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gé
om

ét
ri
e
ca
rt
es
ie
n
n
e.
..

P
ro
g
ra
m
m
e
d
u
co

u
rs

P
ar
ti
e
I
:
F
o
n
ct
io
n
s
et

éq
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èr
e
n
eg

a
ti
ve

:
z

´n
“

1 z
n

“
1 ρ
n
e

´i
n
θ
si
ρ

‰
0,

‚
ra
ci
n
es

n
-i
èm
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ré

3
i
si
n

pX
3
q`

5
X

n
’e
st

p
as

u
n
p
o
ly
n
ô
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éfi

n
it
io
n
:
U
n
e
fa
ct
o
ri
sa
ti
o
n
d
’u
n
p
ol
yn
ôm
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ré

d
an
s
le
se
n
s
an
ti
h
or
ai
re

d
ep
u
is
l’
ax
e
d
e
d
ir
ec
ti
on

� ı
.

P
u
is
q
u
e
le
ce
rc
le
a
éq
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é:

co
s
x

“
co
s
y

ðñ
x

“
y

`
2k

π
ou

x
“

´y
`

2k
π
,

@k
PZ

si
n
x

“
si
n
y

ðñ
x

“
y

`
2k

π
ou

x
“

´y
`

p2k
`

1qπ
,

@k
PZ

ta
n
x

“
ta
n
y

ðñ
x

“
y

`
k
π
,

@k
PZ

‚
Id
en

ti
té
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lé
m
en

ta
ir
es
:

co
spπ

´
x

q“
´
co
s
x

si
n

pπ
´

x
q“

si
n
x

ta
n

pπ
´

x
q“

´
ta
n
x
.

A
n
g
le
s
co

m
p
lé
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âı
tr
e
p
ar

cœ
u
r.

G
ra
p
h
es

à
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à
l’
ad

d
it
io
n
.

N
o
te
:
U
n
es
p
ac
e
ve
ct
or
ie
l
q
u
i
a
en

p
lu
s
u
n
e
m
u
lt
ip
lic
at
io
n
s’
ap
p
el
le

a
lg
èb
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ré
ci
pr
o
q
u
e
d
e
la

fo
n
ct
io
n
h

px
q“

5

x
3

`
1
se

tr
o
u
ve

en
p
o
sa
n
t

5

x
3

`
1

“
y
et

en
ca
lc
u
la
n
t
x

“
h

´1
py

qc
o
m
m
e
fo
n
ct
io
n
d
e
y
:

y
“

5

x
3

`
1

ðñ
x
3

`
1

“
5 y

ðñ
x

“
3c
5 y

´
1

d
o
n
c
h

´1
py

q“
3c
5 y

´
1
.

P
ro
p
ri
ét
és

d
es

ré
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ré
ci
pr
o
q
u
e
f

´1
es
t
au
ss
i
st
ri
ct
em

en
t
m
on

ot
ôn
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iè
re
s
d
ér
iv
ée
s
d
e
la

fo
n
ct
io
n

f
ptq

“
t2
e
t

et
d
éd
u
ir
e
l’
ex
pr
es
si
on

d
e
f

pn
q ptq

p
ou

r
to
u
t
n

PN
.
L
a
fo
n
ct
io
n
f
es
t-
el
le

lis
se
?

R
ép

o
n
se
:
L
es

ci
n
q
pr
em

iè
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té
g
ra
le

d
e
R
ie
m
a
n
n
d
e
f
su
r

ra,
b

s:
ż b a

f
px

qd
x

“
lim n
Ñ

8
to
u
t
x i

R
n
pf;

tx i
uq

x

f
px

q
‚a

‚b

et
on

d
it
q
u
e
f
es
t
in
té
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té
g
ra
le

d
o
n
n
e
l’
a
ir
e
so
u
s
le

g
ra
p
h
e

C
o
ro
lla

ir
e:

‚
ż b a

f
px

qd
x

“
ai
re

“a
lg
éb
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rè
m
e
(I
n
té
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à-
d
ir
e
u
n
e
fo
n
ct
io
n

d
ér
iv
ab
le

(s
au

f
en

α
et

β
)
av
ec

ré
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à
o
b
se
rv
é,
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té
gr
an
d
co
n
ti
en
t
se
u
le
m
en
t
d
es

fo
n
ct
io
n
s
ci
rc
u
la
ir
es

R
èg
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éq
u
at
io
n
s
d
iff
ér
en
ti
el
le
s
or
d
in
ai
re
s:

or
d
re
,
éq
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où
F

es
t
u
n
e
ex
pr
es
si
on

q
u
el
co
n
q
u
e
ré
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ré

d
)
d
an
s
le
s
in
co
n
n
u
es

x
,
x

1 ,.
..
,x

pn
q .

