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Exercise 1.
We apply the change of variable by using the parameterization of the curve:

/F Fodl = /H F(y(t)) -+ (t) dt,

where:

¥ (t) = (1, 6t%, 9t°),
F(y(t)) = (6t +cos (t + t'%), 3t + 2t° + 7 — 1,2¢* + 2t cos (t +¢'%)) .

Thus:
F(y(t) -+ (t) = (1 + 18t'7) cos (¢t + t'8) — 6t + 24¢> + 12> + 24t

Finally, the integral is equal to:

/F~dl:sin2+8.
r

Exercise 2.
Let us check the possible answer one-by-one in order to identify the correct one.

o Divergence. False.

oF, d
o = (/) )

IEQ
= mg/(“x?y’z”) +g(|(x,y,z)\),
87? = Ty ¢ U@ w2 + 9l ),
22
- Ty (v 2)) + 1w ).

Thus:

div F(z,y, 2) = |(z,y, 2)|g'(I(z,y, 2)]) + 3g(| (2, y, 2)|),

which is not equal to 0 in general (simple counter example: g := 1).



o Integral. False.

/FF Cdl = /[O PG @

Additionally, we have:
F(y(t)) = (9(17(1)]) cos2xt, g(|7(t)]) sin2nt, 0) € R
= (g(1) cos 27, g(1)sin2xt, 0).

We can consider the case where g(1) = 0. In this case, we would have:
/ F-dl=0#1.
r

o Potential. True.
We can view the scalar field G : R® — R, as G(z,y, 2) = h(|z,y, z|), where
function h : R — R is defined by:

h(a) = / Lg(t) di.
-3
Interestingly, we have: h'(a) = a g(a).
Let us compute the gradient of G:

e 0.92) = b (o al) = 2 glle.p.2),
O 0102) = vl 2],
0G

g(xayaz) = zg(|x,y,z|)7
and thus:

grad G(z,vy, 2) = g(|z,y, 2|)(z,y,2) = F(z,y, 2).

This answer is correct.

Exercise 3.
We apply the Divergence theorem:

F-vds = / div F dSQ.
o0 Q

Here, the divergence applied to the defined vector field is:
_OF, O0F, OF,

div F = —Y =04+0+0=0.
iv F(x,y,2) r + oy + 92 +0+
Thus:
F-vds=0.

o0



Exercise 4.
Function f is continous over R and is even. As a result, we have F'f = f, and
the only wrong statement is “F' f consists uniquement en fonctions de sinus”.

Exercise 5.
Function f looks very similar to a Fourier series. Let us manipulate its expres-
sion:

—+oo

1
f(z) = Z 3 ©08 (2mnx)
-1 1 +oo 1
= ; 3 €08 (2mnz) + cos(2n0z) + 2_:1 3] €08 (2mnx)
= N 2 1 g 5 (2
= n;l 3=l cos (2m(—n)x) + + ; an cos (2mnx)
+oo 9
=1+ Z 3n €08 (2mnx).
n=1

It is now possible to identify the real Fourier coefficients directly:

2

CLO = 17 an

By applying Parseval’s identity, we get:
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We can now identify the limit of a geometric series which converges:

S (oL 9
9) 1-1/9 &

n=0

and therefore: .
fAx)de =1+2(9/8 —1) = -.
[0,1] 4



Exercise 6.
A simple change of variable (x = 3y) leads to:

o te 1 1> 1 1 [T
—dy = — Cdr = —dr =~ d.
/m 1+ 9y2 %Y /m 1+223% 3/%0 T+a2 ™ 3/700 Jwde

Let us recall the expression of the Fourier transforms:

A

1L re _ict
f(f)z\/T—W/_oo f(tye "t at,

which leads to:

| @ = vamie = 0) = vam [0 <

Therefore:
/+°° 1 T
——dy = —.
oo 149y? 3

Exercise 7.
We have:

Flg'* )e) = V2rF (') (@) F(f)(a) = V2r(ia) F(g)(a) F () ().
As a result: F(¢' % f)(0) = 0.

Exercise 8.
Applying Fourier transform to the equation gives:

—(ia)?*d(a) + Mo(a) = V2mib(a)i(a).
Let us consider the different possible answer:

o« W(0) = \/% False.

At a =0 we get:
A0(0) = V2rd(0)0(0)  —  9(0)(V2rid(0) — A) = 0.

Thus, 9(0) = 0 and/or w(0) = A\/v27. Because the second equation is
verified here, the first one is not mandatory.

o W(0) = ﬁ False.
We reuse the previous result. In the particular case A = 1, there is no
need for 9(0) = 0.



o W(v/2m) = +/27. False.
At a = /27 we get:

210(V2r) + M(V2r) = V2rw(V2r)d(V2r)  —  \o(v2rm) =0,

In the particular case A = 0, there is no need for o(v/27) = 0.
o W(27) = /27, True.
At a = 27 we get:

Am2H(2m) + A0(27) = V2r(2n)0(21)  —  8(2m)(4n? —2m + N) = 0.

Since A > 0, we cannot have A\ = 27 — 472, Therefore we need 9(2m) = 0.





