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Sport et matériaux 
pour la performance

collaboration avec Martin Fourcade

collaboration avec Lydéric Bocquet - ENS ULM
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Emmanuel	  du	  Pontavice

Sport de glisse et 
transport à faible 

cout
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races weightlifting

jumps throwns

Caroline Cohen,
Guillaume Laffaye
Loïc Auvray
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Stade 
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1.M0
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M0 +M (kg)

M0 (kg)
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M0S M0H
M0
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M0S M0H
M0

M0S =
8

27
M0H

M0S ≈ 0.296 M0H
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M/2 M/2

M0

Hossein	  Reza	  Zadeh	  (Iran)

M0 = 190kg
M = 263kg
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M/2 M/2

M0

Hossein	  Reza	  Zadeh	  (Iran)

M0 = 190kg
M = 263kg

M0S

M0H
=

190

635
≈ 0, 299
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Hossein	  Reza	  Zadeh	  (Iran)
Record	  du	  monde	  à	  l’épaulé-‐jeté	  (+105kg)	  

M0 = 190kg
M = 263kg

M/2 M/2

M0

vendredi 17 juin 2016



19

vendredi 17 juin 2016



20

vendredi 17 juin 2016



(s)t

z (cm)

0 0.5 1 1.5 2
0

5

10

15

20

25

30

35

40

45

50

t (s)

z 
(c

m
)

 

 

M = 20 kg
M = 60 kg
M = 80 kg
M = 100 kg
M = 120 kg
M = 140 kg
M = 160 kg
M = 180 kg
M = 200 kg
M = 220 kg

v (cm/s)

(s)t
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

50

100

150

200

250

t (s)

v 
(c

m
/s

)

 

 

M = 20 kg
M = 40 kg
M = 60 kg
M = 80 kg
M = 100 kg
M = 120 kg
M = 140 kg

z = 0

z = L

z

t = 0 tt = 0.35s t = 0.70s t = 1.05s

Greg (M0 = 114kg)

vendredi 17 juin 2016



22

vendredi 17 juin 2016



vendredi 17 juin 2016



zM ∼ t3
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F

F0
=

1− v/vmax

1 + (F0/a) .v/vmax

équaCon	  de	  A.V.Hill	  (1938)
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L1 ∼ 1 m
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L1 ∼ 1 m

L2 ∼ 10 nm
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L1 ∼ 1 m

L1

L2
∼ 108

L2 ∼ 10 nm
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Deshcherevski	  V.I.
1939-‐1975
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Deshcherevski	  V.I.
1939-‐1975
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v = vs.Ns

F = Fs.Np

du	  sarcomere	  au	  muscle
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M0 = 114 kg

M∗ = 230 kg
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Loïc AUVRAY

Amyotrophic Lateral Sclerosis (ALS)
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Loïc AUVRAY

Amyotrophic Lateral Sclerosis (ALS)

Amyotrophic lateral sclerosis (ALS), 
sometimes called Lou Gehrig's disease, 
is a rapidly progressive, invariably fatal 
neurological disease that attacks the 
nerve cells (neurons) responsible for 
controlling voluntary muscles (muscle 
action we are able to control, such as 
those in the arms, legs, and face). The 
disease belongs to a group of disorders 
known as motor neuron diseases, 
which are characterized by the gradual 
degeneration and death of motor 
neurons.
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!"#$%&' M = 75 kg dt = 0.4 s

Campillo	  2012
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The Physics of Rowing

A matter of synchronization ?

Jean-Philippe Boucher 
Romain Labbé

Timothée Mouterde 

vendredi 17 juin 2016



Men's Four Rowing Final - London 2012 Olympics
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Men's Four Rowing Final - London 2012 Olympics

V
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Why should rowers desynchronize ?

Re ∼ 106 Fdrag ∼ 1

2
ρSV 2For                 , 
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Why should rowers desynchronize ?

Re ∼ 106 Fdrag ∼ 1

2
ρSV 2

Mean power dissipated during one cycle :

For                 , 

T

2∆V

P ∼ FdragV ∼ 1

2
ρSV

3

�
1 + 3

�
∆V

V

�2
�
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Re ∼ 100

How do shrimps swim ?
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Re ∼ 100

How do shrimps swim ?
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Design of a remote rowing boat with 8 rowers

1/10 scale

2 m

20 m

3 m 

30 cm  
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Same mass ratio between the boat and the rower

Real Life

Lab Life
Mboat

Mrower
∼ 1.4

Mboat = 350 g

Mboat = 150kg

Mboat

Mrower
∼ 1.5
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Synchronous state : φ = 0

vendredi 17 juin 2016



Synchronous state : φ = 0
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τout τin

2∆Vsynch

∆Vsynch

Vsynch
= 0.12

∆V

V
≈ 0.2
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Asynchronous state : φ = 45◦
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Asynchronous state : φ = 45◦
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∆Vasynch

Vasynch
= 0.02

2∆Vasynch
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Vblade/w

Vboat/w

vrower/boat
Fprop ∼ ρSbladeV 2

blade/w

Propulsive force
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Vblade/w

Vboat/w

vrower/boat
Fprop ∼ ρSbladeV 2
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