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Exercice 1

Un bloc de masse m est au repos sur une table horizontale. Soit
µ le coefficient de friction statique entre le bloc et la table. Un
expérimentateur pousse le bloc grâce à un ressort (de constante
de raideur k) qui fait un angle θ ∈ [0, π/2] avec l’horizontale,
comme le montre la Fig. 1. Dans la suite, on supposera que
tan θ < 1/µ. On appelle x la longueur sur laquelle on compresse le
ressort par rapport à sa longueur à l’équilibre. La force exercée par
l’expérimentateur sur le bloc est donc égale en norme à Fexp = kx
et est dirigée selon le ressort.
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9.4. A uniform stick with mass m rests on two supports at its ends, as shown in Fig. 9.4. The

Figure 9.4

forces exerted by the supports on the stick are equal because (circle all that apply)

(a) the total upward force from the supports must be mg

(b) the torques around the center of the stick must cancel

(c) the setup has left-right symmetry

9.5. Two uniform sticks with masses M and m are connected to each other and to a wall by
pivots, as shown in Fig. 9.5. The left ends of both sticks are higher than their common
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right end. The vertical component of the force from the wall (acting via the pivot) on the
left end of the bottom stick

(a) points upward

(b) points downward

(c) is zero

(d) More information about how m and M are related is required.

9.3 Problems

The first problem is a foundational problem.

9.1. Any choice of origin

Prove the following statement: Given an object for which
∑

F = 0, then if
∑
τ = 0 around

one choice of origin, then
∑
τ = 0 around any other choice of origin.

9.2. Not moving a block

A block with mass m rests on a horizontal table. The coefficient of static friction between
the block and the table is µ. You push down on the block with a spring (with spring
constant k) that is inclined at an angle θ, as shown in Fig. 9.6. What is the maximum
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distance you can compress the spring without having the block move?

9.3. Stick in a well

A uniform stick with mass m is placed in a frictionless well. The angle the stick makes
with the horizontal is θ, as shown in Fig. 9.7. What are the forces the well exerts on the
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stick at its two ends?

9.4. Stick on a corner

A stick with mass m and length ℓ leans against a frictionless wall, with a quarter of its
length hanging over a corner, as shown in Fig. 9.8. It makes an angle θ with the horizontal.
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Assuming that there is sufficient friction at the corner to keep the stick at rest, what is the
total force that the corner exerts on the stick?

9.5. Two sticks and a wall

Two sticks are connected with pivots to each other and to a wall, as shown in Fig. 9.9.
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The top stick is horizontal and has length ℓ, and the angle between the sticks is θ. Both
sticks have the same linear mass density λ (kg/m). Find the force (give the horizontal and
vertical components) that the lower sticks applies to the upper one.

Figure 1

(a) Représentez sur un schéma toutes les forces qui s’exercent sur le bloc.

(b) Déterminez la distance maximale de compression xmax du ressort sans que le bloc ne bouge
en fonction de l’angle θ.

(c) Analysez et commentez en particulier le cas limite θ = 0.

Exercice 2

On considère la machine d’Atwood représentée à la Fig. 2. On
néglige les masses des deux poulies ainsi que celles des deux cordes
(qui sont supposées inextensibles). On suppose que les cordes ne
glissent pas sur les poulies. Soient a1, a2 et A les accélérations
(comptées positives vers le haut) respectives des masses ponctuelles
m1, m2 et M . Soit T1 la tension dans la corde du haut, et T2 la
tension dans la corde du bas. Les masses sont initialement au repos,
et relachées à un instant ultérieur.

78 CHAPTER 4. F=MA

T
T T

2T

(a) (b)

Figure 4.14

4.4. Block and tackle

(a) What force on the rope must be exerted by the person in Fig. 4.15(a) in order to hold
up the block, or equivalently to move it upward at constant speed? The rope wraps
twice around the top of the top pulley and the bottom of the bottom pulley. (Assume
that the segment of rope attached to the center of the top pulley is essentially vertical.)

(b) Now consider the case where the person (with mass m) stands on the block, as shown
in Fig. 4.15(b). What force is now required?
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4.5. Equivalent mass

In Fig. 4.16 you support the pulley system, with your hand at rest. If you have your eyes
m1 m2

Figure 4.16 closed and think that you are instead supporting a single mass M at rest, what is M in
terms of m1 and m2? Is M simply equal to m1 + m2?

The following eight problems involve Atwood’s machines. This large number of Atwood’s prob-
lems shouldn’t be taken to imply that they’re terribly important in physics (they’re not). Rather,
they are included here because they provide good practice with F = ma.

4.6. Atwood’s 1

Consider the Atwood’s machine shown in Fig. 4.17. The masses are held at rest and then
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Figure 4.17
released. In terms of m1 and m2, what should M be so that m1 doesn’t move? What
relation must hold between m1 and m2 so that such an M exists?Figure 2

(a) Exprimez a1 en fonction de a2 et A. Justifiez soigneusement votre réponse.

