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Pour les grecs, seules formes parfaites = 
cercles et droites.

Trajectoire d’un projectile = 3 étapes
- droite oblique selon vitesse initiale
- arc de cercle
- droite verticale
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Pour les grecs, seules formes parfaites = 
cercles et droites.

Trajectoire d’un projectile = 3 étapes
- droite oblique selon vitesse initiale
- arc de cercle
- droite verticale

 

Tartaglia, Nova scientia (1537)
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Les	travaux	de	Galilée
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Ecart	théorie-expérience
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2 modèles, lequel est le bon ?

Tartaglia Galilée
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2 modèles, lequel est le bon ?

Tartaglia Galilée

Aucun !
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Comment	Galilée	a	trouvé	la	
parabole	:

bases	de	cinémaAque
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Comment déterminer la position future d’un objet ?
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Vitesse	*	durée	=	modificaAon	de	la	posiAon
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Comment déterminer la position future d’un objet ?

distance parcourue = vitesse * durée
direction donnée par la vitesse
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Comment déterminer la position future d’un objet ?

distance parcourue = vitesse * durée
direction donnée par la vitesse
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Comment déterminer la position future d’un objet ?

distance parcourue = vitesse * durée
direction donnée par la vitesse

~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

Vitesse	*	durée	=	modificaAon	de	la	posiAon

13Janvier 2020La physique du sport

lundi 20 janvier 20



Comment déterminer la position future d’un objet ?

distance parcourue = vitesse * durée
direction donnée par la vitesse
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B

A
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Pour un projectile, la vitesse change au cours du mouvement, 
tant en direction, qu’en norme.
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16Janvier 2020La physique du sport

A

B ~vB
<latexit sha1_base64="Ay0SwGtzDw1P6J66lpsI0+R9E2A="></latexit><latexit sha1_base64="Ay0SwGtzDw1P6J66lpsI0+R9E2A="></latexit><latexit sha1_base64="Ay0SwGtzDw1P6J66lpsI0+R9E2A="></latexit><latexit sha1_base64="Ay0SwGtzDw1P6J66lpsI0+R9E2A="></latexit>

lundi 20 janvier 20



Pour un projectile, la vitesse change au cours du mouvement, 
tant en direction, qu’en norme.

Comment déterminer la vitesse future d’un objet ?

ModificaAon	de	la	vitesse	=	?
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Pour un projectile, la vitesse change au cours du mouvement, 
tant en direction, qu’en norme.

Comment déterminer la vitesse future d’un objet ?

changement de vitesse = accélération * durée
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Comment déterminer l’accélération ?
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Newton (1687)
«Les changements qui arrivent dans le mouvement sont 
proportionnels à la force motrice ; et se font dans la ligne droite 
dans laquelle cette force a été imprimée.»
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Loi	de	la	quanAté	de	mouvement
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Principe fondamental de la dynamique (PFD) : 
accélération = (somme des forces)/masse
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<latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit>

y

x

20 m/s⇥ 1 s
<latexit sha1_base64="ZdGCJ05hPh5bEMd7UzmC//l0LgA="></latexit><latexit sha1_base64="ZdGCJ05hPh5bEMd7UzmC//l0LgA="></latexit><latexit sha1_base64="ZdGCJ05hPh5bEMd7UzmC//l0LgA="></latexit><latexit sha1_base64="ZdGCJ05hPh5bEMd7UzmC//l0LgA="></latexit>

lundi 20 janvier 20



~a =
⌃~F

m
= ~g

<latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit>

~v(t+�t) = ~v(t) + ~a�t
<latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit>

g ' 10 m/s2
<latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit>

ApplicaAon	à	la	parabole
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

t (s) 0 1 2 3 4 5

x(m) 0 20

y(m) 0 20

v_x (m/s) 20 20

v_y (m/s) 20 10

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

��!
OB =

�!
OA+ ~v�t

<latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit>

y

x

lundi 20 janvier 20



~a =
⌃~F

m
= ~g

<latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit>

g ' 10 m/s2
<latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit>

ApplicaAon	à	la	parabole
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

t (s) 0 1 2 3 4 5

x(m) 0 20 40

y(m) 0 20 30

v_x (m/s) 20 20 20

v_y (m/s) 20 10 0

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

~v(t+�t) = ~v(t) + ~a�t
<latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit>

��!
OB =

�!
OA+ ~v�t

<latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit>

y

x

lundi 20 janvier 20



~a =
⌃~F

m
= ~g

<latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit>

g ' 10 m/s2
<latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit>

ApplicaAon	à	la	parabole
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

t (s) 0 1 2 3 4 5

x(m) 0 20 40 60

y(m) 0 20 30 30

v_x (m/s) 20 20 20 20

v_y (m/s) 20 10 0 -10

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

~v(t+�t) = ~v(t) + ~a�t
<latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit>

��!
OB =

�!
OA+ ~v�t

<latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit>

y

x

lundi 20 janvier 20



~a =
⌃~F

m
= ~g

<latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit>

g ' 10 m/s2
<latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit>

ApplicaAon	à	la	parabole
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

t (s) 0 1 2 3 4 5

x(m) 0 20 40 60 80

y(m) 0 20 30 30 20

v_x (m/s) 20 20 20 20 20

v_y (m/s) 20 10 0 -10 -20

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

~v(t+�t) = ~v(t) + ~a�t
<latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit>

��!
OB =

�!
OA+ ~v�t

<latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit>

y

x

lundi 20 janvier 20



~a =
⌃~F

m
= ~g

<latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit>

g ' 10 m/s2
<latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit>

ApplicaAon	à	la	parabole
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

t (s) 0 1 2 3 4 5

x(m) 0 20 40 60 80 100

y(m) 0 20 30 30 20 0

v_x (m/s) 20 20 20 20 20 20

v_y (m/s) 20 10 0 -10 -20 -30

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

~v(t+�t) = ~v(t) + ~a�t
<latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit>

