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Exercise 1: Complex numbers (5 points)
Both parts are independent from each other.

Part A
We consider the complex number z = 3_i)?

1. Express z in the Cartesian form.
2. Give the exponential form of z.
3. Deduce the value of tan(33).

Part B
Solve in C the following equations:

1. 2°=2

2. 422 +4iz—i=0

Exercise 2 - Vectors (9 points)

Let be a cube with side a > 0 and vertices A; for ¢ € [1,8]. Note C the center of the cube.

The unit vectors @, ¥ and W are introduced. respectively of the same direction as A1 Ay, A1 A3 and A;As.
Throughout the exercise, we will work in the direct orthonormal reference frame (A1, #, ¥, W) and express all

answers in terms of a.
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1. Determine the components of the vectors A1 Ay, A1 Az and Aq As.

2. Calculate the triple scalar product [AlAg, A1As, A1A5}. What does this quantity correspond to, for
the cube?

3. (a) Give the coordinates of point C.

(b) Calculate the vector product: §= A;As X Ali?.

(¢) Does the vector ¢ point downwards or upwards with respect to the plane (P) defined by the points
Ay, A and As? Justify.
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(d) What is the value of the non-oriented angle between ¢ and AgA4?

_—
(e) Give the components of the projection of ¢ in the direction of AgAy.

4. By calculation, give the coordinates of the centroid G of the points A; for i € [1,8]. Is what you have
found surprising? Why or why not?

5. In this question, we assume that the weights of points Ag and A7 are zero.

(a) Calculate the coordinates of the new centroid Gs.
(b) Deduce the distance between G and Ga.

6. Consider the plane (P;) defined by the points (A1, A2, G1). Determine a normal vector 71 to (Pp).

Exercise 3 - Differential calculus (6 points)
Both parts are independent from each other.

Part A
We consider the function f(z,y) = 2¥ = ¥ In(z) where z is a positive real and y a real.

1. Compute the value of its differential dfat the point zog = 1 and yo = 2.
2. Small variations: give the literal expression of ¢ f as a function of xg, yo, dz and dy.
3. Deduce the value of 1.04%2 to the nearest hundredth.

Part B
Consider a metal plate cut into the shape of a parallelogram OABC with sides OA = a, OC = ¢ and angle
0 =(0A,00).

1. Make a scheme.

2. Determine the function S(a,c, 6) used to calculate the area of the parallelogram.

3. Express the differential of S.

4. compute the variation 45 of the function S when «a is changed by da, ¢ by §c and 6 remains constant.

5. The plate has a thickness ¢ and a mass density p(£) = po(1+e~%/%), with py and £y positive constants.
Express its volume V' and mass m.

6. a,c,f,0 are measured with the respective uncertainties Aa, Ac, Af, Af. Express the absolute uncer-
tainties AS, AV and Am.

. Numerical application: We measure: a = (5.0 £ 0.5) ¢cm, ¢ = (10 £0.5) e¢m, £ = (3.0 £ 0.1) mm and
6 = (60 £1)°. We take pp = 1 g.cm™3 and £y = 1 mm, known without uncertainty. Give the values of S, V
and m with their uncertainties, and write the results in format "(... £...) unit”.



