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Problem 2.2

The origin of the linear drag force on a sphere in a fluid is the viscosity of the fluid. According to
Stokes’s law, the viscous drag on a sphere is

fin = 3mnDv (2.82)

where 7 is the viscosity® of the fluid, D the sphere’s diameter, and v its speed. Show that this
expression reproduces the form (2.3) for fii,, with b given by (2.4) as b = SD. Given that the
viscosity of air at STP is 7 = 1.7 x 107° N - s/m?, verify the value of 3 given in (2.5).

Solution

The aim is to show that the given expression for fj;, simplifies to
flin = bU, (23)
where b = 3D for spherical projectiles and 8 = 1.6 x 107* N - s/m? for projectiles in air at STP.

Jfiin = 37 Dv

=bv

Check to see that this relationship between n and 3 yields the right value for 3.

)
p = 3mn
L 3r (1.7 x 107 N;)
m
N -
~1.6x 1071 =
m

It checks out.

8For the record, the viscosity 1 of a fluid is defined as follows: Imagine a wide channel along which fluid is flowing
(x direction) such that the velocity v is zero at the bottom (y = 0) and increases toward the top (y = h), so that
successive layers of fluid slide across one another with a velocity gradient dv/dy. The force F with which an area
A of any one layer drags the fluid above it is proportional to A and to dv/dy, and 7 is defined as the constant of
proportionality; that is, F' = n A dv/dy.
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