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Exercice 1

On considère le système de la Fig. 1 ci-dessous : un disque de rayon r et de masse m placé
entre deux cerceaux de rayon R. Dans tout le problème, on néglige la friction. On appelle
σ la densité de masse surfacique du disque de rayon r, et θ correspond à l’angle de contact
disque–cerceaux par rapport à l’horizontale. Le système est placé dans un champ de gravitation,
d’accélération de la pesanteur g.
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32 Statics

area of each object is σ , and the radii to the points of contact make an
angle θ with the horizontal. For each case, find the horizontal force that
must be applied to the circles to keep them together. For what θ is this
force maximum or minimum?
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Fig. 2.13

(a) An isosceles triangle with common side length L.
(b) A rectangle with height L.
(c) A circle.

2.8. Hanging chain ****

(a) A chain with uniform mass density per unit length hangs between
two given points on two walls. Find the general shape of the chain.
Aside from an arbitrary additive constant, the function describing
the shape should contain one unknown constant. (The shape of a
hanging chain is known as a catenary.)

(b) The unknown constant in your answer depends on the horizontal
distance d between the walls, the vertical distance λ between the
support points, and the length ℓ of the chain (see Fig. 2.14). Find
an equation involving these given quantities that determines the
unknown constant.
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Fig. 2.14

2.9. Hanging gently **
A chain with uniform mass density per unit length hangs between two
supports located at the same height, a distance 2d apart (see Fig. 2.15).
What should the length of the chain be so that the magnitude of the
force at the supports is minimized? You may use the fact that a hanging
chain takes the form, y(x) = (1/α) cosh(αx). You will eventually need
to solve an equation numerically.
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2.10. Mountain climber ****
A mountain climber wishes to climb up a frictionless conical moun-
tain. He wants to do this by throwing a lasso (a rope with a loop) over
the top and climbing up along the rope. Assume that the climber is of
negligible height, so that the rope lies along the mountain, as shown
in Fig. 2.16. At the bottom of the mountain are two stores. One sells
“cheap” lassos (made of a segment of rope tied to a loop of fixed
length); see Fig. 2.17. The other sells “deluxe” lassos (made of one
piece of rope with a loop of variable length; the loop’s length may
change without any friction of the rope with itself). When viewed from
the side, the conical mountain has an angle α at its peak. For what
angles α can the climber climb up along the mountain if he uses a
“cheap” lasso? A “deluxe” lasso? (Hint: The answer in the “cheap” case
isn’t α < 90◦.)
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Fig. 2.16
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Figure 1

(a) Montrez que les rayons r et R sont reliés par l’expression

r = R

(
1

cos θ
− 1

)
.

(b) Calculez la force F horizontale qu’il faut appliquer au système afin que les deux cerceaux
restent en contact. Vous exprimerez votre résultat en fonction de σ, g, R et θ.

(c) Quelles sont les valeurs de F dans les deux cas limites θ → 0 et θ → π/2 ? Commentez vos
résultats.

Exercice 2

On considère un plan incliné faisant un angle θ avec l’horizontale, sur lequel repose une masse
M , reliée via une corde inextensible et de masse nulle, à une autre masse m, à l’aide d’une poulie,
dont on néglige la masse (voir Fig. 2). On appelle µ le coefficient de friction cinétique entre M
et le plan incliné, et g l’accélération de la pesanteur. Dans la suite, on suppose que M est
suffisamment grande afin que m monte vers le haut.
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(a) Déterminez l’accélération a des deux masses en fonction de m, M , g, θ, et µ. Vous préciserez
sur un schéma la direction de toutes les forces en jeu.

(b) Montrez que la tension T dans la corde a pour expression

T =
mMg(1 + sin θ − µ cos θ)

m+M
.

Exercice 3

Le potentiel de Lennard–Jones a pour expression

V (x) = 4 ε

[(σ
x

)12
−
(σ
x

)6
]
, x > 0,

où ε > 0 à la dimension d’une énergie et σ > 0 d’une longueur.

(a) Esquissez V (x) en fonction de x.

(b) Déterminez le minimum (global) x0 de V (x).

(c) Déterminez la fréquence des petites oscillations ω d’une particule ponctuelle de masse m
autour de x0.
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