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1 Theory

1.1 Hydrostatic Equation
Let us study the free body diagram of a fluid element at rest under gravity in the vertical y direction.

The only forces acting on this fluid element are gravity and pressure. Since it is at rest they have to cancel to zero.

~FG + ~FP = 0 (1)

We see that the from both sides must be equal in the x and z dimensions. For the y dimension we can write,

p(y) dx dz − p(y + dy) dx dz − ρg dx dy dz = 0. (2)

Since dy is an infinitesimally small length we can write,

p(y + dy) = p(y) +
dp

dy
dy. (3)

Inserting this to the force balance equation, we get the differential form of the Hydrostatic Equation.

dp

dy
= −ρg (4)

If the fluid is constant density, by integrating both sides, we get the integral form.

p(y) = p0 − ρgy (5)

where p0 is the pressure at y = 0.
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1.2 Buoyancy
Now let us consider a solid object with an arbitrary shape, immersed in a fluid with constant density. We divide the volume into
vertical volume elements.

We want to calculate the total force due to the pressure difference between the top surface and the bottom surface which is
called buoyancy. We can write it for the small volume element that we chose,

dF = p(y) dx dz − p(y + ∆h) dx dz. (6)

We can use the hydrostatic equation to write p(y + ∆h) = p(y) − ρg∆h, which we can insert into our force calculation.

dF = ρg∆h dx dz = ρg dV (7)

We see that the buoyancy force is proportional to the volume of the small volume element. To get the total force we have to
sum for each volume element. We obtain,

F = ρgV . (8)

This is the mathematical form of the famous Archimedes Principle.

Note: when an object is partially immersed in a fluid, the buoyancy force is calculated with considering the immersed volume
of the object.

So the buoyancy force here is F = ρghA.
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2 F=ma Problems

2.1 F=ma 2011
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2.2 F=ma 2012

2.3 F=ma 2013
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2.4 F=ma 2015

3 More Challenging Problems
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