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Exercises
Exercise 1 A shocking duel

Let there be two Swiss wrestlers with
masses m1 and m2. The two combatants
collide with velocities v̨1 and v̨2 as shown
in the diagram.

a) Calculate the velocity v̨3 (magnitude and angle —) knowing that after the collision,
the two wrestlers remain in contact.

b) Calculate the energy dissipated during the collision. For what value of – is the dissi-
pated energy maximal ?

Exercise 2 A bulletproof block
A ballistic pendulum is used to measure the velocity of a
bullet of mass m fired from a gun. The bullet is fired into a
block of wood of mass M suspended from a string, which
is initially at rest. The bullet embeds itself in the block,
causing the pendulum to rise to a height h.

1. Show that measuring h allows us to measure v0 kno-
wing m and M .

2. Assume m π M . Show that almost all of the ball’s
kinetic energy is dissipated in the collision.

Exercise 3 The ice cap is breaking away

A block of wood with mass M is
placed in equilibrium at the top of
a hemisphere with radius R. It can
slide without friction. A ball of mass
m, connected to a string of length R

(see diagram), is released at an angle
◊1. The collision with M is perfectly
elastic.
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1. Determine the angle ◊ at which mass M leaves the spherical cap.
2. Assume ◊1 = 90¶. For what limit value of m does the block lift o� immediately,

without starting to slide along the sphere ?
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Exercise 4 Un exercice qui nous laisse sur le carreau �

In this exercise, we are looking for “stopping” conditions during an elastic collision. We
say that there is “stopping” when a puck thrown at another puck remains stationary after
the collision. We conduct the experiments on a perfectly horizontal air cushion table ; the
pucks (flat cylinders) slide on it without any friction. The pucks are considered to be solid
objects without rotation.

1. A puck of mass M is thrown at velocity V̨ against another puck of mass ma. Show
that for a stopping to occur, the pucks must have the same mass (ma = M).

2. We now throw the puck of mass M against two pucks of the same mass mb. These two
pucks are arranged symmetrically, so that after the collision they fly o� in opposite
directions with the same speed v and at the same angle – to the direction of the
throw.

Calculate the value of mass mb so that there is stopping. Express mb as a function
of the data in the problem.

mb................................................................................

3. We now stack two target pucks, both with mass m, as shown in the diagram below :
the top puck is slightly o�set to the right of the bottom puck. There is solid friction
between these two pucks, with µc being the coe�cient of kinetic friction. A puck of
mass m is thrown at the stack at a speed of V̨ , and we see that there is once again
stopping.
After the collision, the two target pucks are still stacked and move at velocity v

ÕÕ in
the direction of the throw. We also observe that the upper puck has shifted to the
left by a distance d relative to its initial position on the lower puck.
(a) Express v

ÕÕ in terms of the data given in the problem.

v
ÕÕ
................................................................................

�. This is a French wordplay : the expression « laisser quelqu’un sur le carreau » means “to leave someone
behind”, but “condition de carreau” in physics refers to the case of a head-on elastic collision between equal
masses, where the projectile stops completely.
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Side view of the problem. Left : before collision, right : after collision.

(b) We consider the set of 3 pucks as a system. Is the collision elastic ? Justify your
answer.

2 Yes 2 No
(c) Calculate the change in kinetic energy during the collision as a function of m

and V .

�Ek................................................................................

(d) Calculate the kinetic friction coe�cient µc as a function of V and d.

µc................................................................................
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