
cours 3

1.3 DÉRIVÉES DE 
FONCTIONS 

VECTORIELLES 



Au dernier cours, nous avons vu

Fonctions vectorielles 

Comment les visualiser 

Limite  

Surfaces paramétrées



Aujourd’hui, nous allons voir

Dérivées de fonctions vectorielles. 

Règles de dérivation. 

Vecteur tangent unitaire.



La dérivée d’une fonction est

f 0(x) = lim
h!0

f(x+ h)� f(x)

h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

De manière analogue, on peut définir la dérivée  
d’une fonction vectorielle. 

~r 0(t) = lim
h!0

~r(t+ h)� ~r(t)

h
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Voyons voir ce que ça représente géométriquement.





~r 0(a) = lim
h!0

~r(a+ h)� ~r(a)

h
<latexit sha1_base64="5KjMuXLXwuJCwZOf7Sn4GS0WTPo="></latexit><latexit sha1_base64="5KjMuXLXwuJCwZOf7Sn4GS0WTPo="></latexit><latexit sha1_base64="5KjMuXLXwuJCwZOf7Sn4GS0WTPo="></latexit><latexit sha1_base64="5KjMuXLXwuJCwZOf7Sn4GS0WTPo="></latexit>

= lim
h!0

1

h
(~r(a+ h)� ~r(a))

<latexit sha1_base64="2DI+ziauhSudH5S9IZrXXd2s2w4="></latexit><latexit sha1_base64="2DI+ziauhSudH5S9IZrXXd2s2w4="></latexit><latexit sha1_base64="2DI+ziauhSudH5S9IZrXXd2s2w4="></latexit><latexit sha1_base64="2DI+ziauhSudH5S9IZrXXd2s2w4="></latexit>

= lim
h!0

1

h
((f(a+ h), g(a+ h), k(a+ h))� (f(a), g(a), k(a)))

<latexit sha1_base64="tEZh3qITBv3IsL85yfaVb0iKDNY="></latexit><latexit sha1_base64="tEZh3qITBv3IsL85yfaVb0iKDNY="></latexit><latexit sha1_base64="tEZh3qITBv3IsL85yfaVb0iKDNY="></latexit><latexit sha1_base64="tEZh3qITBv3IsL85yfaVb0iKDNY="></latexit>

= lim
h!0

✓
f(a+ h)� f(a)

h
,
g(a+ h)� g(a)

h
,
k(a+ h)� k(a)

h

◆

<latexit sha1_base64="DMltcSL9ytrzCq1opGHL60k+l+E="></latexit><latexit sha1_base64="DMltcSL9ytrzCq1opGHL60k+l+E="></latexit><latexit sha1_base64="DMltcSL9ytrzCq1opGHL60k+l+E="></latexit><latexit sha1_base64="DMltcSL9ytrzCq1opGHL60k+l+E="></latexit>

=

✓
lim
h!0

f(a+ h)� f(a)

h
, lim
h!0

g(a+ h)� g(a)

h
, lim
h!0

k(a+ h)� k(a)

h

◆

<latexit sha1_base64="2WOQufVV/MwMk/N3qrfNzfsYf9g="></latexit><latexit sha1_base64="2WOQufVV/MwMk/N3qrfNzfsYf9g="></latexit><latexit sha1_base64="2WOQufVV/MwMk/N3qrfNzfsYf9g="></latexit><latexit sha1_base64="2WOQufVV/MwMk/N3qrfNzfsYf9g="></latexit>

= (f 0(a), g0(a), k0(a))
<latexit sha1_base64="E/2esIgTXMqXzsYLu5paU3yxlL0="></latexit><latexit sha1_base64="E/2esIgTXMqXzsYLu5paU3yxlL0="></latexit><latexit sha1_base64="E/2esIgTXMqXzsYLu5paU3yxlL0="></latexit><latexit sha1_base64="E/2esIgTXMqXzsYLu5paU3yxlL0="></latexit>



~r 0(a) = lim
h!0

~r(a+ h)� ~r(a)

h
<latexit sha1_base64="5KjMuXLXwuJCwZOf7Sn4GS0WTPo="></latexit><latexit sha1_base64="5KjMuXLXwuJCwZOf7Sn4GS0WTPo="></latexit><latexit sha1_base64="5KjMuXLXwuJCwZOf7Sn4GS0WTPo="></latexit><latexit sha1_base64="5KjMuXLXwuJCwZOf7Sn4GS0WTPo="></latexit>

= (f 0(a), g0(a), k0(a))
<latexit sha1_base64="E/2esIgTXMqXzsYLu5paU3yxlL0="></latexit><latexit sha1_base64="E/2esIgTXMqXzsYLu5paU3yxlL0="></latexit><latexit sha1_base64="E/2esIgTXMqXzsYLu5paU3yxlL0="></latexit><latexit sha1_base64="E/2esIgTXMqXzsYLu5paU3yxlL0="></latexit>



Faites les exercices suivants

p.706 #1



Exemple
~r(t) =

✓
2 + cos

✓
3t

2

◆◆
cos t,

✓
2 + cos

✓
3t

2

◆◆
sin t, sin

✓
3t

2

◆�

<latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit>




sin

✓
3t

2

◆�0
=

3

2
cos

✓
3t

2

◆

<latexit sha1_base64="8Twz5KoPMTu/oKPiT512tl5lNt8="></latexit><latexit sha1_base64="8Twz5KoPMTu/oKPiT512tl5lNt8="></latexit><latexit sha1_base64="8Twz5KoPMTu/oKPiT512tl5lNt8="></latexit><latexit sha1_base64="8Twz5KoPMTu/oKPiT512tl5lNt8="></latexit>