(b) Exprimez la tension T2 en fonction de T1. Justifiez soigneusement votre réponse.

(c) Quelle doit être la valeur de M (en terme de m1 et m2) de telle sorte que la masse m1 ne
bouge pas ? Quel doit être la relation entre m1 et m2 afin qu’une telle valeur de M existe ?

(d) Quelle est alors la valeur de l’accélération A en fonction de m1 et m2 ? À quelle condition
la masse M monte-t-elle ou descend-elle ?
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Exercice 3

On considère la collision élastique représentée à la Fig. 3 : une particule (supposée ponctuelle) de
masse m se meut avec une vitesse v0 en direction d’une particule (elle aussi supposée ponctuelle)
de masse 2m et initialement au repos. Le système formé par les deux masses est isolé de toute
force extérieure.

6.3. PROBLEMS 153

2mm

2m

m

v0

v1

v2

1θ

2θ

Figure 6.16

2mm

2m

m

v

v

v0 1θ

2θ

Figure 6.17

6.22. Rocket motion

A rocket ejects mass backward with a constant speed u relative to the rocket.5 If the initial
mass of the rocket is M , what is the rocket’s speed at a later time when the mass is m?
Hint: Consider a short interval of time, and determine the increase in speed after a small
amount of mass has been ejected. This will yield a differential equation relating dv and
dm, which you can then integrate.

6.23. Hovering board

(a) A hose shoots a stream of water vertically upward. The water leaves the hose at
speed v0 and at a mass rate R (kg/s). A horizontal board with mass m is placed a
very small distance above the hose and then released. What should m be so that the
board hovers at this height? Assume that when the water crashes into the board, it
bounces off essentially sideways.

(b) If you break the board in half, so that its mass is now m/2, how high above the hose
should it be located if you want it to hover in place?

(c) In part (a), what should m be if the stream of water is replaced by a stream of marbles
that bounce off the board elastically (that is, they bounce off downward with the same
speed v0)?6

6.24. Falling heap

A rope with total length L and mass density λ (kg/m) is held in a heap, and you grab an end
that protrudes a tiny bit out of the top. The heap is then released, and it falls downward.
As a function of time, what is the force that your hand must apply to the top end of the
rope, to keep it motionless? Assume that the rope has no friction with itself, so that the
remaining part of the heap is always in freefall. The setup at a general later time is shown
in Fig. 6.18.
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5To emphasize, u is the speed relative to the rocket. It wouldn’t make sense to say “relative to the ground,” because
the rocket’s engine shoots out the matter relative to itself, and the engine has no way of knowing how fast the rocket is
moving with respect to the ground.

6Even though the marbles are discrete objects, assume that they have an essentially continuous mass rate equal to R.
Also, assume that the downward-moving marbles that have bounced off the board somehow magically pass through the
upward-moving ones without colliding.

Figure 3

En supposant que les vitesses des deux particules après le choc soient égales en norme (et de
magnitude v), déterminez v en fonction de v0, ainsi que les deux angles de déflection θ1 et θ2.

Indication : La meilleure façon de déterminer θ1 et θ2 est de mettre au carré certaines équations
du problème (sous une forme appropriée) et d’utiliser le fait que cos2 θ + sin2 θ = 1.

Exercice 4

(a) Soit un cylindre creux (de petit rayon r1 et de grand rayon r2),
de densité uniforme de masse ρ, de hauteur h et de masse m
(voir Fig. 4). Montrez que le moment d’inertie par rapport à
l’axe z est donné par

I = βm
(
r21 + r22

)
,

où β est une constante sans dimension que l’on déterminera.
On spécifiera sur un schéma le système de coordonnées utilisé
dans le calcul.

(b) On dispose maintenant le cylindre de la Fig. 4 sur un plan in-
cliné qui forme un angle θ avec l’axe horizontal x. On appelle y
l’axe vertical. Le cylindre est disposé de telle sorte que son axe
de rotation z soit perpendiculaire à x et y. Le cylindre est initia-
lement au repos. On suppose que le cylindre roule sans glisser
sur le plan incliné. Soient a l’accélération linéaire du cylindre
et α son accélération angulaire. Montrez que l’accélération du
cylindre le long du plan incliné est donnée par

a =
2g sin θ

3 + r21/r
2
2

,

avec g l’accélération de la pesanteur.

(c) On remplace à présent l’objet de la Fig. 4 par une sphère de
rayon R, de densité volumique de masse non uniforme

ρ(r) = ρ0
`2

r2
,

avec ρ0 et ` deux constantes positives (de dimensions respec-
tives [ρ0] = ML−3 et [`] = L), et de masse totale m. Dans ce
cas là, comment change vos réponses aux questions (a) et (b) ?

Figure 4
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