E
n
p
ar
ti
cu
lie
r,

pE
qe

st
lin

éa
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É
q
u
a
ti
o
n
s
d
iff
ér
en

ti
el
le
s
h
o
m
o
g
èn
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É
q
u
a
ti
o
n
s
d
iff
ér
en

ti
el
le
s
d
u
1
er

o
rd
re

lin
éa
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éo

rè
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ré
el
le

d
ou

b
le

r
PR

,
al
or
s

x 0
ptq

“
pλ

`
µ
tq
e
rt

λ
,µ

PR
.

‚
S
i
P

pX
qa

d
eu
x
ra
ci
n
es

co
m
p
le
xe
s ,
el
le
s
so
n
t
fo
rc
em

en
t
co
n
ju
gu

ée
s,

c’
es
t-
à-
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ré
el
le

r
“

3
et

p
ar
ti
e

im
ag

in
ai
re

s
“

2
:

u
0
pθq

“
` λ

co
sp2

θ
q`

µ
si
n

p2θ
q˘ e

3
θ

p
o
u
r
to
u
t
λ
,µ

PR
.

S
ec
o
n
d
m
em

b
re

si
m
p
le

R
em

ar
q
u
e:

P
o
u
r
tr
o
u
ve
r
u
n
e
so
lu
ti
o
n
p
ar
ti
cu
liè
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rè
m
e
3
:
L
a
so
lu
ti
on

p
ar
ti
cu
liè
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éfi

n
it
io
n
:
U
n
es
p
a
ce

ve
ct
o
ri
el

(s
u
r
R
)
es
t
u
n
en
se
m
b
le

V
m
u
n
i

‚
d
’u
n
e
a
d
d
it
io
n

� u
`
� v

p
ou

r
to
u
t
� u
,� v

PV
,

et
d
’u
n
zé
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é

‚
V
ec
tpe

sp
ac
eq

p
ou

r
le
s
ve
ct
eu
rs

d
e
l’
ep
ac
e,

‚
V
ec
tpp

la
n

qp
ou

r
le
s
ve
ct
eu
rs

d
u
p
la
n
.

P
ro
p
o
si
ti
o
n
:
V
ec
tpe

sp
ac
eq

et
V
ec
tpp

la
n

qs
on

t
d
es

es
p
ac
es

ve
ct
or
ie
ls
,
av
ec

‚
a
d
d
it
io
n
:

� u
`� v

=
� u

� v
� u

`
� v

zé
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éa
ir
e
n
u
lle

(r
� u

`
s� v

`
t
� w

`
¨¨¨

“
0)

av
ec

d
es

co
effi

ci
en
ts

n
on

to
u
s
n
u
ls
.

‚
lib

re
s,

ou
lin

éa
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es
.

‚
p1,

2
,3

qe
t

p2,
4
,6

qs
o
n
t
lié
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à-
d
ir
e
si
,
p
ou

r
to
u
t
a,
b

PR
,
il
ex
is
te

x
,y

PR
te
ls
q
u
e

pa,
b

q“
x

p1,
2q

`
y

p´
2,
1q

“
px

´
2y

,2
x

`
y

q.
C
et
te

éq
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ré

p
ar

� v
et

� w
:

P
r � v

,� w
p� u

q“
� u

¨� v }� v
}2

� v
`

� u
¨� w }� w
}2

� w

72



E
xe

rc
ic
e

E
xe

rc
ic
e:

L
es

ve
ct
eu
rs

d
e
l’
es
p
ac
e
� u

“
¨ ˝

1 ´1 3

˛ ‚
et

� v
“

¨ ˝
´1 2 1

˛ ‚
so
n
t-
ils

p
ar
al
lè
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lè
le
s.

P
ar

co
n
tr
e,

le
pr
o
d
u
it
sc
al
ai
re

� u
¨� v

va
u
t:

¨ ˝
1 ´1 3

˛ ‚
¨¨ ˝

´1 2 1

˛ ‚
“

1
¨p´

1q
`

p´
1q

¨2
`

3
¨1

“
´1

´
2

`
3

“
0,

d
on

t
� u
et

� v
so
n
t
o r
th
og

on
au
x.

E
xe

rc
ic
e

E
xe

rc
ic
e:

C
al
cu
le
r
la

pr
oj
ec
ti
on

or
th
og

on
al
e
d
u
ve
ct
eu
r
� u

“
¨ ˝

1 ´2 5

˛ ‚
d
an
s
la

d
ir
ec
ti
on

d
e
� v

“
¨ ˝

2 1 ´1

˛ ‚ .

