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Exercise 1 (4 points) 

 1 − 𝑖√3 = 2𝑒−𝑖𝜋/3 

1 − 𝑖 = √2𝑒−𝑖𝜋/4 

(1 − 𝑖√3)5

(1 − 𝑖)3
= 27/2. 𝑒−𝑖11𝜋/12 

(
(1−𝑖√3)

5

(1−𝑖)3
)

𝑛

is positive real iif its argument is a multiple of 2 

i.e. n is a multiple of 24/11 
 

0.5 modulus + 0.5 arg 
 
0.5 modulus + 0.5 arg 
 
0.5 modulus + 0.5 arg 
 
0.5 
 
0.5 

 

Exercise 2 (5.5 points) 

1 The equation is 𝑧2 + 𝑧 + (1 − 𝑖) = 0 
Δ = −3 + 4𝑖 

Δ = 𝛿² with 𝛿 = 𝑎 + 𝑖𝑏 gives {
𝑎2 − 𝑏2 = −3

2𝑎𝑏 = 4
𝑎2 + 𝑏2 = 5

 

We keep 𝛿 = 1 + 2𝑖 
Hence 𝑧1 = −1 − 𝑖 and 𝑧2 = 𝑖 

0.25 
0.5 
 
3*0.25 
 
0.5 
2*0.5 

2 𝑧1 = 𝑧2 if Δ = 0 
We get ω = 2 

0.5 
0.5 

3 M, M1, M2 are aligned iff (𝑀1𝑀2
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗, 𝑀1𝑀⃗⃗⃗⃗ ⃗⃗ ⃗⃗  ⃗̂ ) = 𝐴𝑟𝑔 (

𝜔−𝑧1

𝑧2−𝑧1
) = 0 

it means 
𝜔−𝑧1

𝑧2−𝑧1
 is a real 

therefore 
𝜔−𝑧1

𝑧2−𝑧1
=

𝜔̅−𝑧1̅̅ ̅

𝑧2̅̅ ̅−𝑧1̅̅ ̅
 

 

0.5 
 
0.5 
0.5 

 

Exercise 3 (4.5 points) 

1 𝐴𝐵⃗⃗⃗⃗  ⃗ (0, −3, 0); 𝐴𝐶⃗⃗⃗⃗  ⃗ (−1,−1,1); 𝐴𝐷⃗⃗ ⃗⃗  ⃗ (1,1,−1);   3*0.5 
2 𝐴𝐵⃗⃗⃗⃗  ⃗ ∧ 𝐴𝐷⃗⃗ ⃗⃗  ⃗ (3,0,3) 

((𝐴𝐵⃗⃗⃗⃗  ⃗, 𝐴𝐶⃗⃗⃗⃗  ⃗, 𝐴𝐷⃗⃗ ⃗⃗  ⃗)) = 0  

1 
1 

3 the vectors 𝐴𝐵⃗⃗⃗⃗  ⃗, 𝐴𝐶⃗⃗⃗⃗  ⃗ and 𝐴𝐷⃗⃗ ⃗⃗  ⃗ are coplanar because 

((𝐴𝐵⃗⃗⃗⃗  ⃗, 𝐴𝐶⃗⃗⃗⃗  ⃗, 𝐴𝐷⃗⃗ ⃗⃗  ⃗)) = 0 or because 𝐴𝐶⃗⃗⃗⃗  ⃗ and 𝐴𝐷⃗⃗ ⃗⃗  ⃗ are collinear 

0.5 conclusion + 
0.5 explanation 
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Exercise 4 (7 points) 

1 𝐷⃗⃗ ⊥  𝑢⃗  since 𝑢⃗ . 𝐷⃗⃗ = 0 

𝐵⃗ ⊥  𝑢⃗  since 𝑢⃗ . 𝐵⃗ = 0 

𝐻⃗⃗ ⊥  𝑢⃗  since 𝑢⃗ ∧ 𝐸⃗ = 𝜇𝑐𝐻⃗⃗  

0.25+0.25 
0.25+0.25 
0.25+0.25 

2 𝐸⃗ , 𝐻⃗⃗ ⊥  𝑅⃗  since 𝐸⃗ ∧ 𝐻⃗⃗ = 𝑅⃗  

𝐵⃗ ⊥  𝑅⃗  since 𝐵⃗ ∧ 𝐻⃗⃗ = 0⃗  implies 𝐵⃗  and 𝐻⃗⃗  are collinear 

2*0.25+0.25 
0.25+0.5 

3 𝐻⃗⃗ ⊥  𝑢⃗ , cf question 1 

𝐻⃗⃗ ⊥  𝑅⃗ , cf question 2 

𝐻⃗⃗ ⊥  𝐷⃗⃗  from 𝑢⃗ ∧ 𝐻⃗⃗ = −𝑐𝐷⃗⃗  

𝐻⃗⃗ ⊥  𝐸⃗  from 𝑢⃗ ∧ 𝐸⃗ = 𝜇𝑐𝐻⃗⃗  

0.25 
0.25 
0.25+0.25 
0.25+0.25 

4 From question 3, 𝑢⃗ , 𝐷⃗⃗ , 𝐸⃗ , 𝑅⃗  are coplanar 

This plane is perpendicular to 𝐻⃗⃗ , 𝐵⃗  

0.25 
0.25 

5 If 𝑢⃗  and 𝐸⃗  were collinear,  𝑢⃗ ∧ 𝐸⃗  would be nil 

Here we have 𝑢⃗ ∧ 𝐸⃗ = 𝜇𝑐𝐻⃗⃗ ≠ 0⃗  

0.5 
0.5 

6 ((𝑢⃗ , 𝐸⃗ , 𝐵⃗ )) = ((𝐵⃗ , 𝑢⃗ , 𝐸⃗ )) = 𝐵⃗ . (𝑢⃗ ∧ 𝐸⃗⃗ ) = 𝐵⃗ . 𝜇𝑐𝐻⃗⃗ = 𝜇𝑐𝐵⃗ . 𝐻⃗⃗ > 0 0.5 permutation 
0.5 result 

 

 


