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Correction and Grading scale

Exercise 1 : coordinate systems
[
4pts.

]

1.

0.25 (for a correct direct
frame)

0.25 per point

2.
−−→
O A = r A sinθA cosϕA i⃗ + r A sinθA sinϕA j⃗ + r A cosθA k⃗ =−2 j⃗ . 0.5

so the Cartesian coordinates of A are (0,−2,0) 0.25

−−→
OB = rB cosθB i⃗ + rB sinθB j⃗ + zB k⃗ =−3

p
2

2
i⃗ + 3

p
2

2
j⃗ . 0.5

So the Cartesian coordinates of B are
(
−3

p
2

2 , 3
p

2
2 ,0

)
0.25

rC = ∥−−→OC∥ =
√

(−2)2 + (−2
p

3)2 = 4 and


xC =−2 = rC sin π

2 cos 4π
3

yC =−2
p

3 = rC sin π
2 sin 4π

3

zC = 0 = rC cos π2

so

the spherical coordinates of C are
(
rC = 4,θC = π

2 ,ϕC = 4π
3

)
.

3∗0.5
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Exercise 2 : Expansion of a Van der Waals gas
[
3pts.

]

1.a with w = w1 dT + w2 dV with w1 = nC and w2 = n2a

V 2

∂w1

∂V
= 0 and

∂w2

∂T
= 0 so

∂w1

∂V
= ∂w2

∂T
. Therefore, w is closed.

0.75

w is closed and the domain is simply connected so w is exact. 0.5

1.b
∂U

∂T
= nC and

∂U

∂V
= n2a

V 2 . This gives U (T,V ) = nC T − n2a
V +Const ant .

1 (0.75 if no constant)

2 q = w + P dV = nC dT + n2a

V 2 dV + P dV = nC dT +
(n2a

V 2 + P
)
dV .

But
(
P + n2a

V 2

)
(V − nb) = nRT , so q = nC dT + nRT

V −nb
dV . Hence

q = nC dT + nRT

V −nb
dV

0.25

∂w1

∂V
= 0 and

∂w3

∂T
= nR

V −nb
̸= 0.So

∂w1

∂V
̸= ∂w3

∂T
, which means q is not clo-

sed.
0.5

Exercise 3 : Differential calculus
[
6pts.

]
1. S = 2πR2 +2πRh 0.5

2.a. differential d A = 2π
(
(2R +h)dR +R dh

) 1

uncertainty : ∆A = 2π
(
(2R +h)∆R +R∆h

)
0.5

2.b. ∆A ≈ 270 cm2 0.5

A = (
11.6±2.7

)
dm2 0.5

3. cylinder volume : V =πR2h 0.5
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differential : dV =πR
(
2h dR +R dh

)
0.5

A = const ant : d A = 0 implies dh =−2R+h
R dR 0.5

Hence dV =πR
(
2h dR +R dh

)=πR
(
2h − (2R +h)

)
dR =πR(h −2R)dR 0.5

we find dV = 0 when R = h
2 0.5

we can check this corresponds to a maximum value of V by studying the sign
of ∂V

∂R
0.5

Exercise 4 : Cardioid
[
5pts.

]
1. we use Cartesian coordinates : x(t ) = r cos(t ) and y(t ) = r sin(t ).

x ′(t ) = 4sin(t )cos(t )−2sin(t ) and y ′(t ) = 2sin2(t )−2cos2(t )+2cos(t )
0.5

t = π/2 is a regular point : the tangent vector is
⃗Tπ/2

(
x ′(π/2) =−2, y ′(π/2) = 2

) 0.5

t = 0 is a singular point as x ′(0) = 0 and y ′(0) = 0, so we have to compute
x ′′(t ) and y ′′(t )
x ′′(t ) = 2

(
cos2(t )− sin2(t )

)
and y ′′(t ) = 8cos(t )sin(t ) 0.5

so the tangent vector is T⃗0
(
x ′′(0) = 2, y ′′(0) = 0

)
0.5

2. O⃗M = r e⃗r
0.5

v⃗ = dO⃗M
d t = dr

d t e⃗r +r de⃗r
d t with de⃗r

d t = dθ
d t e⃗θ Hence v⃗ = 2sin(t )e⃗r +2(1−cos(t ))e⃗θ 1
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3.

0.5 (curve) +0.5 (vectors)

Exercise 5
[
2pts.

]
1. ∂2E

∂z2 =−k2E0e j (ωt−kz) and ∂E
∂t = jωE0e j (ωt−kz) 1

2. k2 =− jωµγ 1

3. k =±pωµγe
− jπ

4 =±
√

ωµγ
2 (1− j ) 0.5
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