��!
OB =

�!
OA+ ~v�t

<latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit>

y

x

lundi 20 janvier 20



ApplicaAon	à	la	parabole

29Janvier 2020La physique du sport

~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

t (s) 0 1 2 3 4 5

x(m) 0 20 40 60 80 100

y(m) 0 20 30 30 20 0

v_x (m/s) 20 20 20 20 20 20

v_y (m/s) 20 10 0 -10 -20 -30

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

y

x

lundi 20 janvier 20



ApplicaAon	à	la	parabole
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

t (s) 0 1 2 3 4 5

x(m) 0 20 40 60 80 100

y(m) 0 20 30 30 20 0

v_x (m/s) 20 20 20 20 20 20

v_y (m/s) 20 10 0 -10 -20 -30

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit> Il nous faut plus de points !

y

x

lundi 20 janvier 20



Comment	Galilée	a	trouvé	la	
parabole	:

passage	à	la	limite
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~a = ~g
<latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit>

~a =
~v(t+�t)� ~v(t)

�t
! d~v

dt
<latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit>

Première	opAon	:	passage	à	la	limite

32Janvier 2020La physique du sport

~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

y

x

Opération mathématique : dérivée
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~a = ~g
<latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit>

~a =
~v(t+�t)� ~v(t)

�t
! d~v

dt
<latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit>

~v =

��!
OM(t+�t)���!

OM(t)

�t
! d

��!
OM

dt
<latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit><latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit><latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit><latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit>

Première	opAon	:	passage	à	la	limite

33Janvier 2020La physique du sport

~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

y

x

lundi 20 janvier 20



~a = ~g
<latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit>

~a =
~v(t+�t)� ~v(t)

�t
! d~v

dt
<latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit>

~v =

��!
OM(t+�t)���!

OM(t)

�t
! d

��!
OM

dt
<latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit><latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit><latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit><latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit>

d2
��!
OM

dt2
= ~g

<latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit><latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit><latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit><latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit>
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

y

x

Dérivée seconde

lundi 20 janvier 20



~a = ~g
<latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit><latexit sha1_base64="B4Ee+LImXdO/shrSHRpUYyFcJmw="></latexit>

~a =
~v(t+�t)� ~v(t)

�t
! d~v

dt
<latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit><latexit sha1_base64="0U6zFZrW/rtUB6EB/ZzuuG/ffjo="></latexit>

~v =

��!
OM(t+�t)���!

OM(t)

�t
! d

��!
OM

dt
<latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit><latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit><latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit><latexit sha1_base64="fkZ0uxT/VLTX/r8SVJE83SOo0nA="></latexit>

d2
��!
OM

dt2
= ~g

<latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit><latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit><latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit><latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit>
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

Equation différentielle vectorielle

y

x

lundi 20 janvier 20



d

2
x

dt

2
= 0

d

2
y

dt

2
= �g

<latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit>
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

d2
��!
OM

dt2
= ~g

<latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit><latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit><latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit><latexit sha1_base64="m7uxURlYlOk7Uv+LWpw2StHjOY0="></latexit>

y

x

lundi 20 janvier 20
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

d

2
x

dt

2
= 0

d

2
y

dt

2
= �g

<latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit>y

x

lundi 20 janvier 20



y(t) = y0 + vy,0t�
1

2
gt2

<latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit><latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit><latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit><latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit>

x(t) = x0 + v

x,0t
<latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit><latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit><latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit><latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit>
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

d

2
x

dt

2
= 0

d

2
y

dt

2
= �g

<latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit>y

x

Conditions initiales 

lundi 20 janvier 20



y(t) = y0 + vy,0t�
1

2
gt2

<latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit><latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit><latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit><latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit>

x(t) = x0 + v

x,0t
<latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit><latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit><latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit><latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit>

y(x) = x� x

2

80
<latexit sha1_base64="2dZcpxNHMj8UUa43PBNHjpuUDaA="></latexit><latexit sha1_base64="2dZcpxNHMj8UUa43PBNHjpuUDaA="></latexit><latexit sha1_base64="2dZcpxNHMj8UUa43PBNHjpuUDaA="></latexit><latexit sha1_base64="2dZcpxNHMj8UUa43PBNHjpuUDaA="></latexit>

x0 = y0 = 0
<latexit sha1_base64="Zb0gNdjPBhp5J8oLbMiRBbkRZo8="></latexit><latexit sha1_base64="Zb0gNdjPBhp5J8oLbMiRBbkRZo8="></latexit><latexit sha1_base64="Zb0gNdjPBhp5J8oLbMiRBbkRZo8="></latexit><latexit sha1_base64="Zb0gNdjPBhp5J8oLbMiRBbkRZo8="></latexit>

v
x,0 = v

y,0 = 20 m/s
<latexit sha1_base64="zCzAjYdOu7+w3roQMGHCdPIm8dE="></latexit><latexit sha1_base64="zCzAjYdOu7+w3roQMGHCdPIm8dE="></latexit><latexit sha1_base64="zCzAjYdOu7+w3roQMGHCdPIm8dE="></latexit><latexit sha1_base64="zCzAjYdOu7+w3roQMGHCdPIm8dE="></latexit>
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

d

2
x

dt

2
= 0

d

2
y

dt

2
= �g

<latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit>y

x

Conditions initiales 

lundi 20 janvier 20



y(t) = y0 + vy,0t�
1

2
gt2

<latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit><latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit><latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit><latexit sha1_base64="QIwU5EVpE8B1qoa87aNexSMZRRQ="></latexit>

x(t) = x0 + v

x,0t
<latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit><latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit><latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit><latexit sha1_base64="okRVW1fBHxqKGtiIZjls1wyNNTI="></latexit>
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~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

20 40 60 80 xHmL
5

10

15

20
yHmL

d

2
x

dt

2
= 0

d

2
y

dt

2
= �g

<latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit><latexit sha1_base64="XA6by75Ppb/sMgA/arMfl+JJ0wg="></latexit>y

x

lundi 20 janvier 20



~a =
⌃~F

m
= ~g

<latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit>

g ' 10 m/s2
<latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit>

Deuxième	opAon	:	ordinateur
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t (s) 0 1 2 3 4 5

x(m) 0

y(m) 0

v_x (m/s) 20

v_y (m/s) 20

~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

~v(t+�t) = ~v(t) + ~a�t
<latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit>

