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INTRODUCTORY CONCEPTS 

 
2. Topic: Statics 

 

Engage:  
Take a basin of water and some apples into 
class.  Invite a couple of students to do 
some apple bobbing, i.e. trying to grab the 
apples with their teeth.  You should 
probably take some towels into class too! 

 

Explore: 
Ask the students who do some apple bobbing and observe how the apples behave.  If you 
can get hold of some small apples then you could pass around an apple in a cup of water 
and students can experiment for themselves.  Discuss the following with the students: 

(i) when pushed down an apple experiences an upward force restoring it to the 
surface; and  

(ii) that most apples have a stable orientation. 

 

Explain: 
Remind the students that Archimedes principle defines the buoyancy force as equal to the 
weight of the volume of water displaced, 

( )gVFB ρ= displaced fluid   

Note that, sometimes gργ =  is used and is known as the specific weight of the fluid.  So 
to keep an apple submerged it is necessary to apply a force,  

S = mg – FB  

where mg is the weight of the apple. 

When it is submerged, the apple experiences a force acting on its skin due the pressure of 
the water.  This force on the curved surface of the skin must act through the center of 
curvature of the surface.  The pressure is related to the depth in the downward direction, -
dz and density of the water, ρ such that  
 dzgdp ⋅−= ρ  

It would be appropriate to explain that absolute pressure is measured relative to absolute 
zero pressure which could only occur in a perfect vacuum; however it is common 
engineering practice to measure pressure relative to atmospheric pressure.  A pressure 
measured in this way is known as gage pressure.  Standard atmospheric pressure is 
defined as 14.7psi or 101kPa at sea-level. 
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Elaborate: 
To elaborate on the stability of the apples it is preferable to simplify the situation to a 
cylinder of uniform material of specific weight, γcyl = 9000 N/m3, i.e. slightly less than 
water, and of length and diameter 55mm.  If we consider force equilibrium in the vertical 
direction for the cylinder floating with its axis vertical, then the weight equals the 
buoyant force, i.e. 

∑ = 0yF    

and Hrmg OH
2

2
πγ=   

or  HrLgr OHcyl
22

2
πγπρ =  

where H is the submerged depth, L is the 
length and r the radius of the cylinder. 

( ) 33 105.501055
9810
9000

2

−− ×=××==
OH

cyl LH
γ
γ

m  

Now consider the stability of the cylinder.  
The buoyancy force, W, acts through the 
centroid of the displaced volume of fluid, C1, 
which when the cylinder is rotated by an 
external force moves to C2.  The weight of 
cylinder, W, always acts at its centroid, G, so 
that the two forces W form a couple which 
tends to return the cylinder to its original 
position if the original was stable or tends to 
rotate it further if the original position was 
unstable. 

The lines joining the centroid of the cylinder, 
G, to the centroids of the displaced volume of 
water, C1 and C2, intersect at the metacenter, 
M.  It can be shown that the distance C1M is given by 

 
V
IMC O=1  

where IO is the second moment of area of the water-line section about the axis through its 
centroid and V is the submerged volume.  Alternatively, given from the geometry that 

 MCGMGC 11 =+  

then GC
V
IGM O

1−=  

When the distance from the centroid of the cylinder to the metacenter, GM  is positive, 
the cylinder is stable. 

So for the apple idealized as a cylinder, 
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Thus, the apple is stable in this orientation, with its axis of symmetry or stalk vertical.  

 

Evaluate: 
Invite students to attempt the following examples: 

Example 2.1 

Calculate the force needed to push up the 4cm diameterplug in a bath of water 20cm 
deep, to let the water out, if the plug is a loose-fit in the plug-hole and the lever 
mechanism that operates the plug provides a mechanical advantage of 3. 

Solution: 

Pressure on the plug, 

19622.081.91000
2

=××== gzp OHρ N/m2 

assuming atmospheric pressure on the surface at the surface of the bath water and in the 
drain under the plug. 

Force on plug, 46.2
4

04.01962
4

22

=
×

===
ππdppAF N 

With a mechanical advantage of 3 the force required on mechanism will be 0.82N 
(=2.46/3).  

 

Example 2.2 

When a car slides off the road into a river, which is 
2.5m deep, it lands on its side at 45 degrees to the 
vertical such that the passenger side doors are 
jammed into the soft riverbed.  Calculate the force 
required to open the driver’s door if the car remains 
watertight and the bottom of the door is just touching 
the riverbed.  Assume the door is a rectangle of 
height 1.2m and width 1.1m weighing 33kg with the 
handle on the opening edge. 
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Solution: 

It can be shown that the force acting on an area, ApF C=  

where pC is the pressure at the centroid on the area, A.  In this case the centroid is located 
at ( ) °45cos2L  above the riverbed where L is the height of the car door.  Hence, the 
distance from the water surface to the centroid of the door,  

08.245cos
2
2.15.2 =°−=h m 

Thus, the pressure,  =××== 08.281.91000
2

gzp OHρ 20,400Pa 

And, the force acting on the door, ( ) =××== 1.12.120363ApF C 26,900N 

This force will act at the center of pressure, which will be on the vertical center-line of 
the door but below the centroid due to the pressure gradient.  Assuming the force to open 
the door, Fopen is applied approximately level with the center of pressure, then taking 
moments about the hinge, 

 0
22

=−+ wFmgwFw
open  

where w is the width of the door, thus 

 NmgFFopen 13601
2

81.933
2

26879
22

=
×

+=+=  

This is a huge force.  It is probably a false assumption that the car will be watertight; but 
nevertheless, if your car is immersed in an accident it will be extremely difficult, if not 
impossible, to open a door.♣   

 

Example 2.3 

In your car you have a coffee cup of diameter 9cm at the rim and it is full to within 10mm 
of the rim.  When the cup is placed in a cup-holder, how fast can you accelerate without 
spilling your coffee? 

Solution:  

Pressure in a fluid is gzρ   

so the force on the left end of the              
element of fluid in the diagram will be 

AgzF LL ρ=   

and for the right end, AgzF RR ρ=  

                                                 
♣ In these circumstances it is suggested that you should exit through a window.  So, your first action on 
realizing you are going to impact with the water should be to open a window since the electrics will fail 
quickly on immersion.  If you need to break a window, hit it in a corner with a sharp object. 
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so the net force in the direction of travel is  
( )RL zzgAF −= ρ   

and this must be equal to force due to the acceleration, i.e. maF =  thus substituting for 
the mass of the element 

( ) ALazzgA RL ρρ =−   

or  ( )
L

zzga RL −=   

and using similar triangles 45.2
2109

101081.9
2

2

=
×

××
= −

−

a m/s2   

This equivalent to 0 to 16mph in 3 seconds and is why we put lids on our coffee (or don’t 
fill your cup too near the top)! 

 

 


