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Sports Ball Dynamics 

Trajectory of sports balls (tennis, cricket, soccer, ping-pong, baseball, 

golf, etc.) complex and counterintuitive, e.g., curve, swing, hook, 

swerve, slice, etc. Effects spin important. 

Cricket Ball 

 

 

Looking downward bends to left outswinger vs. inswinger with seam 

opposite direction and upward force 

1 mm high seam whose orientation bends flight path for speeds ~ 30 

m/s, i.e., 𝑅𝑒 ~ 105 < 𝑅𝑒𝑐𝑟𝑖𝑡 = 5 × 105 since seam trips lower side 

BL inducing turbulent flow while upper side remains laminar 

A similar potential flow 𝐶𝑝 = 1 −
9

4
sin2 𝜃 |𝜋/2 = −

5

4
 vs. B viscous 

flow higher 𝐶𝑝 ∴ downward side force 
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upward force exerted on fluid by ball ⇒ downward force on ball by 

fluid 

Back spin prevents wobble. Side force 40% weight. Deflection ∝

𝑡𝑖𝑚𝑒2  ⇒ parabolic path that bends as much as 0.8 m when reaches 

batter. 

Too slow no bending as seam not effective trip BL 

Too fast both sides turbulent also old ball roughness induces turbulence 

both sides 

Effects humidity also causes swing but not yet explained since such 

effects only change Re by 2% and not enough affect separation. 

  

delayed 

separation 

seam side  

 → 

wake deflected 

upward  

40∘ release angle 
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Tennis Ball 

Bending due spin: top spin curves downward back spin flatter path. 

Similar Γ as per cylinder flow with vortex but in this case, differences 

Re < Recrit (especially for top spin) due asymmetric BL 

Separation: deflection rotating sphere called Robins effect 

 

 

Larger relative velocity lower side 𝑅𝑒 < 𝑅𝑒𝑐𝑟𝑖𝑡 transition lower side 

 

𝑅𝑒 < 𝑅𝑒𝑐𝑟𝑖𝑡: negative Magnus effect, i.e., opposite side force to that 

with Γ same sense on sphere rotation 

𝑅𝑒 > 𝑅𝑒𝑐𝑟𝑖𝑡: both sides turbulent ∴ positive Magnus effect 

 

 

Super critical Re θ𝑆 moves 

back to upstream  

 

𝑅𝑒𝑐𝑟𝑖𝑡 = 5 × 105 

negative Magnus  

positive Magnus  

Top spin  
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Baseball 

𝑅𝑒~1.5 × 105 

 

Curveball: side spin to bend away from throwing arm 

 

Screw ball: opposite 

 

Knuckle ball: no spin and path dependent orientation seam as per 

cricket ball but in this case irregular trajectory due seam pattern 
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