��!
OB =

�!
OA+ ~v�t

<latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit>

y

x

lundi 20 janvier 20
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Premiers	résultats	chute	libre
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20 40 60 80 xHmL
5

10

15

20
yHmL

Solution exacte

Solutions 
approchées
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RésoluAon	numérique	d’équaAons	
différenAelles
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ConfrontaAon	aux	expériences
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Basket : OK
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Basket : OK

Badminton : doit mieux faire

lundi 20 janvier 20



Le	volant	de	badminton
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Badminton : doit mieux faire

~a =
⌃~F

m
= ~g

<latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit>

g ' 10 m/s2
<latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit>

~v(t+�t) = ~v(t) + ~a�t
<latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit>

��!
OB =

�!
OA+ ~v�t

<latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit>
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Le	volant	de	badminton
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Badminton : doit mieux faire

~a =
⌃~F

m
= ~g

<latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit><latexit sha1_base64="wPm6/tAg3ScftokPUm2UNPLVBO4="></latexit>

g ' 10 m/s2
<latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit><latexit sha1_base64="ELYP0QxBMGaIDGqUFJ67H0PIwEo="></latexit>

Forces : poids + trainée

��!
OB =

�!
OA+ ~v�t

<latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit><latexit sha1_base64="lYiXfnzX9lubb/rWQebaL19VQrI="></latexit>

~v(t+�t) = ~v(t) + ~a�t
<latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit><latexit sha1_base64="Z+fF77yxCaZSdO9gC9T5caHaAiE="></latexit>

lundi 20 janvier 20
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Action de l’atmosphère (fluide) sur un mobile 
en mouvement : opposée à la vitesse

Expression dépend du fluide (plus ou moins 
visqueux), du mobile (taille) et de la vitesse
-> Nombre de Reynolds

Haut nombre de Reynolds :

 

Re =
Dv

⌫
⇠ 0, 1⇥ 10

10�4
⇠ 104

<latexit sha1_base64="l18cGaGy7+33j3SeBNknnVhao3o="></latexit><latexit sha1_base64="l18cGaGy7+33j3SeBNknnVhao3o="></latexit><latexit sha1_base64="l18cGaGy7+33j3SeBNknnVhao3o="></latexit><latexit sha1_base64="l18cGaGy7+33j3SeBNknnVhao3o="></latexit>

Ft =
1

2
Cd⇢Sv

2

<latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g="></latexit><latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g="></latexit><latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g="></latexit><latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g="></latexit>

lundi 20 janvier 20
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Si trainée compense poids : accélération 
nulle donc vitesse constante 

 

Ft =
1

2
Cd⇢Sv

2

<latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g=">AAAC5XicjVHLSsNAFD2N7/qqunQzWARXJSmCbgRREJeK9gGtlmQ6rcE0CZOJIKVbd+7ErT/gVn9F/AP9C++MKahFdEKSM+fec2buvV4c+Imy7decNTY+MTk1PZOfnZtfWCwsLVeTKJVcVHgURLLuuYkI/FBUlK8CUY+lcHteIGre5b6O166ETPwoPFXXsTjrud3Q7/jcVUS1CuygpdgOa3aky/vOoF8esP1WmzXlRcRO2NV5uV Uo2iXbLDYKnAwUka2jqPCCJtqIwJGiB4EQinAAFwk9DTiwERN3hj5xkpBv4gID5EmbUpagDJfYS/p2adfI2JD22jMxak6nBPRKUjKskyaiPElYn8ZMPDXOmv3Nu2889d2u6e9lXj1iFS6I/Us3zPyvTtei0MG2qcGnmmLD6Op45pKaruibsy9VKXKIidO4TXFJmBvlsM/MaBJTu+6ta+JvJlOzes+z3BTv+pY0YOfnOEdBtVxy7JJzvFnc3ctGPY1VrGGD5rmFXRziCBXyvsEjnvBsda1b6866/0y1cplmBd+W9fABzMma0Q==</latexit><latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g=">AAAC5XicjVHLSsNAFD2N7/qqunQzWARXJSmCbgRREJeK9gGtlmQ6rcE0CZOJIKVbd+7ErT/gVn9F/AP9C++MKahFdEKSM+fec2buvV4c+Imy7decNTY+MTk1PZOfnZtfWCwsLVeTKJVcVHgURLLuuYkI/FBUlK8CUY+lcHteIGre5b6O166ETPwoPFXXsTjrud3Q7/jcVUS1CuygpdgOa3aky/vOoF8esP1WmzXlRcRO2NV5uV Uo2iXbLDYKnAwUka2jqPCCJtqIwJGiB4EQinAAFwk9DTiwERN3hj5xkpBv4gID5EmbUpagDJfYS/p2adfI2JD22jMxak6nBPRKUjKskyaiPElYn8ZMPDXOmv3Nu2889d2u6e9lXj1iFS6I/Us3zPyvTtei0MG2qcGnmmLD6Op45pKaruibsy9VKXKIidO4TXFJmBvlsM/MaBJTu+6ta+JvJlOzes+z3BTv+pY0YOfnOEdBtVxy7JJzvFnc3ctGPY1VrGGD5rmFXRziCBXyvsEjnvBsda1b6866/0y1cplmBd+W9fABzMma0Q==</latexit><latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g=">AAAC5XicjVHLSsNAFD2N7/qqunQzWARXJSmCbgRREJeK9gGtlmQ6rcE0CZOJIKVbd+7ErT/gVn9F/AP9C++MKahFdEKSM+fec2buvV4c+Imy7decNTY+MTk1PZOfnZtfWCwsLVeTKJVcVHgURLLuuYkI/FBUlK8CUY+lcHteIGre5b6O166ETPwoPFXXsTjrud3Q7/jcVUS1CuygpdgOa3aky/vOoF8esP1WmzXlRcRO2NV5uV Uo2iXbLDYKnAwUka2jqPCCJtqIwJGiB4EQinAAFwk9DTiwERN3hj5xkpBv4gID5EmbUpagDJfYS/p2adfI2JD22jMxak6nBPRKUjKskyaiPElYn8ZMPDXOmv3Nu2889d2u6e9lXj1iFS6I/Us3zPyvTtei0MG2qcGnmmLD6Op45pKaruibsy9VKXKIidO4TXFJmBvlsM/MaBJTu+6ta+JvJlOzes+z3BTv+pY0YOfnOEdBtVxy7JJzvFnc3ctGPY1VrGGD5rmFXRziCBXyvsEjnvBsda1b6866/0y1cplmBd+W9fABzMma0Q==</latexit><latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g=">AAAC5XicjVHLSsNAFD2N7/qqunQzWARXJSmCbgRREJeK9gGtlmQ6rcE0CZOJIKVbd+7ErT/gVn9F/AP9C++MKahFdEKSM+fec2buvV4c+Imy7decNTY+MTk1PZOfnZtfWCwsLVeTKJVcVHgURLLuuYkI/FBUlK8CUY+lcHteIGre5b6O166ETPwoPFXXsTjrud3Q7/jcVUS1CuygpdgOa3aky/vOoF8esP1WmzXlRcRO2NV5uV Uo2iXbLDYKnAwUka2jqPCCJtqIwJGiB4EQinAAFwk9DTiwERN3hj5xkpBv4gID5EmbUpagDJfYS/p2adfI2JD22jMxak6nBPRKUjKskyaiPElYn8ZMPDXOmv3Nu2889d2u6e9lXj1iFS6I/Us3zPyvTtei0MG2qcGnmmLD6Op45pKaruibsy9VKXKIidO4TXFJmBvlsM/MaBJTu+6ta+JvJlOzes+z3BTv+pY0YOfnOEdBtVxy7JJzvFnc3ctGPY1VrGGD5rmFXRziCBXyvsEjnvBsda1b6866/0y1cplmBd+W9fABzMma0Q==</latexit>