✓
2 + cos

✓
3t

2

◆◆
sin t

�0

<latexit sha1_base64="8JlfBe1OKCu/9cztmwIh+F6M8rg=">AAADBXicjVHLSgMxFD2O73fVpZvBIiqCTKugy6IblwpWhU6RmZjW4HRmSDJCKV37J+7ciVt/wK2Kf6B/4U06BR+IZpjk5Nx7TnJzwzQSSnve64AzODQ8Mjo2PjE5NT0zW5ibP1ZJJhmvsiRK5GkYKB6JmFe10BE/TSUPWmHET8LLPRM/ueJSiSQ+0u2U11tBMxYNwQJN1Fmh4ke8oWt2Xi2v+yxRPew3ZMA6m7rbKXd9KZoXeq 2/KBG7urepr5wVit6GZ4f7E5RyUEQ+DpLCC3ycIwFDhhY4YmjCEQIo+moowUNKXB0d4iQhYeMcXUyQNqMsThkBsZc0N2lXy9mY9sZTWTWjUyL6JSldLJMmoTxJ2Jzm2nhmnQ37m3fHepq7tWkNc68WsRoXxP6l62f+V2dq0Whgx9YgqKbUMqY6lrtk9lXMzd1PVWlySIkz+JzikjCzyv47u1ajbO3mbQMbf7OZhjV7ludmeDe3pAaXvrfzJzgub5QIH24VK7t5q8ewiCWsUj+3UcE+DlAl7xs84gnPzrVz69w5971UZyDXLODLcB4+ADCWqak=</latexit><latexit sha1_base64="8JlfBe1OKCu/9cztmwIh+F6M8rg=">AAADBXicjVHLSgMxFD2O73fVpZvBIiqCTKugy6IblwpWhU6RmZjW4HRmSDJCKV37J+7ciVt/wK2Kf6B/4U06BR+IZpjk5Nx7TnJzwzQSSnve64AzODQ8Mjo2PjE5NT0zW5ibP1ZJJhmvsiRK5GkYKB6JmFe10BE/TSUPWmHET8LLPRM/ueJSiSQ+0u2U11tBMxYNwQJN1Fmh4ke8oWt2Xi2v+yxRPew3ZMA6m7rbKXd9KZoXeq 2/KBG7urepr5wVit6GZ4f7E5RyUEQ+DpLCC3ycIwFDhhY4YmjCEQIo+moowUNKXB0d4iQhYeMcXUyQNqMsThkBsZc0N2lXy9mY9sZTWTWjUyL6JSldLJMmoTxJ2Jzm2nhmnQ37m3fHepq7tWkNc68WsRoXxP6l62f+V2dq0Whgx9YgqKbUMqY6lrtk9lXMzd1PVWlySIkz+JzikjCzyv47u1ajbO3mbQMbf7OZhjV7ludmeDe3pAaXvrfzJzgub5QIH24VK7t5q8ewiCWsUj+3UcE+DlAl7xs84gnPzrVz69w5971UZyDXLODLcB4+ADCWqak=</latexit><latexit sha1_base64="8JlfBe1OKCu/9cztmwIh+F6M8rg=">AAADBXicjVHLSgMxFD2O73fVpZvBIiqCTKugy6IblwpWhU6RmZjW4HRmSDJCKV37J+7ciVt/wK2Kf6B/4U06BR+IZpjk5Nx7TnJzwzQSSnve64AzODQ8Mjo2PjE5NT0zW5ibP1ZJJhmvsiRK5GkYKB6JmFe10BE/TSUPWmHET8LLPRM/ueJSiSQ+0u2U11tBMxYNwQJN1Fmh4ke8oWt2Xi2v+yxRPew3ZMA6m7rbKXd9KZoXeq 2/KBG7urepr5wVit6GZ4f7E5RyUEQ+DpLCC3ycIwFDhhY4YmjCEQIo+moowUNKXB0d4iQhYeMcXUyQNqMsThkBsZc0N2lXy9mY9sZTWTWjUyL6JSldLJMmoTxJ2Jzm2nhmnQ37m3fHepq7tWkNc68WsRoXxP6l62f+V2dq0Whgx9YgqKbUMqY6lrtk9lXMzd1PVWlySIkz+JzikjCzyv47u1ajbO3mbQMbf7OZhjV7ludmeDe3pAaXvrfzJzgub5QIH24VK7t5q8ewiCWsUj+3UcE+DlAl7xs84gnPzrVz69w5971UZyDXLODLcB4+ADCWqak=</latexit><latexit sha1_base64="8JlfBe1OKCu/9cztmwIh+F6M8rg=">AAADBXicjVHLSgMxFD2O73fVpZvBIiqCTKugy6IblwpWhU6RmZjW4HRmSDJCKV37J+7ciVt/wK2Kf6B/4U06BR+IZpjk5Nx7TnJzwzQSSnve64AzODQ8Mjo2PjE5NT0zW5ibP1ZJJhmvsiRK5GkYKB6JmFe10BE/TSUPWmHET8LLPRM/ueJSiSQ+0u2U11tBMxYNwQJN1Fmh4ke8oWt2Xi2v+yxRPew3ZMA6m7rbKXd9KZoXeq 2/KBG7urepr5wVit6GZ4f7E5RyUEQ+DpLCC3ycIwFDhhY4YmjCEQIo+moowUNKXB0d4iQhYeMcXUyQNqMsThkBsZc0N2lXy9mY9sZTWTWjUyL6JSldLJMmoTxJ2Jzm2nhmnQ37m3fHepq7tWkNc68WsRoXxP6l62f+V2dq0Whgx9YgqKbUMqY6lrtk9lXMzd1PVWlySIkz+JzikjCzyv47u1ajbO3mbQMbf7OZhjV7ludmeDe3pAaXvrfzJzgub5QIH24VK7t5q8ewiCWsUj+3UcE+DlAl7xs84gnPzrVz69w5971UZyDXLODLcB4+ADCWqak=</latexit>

