Physics of sports

C. Cohen, B. Darbois Texier, G.Dupeux



Soft Matter Group

s 4

v ESPC

Parislech

smart surfaces

soft surfaces

POLYTECHNIQUE




« Don’t cry, you will only bury my body. »
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THE »
PHYSICS OF
SPORTS

The Physics of Sports
Edited by Angelo Armanti in 1992

Aristote (384-322 B.C.) and the Physics of Sports in
his treatise on the Progression of Animals:

“Hence athletes jump farther if they have the weights in their hands
than if they have not, and runners run faster if they swing their arms”
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Pok a Tok (Maya-Mexique, 3000 BC)

Tsu Chu (China, 5000 BC)

?? (Egypt, 3000 BC) Episkyros (Gréce, 800 BC)
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Danmark: Back, f. I. t. r. (above) two officials, Harald Hansen, Harﬂd Bohr, "Sophus" Nielsen,

Marius Andersen, Oskar Nielsen; Back, f. I. t. r. official, Johannes s Williams
(coach), Charles von Buchwald, Bjgrn Rasmussen, "Kristian" Middelboe, Nils Middelboe, Ludwig
Drescher; Middle, f. I. t. r. August Lindgren, Knud Hansen, H. P. Katberg (DBU/official), Ludvig
Sylow (DBUJ/official), Dr. Jgrgen Jensen (DBU/official), Vilhelm Wolfhagen; Front, f. |. t. r. @dbert
Bjarnholt, Magnus Beck, Einar Middelboe.







The English Plan

Depending on the wind, the striker’s position may vary

C. REEP AND B. BENJAMIN 1968 Skill and Chance in Association Football. In
Journal of the Royal Statistical Society. Series A (General) 131 pp. 581-585.

C. REEP, R. PoLLARD AND B. BENJAMIN 1971 Skill and Chance in Ball
Games. In Journal of the Royal Statistical Society. Series A (General) 134
pp. 623-629.



NETHERLANDS ARGENTINA

FIFA World Cup 98
90th Minute Quarterfinal
Assist: Frank de Boer

Goal: Dennis Bergkamp
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Joueur

David Hirst
David Beckham
David Trezeguet
Richie Humphreys
Matt Le Tissier
Alan Shearer
Roberto Carlos

Uo (m/s)

o1
44
43
42.8
39
38.3
38.1

Match

Sheffield / Arsenal (16/09/96)

Man Utd / Chelsea (22/02/97)
Monaco / Man Utd (19/03/98)
Sheffield / Aston Villa (17/08/96)
Southampton / Newcastle (18 /01/97)
Newcastle / Leicester (02/02/97)
Brésil / France (03/06/97)
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U* U (m/s)
dU 1
M— = ——p7rR2C'D‘U‘Q (straight line)
dt 2
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Heavy kick from Steven Reid (déc 2005- BlackBurn/Wigan)
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NETHERLANDS ARGENTINA

FIFA World Cup 98
90th Minute Quarterfinal
Assist: Frank de Boer

Goal: Dennis Bergkamp
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soccer 450 21 40

baseball 145 7.0 40 1.9e+05
volley 210 21 20 2.8e+05




L cos b

On the size of pitches
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The optimal angle is not 45°
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LES BOMBES

PAR MONSIBEUR BLONDEL MARECHAL
de Camp aux Hrmées dv Ruy , @ oy - devame Maitre
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¢t in fine defcenfus deor-
fum quz erant ut BF ad
FAj; nec non et longirudi-
num afcenfus et defcenfus

" qua erant item ut BF ad

FA. Item curvam jadtus
ipfi BDA proportionalem
manere, Quodfitamenma-
nente cadem celerirace fur-
fum, celeritas in longicudi-
nem minor ponatur, fiet
amplitudo ja&us propor-
tionaliter minor, ut {i cele-
rims in longitudinem fic
tancum 3 GK, fiet er am-
plitudo jactus 20 § BA.

§ 8. [Mouvement hori-
zontal gvec une vitefle
initiale égale  la ,,vitefTe
terminale™.]

AX®© [Fig. 62] eft Curva Logarithmica five
Logiftica, B4s afymptotos ejus. Si corpus per me-
dium refiftens feratur fuper planomoru horizontali,
firque refiftentia uc celeritas. temporis autem par-
ticulz 2quales defignentur particulis &qualibus
By, nf, &c. celeritas autem corporis initio motus
defignetur recta BA, initio vero fecundi temporis
rectd #R. Erunt deinceps §W, :Z celeritates initio
fequentium temporum 64, ix, &c. Quia ficut cele-

ritates AB ad Ry, W4, ita debent elle decrementa celeritatum
ob refitentiam, nempe Ry, Vv, Zx. quod hic contingit. namn
ex proprietate curva, proportionales continué funt AB, Ry,
W6 &c.undeet carum differentiz in eadem ratione decrefeunt.

Hinc fi corpus horizontali motu impellatur, atque ea cele-
ritate quam cadendo per medium refiftens maximan acquirere
potelt, ac rurfus idem corpus eadem hac celeritate furfum

sance de la vitesse du mobile: les résistunces éprouvées par les deux mobilesanxiliaires peuvent
alors &tre considérées comme des projections de la résistance éprouvée par le corps lul-méme.
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Position du mur aérodynamique pour differents projectiles
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Phys. Rev. Lett. 88, 014502 (2001) Path Instability
of a Rising Bubble
Magnaudet J., Mougin G.

Trailing Vorticity 3D Trajectory







Fundamental aerodynamics of the soccer ball

T. Asai,* K. Seo,t 0. Kobayashi* and R. Sakashita®
Sports Engineering (2007) 10, 101-110
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The Roberto Carlos spiral
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Vienna, 27 Maggio 1987
Porto - Bayern Monaco 2-1
77 MADJER (1-1)
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When and why?
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Toe poke as the emergency kick
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a poor and illiterate boy
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Phyllotaxis as a Physical Self-Organized Growth Process

S. Douady"" and Y. Couder

Laboratoire de Physique Statistique, 24 rue Lhomond, 75231 Paris CEDEX 05, France
(Received 12 November 1991)
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La Fillette au Volant — Jean Siméon Chardin 1741




Jean Perrin, 1870-
1942



Foot et physique statistique
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Fig 1 : 7 consecutive passes Fig 2 : A sequence of 45 seconds
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