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Sport et matériaux
pour la performance

collaboration avec Martin Fourcade

collaboration avec Lydéric Bocquet - ENS ULM

Pesk performance wa 10 be wed n all new and old homd ond wet
oW wndtions. Due 1 the high wnceniraton of Muorarbon ths wex
o ghves, ox et sy on very daty ar kg wow
MosBy used done v probessond sest, WA can be used withf 1 and
O i top ey withadded abrrtan risinoe guaransend ovin an lon
ger tades o with haesh aystal snow conditons.

VAZ+30g
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This excelent wax has 3 wide apphcation range and 3 skong re-
sponte agaimt det and corse graned sow and artficll snow
conditions. Remember that aticail snow is noemaly a very
hamid condition, even § the relative air hurmidity & low. W
should never nun short in the professional skl man's (ase

VA4-309

2°/-6°C RH 60-95% - /I 130°C

This wax & perfectly Semelaied with hard synthetic paraltins
3 fhioro compeunds. VAS responds ovtandingly with bems
vansiormed sHow, (0rse grain and on intermedately cobkd ar
Blical snow. Perlect base for £1 in particulr cold Laling or new
SHOW CONSTIoNS.

VA6-30g
~4%/-12%¢C RH 60-95% 140%¢C

VAB & the hardest was of s Ine and can be wed alone in very cold
0w with high relative air humidity in s Gse, the high content
of fhuoro hars & beneficial effect Sor the wacosity of the wax and on
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Ensémble Inventons le Futur

beyond the sea
by Yves Parlier

Emmanuel du Pontavice
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OPTIMAL VELOCITY IN A RACE . The American Mathematical Monthly >
Vol. 81, No. 5, May, 1974

JOSEPH B. KELLER

1. Formulation. We wish to determine how a runner should vary his speed o(f)
during a race of distance D in order to run it in the shortest time. Previously we
formulated this problem in the following way [1]:

The time T to run the race is related to (¢) and D by

T
(1.1) D -'J; o(t) dt.
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http://www.jstor.org/action/showPublication?journalCode=amermathmont
http://www.jstor.org/stable/10.2307/i315053
http://www.jstor.org/stable/10.2307/i315053

" The velocity v satisfies the equation of motion

OPTIMAL VELOCITY IN A RACE . The American Mathematical Monthly >
Vol. 81, No. 5, May, 1974

JOSEPH B. KELLER

1. Formulation. We wish to determine how a runner should vary his speed o(f)
during a race of distance D in order to run it in the shortest time. Previously we
formulated this problem in the following way [1]:

The time T to run the race is related to «(f) and D by

T
(1.1) D -'J; (1) dt.

(1.2)

Tbe !‘oi'oe f(t)\fs\oontrolled by the mnner, but it cannot exceed the maximum value F,

a4 S JOSF

\,
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o dv - Umax — U
(12) S .. R A S » = =

sy Al ‘,1;_ . dt . T,i

T Here 0 It isa rwlstlve force pgr ‘uni N and 7 is a given constant, whlle J(0) is the :
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- Here o/t is a resistive force per uni("
. rOpulswe foroe “unit_mass

OPTIMAL VELOCITY IN A RACE . The American Mathematical Monthly >

Vol. 81. No. 5. May, 1974

JOSEPH B. KELLER

1. Formulation. We wish to determine how a runner should vary his speed o(r)
during a race of distance D in order to run it in the shortest time. Previously we
formulated this problem in the following way [1]:

The time T to run the race is related to «(f) and D by

T
(1.1) D -'f (1) dt.
" The velocity o satisfies the equat:on of motion | ’
12) R L dv Uiz g v
| B+ - [C » = —
e b T dt ST

. and T is a given constant, w!nle J(@®)is thc

iy A ‘ ')? *‘ o &) 1&3‘: A, :: .
. 0-3)“ > 5‘:\" ' ' Iy t {-'““ ’ &k’ }, do) = o
'Tbe‘ ofoe f(t)\;s\oonmlled by the runner, but it cannot exceed the maximum value F,

(1 4 N JOSF.

The force also affects the quantlty E(1) of available oxygen in the muscles per
unit mass, since oxygen is consumed in reactions which release the energy used in’
running. Energy is used at the rate fo, and we assume that oxygen is supplied by
breathing and circulation at the rate &.in excess of that supplied in the non-running.
state. Then the oxygen balance equation is

(1.5) —2;-=0’—f0.

In (1.5) and elsewhere we measure oxygen in units of the amount of energy it would
yicld in a reaction. Initially

(1.6) E(0) = E,.
Since E(f) can never be negative, we have
.7n E(t)20.
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8
Moys = —= M,
08 = 5o MoH

MOS ~ 0.296 MOH
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Hossein Reza Zadeh (Iran)

M = 263kg
MO = 190kg
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Hossein Reza Zadeh (Iran)

M = 263kg
MO = 190kg

List of the heaviest people

From Wikipedia, the free encyclopedia

This is a list of the heaviest people recorded. The table includes each person's name, peak weig
individuals who weighed over 440 kg (970 Ibs).