✓
2 + cos

✓
3t

2

◆◆
cos t

�0

<latexit sha1_base64="qD8PQo22YcwxakYgGV/iO4J/WpI=">AAADBXicjVHLSsNAFD3GV31XXboJFlERJK2CLotuXFawWmiKJOO0DqZJmEyEUrr2T9y5E7f+gFsV/0D/wjvTFNQiOiEzZ849587cuX4ciEQ5ztuINTo2PjGZm5qemZ2bX8gvLp0mUSoZr7IoiGTN9xIeiJBXlVABr8WSe20/4Gf+1aGOn11zmYgoPFGdmDfaXisUTcE8RdR5vuwGvKnqZt4obbksSvrYbUqPdXdUr1vquVK0Lt XmYCGNrfqbxvp5vuBsO2bYw6CYgQKyUYnyr3BxgQgMKdrgCKEIB/CQ0FdHEQ5i4hroEicJCRPn6GGavCmpOCk8Yq9obtGunrEh7XXOxLgZnRLQL8lpY408EekkYX2abeKpyazZ33J3TU59tw6tfparTazCJbF/+QbK//p0LQpN7JsaBNUUG0ZXx7IsqXkVfXP7S1WKMsTEaXxBcUmYGefgnW3jSUzt+m09E383Ss3qPcu0KT70LanBxZ/tHAanpe0i4ePdQvkga3UOK1jFBvVzD2UcoYIq5b7FE57xYt1Yd9a99dCXWiOZZxnfhvX4CSRqqaQ=</latexit><latexit sha1_base64="qD8PQo22YcwxakYgGV/iO4J/WpI=">AAADBXicjVHLSsNAFD3GV31XXboJFlERJK2CLotuXFawWmiKJOO0DqZJmEyEUrr2T9y5E7f+gFsV/0D/wjvTFNQiOiEzZ849587cuX4ciEQ5ztuINTo2PjGZm5qemZ2bX8gvLp0mUSoZr7IoiGTN9xIeiJBXlVABr8WSe20/4Gf+1aGOn11zmYgoPFGdmDfaXisUTcE8RdR5vuwGvKnqZt4obbksSvrYbUqPdXdUr1vquVK0Lt XmYCGNrfqbxvp5vuBsO2bYw6CYgQKyUYnyr3BxgQgMKdrgCKEIB/CQ0FdHEQ5i4hroEicJCRPn6GGavCmpOCk8Yq9obtGunrEh7XXOxLgZnRLQL8lpY408EekkYX2abeKpyazZ33J3TU59tw6tfparTazCJbF/+QbK//p0LQpN7JsaBNUUG0ZXx7IsqXkVfXP7S1WKMsTEaXxBcUmYGefgnW3jSUzt+m09E383Ss3qPcu0KT70LanBxZ/tHAanpe0i4ePdQvkga3UOK1jFBvVzD2UcoYIq5b7FE57xYt1Yd9a99dCXWiOZZxnfhvX4CSRqqaQ=</latexit><latexit sha1_base64="qD8PQo22YcwxakYgGV/iO4J/WpI=">AAADBXicjVHLSsNAFD3GV31XXboJFlERJK2CLotuXFawWmiKJOO0DqZJmEyEUrr2T9y5E7f+gFsV/0D/wjvTFNQiOiEzZ849587cuX4ciEQ5ztuINTo2PjGZm5qemZ2bX8gvLp0mUSoZr7IoiGTN9xIeiJBXlVABr8WSe20/4Gf+1aGOn11zmYgoPFGdmDfaXisUTcE8RdR5vuwGvKnqZt4obbksSvrYbUqPdXdUr1vquVK0Lt XmYCGNrfqbxvp5vuBsO2bYw6CYgQKyUYnyr3BxgQgMKdrgCKEIB/CQ0FdHEQ5i4hroEicJCRPn6GGavCmpOCk8Yq9obtGunrEh7XXOxLgZnRLQL8lpY408EekkYX2abeKpyazZ33J3TU59tw6tfparTazCJbF/+QbK//p0LQpN7JsaBNUUG0ZXx7IsqXkVfXP7S1WKMsTEaXxBcUmYGefgnW3jSUzt+m09E383Ss3qPcu0KT70LanBxZ/tHAanpe0i4ePdQvkga3UOK1jFBvVzD2UcoYIq5b7FE57xYt1Yd9a99dCXWiOZZxnfhvX4CSRqqaQ=</latexit><latexit sha1_base64="qD8PQo22YcwxakYgGV/iO4J/WpI=">AAADBXicjVHLSsNAFD3GV31XXboJFlERJK2CLotuXFawWmiKJOO0DqZJmEyEUrr2T9y5E7f+gFsV/0D/wjvTFNQiOiEzZ849587cuX4ciEQ5ztuINTo2PjGZm5qemZ2bX8gvLp0mUSoZr7IoiGTN9xIeiJBXlVABr8WSe20/4Gf+1aGOn11zmYgoPFGdmDfaXisUTcE8RdR5vuwGvKnqZt4obbksSvrYbUqPdXdUr1vquVK0Lt XmYCGNrfqbxvp5vuBsO2bYw6CYgQKyUYnyr3BxgQgMKdrgCKEIB/CQ0FdHEQ5i4hroEicJCRPn6GGavCmpOCk8Yq9obtGunrEh7XXOxLgZnRLQL8lpY408EekkYX2abeKpyazZ33J3TU59tw6tfparTazCJbF/+QbK//p0LQpN7JsaBNUUG0ZXx7IsqXkVfXP7S1WKMsTEaXxBcUmYGefgnW3jSUzt+m09E383Ss3qPcu0KT70LanBxZ/tHAanpe0i4ePdQvkga3UOK1jFBvVzD2UcoYIq5b7FE57xYt1Yd9a99dCXWiOZZxnfhvX4CSRqqaQ=</latexit>

~r(t) =

✓
2 + cos

✓
3t

2

◆◆
cos t,

✓
2 + cos

✓
3t

2

◆◆
sin t, sin

✓
3t

2

◆�

<latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit>

Exemple

= �3

2
sin

✓
3t

2

◆
cos t�

✓
2 + cos

✓
3t

2

◆◆
sin t

<latexit sha1_base64="i1NygJC8EHmPTRXHdFFH36n9RJA="></latexit><latexit sha1_base64="i1NygJC8EHmPTRXHdFFH36n9RJA="></latexit><latexit sha1_base64="i1NygJC8EHmPTRXHdFFH36n9RJA="></latexit><latexit sha1_base64="i1NygJC8EHmPTRXHdFFH36n9RJA="></latexit>

= �3

2
sin

✓
3t

2

◆
sin t+

✓
2 + cos

✓
3t

2

◆◆
cos t

<latexit sha1_base64="ieWcIjtgN9IrAIH2ilTfkezP4Mc="></latexit><latexit sha1_base64="ieWcIjtgN9IrAIH2ilTfkezP4Mc="></latexit><latexit sha1_base64="ieWcIjtgN9IrAIH2ilTfkezP4Mc="></latexit><latexit sha1_base64="ieWcIjtgN9IrAIH2ilTfkezP4Mc="></latexit>

~r 0(t) =


�3

2
sin

✓
3t

2

◆
cos t�

✓
2 + cos

✓
3t

2

◆◆
sin t,�3

2
sin

✓
3t

2

◆
sin t+

✓
2 + cos

✓
3t

2

◆◆
cos t,

3

2
cos

✓
3t

2

◆�

<latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit>




sin

✓
3t

2

◆�0
=

3

2
cos

✓
3t

2

◆

<latexit sha1_base64="8Twz5KoPMTu/oKPiT512tl5lNt8="></latexit><latexit sha1_base64="8Twz5KoPMTu/oKPiT512tl5lNt8="></latexit><latexit sha1_base64="8Twz5KoPMTu/oKPiT512tl5lNt8="></latexit><latexit sha1_base64="8Twz5KoPMTu/oKPiT512tl5lNt8="></latexit>