~P = m~g
<latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit><latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit><latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit><latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit>

vlim
<latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit><latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit><latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit><latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit>

1

2
Cd⇢Sv

2
lim = mg

<latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit><latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit><latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit><latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit>

lundi 20 janvier 20



vlim =

r
2mg

Cd⇢S
<latexit sha1_base64="/zjsYLdYCte1Sq16ZJc4cyif7KY=">AAAC7nicjVHLTttAFD2YAml4pbBkM2qE1G4iGyGVDRIqG5apIAkSQZE9mYQRfnU8RoosfwM7dlW3/ABb+hmIP4C/6J3BkWgRgrFsnzn3njNz7w3SUGbade9nnNkPc/MLtY/1xaXlldXGp7VuluSKiw5PwkQdB34mQhmLjpY6FMepEn4UhKIXnO+beO9CqEwm8ZGepOI08sexHEnua6IGja8XgyKUUcl2WT/7qXTRHymfF1ssYu Oy2B8MWV+dJeywLAeNptty7WIvgVeBJqrVThp36GOIBBw5IgjE0IRD+MjoOYEHFylxpyiIU4SkjQuUqJM2pyxBGT6x5/Qd0+6kYmPaG8/MqjmdEtKrSMmwSZqE8hRhcxqz8dw6G/Y178J6mrtN6B9UXhGxGmfEvqWbZr5XZ2rRGGHH1iCpptQypjpeueS2K+bm7FlVmhxS4gweUlwR5lY57TOzmszWbnrr2/iDzTSs2fMqN8ejuSUN2Pt/nC9Bd6vluS3vx3Zz73s16ho28BlfaJ7fsIcDtNEh70vc4BZ/nNS5cn45v59SnZlKs45/lnP9F9ken9w=</latexit><latexit sha1_base64="/zjsYLdYCte1Sq16ZJc4cyif7KY=">AAAC7nicjVHLTttAFD2YAml4pbBkM2qE1G4iGyGVDRIqG5apIAkSQZE9mYQRfnU8RoosfwM7dlW3/ABb+hmIP4C/6J3BkWgRgrFsnzn3njNz7w3SUGbade9nnNkPc/MLtY/1xaXlldXGp7VuluSKiw5PwkQdB34mQhmLjpY6FMepEn4UhKIXnO+beO9CqEwm8ZGepOI08sexHEnua6IGja8XgyKUUcl2WT/7qXTRHymfF1ssYu Oy2B8MWV+dJeywLAeNptty7WIvgVeBJqrVThp36GOIBBw5IgjE0IRD+MjoOYEHFylxpyiIU4SkjQuUqJM2pyxBGT6x5/Qd0+6kYmPaG8/MqjmdEtKrSMmwSZqE8hRhcxqz8dw6G/Y178J6mrtN6B9UXhGxGmfEvqWbZr5XZ2rRGGHH1iCpptQypjpeueS2K+bm7FlVmhxS4gweUlwR5lY57TOzmszWbnrr2/iDzTSs2fMqN8ejuSUN2Pt/nC9Bd6vluS3vx3Zz73s16ho28BlfaJ7fsIcDtNEh70vc4BZ/nNS5cn45v59SnZlKs45/lnP9F9ken9w=</latexit><latexit sha1_base64="/zjsYLdYCte1Sq16ZJc4cyif7KY=">AAAC7nicjVHLTttAFD2YAml4pbBkM2qE1G4iGyGVDRIqG5apIAkSQZE9mYQRfnU8RoosfwM7dlW3/ABb+hmIP4C/6J3BkWgRgrFsnzn3njNz7w3SUGbade9nnNkPc/MLtY/1xaXlldXGp7VuluSKiw5PwkQdB34mQhmLjpY6FMepEn4UhKIXnO+beO9CqEwm8ZGepOI08sexHEnua6IGja8XgyKUUcl2WT/7qXTRHymfF1ssYu Oy2B8MWV+dJeywLAeNptty7WIvgVeBJqrVThp36GOIBBw5IgjE0IRD+MjoOYEHFylxpyiIU4SkjQuUqJM2pyxBGT6x5/Qd0+6kYmPaG8/MqjmdEtKrSMmwSZqE8hRhcxqz8dw6G/Y178J6mrtN6B9UXhGxGmfEvqWbZr5XZ2rRGGHH1iCpptQypjpeueS2K+bm7FlVmhxS4gweUlwR5lY57TOzmszWbnrr2/iDzTSs2fMqN8ejuSUN2Pt/nC9Bd6vluS3vx3Zz73s16ho28BlfaJ7fsIcDtNEh70vc4BZ/nNS5cn45v59SnZlKs45/lnP9F9ken9w=</latexit><latexit sha1_base64="/zjsYLdYCte1Sq16ZJc4cyif7KY=">AAAC7nicjVHLTttAFD2YAml4pbBkM2qE1G4iGyGVDRIqG5apIAkSQZE9mYQRfnU8RoosfwM7dlW3/ABb+hmIP4C/6J3BkWgRgrFsnzn3njNz7w3SUGbade9nnNkPc/MLtY/1xaXlldXGp7VuluSKiw5PwkQdB34mQhmLjpY6FMepEn4UhKIXnO+beO9CqEwm8ZGepOI08sexHEnua6IGja8XgyKUUcl2WT/7qXTRHymfF1ssYu Oy2B8MWV+dJeywLAeNptty7WIvgVeBJqrVThp36GOIBBw5IgjE0IRD+MjoOYEHFylxpyiIU4SkjQuUqJM2pyxBGT6x5/Qd0+6kYmPaG8/MqjmdEtKrSMmwSZqE8hRhcxqz8dw6G/Y178J6mrtN6B9UXhGxGmfEvqWbZr5XZ2rRGGHH1iCpptQypjpeueS2K+bm7FlVmhxS4gweUlwR5lY57TOzmszWbnrr2/iDzTSs2fMqN8ejuSUN2Pt/nC9Bd6vluS3vx3Zz73s16ho28BlfaJ7fsIcDtNEh70vc4BZ/nNS5cn45v59SnZlKs45/lnP9F9ken9w=</latexit>

