigid 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 𝜇𝑤

and against the floor 𝜇𝑓 are 
constant:  a) 𝜇𝑤= 𝜇𝑓 = 𝜇 or 
b) 𝜇𝑤=0; 𝜇𝑓 ≠ 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.



Static equilibrium:

• ; 

; 

(on the verge of slipping downward)



Dynamic equilibrium:

• 𝒕𝒔 : instant just before the ladder loses contact with the wall
• 𝒕𝒆 : the end of the movement

• time intervals separating movement: 𝑰𝟏 = 0, 𝑡𝑠 ; 𝑰𝟐 = 𝑡𝑠, 𝑡𝑒
• 𝐹𝐴 𝒕𝒔 = 0           𝜃 𝑡𝑒 = 0
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⇒ (numerical calculations)



Experimental data

• 𝐿 = 1.005 𝑚

• 𝑚 = 0.23572 𝑘𝑔

• 𝜃0 = 0.69 𝑟𝑎𝑑

• 𝜇 = 0.43

Results obtained using
Tracker



Numerically calculated time critical values

• 𝒕𝒔 : instant where the ladder loses contact with the 
wall.

• 𝒕𝒆: final instant.

• 𝒕𝒙𝒎𝒂𝒙: instant where the x component of center of 
gravity velocity reaches a maximum.

𝑡𝑠 = 0.592574 𝑠
𝑡𝑒 = 0.6791960 s
𝑡𝑥𝑚𝑎𝑥= 0.551314 s

                          𝜃 𝑡𝑠 = 0.259555 𝑟𝑎𝑑
𝑑𝜃

𝑑𝑡
𝑡𝑠 = −2.41396  𝑟𝑎𝑑/s

        𝑥(𝑡𝑠) = 0.4856683 𝑚



Theoretical data versus experimental data



Theoretical data versus experimental data









Conclusions

• The experimental data are in fairly good agreement with theoretical 

results and, in particular, the observation of a maximum of the x 

component of 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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