Peak
Peak
Name 4 Country ¢ Sex ¢ B. ¢ D. ¢ Heights ¢ BMl ¢
AAAAAAA weight
(kg/m?)
Jon Brower United 1.85m 635 kg
M 1941 1983 185.5
Minnoch ‘ States ‘ (6t 1in) ‘ (1,400 Ibs)
Khalid Bi
B Saudi 173m  610kg
Mohsen . M 1991 living (518in) (1,345 Ibs) 204
Shaari?! ’
. 1.96 597
Manuel Uribe®! | Mexico M 1965 2014 m kg 174.5
(6ft5in) | (1,316 Ibs)
United 1.70m 544 kg
Carol Yager!®! F 1960 1994 188
9 States (5t 7in) | (1,200 Ibs)
1.78 m
nit 543 k
Watter Hudson | oted |y 444 1991 (5t 9 7
States ) (1,197 lbs)
10 in)
Francis John
United 1.88m 538 ki
Lang (Michael M 1934 Unknown ) 9 152
8 States (6ft2in) (1,187 Ibs)
Walker)[71€]
Michael 4
ichael United M 1953 2013 183m~ 499 kg 149
Hebranko States (6ft0in) | (1,100 Ibs)
1.77m
United 486 kg
Patrick Deuel M 1962 livi 5 ft 155
alree Dol gates ving ( ) (1,072 Ibs)
10 in)
Robert Earl United 1.84m  485kg
M 1926 1958 143
Hughes States (6 ft0in) | (1,069 Ibs)
Rosalie United F 1943 2008 1.68m 477 kg 169
Bradford States (5t 6in) | (1,053 Ibs)
Mayra Rosales United F 1980 livin 160m 470kg 183.5
J States 9 (51t3in) (1,036 1bs)
K th 4
enne United M 1968 living 68 kg
Brumley States (1,033 Ibs)
Mike United 1.90m 464 kg
M 1958 2003 128.5
Parteleno!®! States (6ft3in) | (1,023 Ibs)
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Hossein Reza Zadeh (Iran)
Record du monde a I'épaulé-jeté (+105kg)

M = 263kg
My = 190kg
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\

=i

Athlete H My Larm  Sarm Mpin M*
(m) (kg) (cm) (em?) (kg)  (kg)
Gregory 1,80 114 35 241 20 230
Guillaume 1,85 84 40,5 127 2 115
Michael 1,80 71 37 109 2 95
Georges 1,89 77 34,5 100 2 85
Maxime 1,75 66 38 92 2 85
Wilfried 1,82 72 40 103 2 85
Romain 1,90 78 38 103 2 65

19
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ol o Michael

;9 Gregory
o

(a)

Gregory

OM=20kg
M= 40kg
O M=60kg
OM=80kg
* M= 100 kg
+M=120kg
AM =140 kg (d)

Fig. 4. Barbell dynamics: vertical position 2y () and velocity 2z () for dif-
ferent masses of the barbell from M, i and M™ and for Michael (Mo = 71 kg,
M* = 105kg) on the left [(a) and (c)], and Gregory (Mo = 114kg, M* =
230 kg) on the right [(b) and (d)].
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10

Gregory

OM=20Kkg
o M =60 kg
o M=80kg
x M =100 kg
+M=120kg
AM =140 kg
o M=160kg
= M =180 kg
¢ M =200 kg
AM =220 kg
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mouvement = muscle + articulation

1 7

z=2Lcosy

Borelli — DeMotuAnimalium

r

(M, + 4M sin? ) L) + 4M L sinvp cospip? = (M, + 2M) gsintp — 2F -
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1 7
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(a) (b)

F(N)
250 | :
0y
150 |
100 | ]
50 | g
. T -
0 B T - =
0 1 2 3 4 5 6 7 8
v (m/s)

F 1 —v/Vmax

Fy T + (Fo/a) .v/Vmaz

équation de A.V.Hill (1938)

A. V. HILL, from a portrait by H. Andrew Freeth, A.R.A., 1957
in the possession of King's College, Cambridge.
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Hill’s equation

1+ Gi
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0.001
—— MM =01
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0,001 0,01 0.1 1 10 100 B8 10 12
tv/g/L tv/g/L
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Ficure 1 — (a) ”Study of arms”. Pen and ink paper by Leonard de Vinci (around 1510).
Paris, musée du Louvre (b) Illustration from Vesalius’ human anatomy [6] (c) Plate of
Borelli’s De motu animalium 7).
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Ficure 1 — (a) ”Study of arms”. Pen and ink paper by Leonard de Vinci (around 1510).
Paris, musée du Louvre (b) Illustration from Vesalius’ human anatomy [6] (c) Plate of
Borelli’s De motu animalium 7).
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X-Ray Analysis and the Problem of Muscle
H. E. Huxley

Proc. R. Soc. Lond. B 1953 141, doi: 10.1098/rspb.1953.0017, published

11 March 1953

Ficu 2z =eremrnordiorius muscle.  «, transverse (450 A Hex.); b, axial (420 A).

b
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H. E. Huxley

Proc. R. Soc. Lond. B 1953 141, doi: 10.1098/rspb.1953.0017, published

11 March 1953

a b
Ficu 2z =eremrnordiorius muscle.  «, transverse (450 A Hex.); b, axial (420 A).