✓
2 + cos

✓
3t

2

◆◆
sin t

�0

<latexit sha1_base64="8JlfBe1OKCu/9cztmwIh+F6M8rg=">AAADBXicjVHLSgMxFD2O73fVpZvBIiqCTKugy6IblwpWhU6RmZjW4HRmSDJCKV37J+7ciVt/wK2Kf6B/4U06BR+IZpjk5Nx7TnJzwzQSSnve64AzODQ8Mjo2PjE5NT0zW5ibP1ZJJhmvsiRK5GkYKB6JmFe10BE/TSUPWmHET8LLPRM/ueJSiSQ+0u2U11tBMxYNwQJN1Fmh4ke8oWt2Xi2v+yxRPew3ZMA6m7rbKXd9KZoXeq 2/KBG7urepr5wVit6GZ4f7E5RyUEQ+DpLCC3ycIwFDhhY4YmjCEQIo+moowUNKXB0d4iQhYeMcXUyQNqMsThkBsZc0N2lXy9mY9sZTWTWjUyL6JSldLJMmoTxJ2Jzm2nhmnQ37m3fHepq7tWkNc68WsRoXxP6l62f+V2dq0Whgx9YgqKbUMqY6lrtk9lXMzd1PVWlySIkz+JzikjCzyv47u1ajbO3mbQMbf7OZhjV7ludmeDe3pAaXvrfzJzgub5QIH24VK7t5q8ewiCWsUj+3UcE+DlAl7xs84gnPzrVz69w5971UZyDXLODLcB4+ADCWqak=</latexit><latexit sha1_base64="8JlfBe1OKCu/9cztmwIh+F6M8rg=">AAADBXicjVHLSgMxFD2O73fVpZvBIiqCTKugy6IblwpWhU6RmZjW4HRmSDJCKV37J+7ciVt/wK2Kf6B/4U06BR+IZpjk5Nx7TnJzwzQSSnve64AzODQ8Mjo2PjE5NT0zW5ibP1ZJJhmvsiRK5GkYKB6JmFe10BE/TSUPWmHET8LLPRM/ueJSiSQ+0u2U11tBMxYNwQJN1Fmh4ke8oWt2Xi2v+yxRPew3ZMA6m7rbKXd9KZoXeq 2/KBG7urepr5wVit6GZ4f7E5RyUEQ+DpLCC3ycIwFDhhY4YmjCEQIo+moowUNKXB0d4iQhYeMcXUyQNqMsThkBsZc0N2lXy9mY9sZTWTWjUyL6JSldLJMmoTxJ2Jzm2nhmnQ37m3fHepq7tWkNc68WsRoXxP6l62f+V2dq0Whgx9YgqKbUMqY6lrtk9lXMzd1PVWlySIkz+JzikjCzyv47u1ajbO3mbQMbf7OZhjV7ludmeDe3pAaXvrfzJzgub5QIH24VK7t5q8ewiCWsUj+3UcE+DlAl7xs84gnPzrVz69w5971UZyDXLODLcB4+ADCWqak=</latexit><latexit sha1_base64="8JlfBe1OKCu/9cztmwIh+F6M8rg=">AAADBXicjVHLSgMxFD2O73fVpZvBIiqCTKugy6IblwpWhU6RmZjW4HRmSDJCKV37J+7ciVt/wK2Kf6B/4U06BR+IZpjk5Nx7TnJzwzQSSnve64AzODQ8Mjo2PjE5NT0zW5ibP1ZJJhmvsiRK5GkYKB6JmFe10BE/TSUPWmHET8LLPRM/ueJSiSQ+0u2U11tBMxYNwQJN1Fmh4ke8oWt2Xi2v+yxRPew3ZMA6m7rbKXd9KZoXeq 2/KBG7urepr5wVit6GZ4f7E5RyUEQ+DpLCC3ycIwFDhhY4YmjCEQIo+moowUNKXB0d4iQhYeMcXUyQNqMsThkBsZc0N2lXy9mY9sZTWTWjUyL6JSldLJMmoTxJ2Jzm2nhmnQ37m3fHepq7tWkNc68WsRoXxP6l62f+V2dq0Whgx9YgqKbUMqY6lrtk9lXMzd1PVWlySIkz+JzikjCzyv47u1ajbO3mbQMbf7OZhjV7ludmeDe3pAaXvrfzJzgub5QIH24VK7t5q8ewiCWsUj+3UcE+DlAl7xs84gnPzrVz69w5971UZyDXLODLcB4+ADCWqak=</latexit><latexit sha1_base64="8JlfBe1OKCu/9cztmwIh+F6M8rg=">AAADBXicjVHLSgMxFD2O73fVpZvBIiqCTKugy6IblwpWhU6RmZjW4HRmSDJCKV37J+7ciVt/wK2Kf6B/4U06BR+IZpjk5Nx7TnJzwzQSSnve64AzODQ8Mjo2PjE5NT0zW5ibP1ZJJhmvsiRK5GkYKB6JmFe10BE/TSUPWmHET8LLPRM/ueJSiSQ+0u2U11tBMxYNwQJN1Fmh4ke8oWt2Xi2v+yxRPew3ZMA6m7rbKXd9KZoXeq 2/KBG7urepr5wVit6GZ4f7E5RyUEQ+DpLCC3ycIwFDhhY4YmjCEQIo+moowUNKXB0d4iQhYeMcXUyQNqMsThkBsZc0N2lXy9mY9sZTWTWjUyL6JSldLJMmoTxJ2Jzm2nhmnQ37m3fHepq7tWkNc68WsRoXxP6l62f+V2dq0Whgx9YgqKbUMqY6lrtk9lXMzd1PVWlySIkz+JzikjCzyv47u1ajbO3mbQMbf7OZhjV7ludmeDe3pAaXvrfzJzgub5QIH24VK7t5q8ewiCWsUj+3UcE+DlAl7xs84gnPzrVz69w5971UZyDXLODLcB4+ADCWqak=</latexit>

✓
2 + cos

✓
3t

2

◆◆
cos t

�0

<latexit sha1_base64="qD8PQo22YcwxakYgGV/iO4J/WpI=">AAADBXicjVHLSsNAFD3GV31XXboJFlERJK2CLotuXFawWmiKJOO0DqZJmEyEUrr2T9y5E7f+gFsV/0D/wjvTFNQiOiEzZ849587cuX4ciEQ5ztuINTo2PjGZm5qemZ2bX8gvLp0mUSoZr7IoiGTN9xIeiJBXlVABr8WSe20/4Gf+1aGOn11zmYgoPFGdmDfaXisUTcE8RdR5vuwGvKnqZt4obbksSvrYbUqPdXdUr1vquVK0Lt XmYCGNrfqbxvp5vuBsO2bYw6CYgQKyUYnyr3BxgQgMKdrgCKEIB/CQ0FdHEQ5i4hroEicJCRPn6GGavCmpOCk8Yq9obtGunrEh7XXOxLgZnRLQL8lpY408EekkYX2abeKpyazZ33J3TU59tw6tfparTazCJbF/+QbK//p0LQpN7JsaBNUUG0ZXx7IsqXkVfXP7S1WKMsTEaXxBcUmYGefgnW3jSUzt+m09E383Ss3qPcu0KT70LanBxZ/tHAanpe0i4ePdQvkga3UOK1jFBvVzD2UcoYIq5b7FE57xYt1Yd9a99dCXWiOZZxnfhvX4CSRqqaQ=</latexit><latexit sha1_base64="qD8PQo22YcwxakYgGV/iO4J/WpI=">AAADBXicjVHLSsNAFD3GV31XXboJFlERJK2CLotuXFawWmiKJOO0DqZJmEyEUrr2T9y5E7f+gFsV/0D/wjvTFNQiOiEzZ849587cuX4ciEQ5ztuINTo2PjGZm5qemZ2bX8gvLp0mUSoZr7IoiGTN9xIeiJBXlVABr8WSe20/4Gf+1aGOn11zmYgoPFGdmDfaXisUTcE8RdR5vuwGvKnqZt4obbksSvrYbUqPdXdUr1vquVK0Lt XmYCGNrfqbxvp5vuBsO2bYw6CYgQKyUYnyr3BxgQgMKdrgCKEIB/CQ0FdHEQ5i4hroEicJCRPn6GGavCmpOCk8Yq9obtGunrEh7XXOxLgZnRLQL8lpY408EekkYX2abeKpyazZ33J3TU59tw6tfparTazCJbF/+QbK//p0LQpN7JsaBNUUG0ZXx7IsqXkVfXP7S1WKMsTEaXxBcUmYGefgnW3jSUzt+m09E383Ss3qPcu0KT70LanBxZ/tHAanpe0i4ePdQvkga3UOK1jFBvVzD2UcoYIq5b7FE57xYt1Yd9a99dCXWiOZZxnfhvX4CSRqqaQ=</latexit><latexit sha1_base64="qD8PQo22YcwxakYgGV/iO4J/WpI=">AAADBXicjVHLSsNAFD3GV31XXboJFlERJK2CLotuXFawWmiKJOO0DqZJmEyEUrr2T9y5E7f+gFsV/0D/wjvTFNQiOiEzZ849587cuX4ciEQ5ztuINTo2PjGZm5qemZ2bX8gvLp0mUSoZr7IoiGTN9xIeiJBXlVABr8WSe20/4Gf+1aGOn11zmYgoPFGdmDfaXisUTcE8RdR5vuwGvKnqZt4obbksSvrYbUqPdXdUr1vquVK0Lt XmYCGNrfqbxvp5vuBsO2bYw6CYgQKyUYnyr3BxgQgMKdrgCKEIB/CQ0FdHEQ5i4hroEicJCRPn6GGavCmpOCk8Yq9obtGunrEh7XXOxLgZnRLQL8lpY408EekkYX2abeKpyazZ33J3TU59tw6tfparTazCJbF/+QbK//p0LQpN7JsaBNUUG0ZXx7IsqXkVfXP7S1WKMsTEaXxBcUmYGefgnW3jSUzt+m09E383Ss3qPcu0KT70LanBxZ/tHAanpe0i4ePdQvkga3UOK1jFBvVzD2UcoYIq5b7FE57xYt1Yd9a99dCXWiOZZxnfhvX4CSRqqaQ=</latexit><latexit sha1_base64="qD8PQo22YcwxakYgGV/iO4J/WpI=">AAADBXicjVHLSsNAFD3GV31XXboJFlERJK2CLotuXFawWmiKJOO0DqZJmEyEUrr2T9y5E7f+gFsV/0D/wjvTFNQiOiEzZ849587cuX4ciEQ5ztuINTo2PjGZm5qemZ2bX8gvLp0mUSoZr7IoiGTN9xIeiJBXlVABr8WSe20/4Gf+1aGOn11zmYgoPFGdmDfaXisUTcE8RdR5vuwGvKnqZt4obbksSvrYbUqPdXdUr1vquVK0Lt XmYCGNrfqbxvp5vuBsO2bYw6CYgQKyUYnyr3BxgQgMKdrgCKEIB/CQ0FdHEQ5i4hroEicJCRPn6GGavCmpOCk8Yq9obtGunrEh7XXOxLgZnRLQL8lpY408EekkYX2abeKpyazZ33J3TU59tw6tfparTazCJbF/+QbK//p0LQpN7JsaBNUUG0ZXx7IsqXkVfXP7S1WKMsTEaXxBcUmYGefgnW3jSUzt+m09E383Ss3qPcu0KT70LanBxZ/tHAanpe0i4ePdQvkga3UOK1jFBvVzD2UcoYIq5b7FE57xYt1Yd9a99dCXWiOZZxnfhvX4CSRqqaQ=</latexit>

