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Questions à choix multiples

Pour les trois questions ci-dessous, aucune démonstration n’est demandée.

(a) La figure de gauche de la Fig. 1 ci-dessous montre l’accélération a d’un certain système en
fonction du temps t. Celle du milieu montre la vitesse v en fonction de t pour un autre
système, et celle de droite la position x en fonction de t, là encore pour un autre système,
qui n’a rien à voir avec les deux précédents. Lesquels des 12 points labélisés par les lettres
A à L correspondent à une accélération nulle ?
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constant nature of the gravitational acceleration was famously demonstrated by Galileo. (He
mainly rolled balls down ramps instead of dropping them, but it’s the same idea.) If we take the
positive y axis to point upward, then the acceleration due to gravity is −g, where g = 9.8 m/s2.
After every second, the velocity becomes more negative by 9.8 m/s; that is, the downward speed
increases by 9.8 m/s. If we substitute −g for a in Eq. (2.3) and replace x with y, the expressions
become

a(t) = −g,
v(t) = v0 − gt,

y(t) = y0 + v0t − 1
2
gt2, (2.5)

For an object dropped from rest at a point we choose to label as y = 0, Eq. (2.5) gives y(t) =
−gt2/2.

In some cases it is advantageous to choose the positive y axis to point downward, in which
case the acceleration due to gravity is g (with no minus sign). In any case, it is always a good idea
to take g to be the positive quantity 9.8 m/s2, and then throw in a minus sign by hand if needed,
because working with quantities with minus signs embedded in them can lead to confusion.

The expressions in Eq. (2.5) hold only in the approximation where we neglect air resistance.
This is generally a good approximation, as long as the falling object isn’t too light or moving too
quickly. Throughout this book, we will ignore air resistance unless stated otherwise.

2.2 Multiple-choice questions
2.1. If an object has negative velocity and negative acceleration, is it slowing down or speeding

up?

(a) slowing down

(b) speeding up

2.2. The first figure below shows the a vs. t plot for a certain setup. The second figure shows
the v vs. t plot for a different setup. The third figure shows the x vs. t plot for a yet another
setup. Which of the twelve labeled points correspond(s) to zero acceleration? Circle all
that apply. (To repeat, the three setups have nothing to do with each other. That is, the v

plot is not the velocity curve associated with the position in the x plot. etc.)
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2.3. If the acceleration as a function of time is given by a(t) = At, and if x = v = 0 at t = 0,
what is x(t)?

(a)
At2

2
(b)

At2

6
(c) At3 (d)

At3

2
(e)

At3

6

2.4. Under what condition is the average velocity (which is defined to be the total displacement
divided by the time) equal to the average of the initial and final velocities, (vi + vf )/2?

(a) The acceleration must be constant.

(b) It is true for other motions besides constant acceleration, but not for all possible
motions.

(c) It is true for all possible motions.

Figure 1

(b) Une balle est tirée à l’horizontale d’un pistolet, et une autre balle est simultanément lâchée
de la même hauteur, sans vitesse initiale. Laquelle des deux balles touche le sol en première ?
(On ignorera la résistance de l’air, la courbure de la Terre, et l’on supposera que le sol est
parfaitement horizontal.)

1) la balle tirée du pistolet

2) la balle lâchée parterre

3) les deux balles touchent le sol en même temps

(c) On accélère les deux blocs de la Fig. 2 en poussant sur le bloc du
bas avec une force F . Le bloc du haut se déplace avec le bloc du
bas. Quelle force cause directement le bloc du haut à accélérer ?

1) la force normale entre les deux blocs

2) la force de friction entre les deux blocs

3) la force gravitationnelle exercée sur le bloc du haut

4) la force F appliquée au bloc du bas
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4.2. You accelerate the two blocks in Fig. 4.2 by pushing on the bottom block with a force
M

m

F

Figure 4.2

F. The top block moves along with the bottom block. What force directly causes the top
block to accelerate?

(a) the normal force between the blocks

(b) the friction force between the blocks

(c) the gravitational force on the top block

(d) the force you apply to the bottom block

4.3. Three boxes are pushed with a force F across a frictionless table, as shown in Fig. 4.3. Let

F
m 2m 3m

Figure 4.3N1 be the normal force between the left two boxes, and let N2 be the normal force between
the right two boxes. Then

(a) F = N1 = N2

(b) F + N1 = N2

(c) F > N1 = N2

(d) F < N1 < N2

(e) F > N1 > N2

4.4. Two blocks with masses 2 kg and 1 kg lie on a frictionless table. A force of 3 N is applied
as shown in Fig. 4.4. What is the normal force between the blocks?

3 N
2 kg

1 kg

Figure 4.4(a) 0 (b) 0.5 N (c) 1 N (d) 2 N (e) 3 N

4.5. In the system shown in Fig. 4.5, the ground is frictionless, the blocks have mass m and
T

m 2m

Figure 4.5

2m, and the string connecting them is massless. If you accelerate the system to the right,
as shown, the tension is the same everywhere throughout the string connecting the masses
because

(a) the string is massless

(b) the ground is frictionless

(c) the ratio of the masses is 2 to 1

(d) the acceleration of the system is nonzero

(e) The tension is the same throughout any string; no conditions are necessary.