Le 25 avril 1953
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X-Ray Analysis and the Problem of Muscle
H. E. Huxley

Proc. R. Soc. Lond. B 1953 141, doi: 10.1098/rspb.1953.0017, published

11 March 1953
2 Le 25 avril 1953

Ficu 2z =eremrnordiorius muscle.  «, transverse (450 A Hex.); b, axial (420 A).

HuxLey, A. F. (1957). Muscle structure and theories of contraction. Prog. Biophys.
biophys. Chem. 7, 265-318.

Myosin <
filament @

Actin
filament

Equilibrium position k—x—ii
of Msite ——» !
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TWO MODELS OF MUSCULAR CONTRACTION*

V. I. DESHCHEREVSKII

Institute of Biological Physics, U.S.S.R. Academy of Sciences, Pushchino (Moscow Region)

Biofizika 13: No. 5, 928-935, 1968.

(a) (b)

Deshcherevski V.I.
1939-1975

;"”
e 1}
e ‘*""‘ AP AA:\}-:

C B

Apparently, the first and only attempt of such a kind was made by Huxley [6] who showed
that a model based on the sliding hypothesis allows one quantitatively to explain the contractile
and thermal properties of the muscle. However, the mathematical description of the model in this
work is incorrect (see note, p. 1098).
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vendredi 17 juin 2016



Deshcherevski V.I.
1939-1975

vendredi 17 juin 2016



o

Deshcherevski V.I.
1939-1975
dn ap—(n+m) v
= — —n
dt T1 [
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Deshcherevski V.I.
1939-1975

dt m l
dm  vg m
- _n PR —

dt [ T2
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Deshcherevski V.I.

1939-1975
dn ap—(n+m) v
= — —n

dt T1 [
dm  vg m
Y _n _
dt l T2

Fs=f(n—m)

TIT2N + (7‘1 + 72 — ﬂG;Z) n + [1 — (L +71/72) G — T—laﬂ =1
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Bundie of
muscle fibers

Single muscle fiber
(cell)

Myofibril

du sarcomere au muscle

U

— V4.1V,

F,.N,
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Greg

LONGIUMEAY

M* = 230kg

250

v (em/s)

200+

-0.2
0

® M=20kg
® M=40kg
® M=60kg
® M=80kg
® M=100kg
® M=120kg
® M=140kg
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what’s new ?
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what’s new ?

dt G l
dm _vs —m
dt [ T2
Fs:f(n_m)
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what’s new ?

dt T

am _ v, m
dt [ T2
Fs=f(n—m)

Hill en stationnaire :

]. - ,U/,Uma,x
1

1+ EU/Umaa:

F = F,

Fo=oa.f Unar=1/T2 1/a=14+711/m
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what’s new ?

dt T

am _ v, m
dt [ T2
Fs=f(n—m)

Hill en stationnaire :

1 —v/Vmaz
1+ %v/vmm

F = F,

Fo=oa.f Unar=1/T2 1/a=14+711/m

36
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Loic AUVRAY

Amyotrophic Lateral Sclerosis (ALS)
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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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L’ambition de cette partie est de mettre au point un rhéomeétre musculaire
reposant sur un modele physique du muscle. Les innovations envisagées sont

multiples, soit pour 'amélioration des performances et des techniques d’entrai-
nement, soit pour l'identification précoce de pathologies.

(a)

]|

(b)

©

FIGURE 4.2 — (a) Haltere connectée (b) Analyse des lois de levée (c) diagnostic.
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Snatch M =T75kg dt=0.4s

) 2 ) P @ ¢
" L e &C i
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first transition second tumover catch
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— et ——t 0 %
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Campillo 2012
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The Physics of Rowing

A matter of synchronization ?

Jean-Philippe Boucher
Romain Labbé
Timothée Mouterde
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Men's Four Rowing Final - London 2012 Olympics
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Men's Four Rowing Final - London 2012 Olympics
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Why should rowers desynchronize !

1
For Re ~ 105 Farag ~ §pSV2
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Why should rowers desynchronize !

1
For Re ~ 105 Farag ~ 5,05‘/2

\E/S ..................... U R B I ZAV

vendredi 17 juin 2016



Why should rowers desynchronize !

For Re ~ 10°

Mean power dissipated during one cycle :

1
Fdra,g ™ §pSV2

5 6

Joar

(1 (3))
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How do shrimps swim !

Re ~ 100
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How do shrimps swim !

Re ~ 100
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Design of a remote rowing boat with 8 rowers

/10 scale
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Same mass ratio between the boat and the rower

Mpoat =350 g
Mboa,t
Mrowe'r

Lab Life
~ 1.4
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Synchronous state: ¢ =0
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Synchronous state: ¢ =0
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Asynchronous state : ¢ = 45°
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Asynchronous state : ¢ = 45°

1
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Vboat/w
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PUTNEY

( ondon Rou?md Club

try out TMAJOR HELLYERY
revolutionary expeniment,
defidned to do away with
checking the run of the boat”

in the orthodax etyle.
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Sports Physics
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