Ft = mg
v2

v2lim
<latexit sha1_base64="X3j1boZ8AQX+6NWC3O41pJB8XvM="></latexit><latexit sha1_base64="X3j1boZ8AQX+6NWC3O41pJB8XvM="></latexit><latexit sha1_base64="X3j1boZ8AQX+6NWC3O41pJB8XvM="></latexit><latexit sha1_base64="X3j1boZ8AQX+6NWC3O41pJB8XvM="></latexit>

La	force	de	trainée	:	conséquences
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Si trainée compense poids : accélération 
nulle donc vitesse constante 

 

Ft =
1

2
Cd⇢Sv

2

<latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g=">AAAC5XicjVHLSsNAFD2N7/qqunQzWARXJSmCbgRREJeK9gGtlmQ6rcE0CZOJIKVbd+7ErT/gVn9F/AP9C++MKahFdEKSM+fec2buvV4c+Imy7decNTY+MTk1PZOfnZtfWCwsLVeTKJVcVHgURLLuuYkI/FBUlK8CUY+lcHteIGre5b6O166ETPwoPFXXsTjrud3Q7/jcVUS1CuygpdgOa3aky/vOoF8esP1WmzXlRcRO2NV5uV Uo2iXbLDYKnAwUka2jqPCCJtqIwJGiB4EQinAAFwk9DTiwERN3hj5xkpBv4gID5EmbUpagDJfYS/p2adfI2JD22jMxak6nBPRKUjKskyaiPElYn8ZMPDXOmv3Nu2889d2u6e9lXj1iFS6I/Us3zPyvTtei0MG2qcGnmmLD6Op45pKaruibsy9VKXKIidO4TXFJmBvlsM/MaBJTu+6ta+JvJlOzes+z3BTv+pY0YOfnOEdBtVxy7JJzvFnc3ctGPY1VrGGD5rmFXRziCBXyvsEjnvBsda1b6866/0y1cplmBd+W9fABzMma0Q==</latexit><latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g=">AAAC5XicjVHLSsNAFD2N7/qqunQzWARXJSmCbgRREJeK9gGtlmQ6rcE0CZOJIKVbd+7ErT/gVn9F/AP9C++MKahFdEKSM+fec2buvV4c+Imy7decNTY+MTk1PZOfnZtfWCwsLVeTKJVcVHgURLLuuYkI/FBUlK8CUY+lcHteIGre5b6O166ETPwoPFXXsTjrud3Q7/jcVUS1CuygpdgOa3aky/vOoF8esP1WmzXlRcRO2NV5uV Uo2iXbLDYKnAwUka2jqPCCJtqIwJGiB4EQinAAFwk9DTiwERN3hj5xkpBv4gID5EmbUpagDJfYS/p2adfI2JD22jMxak6nBPRKUjKskyaiPElYn8ZMPDXOmv3Nu2889d2u6e9lXj1iFS6I/Us3zPyvTtei0MG2qcGnmmLD6Op45pKaruibsy9VKXKIidO4TXFJmBvlsM/MaBJTu+6ta+JvJlOzes+z3BTv+pY0YOfnOEdBtVxy7JJzvFnc3ctGPY1VrGGD5rmFXRziCBXyvsEjnvBsda1b6866/0y1cplmBd+W9fABzMma0Q==</latexit><latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g=">AAAC5XicjVHLSsNAFD2N7/qqunQzWARXJSmCbgRREJeK9gGtlmQ6rcE0CZOJIKVbd+7ErT/gVn9F/AP9C++MKahFdEKSM+fec2buvV4c+Imy7decNTY+MTk1PZOfnZtfWCwsLVeTKJVcVHgURLLuuYkI/FBUlK8CUY+lcHteIGre5b6O166ETPwoPFXXsTjrud3Q7/jcVUS1CuygpdgOa3aky/vOoF8esP1WmzXlRcRO2NV5uV Uo2iXbLDYKnAwUka2jqPCCJtqIwJGiB4EQinAAFwk9DTiwERN3hj5xkpBv4gID5EmbUpagDJfYS/p2adfI2JD22jMxak6nBPRKUjKskyaiPElYn8ZMPDXOmv3Nu2889d2u6e9lXj1iFS6I/Us3zPyvTtei0MG2qcGnmmLD6Op45pKaruibsy9VKXKIidO4TXFJmBvlsM/MaBJTu+6ta+JvJlOzes+z3BTv+pY0YOfnOEdBtVxy7JJzvFnc3ctGPY1VrGGD5rmFXRziCBXyvsEjnvBsda1b6866/0y1cplmBd+W9fABzMma0Q==</latexit><latexit sha1_base64="/oWIh6uDBh8BGLgLvzbUQW7kh2g=">AAAC5XicjVHLSsNAFD2N7/qqunQzWARXJSmCbgRREJeK9gGtlmQ6rcE0CZOJIKVbd+7ErT/gVn9F/AP9C++MKahFdEKSM+fec2buvV4c+Imy7decNTY+MTk1PZOfnZtfWCwsLVeTKJVcVHgURLLuuYkI/FBUlK8CUY+lcHteIGre5b6O166ETPwoPFXXsTjrud3Q7/jcVUS1CuygpdgOa3aky/vOoF8esP1WmzXlRcRO2NV5uV Uo2iXbLDYKnAwUka2jqPCCJtqIwJGiB4EQinAAFwk9DTiwERN3hj5xkpBv4gID5EmbUpagDJfYS/p2adfI2JD22jMxak6nBPRKUjKskyaiPElYn8ZMPDXOmv3Nu2889d2u6e9lXj1iFS6I/Us3zPyvTtei0MG2qcGnmmLD6Op45pKaruibsy9VKXKIidO4TXFJmBvlsM/MaBJTu+6ta+JvJlOzes+z3BTv+pY0YOfnOEdBtVxy7JJzvFnc3ctGPY1VrGGD5rmFXRziCBXyvsEjnvBsda1b6866/0y1cplmBd+W9fABzMma0Q==</latexit>

