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Question 1 4 Points

Suppose we have five point particles with the masses m1 = m2 = 1, m3 = 4, m4 = 2, m5 = 8 and the
locations r1, . . . , r5.

(a) Write down the equation for the centre of mass R of the five particles. Indicate clearly if a
quantity is a vector or not and define all symbols you use that are not given as part of the
question.

(b) Assume the locations are given by the vectors shown below. Determine the location of the centre
of mass geometrically.
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Question 2 5 Points

We consider an N particle system where the particles are pair-wise interacting with each other with
some force F . The potential energy between any two particles α and β is Uαβ(|ra − rβ |). What can
you say about the force F?

Give an example of such a force (name and equation).

What is the total potential energy of the system in terms of Uαβ? Be very explicity with the summation
indicies.
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Question 3 6 Points

The four video frames on the left show our rocket launch on the roof of the Science Wing. The frames
are 75 milliseconds apart. Use these images and the scale on the left to estimate the acceleration of
the rocket. Even though this will obviously be only a rough estimate, try to make it as accurate as
possible but don’t worry about any perspective distortions.

a ≈

The weight of the rocket (including the rocket engine) is 68 g. What is the net force (gravity and
thrust) felt by the rocket?

Fnet ≈

The manufacturer rates the engine with an average thrust of 2.3 N and a maximum thrust of 9.7 N.
What is your estimate for the thrust based on the first 0.15 s of the flight? Use g = 9.8 m/s2.

Fthrust ≈

What height will the rocket reach after 0.7 s? Assume the thrust, the acceleration and mass of the
rocket are constant.

h0.7 ≈
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Use the Work-KE theorem to calculate the velocity of the rocket at t = 0.7 s.

v0.7 ≈

The rocket engine turns off after 0.7 s. The manufacturer claims the rocket can reach a height of up
to 330 m. Use the Work-KE theorem again to calculate the maximum height above ground (i.e. when
the velocity is zero) for our rocket.

hmax ≈
(We did not use the most powerful rocket engine available for this type of rocket.)
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Question 4 8 Points

Write down the Lagrangian for a particle with mass m that can move along the x-axis and is attached
to a spring with spring constant k.

L =

Derive the equations of motion using the Lagrange equation.

Write down the general solution to the equations of motion in terms of complex exponentials. What
condition(s) do you have to impose on the parameters?

Modify the equations of motion to include a linear damping term with damping coefficient β and an
external forcing term of the form f0 sin(ωt).
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What is the physical relevance of the following frequencies?

ω

√
k
m

√
k
m − β2

√
k
m − 2β2

10



(left blank)

11


