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Stokes’
 
law can

 
be

 
used

 
to

 
calculate

 
the

 
resistive

 
force

 
F

 
acting

 
on

 
an

 
object

 
as

 
it

 

moves
 
through

 
a
 
fluid.

The
 
equation
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F = 6πηrv

(a) Stokes’
 
law

 
is

 
only

 
valid

 
if

 
the

 
flow

 
around

 
the

 
object

 
is

 
laminar.

(i) State
 
what

 
is

 
meant

 
by

 
laminar

 
flow.

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) State
 
the

 
conditions

 
required

 
for

 
the

 
flow

 
around

 
the

 
object

 
to

 
be

 
laminar.
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(b) A student carried out an experiment to determine the viscosity of glycerol using the 
apparatus shown.

glycerol

first marker

second marker

A ball bearing was released at the top of a measuring cylinder containing glycerol.  
A stopwatch was used to measure the time taken to fall between the markers.
This was repeated for ball bearings of different sizes.

The following equation was used to calculate the viscosity η.  

3 3

b g
4 4 6

3 3
πr πrρ g − ρ g πr ηv=

(i) The density of the glycerol and the ball bearing are known.

State two other quantities the student would have to measure directly to calculate 
the viscosity.

(2)

r = radius of ball bearing

ρb = density of ball bearing

ρg = density of glycerol

v = terminal velocity
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(iv) Describe how the results obtained and a graphical method can be used to 
determine a value for the viscosity of the glycerol.
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	 (c)	 Glycerol can be pumped into waste systems to remove nitrogen during the treatment
of waste water.

Explain the effect that low temperatures could have on the supply of glycerol to a 
waste system.
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4  A small steel ball is released at the surface of some oil of known viscosity and begins to sink. 
The diagrams show the forces acting on the ball shortly after its release and when it has 
reached terminal velocity.

Steel ball shortly after 
release

Steel ball at terminal 
velocity

X

Z

Y
X

Z

Y

 (a) Identify forces X, Y and Z.
(3)

X is .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Y is .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Z is .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) A student uses Stokes’ law to calculate force Y. 

  State the measurements the student should make to calculate force Y acting on the 
ball when it is moving at terminal velocity.

(2)
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