~P = m~g
<latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit><latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit><latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit><latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit>

vlim
<latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit><latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit><latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit><latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit>

1

2
Cd⇢Sv

2
lim = mg

<latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit><latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit><latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit><latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit>
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Si trainée compense poids : accélération 
nulle donc vitesse constante 

PFD s’écrit alors :

 

~P = m~g
<latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit><latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit><latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit><latexit sha1_base64="luYOYdlqISoQgXeCxkPmexQKdTQ=">AAAC2XicjVHLSsNAFD2Nr1pf9bFzM1gEVyURQTdC0Y3LCrYV2lKS6bQG8yKZFGrpwp249Qfc6g+Jf6B/4Z0xBbWITkhy5tx7zsy914k8N5Gm+ZozZmbn5hfyi4Wl5ZXVteL6Rj0J05iLGg+9ML507ER4biBq0pWeuIxiYfuOJxrO9amKNwYiTtwwuJDDSLR9ux+4PZfbkqhOcas1EHxUHbNj5jON+2PWKZbMsqkXmwZWBkrIVj UsvqCFLkJwpPAhEEAS9mAjoacJCyYi4toYERcTcnVcYIwCaVPKEpRhE3tN3z7tmhkb0F55JlrN6RSP3piUDLukCSkvJqxOYzqeamfF/uY90p7qbkP6O5mXT6zEFbF/6SaZ/9WpWiR6ONI1uFRTpBlVHc9cUt0VdXP2pSpJDhFxCncpHhPmWjnpM9OaRNeuemvr+JvOVKza8yw3xbu6JQ3Y+jnOaVDfL1tm2To/KFVOslHnsY0d7NE8D1HBGaqokfcNHvGEZ6Np3Bp3xv1nqpHLNJv4toyHD6BTlvk=</latexit>

vlim
<latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit><latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit><latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit><latexit sha1_base64="WiOnTFf5OqKQfD6+HqKDAPbmF18="></latexit>

1

2
Cd⇢Sv

2
lim = mg

<latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit><latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit><latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit><latexit sha1_base64="6Kym1Nn64OzT+CwfqihYrpO31EM="></latexit>

~a = g

✓
�~uy �

v2

v2lim
~uv

◆

<latexit sha1_base64="M3YiIZPj2e6b+trHb9DmXZnVX4g="></latexit><latexit sha1_base64="M3YiIZPj2e6b+trHb9DmXZnVX4g="></latexit><latexit sha1_base64="M3YiIZPj2e6b+trHb9DmXZnVX4g="></latexit><latexit sha1_base64="M3YiIZPj2e6b+trHb9DmXZnVX4g="></latexit>

~v
<latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit><latexit sha1_base64="ljb+Qizcm93BueJzuJ8Uz3Cyl34="></latexit>

~g
<latexit sha1_base64="Ue565OgHHjLr6IBEVD8lTqg8Zjw="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="boJWnDTEFFSu9rBGxiPtup0yr0M="></latexit><latexit sha1_base64="2HDm8/83THufeGvEYa0DRDOh8r4="></latexit>

y

x

Ft = mg
v2

v2lim
<latexit sha1_base64="X3j1boZ8AQX+6NWC3O41pJB8XvM="></latexit><latexit sha1_base64="X3j1boZ8AQX+6NWC3O41pJB8XvM="></latexit><latexit sha1_base64="X3j1boZ8AQX+6NWC3O41pJB8XvM="></latexit><latexit sha1_base64="X3j1boZ8AQX+6NWC3O41pJB8XvM="></latexit>