4.6. You are in a plane accelerating down a runway during takeoff, and you are holding a
pendulum (say, a shoe hanging from a shoelace). The string of the pendulum

(a) hangs straight downward

(b) hangs downward and forward, because the net force on the pendulum must be zero

(c) hangs downward and forward, because the net force must be nonzero

(d) hangs downward and backward, because the net force must be zero

(e) hangs downward and backward, because the net force must be nonzero

4.7. When you stand at rest on a floor, you exert a downward normal force on the floor. Does
this force cause the earth to accelerate in the downward direction?

(a) Yes, but the earth is very massive, so you don’t notice the motion.

(b) Yes, but you accelerate along with the earth, so you don’t notice the motion.

(c) No, because the normal force isn’t a real force.

(d) No, because you are also pulling on the earth gravitationally.

(e) No, because there is also friction at your feet.

Figure 2

Exercice 1

Une balle de densité de masse uniforme est accroché à un mur par
une corde (voir Fig. 3). La corde est tangente à la balle. Soient θ
l’angle que fait la corde avec le mur (0 6 θ 6 π/2) et µ le coefficient
de friction statique entre la balle et le mur. Quelle est la valeur
minimale de µ afin que le système reste statique ?
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2.29. Direction of the force *
A stick is connected to other parts of a static system by hinges at its
ends. Show that (1) if the stick is massless, then the forces it feels at the
hinges are directed along the stick, but (2) if the stick is massive, then
the forces need not point along the stick.

2.30. Ball on a wall *

u

m

Fig. 2.32

Aball is held up by a string, as shown in Fig. 2.32, with the string tangent
to the ball. If the angle between the string and the wall is θ , what is the
minimum coefficient of static friction between the ball and the wall that
keeps the ball from falling?

2.31. Cylinder and hanging mass *
A uniform cylinder of mass M sits on a fixed plane inclined at an
angle θ . A string is tied to the cylinder’s rightmost point, and a mass m
hangs from the string, as shown in Fig. 2.33. Assume that the coeffi-
cient of friction between the cylinder and the plane is sufficiently large
to prevent slipping. What is m, in terms of M and θ , if the setup is
static?

M

m
u

Fig. 2.33

2.32. Ladder on a corner **
A ladder of mass M and length L leans against a frictionless wall, with
a quarter of its length hanging over a corner, as shown in Fig. 2.34. It
makes an angle θ with the horizontal. What angle θ requires the smallest
coefficient of friction at the corner to keep the ladder at rest? (Different

ML
1/4 of the
length

u

Fig. 2.34

values of θ require different ladder lengths, but assume that the mass is
M for any length.)

2.33. Stick on a corner **
You support one end of a stick of mass M and length L with the tip of
your finger. A quarter of the way up the stick, it rests on a frictionless
corner of a table, as shown in Fig. 2.35. The stick makes an angle θ
with the horizontal. What is the magnitude of the force your finger must
apply to keep the stick in this position? For what angle θ does your force
point horizontally?

ML
u

Fig. 2.35
2.34. Stick and a cylinder **

A horizontal stick of mass m has its left end attached to a pivot on a plane
inclined at an angle θ , while its right end rests on the top of a cylinder
also of mass m which in turn rests on the plane, as shown in Fig. 2.36.
The coefficient of friction between the cylinder and both the stick and
the plane is µ.
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Fig. 2.36

(a) Assuming that the system is at rest, what is the normal force from
the plane on the cylinder?

Figure 3

1



Exercice 2

On considère la machine d’Atwood représentée à la Fig. 4. 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.
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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?

M

M

m

(a) (b)

Figure 4.15

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

m

m M

1

2

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 4

(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 ?

Exercice 3

On considère le dispositif de la Fig. 5 : une masse m (supposée ponctuelle) est libre de se déplacer
(sans frottement) à l’intérieur d’un tube de longueur R et que l’on suppose infiniment fin. Le
tube à un mouvement de rotation à vitesse constante dans un plan, de vitesse angulaire ω autour
d’un pivot. On ne considère pas dans ce problème les forces gravitationnelles.

Example 1.3
A Slingshot on the Moon 
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Figure 5

On rappelle qu’en coordonnées polaires (r, θ), le vecteur vitesse s’écrit comme

ṙ = ṙ r̂ + rθ̇ θ̂

et le vecteur accélération comme

r̈ = (r̈ − rθ̇2) r̂ + (rθ̈ + 2ṙθ̇) θ̂,

avec r̂ et θ̂ les vecteurs unitaires selon les directions radiale et tangentielle.

(a) Donnez une relation (très simple) entre θ̇ et ω.

(b) Dans quelle direction est dirigée la force F que le tube exerce sur la masse ?

(c) À l’aide des lois de Newton, déterminez les deux équations du mouvement.

(d) En déduire la trajectoire radiale r(t) de la masse tant que celle-ci reste à l’intérieur du tube
(r 6 R), en supposant qu’initialement (à t = 0), r(0) = r0 et ṙ(0) = 0.

(e) À quel instant t = te la masse s’échappe du tube ? Pour t = te, exprimez le module de la
vitesse ve de la masse en fonction de ω, r0 et R.

(f) Décrire qualitativement le mouvement de la masse m une fois qu’elle s’est échappée du tube.
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