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where a constant of proportionality η (eta) can be introduced.  The shear stress τ between any
two thin sheets of fluid can be expressed as

  
τ =

F
A

= η
dv
dy

(2)

Equation 1 is commonly referred to as Newton's equation of viscosity and serves to define the
coefficient of viscosity η.

Viscosity Dimensions and Units - The dimensions of viscosity are force per unit area divided by
velocity gradient as in Eq. 1.  In the MKS system the unit of viscosity is Ns/m2 whereas in the
CGS system the unit of viscosity is the poise (1 poise = 1dyne-sec/cm2).  Handbooks commonly
quote viscosity in centipoise (1 cp = 0.01 poise) which is a very convenient unit of viscosity
because the viscosity of water at 20oC is one centipoise.

The motion of spheres in viscous fluids (laminar flow) - In principle, the force F required to drag
a sphere of radius r at velocity v  through a fluid of viscosity η can be calculated.  Since the
derivation is beyond the scope of this lab, we simply quote the result as :

    F = 6πrηv (3)

Equation 3 is known as Stokes' Law and is valid only for laminar flow, where the flow of the
fluid can be treated as consisting of layers, each layer having a well defined velocity. Laminar
flow around an airfoil is illustrated in Fig. 2a. Turbulent (non-laminar) flow is illustrated in
Fig. 2b.

  

Figure 2 (a) Laminar flow (b) Turbulent flow
Pictures from Shape and Flow by Ascher Shapiro , Science Study Series #S21.

A sphere of density ρs falling in a stationary fluid of density ρl is "dragged" downwards by a
gravitational force given by

    
F =

4
3
πr3 g ρs −ρl( ) (4)

where g is the acceleration of gravity.  Combining Eqs. 3 and 4, we obtain an expression for the
terminal velocity of the sphere