lundi 20 janvier 20
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◆

<latexit sha1_base64="rYhvba2+Nh7rhuRgkEzv/HHE3m8=">AAADT3icjVFdT9swFL1Jx0e7AQUkXvYwa9UQCFElFRK8IFXwwiOTVkCiUCWu21o4H3KciirKH+Df7WniH8Abb7whrj0zDRBsjpIcn3vOsa8dpoJnyvOuHbfyYWp6ZrZa+/hpbn6hvrh0lCW5pKxDE5HIkzDImOAx6yiuBDtJJQuiULDj8GJf14/HTGY8iX+oScrOomAY8wGngUKqV7/qDmRAi/5567Is+uq8VZLVXbJJhuR3YV wW414heFTqkhUbadnt1v6YJy/Ngg3UGvHJxns5xoUzyYcjtd6rN7ymZwZ5DXwLGmDHYVL/BV3oQwIUcoiAQQwKsYAAMnxOwQcPUuTOoEBOIuKmzqCEGnpzVDFUBMhe4HeIs1PLxjjXmZlxU1xF4CvRSeAbehLUScR6NWLquUnW7FvZhcnUe5vgP7RZEbIKRsj+y/ek/F+f7kXBAHZMDxx7Sg2ju6M2JTenondO/upKYUKKnMZ9rEvE1DifzpkYT2Z612cbmPqNUWpWz6nV5nCrd4kX7L+8ztfgqNX0vab/favR3rNXPQuf4Sus4X1uQxsO4BA6mH3nrDhfHOL+dO/dh4qVuo4Fy/BsVKqPp5vB3w==</latexit><latexit sha1_base64="rYhvba2+Nh7rhuRgkEzv/HHE3m8=">AAADT3icjVFdT9swFL1Jx0e7AQUkXvYwa9UQCFElFRK8IFXwwiOTVkCiUCWu21o4H3KciirKH+Df7WniH8Abb7whrj0zDRBsjpIcn3vOsa8dpoJnyvOuHbfyYWp6ZrZa+/hpbn6hvrh0lCW5pKxDE5HIkzDImOAx6yiuBDtJJQuiULDj8GJf14/HTGY8iX+oScrOomAY8wGngUKqV7/qDmRAi/5567Is+uq8VZLVXbJJhuR3YV wW414heFTqkhUbadnt1v6YJy/Ngg3UGvHJxns5xoUzyYcjtd6rN7ymZwZ5DXwLGmDHYVL/BV3oQwIUcoiAQQwKsYAAMnxOwQcPUuTOoEBOIuKmzqCEGnpzVDFUBMhe4HeIs1PLxjjXmZlxU1xF4CvRSeAbehLUScR6NWLquUnW7FvZhcnUe5vgP7RZEbIKRsj+y/ek/F+f7kXBAHZMDxx7Sg2ju6M2JTenondO/upKYUKKnMZ9rEvE1DifzpkYT2Z612cbmPqNUWpWz6nV5nCrd4kX7L+8ztfgqNX0vab/favR3rNXPQuf4Sus4X1uQxsO4BA6mH3nrDhfHOL+dO/dh4qVuo4Fy/BsVKqPp5vB3w==</latexit><latexit sha1_base64="rYhvba2+Nh7rhuRgkEzv/HHE3m8=">AAADT3icjVFdT9swFL1Jx0e7AQUkXvYwa9UQCFElFRK8IFXwwiOTVkCiUCWu21o4H3KciirKH+Df7WniH8Abb7whrj0zDRBsjpIcn3vOsa8dpoJnyvOuHbfyYWp6ZrZa+/hpbn6hvrh0lCW5pKxDE5HIkzDImOAx6yiuBDtJJQuiULDj8GJf14/HTGY8iX+oScrOomAY8wGngUKqV7/qDmRAi/5567Is+uq8VZLVXbJJhuR3YV wW414heFTqkhUbadnt1v6YJy/Ngg3UGvHJxns5xoUzyYcjtd6rN7ymZwZ5DXwLGmDHYVL/BV3oQwIUcoiAQQwKsYAAMnxOwQcPUuTOoEBOIuKmzqCEGnpzVDFUBMhe4HeIs1PLxjjXmZlxU1xF4CvRSeAbehLUScR6NWLquUnW7FvZhcnUe5vgP7RZEbIKRsj+y/ek/F+f7kXBAHZMDxx7Sg2ju6M2JTenondO/upKYUKKnMZ9rEvE1DifzpkYT2Z612cbmPqNUWpWz6nV5nCrd4kX7L+8ztfgqNX0vab/favR3rNXPQuf4Sus4X1uQxsO4BA6mH3nrDhfHOL+dO/dh4qVuo4Fy/BsVKqPp5vB3w==</latexit><latexit sha1_base64="rYhvba2+Nh7rhuRgkEzv/HHE3m8=">AAADT3icjVFdT9swFL1Jx0e7AQUkXvYwa9UQCFElFRK8IFXwwiOTVkCiUCWu21o4H3KciirKH+Df7WniH8Abb7whrj0zDRBsjpIcn3vOsa8dpoJnyvOuHbfyYWp6ZrZa+/hpbn6hvrh0lCW5pKxDE5HIkzDImOAx6yiuBDtJJQuiULDj8GJf14/HTGY8iX+oScrOomAY8wGngUKqV7/qDmRAi/5567Is+uq8VZLVXbJJhuR3YV wW414heFTqkhUbadnt1v6YJy/Ngg3UGvHJxns5xoUzyYcjtd6rN7ymZwZ5DXwLGmDHYVL/BV3oQwIUcoiAQQwKsYAAMnxOwQcPUuTOoEBOIuKmzqCEGnpzVDFUBMhe4HeIs1PLxjjXmZlxU1xF4CvRSeAbehLUScR6NWLquUnW7FvZhcnUe5vgP7RZEbIKRsj+y/ek/F+f7kXBAHZMDxx7Sg2ju6M2JTenondO/upKYUKKnMZ9rEvE1DifzpkYT2Z612cbmPqNUWpWz6nV5nCrd4kX7L+8ztfgqNX0vab/favR3rNXPQuf4Sus4X1uQxsO4BA6mH3nrDhfHOL+dO/dh4qVuo4Fy/BsVKqPp5vB3w==</latexit>
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Deuxième	opAon	:	ordinateur
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Deuxième	opAon	:	ordinateur
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Deuxième	opAon	:	ordinateur

63Janvier 2020La physique du sport

Modèle et approche numérique validés !
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Résultats	expérimentaux
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DéterminaAon	de	la	portée	maximale

65Janvier 2020La physique du sport

Deux paramètres à déterminer :

- vitesse initiale maximale (CI) : records

- vitesse limite : mesurée en soufflerie
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DéterminaAon	de	la	portée	maximale

66Janvier 2020La physique du sport

Volant de badminton :
- vitesse initiale maximale : 117 m/s
- vitesse limite : 6,7 m/s 