R
ép

o
n
se
:
L
a
pr
oj
ec
ti
on

or
th
og

on
al
e
d
e
� u
d
an
s
la

d
ir
ec
ti
on

d
e
� v
es
t
le

ve
ct
eu
r
(p
ar
al
lè
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lé
lé
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éa
ir
e:

d d
x

p3
f

`
2
g

q“
3

d d
x
f

`
2

d d
x
g
.

‚
L
a
m
u
lt
ip
lic
a
ti
o
n
p
ar

x
:

M
x
:
C

8
pR

qÑ
C

8
pR

q,
f

ÞÑ
M

x
pf

q
d
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éa
ir
e
L
:V

Ñ
V

1 q
u
i
ad
m
et

l’
in
ve
rs
e
L

´1
:V

1 Ñ
V
.

O
n
d
it
al
or
s
q
u
e
V

et
V

1 s
on

t
is
o
m
o
rp
h
es
,
et

on
n
ot
e

V
–

V
1
.

E
xe

m
p
le
s:

‚
L
’a
p
p
lic
at
io
n
L
:
R

2
Ñ

R
2
d
o
n
n
ée

p
ar

L
px
,y

q“
` 3
x

`y
,´

y
˘
es
t
u
n

is
o
m
or
p
h
is
m
e,

ca
r
el
le

es
t
lin

éa
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éfi

n
it
io
n
:
U
n
e
m
a
tr
ic
e
m

ˆ
n
à
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ré
su
lt
e
u
n
e
ap
p
lic
at
io
n

d
et

:
M

n
n
pR

qÑ
R
.

‚
d
et

n
’e
st

p
as

u
n
e
ap
p
lic
at
io
n
lin
éa
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éa
ir
es

et
m
a
tr
ic
es

E
xe

rc
ic
e:

P
o
u
r
le
s
ap

p
lic
at
io
n
s
lin

éa
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éfi

n
it
io
n
:
O
n
d
is
ti
n
gu

e
d
on

c
le
s

‚
is
o
m
ét
ri
es

d
ir
ec
te
s,

d
on

n
ée
s
p
ar

d
es

m
at
ri
ce
s
or
th
og

on
al
es

A
av
ec

d
et

pA
q“

`1
,
q
u
i
pr
es
er
ve
n
t
l’
or
ie
n
ta
ti
on

d
es

an
gl
es

(r
ot
at
io
n
s)
,

‚
is
o
m
ét
ri
es

in
ve

rs
es
,
d
on

n
ée
s
p
ar

d
es

m
at
ri
ce
s
or
th
og

on
al
es

A
av
ec

d
et

pA
q“

´1
,
q
u
i
in
ve
rs
en
t
l’
or
ie
n
ta
ti
on

d
es

an
gl
es

(r
efl
ex
io
n
s)
.

A
tt
en
ti
o
n
:
en

m
at
h
en

ap
p
el
le

“
sy
m
ét
ri
e”

se
u
le
m
en
t
le
s
is
o
m
ét
ri
es

d
ir
ec
te
s.

D
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éo

m
ét
ri
e
ca
rt
és
ie
n
n
e
d
a
n
s
le

p
la
n
et

d
a
n
s
l’
es
p
a
ce

D
an
s
ce

ch
ap
it
re
:

1.
C
o
or
d
on

n
ée
s
ca
rt
és
ie
n
n
es

d
u
p
la
n
.
V
ec
te
u
rs
.
D
ro
it
es
,
co
n
iq
u
es

(c
er
cl
e,

el
lip
se
,
p
ar
ab

ol
e,

h
yp

er
b
ol
e)
.

2.
C
o
or
d
on

n
ée
s
ca
rt
és
ie
n
n
es

d
e
l’
es
p
ac
e.

V
ec
te
u
rs
.
P
la
n
s,
d
ro
it
es
,
q
u
ad
ri
q
u
es

(s
p
h
èr
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ù
O

es
t
u
n
p
o
in
t
et

p� ı,
� 

q
es
t
u
n
e
b
a
se

o
rt
h
o
n
o
rm

a
le

d
ir
ec
te

(o
.n
.d
.)

d
e
l’
es
p
ac
e
ve
ct
or
ie
l

V
ec
tpp

la
n

q,
i.
e.

te
lle

q
u
e

� ı
K� 

et
}� ı}

“
}� }

“
1
.
O
n
a
al
or
s:

� ı

�  O

‚
T
o
u
t
ve

ct
eu

r
� v
a
p
p
liq

u
é
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à
� 

a
ą

0
a

ă
0

o
u
b
ie
n
:

x
“

ay
2

`
by

`
c

ax
e
p
ar
al
lè
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re
s

‚
D
ro
it
e
p
a
ss
a
n
t
p
ar

A
“

pa 1
,a

2
,a

3
qe

t
�
à
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qà

u
n
p
la
n
π
d
’é
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