~r(t) =

✓
2 + cos

✓
3t

2

◆◆
cos t,

✓
2 + cos

✓
3t

2

◆◆
sin t, sin

✓
3t

2

◆�

<latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit>

Exemple

~r 0(t) =


�3

2
sin

✓
3t

2

◆
cos t�

✓
2 + cos

✓
3t

2

◆◆
sin t,�3

2
sin

✓
3t

2

◆
sin t+

✓
2 + cos

✓
3t

2

◆◆
cos t,

3

2
cos

✓
3t

2

◆�

<latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit>

= �3

2
sin

✓
3t

2

◆
cos t�

✓
2 + cos

✓
3t

2

◆◆
sin t

<latexit sha1_base64="i1NygJC8EHmPTRXHdFFH36n9RJA="></latexit><latexit sha1_base64="i1NygJC8EHmPTRXHdFFH36n9RJA="></latexit><latexit sha1_base64="i1NygJC8EHmPTRXHdFFH36n9RJA="></latexit><latexit sha1_base64="i1NygJC8EHmPTRXHdFFH36n9RJA="></latexit>

= �3

2
sin

✓
3t

2

◆
sin t+

✓
2 + cos

✓
3t

2

◆◆
cos t

<latexit sha1_base64="ieWcIjtgN9IrAIH2ilTfkezP4Mc="></latexit><latexit sha1_base64="ieWcIjtgN9IrAIH2ilTfkezP4Mc="></latexit><latexit sha1_base64="ieWcIjtgN9IrAIH2ilTfkezP4Mc="></latexit><latexit sha1_base64="ieWcIjtgN9IrAIH2ilTfkezP4Mc="></latexit>



Exemple
~r(t) =

✓
2 + cos

✓
3t

2

◆◆
cos t,

✓
2 + cos

✓
3t

2

◆◆
sin t, sin

✓
3t

2

◆�

<latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit>

~r 0(t) =


�3

2
sin

✓
3t

2

◆
cos t�

✓
2 + cos

✓
3t

2

◆◆
sin t,�3

2
sin

✓
3t

2

◆
sin t+

✓
2 + cos

✓
3t

2

◆◆
cos t,

3

2
cos

✓
3t

2

◆�

<latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit>



Exemple
~r(t) =

✓
2 + cos

✓
3t

2

◆◆
cos t,

✓
2 + cos

✓
3t

2

◆◆
sin t, sin

✓
3t

2

◆�

<latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit>

~r 0(t) =


�3

2
sin

✓
3t

2

◆
cos t�

✓
2 + cos

✓
3t

2

◆◆
sin t,�3

2
sin

✓
3t

2

◆
sin t+

✓
2 + cos

✓
3t

2

◆◆
cos t,

3

2
cos

✓
3t

2

◆�

<latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit>



Exemple
~r(t) =

✓
2 + cos

✓
3t

2

◆◆
cos t,

✓
2 + cos

✓
3t

2

◆◆
sin t, sin

✓
3t

2

◆�

<latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit>

~r 0(t) =


�3

2
sin

✓
3t

2

◆
cos t�

✓
2 + cos

✓
3t

2

◆◆
sin t,�3

2
sin

✓
3t

2

◆
sin t+

✓
2 + cos

✓
3t

2

◆◆
cos t,

3

2
cos

✓
3t

2

◆�

<latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit>



Exemple
~r(t) =

✓
2 + cos

✓
3t

2

◆◆
cos t,

✓
2 + cos

✓
3t

2

◆◆
sin t, sin

✓
3t

2

◆�

<latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit><latexit sha1_base64="nDACV+qOj6HUtj90euVy2GNw9Wo="></latexit>

~r 0(t) =


�3

2
sin

✓
3t

2

◆
cos t�

✓
2 + cos

✓
3t

2

◆◆
sin t,�3

2
sin

✓
3t

2

◆
sin t+

✓
2 + cos

✓
3t

2

◆◆
cos t,

3

2
cos

✓
3t

2

◆�

<latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit><latexit sha1_base64="h0BAGKqKI6VvttMMupMPN552yA4="></latexit>



Faites les exercices suivants

p.706 # 3 à 12



Théorème

Preuve:

(k~r(t))0 = k~r 0(t)
<latexit sha1_base64="T8iebz7p2gIWGLjZUEtD5obW2g8="></latexit><latexit sha1_base64="T8iebz7p2gIWGLjZUEtD5obW2g8="></latexit><latexit sha1_base64="T8iebz7p2gIWGLjZUEtD5obW2g8="></latexit><latexit sha1_base64="T8iebz7p2gIWGLjZUEtD5obW2g8="></latexit>

