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(10 points)

An electromagnetic wave is defined by its electric field E and its magnetic field B. Let i be the unit

vector giving the direction along which the electromagnetic wave propagates.
1

The vectors are such that: #-E=0 , #-B=0 and B= v iix E  where V is the velocity

of the wave along the direction of the unit vector 7.

1. (a) Schematically represent E, B and i at the same point. You do not need to care about
the vector lengths, but you need to explain the directions.

(b) Give the relation between the length of B and that of E.

In the following, we consider a direct ortlionormal basis (O; €3, €, €2). A vector E, Collinear to vector
7 with the same direction, is defined as k = 0.3¢; + 0.4¢;. Moreover, in this basis, &' = E.€.
2. Give the coordinates of 7.
3. Deduce the coordinates of B.
4. Give the angle between B and (Oz), then the angle between B and (Oz) (up to an angle 7).
5. Make a scheme with the vectors E , B and 1 correctly placed in the basis (O;é;, €, €2).

6. Determine a Cartesian equation of the plane containing the vectors E and g, and containing
the point A(2,1,0).

7. The power P of the wave passing through a surface of area S and of normal vector & can be
computed using the following expression:

L1 -
P=S5 <E X —B) -4 where o is a constant
Ho

(a) Find a unit vector @ in the xy-plane , for which the power P is nil.

(b) For @ = €, express P as a function of S, E,, V and pyo.

(5 points + 1 bonus point)

In this exercise, i is the complex number verifying i* = —1.

Let z1, 2o and z be three complex numbers such that

A =V2+iV2 . m=-2 ; —=—+_—.
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1. Write z; and 25 in their exponential forms.
2. Give the Cartesian form of z and highlight its real and its imaginary parts.

3. Deduce the modulus of z (the result should be given as a reduced fraction).

T

e
4. Show that z = ————, with sufficient detail in the calculations.

cos (37)

(Hint: you may factorize the complex number e + ei¥ by eiHT‘P).

5. (bonus) From the previous questions, deduce the exact value of cos (%’r)

(5 points + 1 bonus point)

Using an orthonormal direct basis (O; €3, €, €2), let OM (t) = x(t)e; +y(t)e, + z(t)e. be the position
vector of a point M (t), defined as:

witha=2m, w=2rrads™ ', b=1ms 2 and c =2 m.s".

1. Express the cylindrical coordinates of point M as a function of .

2. Graph the trajectory of M in the plane (xOy), as well as its altitude z(t).

dOM
3. Give the Cartesian coordinates of the velocity vector v = T
at time t = 0.5 s.
Knowing that €, is directed upwards, does point M move upwards or downwards? Explain

your answer.

, then compute its value |||

4. (bonus) Determine the maximum distance between the origin O of the basis and point M (¢)
for t € [0, 2].



