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Introduction

Density and Pressure
Density is defined as:

ρ =
M

V
.

Pressure is defined as:

P =
F

A
.

Both are important concepts to the discussion of fluids.

Pascal’s Law: For an incompressible fluid, a pressure change at any point is transmitted
equally throughout the fluid.
At two points in a fluid column, we have

∆P = ρg∆h.

• When the fluid is in equilibrium, the pressure of the fluid is equal at any given height.

• Atmospheric pressure is Patm or P0

• Gauge Pressure is the pressure relative to atmospheric pressure, equal to P − P0

• To get the total change in pressure between two points, you can add up the changes
in pressure between those two points
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Practice Problems

The small piston of a hydraulic lift has an area of 0.20 m2. A car weighing 1.2 ∗ 104 N sits
on a rack mounted on the large piston. The large piston has an area of 0.90 m2. How large
force must be applied to the small piston to support the car?
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Archimedes’ Principle: Any object immersed in a fluid will experience an upward buoyant
force equal to the weight of the displaced fluid:

FB = ρV g,

where ρ is the density of the fluid, and V is the volume of the displaced liquid.

• For an object on the surface, use the volume that is submerged to calculate buoyant
force.

• An object immersed will usually have 2 forces: gravity mg and buoyant force ρV g.

• For an object floating in equilibrium, these two forces balance.

• One helpful note is that when solving problems dealing with accelerated reference
frames with fluids, the buoyancy force is equivalent to

FB = ρV geff
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Practice Problems
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Bonus Problems

9



Continuity Equation: For an incomprehensible fluid, the volume of some region of fluid
stays constant (conservation of mass), so the flux or volume flow rate

J =
dV

dt
=

d(Ax)

dt
= A

dx

dt
= Av

is constant. The conservation can be written as:

A1v1 = A2v2.

Bernoulli’s Equation: A statement of conservation of energy, where the work done by a
change in pressure causes a change in potential and kinetic energy of a fluid.

W1 +
1

2
mv21 +mgh1 = W2 +

1

2
mv22 +mgh2

The work from done by pressure is W = F ḋ = PAd = PV . Thus, dividing by volume V ,
we get

P1 +
1

2
ρv21 + ρgh1 = P2 +

1

2
ρv22 + ρgh2.

• For a fluid exposed to air/atmosphere, the pressure is Patm.
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Practice Problems

A large tank of water, open at the top, has a small hole through its side a distance h below
the surface of the water. Find the speed of the water as it flows out the hole.
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