(k~r(t))0 = (k(f(t), g(t), h(t)))0
<latexit sha1_base64="6JTn+8mnee2kbvTCXaGZ2zfcunM="></latexit><latexit sha1_base64="6JTn+8mnee2kbvTCXaGZ2zfcunM="></latexit><latexit sha1_base64="6JTn+8mnee2kbvTCXaGZ2zfcunM="></latexit><latexit sha1_base64="6JTn+8mnee2kbvTCXaGZ2zfcunM="></latexit>

= (kf(t), kg(t), kh(t))0
<latexit sha1_base64="aD8is/VSAy9qs8Q8A4wccDP7HMo="></latexit><latexit sha1_base64="aD8is/VSAy9qs8Q8A4wccDP7HMo="></latexit><latexit sha1_base64="aD8is/VSAy9qs8Q8A4wccDP7HMo="></latexit><latexit sha1_base64="aD8is/VSAy9qs8Q8A4wccDP7HMo="></latexit>

= ((kf(t))0, (kg(t))0, (kh(t))0)
<latexit sha1_base64="GXFaJGaS08ca9PSxhx9fH+SUkRk="></latexit><latexit sha1_base64="GXFaJGaS08ca9PSxhx9fH+SUkRk="></latexit><latexit sha1_base64="GXFaJGaS08ca9PSxhx9fH+SUkRk="></latexit><latexit sha1_base64="GXFaJGaS08ca9PSxhx9fH+SUkRk="></latexit>

= (kf 0(t), kg0(t), kh0(t))
<latexit sha1_base64="He7a3MBE89nuALXbfn5w+7NLKGE="></latexit><latexit sha1_base64="He7a3MBE89nuALXbfn5w+7NLKGE="></latexit><latexit sha1_base64="He7a3MBE89nuALXbfn5w+7NLKGE="></latexit><latexit sha1_base64="He7a3MBE89nuALXbfn5w+7NLKGE="></latexit>

= k (f 0(t), g0(t), h0(t))
<latexit sha1_base64="97w4XttCkgMm7Ni5WEWzzF0M8rc="></latexit><latexit sha1_base64="97w4XttCkgMm7Ni5WEWzzF0M8rc="></latexit><latexit sha1_base64="97w4XttCkgMm7Ni5WEWzzF0M8rc="></latexit><latexit sha1_base64="97w4XttCkgMm7Ni5WEWzzF0M8rc="></latexit>

= k~r 0(t)
<latexit sha1_base64="yWynWE7Ki0hCORSDD7iwaEjCM2A="></latexit><latexit sha1_base64="yWynWE7Ki0hCORSDD7iwaEjCM2A="></latexit><latexit sha1_base64="yWynWE7Ki0hCORSDD7iwaEjCM2A="></latexit><latexit sha1_base64="yWynWE7Ki0hCORSDD7iwaEjCM2A="></latexit>



Théorème

Preuve:

(~r(t) · ~s(t))0 = ~r 0(t) · ~s(t) + ~r(t) · ~s 0(t)
<latexit sha1_base64="qsn2aDtPXiuDAdej8tu9v9v5q2E="></latexit><latexit sha1_base64="qsn2aDtPXiuDAdej8tu9v9v5q2E="></latexit><latexit sha1_base64="qsn2aDtPXiuDAdej8tu9v9v5q2E="></latexit><latexit sha1_base64="qsn2aDtPXiuDAdej8tu9v9v5q2E="></latexit>

(~r(t) · ~s(t))0
<latexit sha1_base64="Rd/ft0vV29Dnw1/hN805LG9SWg0="></latexit><latexit sha1_base64="Rd/ft0vV29Dnw1/hN805LG9SWg0="></latexit><latexit sha1_base64="Rd/ft0vV29Dnw1/hN805LG9SWg0="></latexit><latexit sha1_base64="Rd/ft0vV29Dnw1/hN805LG9SWg0="></latexit>

= (f1(t)f2(t) + g1(t)g2(t) + h1(t)h2(t))
0

<latexit sha1_base64="3vudg9PJVFwJVpKE2PG6NpJ2/tA="></latexit><latexit sha1_base64="3vudg9PJVFwJVpKE2PG6NpJ2/tA="></latexit><latexit sha1_base64="3vudg9PJVFwJVpKE2PG6NpJ2/tA="></latexit><latexit sha1_base64="3vudg9PJVFwJVpKE2PG6NpJ2/tA="></latexit>

= f 0
1(t)f2(t) + f1(t)f

0
2(t) + g01(t)g2(t) + g1(t)g

0
2(t) + h0

1(t)h2(t) + h1(t)h
0
2(t)

<latexit sha1_base64="bShhpAPsomJxBuPf5dqH+YY5B9k="></latexit><latexit sha1_base64="bShhpAPsomJxBuPf5dqH+YY5B9k="></latexit><latexit sha1_base64="bShhpAPsomJxBuPf5dqH+YY5B9k="></latexit><latexit sha1_base64="bShhpAPsomJxBuPf5dqH+YY5B9k="></latexit>

= f 0
1(t)f2(t) + g01(t)g2(t) + h0

1(t)h2(t) + f1(t)f
0
2(t) + g1(t)g

0
2(t) + h1(t)h

0
2(t)

<latexit sha1_base64="plL2JkuvtrvorvW81HPtdL6O32k="></latexit><latexit sha1_base64="plL2JkuvtrvorvW81HPtdL6O32k="></latexit><latexit sha1_base64="plL2JkuvtrvorvW81HPtdL6O32k="></latexit><latexit sha1_base64="plL2JkuvtrvorvW81HPtdL6O32k="></latexit>

= ~r 0(t) · ~s(t) + ~r(t) · ~s 0(t)
<latexit sha1_base64="GMES12hKaD7kE6vfkHaj/zraqNk="></latexit><latexit sha1_base64="GMES12hKaD7kE6vfkHaj/zraqNk="></latexit><latexit sha1_base64="GMES12hKaD7kE6vfkHaj/zraqNk="></latexit><latexit sha1_base64="GMES12hKaD7kE6vfkHaj/zraqNk="></latexit>

= (f1(t)f2(t))
0 + (g1(t)g2(t))

0 + (h1(t)h2(t))
0

<latexit sha1_base64="fRTr/l5ZdmLDCm+OntcZys40Ums="></latexit><latexit sha1_base64="fRTr/l5ZdmLDCm+OntcZys40Ums="></latexit><latexit sha1_base64="fRTr/l5ZdmLDCm+OntcZys40Ums="></latexit><latexit sha1_base64="fRTr/l5ZdmLDCm+OntcZys40Ums="></latexit>

= ((f1(t), g1(t), h1(t)) · (f2(t), g2(t), h2(t)))
0

<latexit sha1_base64="n0I7ovc0TJ/4jDvfvF94krp9jZw="></latexit><latexit sha1_base64="n0I7ovc0TJ/4jDvfvF94krp9jZw="></latexit><latexit sha1_base64="n0I7ovc0TJ/4jDvfvF94krp9jZw="></latexit><latexit sha1_base64="n0I7ovc0TJ/4jDvfvF94krp9jZw="></latexit>



Théorème

Preuve:

