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Archimedes’ Principle as an Application of the 
Divergence Theorem 

AYHAN ALTINTAS 

Abstract-One can obtain Archimedes’ principle as an application of 
the divergence theorem, which makes the theorem more physically ap- 
pealing. 

The divergence theorem [ 11 

relates the total flux of a vector field F through a closed surface S 
to the volume integral of the divergence of the field over the vol- 
ume V of the surface S. The surface normal in dS = ir dS is directed 
outward in (1 ) .  

Even though the divergence theorem is given in almost every 
calculus and electromagnetics book, its meaning is still quite ab- 
stract to some students. On the other hand, Archimedes’ principle 
[ 2 ]  is familiar to students much earlier than the college education. 
One can apply the divergence theorem to obtain Archimedes’ Prin- 
ciple, which makes the theorem more physically appealing. 

Let us have an object of volume V and surface S, immersed in a 
vessel filled with fluid of density m (see Fig. 1). The pressure field 
p in  the fluid is a function of the distance from the top level of the 
fluid, so 

p = -mgz + p a  (2)  

where g is the gravitational acceleration and z is the distance mea- 
sured along 2-coordinate. The constant po is added to represent the 
atmospheric pressure although its inclusion does not affect the re- 
sult. If we define a vector field 

F =  -pi (3)  

then, F . d S  is the i component of the force on d S  due to the 
pressure. It is clear that LHS of (1)  is the total lift due to the pres- 
sure. The RHS is calculated using V . F = mg, 

(4) 

which is the weight of the liquid in V. Thus, one obtains the Ar- 
chimedes’ principle. 
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Fig. 1. An object of volume V and surrace 6 immersed in a liquid. 
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Comments on “Comparison of Ampere’s Law (ACL) 
and the Law of Biot-Savart (LBS)” 

JOSE MARGINEDA A N D  PAUL LORRAIN 

Abstract-We agree with the author of the quoted paper’ that the 
application of Ampere’s circuital law can cause confusion in the minds 
of students. However, Section 111 of his paper further confuses the is- 
sue and creates problems that are worse than the one that he tries to 
solve. 

We agree with Kalhor’ in that the application of Ampkre’s cir- 
cuital law (ACL) is sometimes a source of confusion for students. 
The case of the square loop is a good example, as his paper shows. 

As the author says, Equation (4) 

(1 )  
2POI B = a , - -  
.Ira 

is incorrect because it results from an incorrect application of Am- 
pere’s law. However, the correct explanation of the error is simpler 
than the one proposed in his paper. It runs as follows. 
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