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Laplacian in spherical coordinates
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Potential flow around a sphere and Magnus 
effect
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sphere
Due to high speed flow 
at the top of the sphere, 
we expect a low pressure 
at the top of the sphere. 
This pressure results in a 
lift force on the 
hemsiphere.

Solid hemisphere on a flat plate

Potential

Note: symmetry in ϕ
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Solutions of the Laplace equation

where

General solution

Boundary condition
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We need only the term n=1. It would be complicated (probably impossible) to satisfy 
this condition for any n. 

Thus
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Velocity
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Pressure in r=a

Lift force
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Hemisphere weight

Buoyant force

Condition for the hemisphere to remain on the plate



D’Alembert’s paradox: In 
irrotational flow , the
aerodynamic drag force 
on any body of any shape 
immersed
in a uniform stream is 
zero.

“It seems to me that the theory 

(potential flow), developed in all 
possible rigor, gives, at least in 
several cases, a strictly vanishing 
resistance, a singular paradox which I 
leave to future Geometers [i.e. 
mathematicians - the two terms were 
used interchangeably at that time] to 
elucidate” 
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Drag force
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In a real flow, the pressure on the back surface of the body is significantly
less than that on the front surface, leading to a nonzero pressure drag on
the body. In addition, the no-slip condition on the body surface leads to a 
nonzero viscous drag as well. 

Thus, the irrotational flow falls short in its prediction of aerodynamic drag
for two reasons: it predicts no pressure drag and it predicts no viscous
drag.