(~r(t) ^ ~s(t))0 = ~r 0(t) ^ ~s(t) + ~r(t) ^ ~s 0(t)
<latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit><latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit><latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit><latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit>

(~r(t) ^ ~s(t))0
<latexit sha1_base64="30tpU3vvgvY/yWCCrWCfMSEpszY="></latexit><latexit sha1_base64="30tpU3vvgvY/yWCCrWCfMSEpszY="></latexit><latexit sha1_base64="30tpU3vvgvY/yWCCrWCfMSEpszY="></latexit><latexit sha1_base64="30tpU3vvgvY/yWCCrWCfMSEpszY="></latexit>

=

������

~ı ~| ~k
f1(t) g1(t) h1(t)
f2(t) g2(t) h2(t)

������

0

<latexit sha1_base64="7cvhlxblv5SBYhbz9ZG7y9M5AE8="></latexit><latexit sha1_base64="7cvhlxblv5SBYhbz9ZG7y9M5AE8="></latexit><latexit sha1_base64="7cvhlxblv5SBYhbz9ZG7y9M5AE8="></latexit><latexit sha1_base64="7cvhlxblv5SBYhbz9ZG7y9M5AE8="></latexit>

=
�
(g1h2 � h1g2)

0,�(f1h2 � h1f2)
0, (f1g2 � g1f2)

0�
<latexit sha1_base64="LJPStXjlizfcbkqH5kjGiFnTfVE="></latexit><latexit sha1_base64="LJPStXjlizfcbkqH5kjGiFnTfVE="></latexit><latexit sha1_base64="LJPStXjlizfcbkqH5kjGiFnTfVE="></latexit><latexit sha1_base64="LJPStXjlizfcbkqH5kjGiFnTfVE="></latexit>

=
�
(g1h2)

0 � (h1g2)
0,�

�
(f1h2)

0 � (h1f2)
0�, (f1g2)0 � (g1f2)

0�
<latexit sha1_base64="Ov+X5LFcgse0ZG1VyoWyv9QsIRc="></latexit><latexit sha1_base64="Ov+X5LFcgse0ZG1VyoWyv9QsIRc="></latexit><latexit sha1_base64="Ov+X5LFcgse0ZG1VyoWyv9QsIRc="></latexit><latexit sha1_base64="Ov+X5LFcgse0ZG1VyoWyv9QsIRc="></latexit>

=
�
(g01h2 + g1h

0
2)� (h0

1g2 + h1g
0
2),�

�
(f 0

1h2 + f1h
0
2)� (h0

1f2 + h1f
0
2)
�
, (f 0

1g2 + f1g
0
2)� (g01f2 + g1f

0
2)
�

<latexit sha1_base64="7bYZM/amMqLblI+TV1ecKGjM5wA="></latexit><latexit sha1_base64="7bYZM/amMqLblI+TV1ecKGjM5wA="></latexit><latexit sha1_base64="7bYZM/amMqLblI+TV1ecKGjM5wA="></latexit><latexit sha1_base64="7bYZM/amMqLblI+TV1ecKGjM5wA="></latexit>

=
�
(g01h2 � h0

1g2) + (g1h
0
2 � h1g

0
2),�

�
(f 0

1h2 � h0
1f2) + (f1h

0
2 � h1f

0
2)
�
, (f 0

1g2 � g01f2) + (f1g
0
2 � g1f

0
2)
�

<latexit sha1_base64="AAWcrA9B+gTKXZlX8/VRptJVJfc="></latexit><latexit sha1_base64="AAWcrA9B+gTKXZlX8/VRptJVJfc="></latexit><latexit sha1_base64="AAWcrA9B+gTKXZlX8/VRptJVJfc="></latexit><latexit sha1_base64="AAWcrA9B+gTKXZlX8/VRptJVJfc="></latexit>

=
�
g01h2 � h0

1g2,�
�
f 0
1h2 � h0

1f2
�
, f 0

1g2 � g01f2
�
+

�
g1h

0
2 � h1g

0
2,�

�
f1h

0
2 � h1f

0
2

�
, f1g

0
2 � g1f

0
2

�
<latexit sha1_base64="HR7X9AwVA59klqLRUQkJQIGpAhs="></latexit><latexit sha1_base64="HR7X9AwVA59klqLRUQkJQIGpAhs="></latexit><latexit sha1_base64="HR7X9AwVA59klqLRUQkJQIGpAhs="></latexit><latexit sha1_base64="HR7X9AwVA59klqLRUQkJQIGpAhs="></latexit>



Théorème

Preuve:

(~r(t) ^ ~s(t))0 = ~r 0(t) ^ ~s(t) + ~r(t) ^ ~s 0(t)
<latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit><latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit><latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit><latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit>

(~r(t) ^ ~s(t))0
<latexit sha1_base64="30tpU3vvgvY/yWCCrWCfMSEpszY="></latexit><latexit sha1_base64="30tpU3vvgvY/yWCCrWCfMSEpszY="></latexit><latexit sha1_base64="30tpU3vvgvY/yWCCrWCfMSEpszY="></latexit><latexit sha1_base64="30tpU3vvgvY/yWCCrWCfMSEpszY="></latexit>

=
�
g01h2 � h0

1g2,�
�
f 0
1h2 � h0

1f2
�
, f 0

1g2 � g01f2
�
+

�
g1h

0
2 � h1g

0
2,�

�
f1h

0
2 � h1f

0
2

�
, f1g

0
2 � g1f

0
2

�
<latexit sha1_base64="HR7X9AwVA59klqLRUQkJQIGpAhs="></latexit><latexit sha1_base64="HR7X9AwVA59klqLRUQkJQIGpAhs="></latexit><latexit sha1_base64="HR7X9AwVA59klqLRUQkJQIGpAhs="></latexit><latexit sha1_base64="HR7X9AwVA59klqLRUQkJQIGpAhs="></latexit>

=

������

~ı ~| ~k
f 0
1(t) g01(t) h0

1(t)
f2(t) g2(t) h2(t)

������
+

������

~ı ~| ~k
f1(t) g1(t) h1(t)
f 0
2(t) g02(t) h0

2(t)

������
<latexit sha1_base64="3tpYm5eVlbfHOFuaD84fPJ+4Uv8="></latexit><latexit sha1_base64="3tpYm5eVlbfHOFuaD84fPJ+4Uv8="></latexit><latexit sha1_base64="3tpYm5eVlbfHOFuaD84fPJ+4Uv8="></latexit><latexit sha1_base64="3tpYm5eVlbfHOFuaD84fPJ+4Uv8="></latexit>

= ~r 0(t) ^ ~s(t) + ~r(t) ^ ~s 0(t)
<latexit sha1_base64="3mEafDjaCtOGHgrqvbbSb98Snf4="></latexit><latexit sha1_base64="3mEafDjaCtOGHgrqvbbSb98Snf4="></latexit><latexit sha1_base64="3mEafDjaCtOGHgrqvbbSb98Snf4="></latexit><latexit sha1_base64="3mEafDjaCtOGHgrqvbbSb98Snf4="></latexit>



(~r(t) ^ ~s(t))0 = ~r 0(t) ^ ~s(t) + ~r(t) ^ ~s 0(t)
<latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit><latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit><latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit><latexit sha1_base64="Y9R3cjORYIHhmEM/H8QTfytk8dg="></latexit>