 Angle optimal = 45°

portée ~ 1500 m
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DéterminaAon	de	la	portée	maximale

67Janvier 2020La physique du sport

Volant de badminton :
- vitesse initiale maximale : 117 m/s
- vitesse limite : 6,7 m/s 

 Angle optimal < 45°

portée ~ 15 m
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DéterminaAon	de	la	portée	maximale

68Janvier 2020La physique du sport

Volant de badminton :
- vitesse initiale maximale : 117 m/s
- vitesse limite : 6,7 m/s

Sans traînée :
portée proportionnelle au 
carré de la vitesse
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DéterminaAon	de	la	portée	maximale

69Janvier 2020La physique du sport

Volant de badminton :
- vitesse initiale maximale : 117 m/s
- vitesse limite : 6,7 m/s 
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DéterminaAon	de	la	portée	maximale

70Janvier 2020La physique du sport

Volant de badminton :
- vitesse initiale maximale : 117 m/s
- vitesse limite : 6,7 m/s 

 

Portée peu sensible à vitesse initiale : mur aérodynamique
 

«p
or

té
e»

 

«carré de la vitesse»
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Et	pour	les	autres	sports	?

71Janvier 2020La physique du sport

	Résultats	Arés	de	:	
On	the	size	of	sport	fields,	Darbois-Texier	et	al.,	New	Journal	of	Physics	(2014)
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Et	pour	les	autres	sports	?

72Janvier 2020La physique du sport

	Vitesse	iniAale	maximale
	Vitesse	limite
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Et	pour	les	autres	sports	?

73Janvier 2020La physique du sport

Angle	opAmal
Portée
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Et	pour	les	autres	sports	?

74Janvier 2020La physique du sport

Portée
Taille	du	
terrain
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Et	pour	les	autres	sports	?

75Janvier 2020La physique du sport

Taille des terrains de 
sport pas si arbitraire !

 

Source:	On	the	size	of	sport	fields,	Darbois-Texier	et	al.,	New	Journal	of	Physics	(2014)
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Et	pour	les	autres	sports	?

76Janvier 2020La physique du sport

Taille des terrains de 
sport pas si arbitraire !

2 types de sports : 
 - sans murs (noir)
 - avec murs (rouge) 
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Et	pour	les	autres	sports	?

77Janvier 2020La physique du sport

Taille des terrains de 
sport pas si arbitraire !

2 types de sports : 
 - sans murs (noir)
 - avec murs (rouge) 

Hors du terrain = 
points ou pas ?
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Peut-on	améliorer	ce	classement	?

78Janvier 2020La physique du sport

A jouer badminton semble plus proche 
du tennis que du handball mais peu 
visible sur ce graphe.

Idée : comparer aussi le temps que 
met le projectile à traverser le terrain
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Peut-on	améliorer	ce	classement	?

79Janvier 2020La physique du sport

A gauche : sports de précision
A droite : sports de cible

En haut : sports «lents»
En bas : sports de réflexe

 

Source:	On	the	size	of	sport	fields,	Darbois-
Texier	et	al.,	New	Journal	of	Physics	(2014)
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Pour	aller	plus	loin
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Comment	améliorer	encore	la	portée	?

81Janvier 2020La physique du sport

Football : portée = 75 m pour le tir le 
plus puissant enregistré (180 km/h)...

Mais dégagements de gardien 
quasiment aussi lointains 

lundi 20 janvier 20



Comment	améliorer	encore	la	portée	?

82Janvier 2020La physique du sport

Football : portée = 75 m pour le tir le 
plus puissant enregistré (180 km/h)...

Mais dégagements de gardien 
quasiment aussi lointains 

Cause : rotation du ballon («slice») 
donc effet Magnus
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Comment	améliorer	encore	la	portée	?

83Janvier 2020La physique du sport

Structure des balles de golf

La crise de trainée

La trainée peut être plus faible à haute vitesse !

Ft =
1

2
Cd⇢Sv

2
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Comment	améliorer	encore	la	portée	?

84Janvier 2020La physique du sport

Augmentation de la vitesse : régime laminaire -> turbulent

Couche limite turbulente plus stable : moins de tourbillons, 
donc moins de trainée

Source:	Thèse	de	doctorat	de	Amélie	Danlos
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Comment	améliorer	encore	la	portée	?

85Janvier 2020La physique du sport

Structure des balles de golf

Source	:	The	physics	of	football,	Physics	world	(1998)
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Comment	améliorer	encore	la	portée	?

86Janvier 2020La physique du sport

Ultimate
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Comment	améliorer	encore	la	portée	?

87Janvier 2020La physique du sport

Ultimate : force de portance
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Conclusion

88Janvier 2020La physique du sport

La	résoluAon	numérique	d’équaAons	différenAelles	est	un	
ouAl	très	performant.
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Conclusion
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Permet	de	résoudre	des	problèmes	
de	manière	approchée	de	manière	
rapide	et	saAsfaisante
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ouAl	très	performant.
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Conclusion
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Permet	de	résoudre	des	problèmes	
de	manière	approchée	de	manière	
rapide	et	saAsfaisante

Classement	«physique»	des	sports

La	résoluAon	numérique	d’équaAons	différenAelles	est	un	
ouAl	très	performant.
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Conclusion

88Janvier 2020La physique du sport

Permet	de	résoudre	des	problèmes	
de	manière	approchée	de	manière	
rapide	et	saAsfaisante

Classement	«physique»	des	sports

Possibilité	d’améliorer	les	programmes	pour	
prendre	en	compte	à	chaque	fois	des	
correcAons	(portance,	effet	Magnus,	etc)

La	résoluAon	numérique	d’équaAons	différenAelles	est	un	
ouAl	très	performant.
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" Ce que je sais de la morale, c’est 
au football que je le dois. "
Albert Camus

Sources	:
• «Tartaglia,	zigzags,	flips»	:	les	parAcules	denses	à	haut	Reynolds,	B.	

Darbois-Texier	
• On	the	size	of	sport	fields,	Darbois-Texier	et	al.,	New	Journal	of	

Physics	(2014)
• The	physics	of	football,	T.	Asal	et	al.,	Physics	world	(1998)
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