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Warnings and advices 
- Documents, dictionaries , phones, and calculators are FORBIDDEN. 
- The marking scheme is only given as an indication. 

EXERCISE 1 (5 pts) 
In this exercice, No justifications are required! except at questions 4)a) and 4)d). 

1. Sketch the graph of the function r - 9 - r 2 on [O, 3] . 

2. Sketch the graph of the function : J(x, y) = 9 - (x2 + y2
) on an appropriate domain. 

3. Let ( 0. i . j . k ) be an ort honormal frame of IR3
. Let r, 0 and z be the cylindrical coor

dinates. 

(a) Recall the expression of the cartesian coordinates x, y, z with respect to the cylin

drical coordinates r, 0. z. 

(b) Recall the expression of the vectors e;. , e";; and "e; of the local cylindrical frame with -- -respect to i , j and k . 

4. Consider the following parametric curve in cylindrical coordinates : 

{ 

r(t) = t 
0(t) = 1rt 
z(t) = 9-t2 

It represents the trajectory of a point M(t). 

t E [O, 3] 

(a) Show that this parametric curve is on the graph off. 

(b) Give a representation of the trajectory of M ( t). Place the points for t = 0, t = 1, 
t = 2 and t = 3. -( c) Express the vector OM ( t) in the cylindrical frame. -(d) Compute the velocity v(t) = OM'(t) in the cylindrical frame. 

EXERCISE 2 (5 pts) 

.-- 1. Show that the differential form w = dx -
2
y(x + z) dy + dz on !R3 i::; not a closed form. 
1 + y2 

2. Consider now the differential form w1 = r.p(y )w : 

2y(x + z) 
w1 = r.p(y) dx - r.p(y) 

1 
+ y2 dy + r.p(y ) dz 

where -;; is a function defined on R 

Shl)w tlrnt w1 is a closPd form on IR3 iff Vy E lit .p'(y) = -
1 
+2Y ., .;(y). 
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•) De<ll1c·e f tL · · 1 1 21J(./,' + =) L 
•J . rom ,11e prcv1011s q11est10n t iat w1 = - - -> cl:t: - · . . d-y + --. d.: is an 

. L+y- ( L+.t/) 2 L+y2 

exac-r. form on JR·1. 

-! . Fiud a function I defiued 011 IR:1 such that. rlf = ""'. 



EXERCISE 3 (1 .5 pts) 
Giw the exprrssion of the cartcsian coordinates .r , y ,;; with rcspccr. to t he spherical coordinates 
r , 0 . ..p. (~o justification required) 

EXERCISE 4 (3.5 pts) 
Consider a quantity l express iu spherical coordinates by : l = r c:os(0)sin (ip) . Sol can be 
seen as a function of the three variables r, 0, i.p . 

1. Express the variation 6l of l with respect to the variations 6r , 60 ancl fJ i.p of r, 0, ip. 

2. Compute 6l at the point of spherical coordinates (1 "!.. "!..) when 6r = 10- 2
, 60 = 1r10- 2 

' 4 ' 2 
and 6r.p = 1r10- 2

. 

3. ;\iow a point of the space is given by its spherical coordinates with uncertainties /j,,r, f:j,,0 , /j,, <p . 

(a) Express the uncertainty b.l . 

(6) Compute b.l when r = 1, 0 = "!.. , ip =_"!._and b.r = 10- 2 and b.0 = b.ip = 10- 2 
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EXERCISE 5 (5 pts) 
On the next page are the graphs of two functions f and g. 

The function J is defined on IR2 and the function g is defined on JR2 
\ { (0, O)}. 

The graph off is given for (x , y) E [-2, 2] x [-1, l ]. 

The graph of g is given for (x ,y) E [-e,e] x [-e, e] and lim g(x,y) = - oo 
(0,0) 

In this exercice, you don't need to justify your answer except when it is specified 
to do so! 

1. (a) Suppose that f is differentiable at (-2, 0), what is the sign of !;(-2, 0)? What is 

of 
the value of ox (0, - 1)? 

(6) Give an approximate value off at (0, 0) (-2, -1), (-2, 1) and (2. - 1). Propose a 
simple expression for the function f that matches these values. 

( c) Draw the graph of the partial map of f with respect to x at the point (0, -1). 

(d) Draw the graph of the partial map off with respect toy at the point (-2, 0) . 

2. (a) Draw the graph of the partial map of g at the point (0, 1) with respect to]!_ (y_? ~)

(b) Give an approximate value for g(e,0) and g(e ,e). 
(c) Considering that ln(2) = ln(e +2- e), show that a first order approximation of ln(2) 

is ~ - :v!aple gives _2-. ~ 0.740. Deduce an approximation value of ln(v'2e). 
e 2.7 

(d ) Propose a simple expression for the function g coherent with your previous answers. 
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