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ré

co
m
m
e
su
it
:

y

z

x

‚E
n
co
or
d
on

n
ée
s
ca
rt
es
ie
n
n
es
,
on

a
z

“
x
2
,

y
“

x
,

et
x

Pr
0,
1s,

al
or
s
on

p
eu
t
ch
oi
si
r

x
ptq

“
t,

y
ptq

“
t,

z
ptq

“
t2
,

av
ec

t
Pr

0,
1s

et
on

ob
ti
en
t

γ
ptq

“
pt,

t,
t2

q,
av
ec

t
Pr

0,
1s.

‚E
n
co
or
d
on

n
ée
s
cy
lin
d
ri
q
u
es
,
on

a
ρ
2

“
2z

,
ϕ

“
π

{4
,

et
ρ

Pr
0,
1s,

al
or
s
on

p
eu
t
ch
oi
si
r:

ρ
ptq

“
t

ϕ
ptq

“
π

{4
,

z
ptq

“
t2

{2
,

av
ec

t
Pr

0,
1s

et
on

ob
ti
en
t

γ
ptq

“
t
� e ρ

ptq
`

t2
{2

� k
,

av
ec

t
Pr

0,
1s.



5
F
lu
x

C
o
u
rb
es

C
ir
cu

la
ti
o
n

S
u
rf
a
ce
s

F
lu
x,

S
to
ke
s,

G
a
u
ss

V
it
es
se

et
ac
cé
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é
su
r
le
s
p
oi
n
ts

d
e
la

co
u
rb
e
et

¨in
d
iq
u
e
le

pr
o
d
u
it
sc
al
ai
re

en
tr
e
ve
ct
eu
rs
.

N
o
ta
ti
o
n
–

S
iC

`
es
t
u
n
e
co
u
rb
e
fe
rm

ée
,

la
ci
rc
u
la
ti
on

d
e

ÝÑ V
le

lo
n
g
d
e
C

`
s’
éc
ri
t

¿ C
`

ÝÑ V
¨ÝÑ d�

P
ro
p
o
si
ti
o
n
–

S
i
C

´
es
t
or
ie
n
té
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à
C

` ,
on

a
ż C

´
ÝÑ V

¨ÝÑ d�
“

´
ż C

`
ÝÑ V

¨ÝÑ d�
.



5
F
lu
x

C
o
u
rb
es

C
ir
cu

la
ti
o
n

S
u
rf
a
ce
s

F
lu
x,

S
to
ke
s,

G
a
u
ss

E
xe
rc
ic
es

E
n
o
n
cé
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rè
m
e
–

S
oi
t

ÝÑ V
“

ÝÝ
Ñ

gr
ad

φ
u
n
ch
am

p
d
e
gr
ad
ie
n
t,
d
e

d
om

ai
n
e
D
φ
.
A
lo
rs
:

‚L
a
ci
rc
u
la
ti
on

d
e

ÝÝ
Ñ

gr
ad

φ
le
lo
n
g
d
’u
n
e
co
u
rb
e
C

`
q
u
el
co
n
q
u
e

q
u
i
jo
ig
n
e
d
eu
x
p
oi
n
ts

A
et

B
co
n
te
n
u
s
d
an
s
D
φ
n
e
d
ép
en
d

p
as

d
e
la

co
u
rb
e
m
ai
s
se
u
le
m
en
t
d
es

d
eu
x
p
oi
n
ts
:

ż C
`

ÝÝ
Ñ

gr
ad

φ
¨ÝÑ d�

“
φ

pB
q´

φ
pA

q.

‚L
a
ci
rc
u
la
ti
on

d
e

ÝÝ
Ñ

gr
ad

φ
le

lo
n
g
d
’u
n
e
co
u
rb
e
fe
rm

ée
C

`
es
t

n
u
lle
:

¿ C
`

ÝÝ
Ñ

gr
ad

φ
¨ÝÑ d�

“
0.

L
a
pr
em

iè
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à
2,

co
m
m
e
u
n
p
la
n
,
u
n
d
is
q
u
e,

u
n
p
ar
ab

ol
öı
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éb
ou

t
(d
ir
ec
ti
on

so
rt
an
te

d
e
S
),

la
su
rf
ac
e
se

tr
ou

ve
su
r
la

ga
u
ch
e.

‚U
n
e
su
rf
ac
e
S
es
t
fe
rm

ée
si
on

p
eu
t
d
is
ti
n
gu

er
so
n
in
té
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éq
u
at
io
n
:

S
“

! � x
PR

3
ˇ̌ F

p� x
q“

0
p
lu
s
re
st
ri
ct
io
n
s
su
r
le
s
va
ri
ab
le
s

)

où
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où

le
s

p
oi
n
ts

so
n
t
d
éc
ri
ts

p
ar

d
eu
x
p
ar
a
m
èt
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éfi

n
it
io
n
–

U
n
e
su
rf
ac
e
S
p
ar
am

ét
ré
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rè
m
e
d
e
G
re
en
-R
ie
m
an
n

‚
T
h
éo
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à
tr
a
ve

rs
S

`
l’
in
té
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hé
or
èm
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rè
m
e
d
e
G
au
ss
:

£ S
`

ÝÑ V
¨ÝÑ dS

“
¡ Ω

d
iv

ÝÑ V
d
x
d
y
d
z
,

où
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