(~r(t) · ~s(t))0 = ~r 0(t) · ~s(t) + ~r(t) · ~s 0(t)
<latexit sha1_base64="qsn2aDtPXiuDAdej8tu9v9v5q2E="></latexit><latexit sha1_base64="qsn2aDtPXiuDAdej8tu9v9v5q2E="></latexit><latexit sha1_base64="qsn2aDtPXiuDAdej8tu9v9v5q2E="></latexit><latexit sha1_base64="qsn2aDtPXiuDAdej8tu9v9v5q2E="></latexit>

(f(t)~r(t))0 = f 0(t)~r(t) + f(t)~r 0(t)
<latexit sha1_base64="LoOrx5/qEujbjr7U19Xt/O0kJL0="></latexit><latexit sha1_base64="LoOrx5/qEujbjr7U19Xt/O0kJL0="></latexit><latexit sha1_base64="LoOrx5/qEujbjr7U19Xt/O0kJL0="></latexit><latexit sha1_base64="LoOrx5/qEujbjr7U19Xt/O0kJL0="></latexit>

(k~r(t))0 = k~r 0(t)
<latexit sha1_base64="T8iebz7p2gIWGLjZUEtD5obW2g8="></latexit><latexit sha1_base64="T8iebz7p2gIWGLjZUEtD5obW2g8="></latexit><latexit sha1_base64="T8iebz7p2gIWGLjZUEtD5obW2g8="></latexit><latexit sha1_base64="T8iebz7p2gIWGLjZUEtD5obW2g8="></latexit>

(~r(t) + ~s(t))0 = ~r 0(t) + ~s 0(t)
<latexit sha1_base64="IZ3g1ftwN4Tjr8MfFTggXhGlla8="></latexit><latexit sha1_base64="IZ3g1ftwN4Tjr8MfFTggXhGlla8="></latexit><latexit sha1_base64="IZ3g1ftwN4Tjr8MfFTggXhGlla8="></latexit><latexit sha1_base64="IZ3g1ftwN4Tjr8MfFTggXhGlla8="></latexit>

(~r(f(t)))0 = ~r 0(f(t))f 0(t)
<latexit sha1_base64="3er8RCwkSzst0GmIkFrek+dR+wY="></latexit><latexit sha1_base64="3er8RCwkSzst0GmIkFrek+dR+wY="></latexit><latexit sha1_base64="3er8RCwkSzst0GmIkFrek+dR+wY="></latexit><latexit sha1_base64="3er8RCwkSzst0GmIkFrek+dR+wY="></latexit>



Exemple ~r 0(t) = (2t, cos t, et)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

~r(t) = (t2, sin t, et)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(cos t ~r(t))0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= � sin t ~r(t) + cos t ~r 0(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= � sin t(t2, sin t, et) + cos t(2t, cos t, et)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= (�t2 sin t, sin2 t,� sin tet) + (2t cos t, cos2 t, cos tet)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= (�t2 sin t+ 2t cos t, sin2 t+ cos2 t,� sin tet + cos tet)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= (t(�t sin t+ 2 cos t), 1, et(� sin t+ cos t))
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Exemple

~r 0(t) = (2t, cos t, et)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

~s(t) = (ln t,⇡, tan t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

~s 0(t) =

✓
1

t
, 0, sec2 t

◆

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

~r(t) = (t2, sin t, et)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(~r(t) · ~s(t))0 = ~r 0(t) · ~s(t) + ~r(t) · ~s 0(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

=
�
2t ln t+ ⇡ cos t+ et tan t

�
+
�
t+ 0 + et sec2 t

�
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= t(2 ln t+ 1) + ⇡ cos t+ et(tan t+ sec2 t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



L’ensemble des points atteint par une fonction vectorielle est une 
courbe     .C<latexit sha1_base64="vUuCZzEE+JSXVnIfEswQ6r3SBr8="></latexit><latexit sha1_base64="vUuCZzEE+JSXVnIfEswQ6r3SBr8="></latexit><latexit sha1_base64="vUuCZzEE+JSXVnIfEswQ6r3SBr8="></latexit><latexit sha1_base64="vUuCZzEE+JSXVnIfEswQ6r3SBr8="></latexit>

Mais pour une courbe donnée, il existe plusieurs fonctions vectorielles 
dont l’image est cette courbe.

~r(t) =

✓
cos t, sin t,

t

5

◆

<latexit sha1_base64="DLS0CjnWdHz2aOLBxu2ZFcNubYk="></latexit><latexit sha1_base64="DLS0CjnWdHz2aOLBxu2ZFcNubYk="></latexit><latexit sha1_base64="DLS0CjnWdHz2aOLBxu2ZFcNubYk="></latexit><latexit sha1_base64="DLS0CjnWdHz2aOLBxu2ZFcNubYk="></latexit>

~s(t) =

✓
cos(t3 � t2), sin(t3 � t2),

t3 � t2

5

◆

<latexit sha1_base64="vjhHl+/UdXD1BjSIIXX1IuD39NI="></latexit><latexit sha1_base64="vjhHl+/UdXD1BjSIIXX1IuD39NI="></latexit><latexit sha1_base64="vjhHl+/UdXD1BjSIIXX1IuD39NI="></latexit><latexit sha1_base64="vjhHl+/UdXD1BjSIIXX1IuD39NI="></latexit>

Par exemple, ces deux fonctions vectorielles sont deux 
paramétrisations de la même courbe



~r(t) =

✓
cos t, sin t,

t

5

◆

<latexit sha1_base64="DLS0CjnWdHz2aOLBxu2ZFcNubYk="></latexit><latexit sha1_base64="DLS0CjnWdHz2aOLBxu2ZFcNubYk="></latexit><latexit sha1_base64="DLS0CjnWdHz2aOLBxu2ZFcNubYk="></latexit><latexit sha1_base64="DLS0CjnWdHz2aOLBxu2ZFcNubYk="></latexit>

~s(t) =

✓
cos(t3 � t2), sin(t3 � t2),

t3 � t2

5

◆

<latexit sha1_base64="vjhHl+/UdXD1BjSIIXX1IuD39NI="></latexit><latexit sha1_base64="vjhHl+/UdXD1BjSIIXX1IuD39NI="></latexit><latexit sha1_base64="vjhHl+/UdXD1BjSIIXX1IuD39NI="></latexit><latexit sha1_base64="vjhHl+/UdXD1BjSIIXX1IuD39NI="></latexit>



dépend de la paramétrisationk~r 0(t)k
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

La direction de dépend de la courbe~r 0(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Dans les situations où l’on s’intéresse surtout à la direction du vecteur

~r 0(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

c’est-à-dire la direction tangente à la courbe, il arrive souvent qu’on le 
rende unitaire. 

~r 0(t)

k~r 0(t)k
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

= ~T (t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

On nomme ce vecteur, le vecteur tangent unitaire.



Faites les exercices suivants

p.706 # 13 à 18



Aujourd’hui, nous avons vu

Dérivées de fonctions vectorielles. 

Règles de dérivation. 

Vecteur tangent unitaire.



Devoir:

p.706 # 1 à 20, 31, 32 et 45 à 50 


