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The Equation of motions

m& =Fp+F.+Fs+m (1)
gz D L S 4
where

1 12 2

FD = §pA|X‘ CD (—X) (2)
1 . o

FL= EPA|X|2CL” 3)
1 : ” oA

Fs = 5pA|x|2C5 (A x ) (4)

@ p is the density of the air, a is the ball radius , w is the
angular velocity

@ U is the velocity of the ball , 1 is the dynamic air viscosity
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If Spin is zero, C; = 0 and Cs = 0 The coefficients C;, Cs and Cp

depend on
° U.
a
Re = p— 5
. (5)
° aw
Sp=— 6
P=7 (6)
°
k
Roughness = 3 (7)
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ball keep cutving

2x107° Re(~velocity)
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aratVt—p V' dragl (o)
S

Top spin
~—

@/ Force ~ pressure

V drag “pb

airatV — p+ result is the ball goes down.
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Ball Flight Differential Equation

d?x dx dy
=2 = v kg— — kysiny—-
V< d /Sln’}/dt>

dt? dt

d?y dy dz . dx

P —v (k"E + ki <cos*yE + smfya>>

d’z dz dy

F =—8—V <kda — k/COS’}/E) (8)
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Dimensional Equation

&—ksin Qz
a2~ T g

d?y dy '\
— L= k(2
dt? dt

d?z dy ?
i —g + kjcosy <E> 9)
with solution
1, .
y(t) = k—d/n(l + Yokgt) (10)
. ki . y . ki . P
x(t) = ot — 5 sinyIn(L+ yokat) + 1 sinyyot (11)
2 d

1 k : k
2(t) = Zot — - gt? — —LcosyIn(1 + yokgt) + - cosyyot (12)
2 kd kd
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By expanding In (1 + kdy(')t) for small kgyot (kg ~ 1072, yo ~ 20

), we have
, , 1,
In (1 + kdyot) ~ kqyot + 5/((2,)/021'2 (13)
Hence, we obtain
. o t2
y(t) = yot — kaYo 5 (14)
#2
x(t) = Xot + k/sin’yy'025 (15)
. t2 .5
(1) = 20t — 5 (g — kicosi?) (16)
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What use is this?

(or How do | use this knowledge to beat Ajax?)

2

. .ot
y(t) = yot — deO2§ (17)
t2
x(t) = xot + k,sin'yy'025 (18)
. t2 5
z(t) = Zpt — > (g — kyjcosyyo ) (19)

Forward motion depends on k4, yo
Swerve depends on ky, sinvy, yo

pACq PAG
= k/ =

k 2
d 2m 2m (20)
Cd = Cd(Re, Sp, RO) C/ = C,(Re, Sp, RO) (21)
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Difference in ball behaviour between cities

| can kick the ball with a certain amount of spin so how does ball
behaviour differ between cities

Motion depends on Re, Ro

Ro accounts for pattern and smoothness

Re = pUa/u — p varies significantly

p(CT) ~ 1.29kg/m> hence Re high

p(JB) ~ 1.04kg/m3 hence Re low

Drag higher in CT - CT players expect more curve
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What ball to use?

Ca
‘
‘

| Re_crit

2x10°° Re(—velocity)

When Re > Regj: ball keeps on curving
Increasing Ro decreases R
(Reverse Magnus around Regj ... Jabulani)

Playing in Jo'burg
T90 is dimpled, so curves best, hence play with smooth ball
(and/or smaller ball)

Playing in CT
Practice with T90 (and/or larger ball) (and hope they choose a
smooth ball)
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