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PHY 711 Classical Mechanics and 
Mathematical Methods

10-10:50 AM  MWF  online or (occasionally) in 
Olin 103

Discussion for Lecture 29 -- Chap. 9 in F & W

Introduction to hydrodynamics 
1. Newton’s laws for fluids and the continuity 

equation

2. Approximate solutions in the linear limit
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Schedule for weekly one-on-one meetings

Nick – 11 AM Monday (ED/ST)
Tim – 9 AM Tuesday
Gao – 9 PM Tuesday
Tim – 11 AM  Wednesday
Jeanette – 11 AM Friday
Derek – 12 PM Friday
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Your questions –
From Nick
1. Is is possible to clarify some of the details on isentropic fluids?

From Gao
1. In slide 6, why delta v equals to - delta phi?



10/30/2020 PHY 711  Fall 2020 -- Lecture 29 6

Recall the basic equations of hydrodynamics
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( )

Newton-Euler equation of motion:

                                     

Continuity equation:    0
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                             Velocity  ( , ) 
                              Pressure ( , )

Basic variables:    Density   t
t
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r

+ relationships among the variables due to principles of 
thermodynamics due to the particular fluid   (In fact, we 
will focus on an ideal gas.)
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Solution of Euler’s equation for fluids -- isentropic

( ) ( )
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int

int

A little thermodynamics
First law of thermodynamics:    
For isentropic conditions:   0

dE dQ dW
dQ

dE dW pdV

= −
=

= − = −

Additional relationships  among the variables apply, 
depending on the fluid material and on thermodynamics

At the moment we are interested in the case where there 
is no heat exchange.

Here W == work
V == volume



10/30/2020 PHY 711  Fall 2020 -- Lecture 29 8

int

2
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In terms of mass density:   

For fixed  and variable :    

                                                

dE dW pdV
M
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MM V d dV
V
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ρ
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ρ
ρ

= − = −

=
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= −

Solution of Euler’s equation for fluids – isentropic (continued)
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int 2

2 2
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In terms in intensive variables:    Let  
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Internal 
energy 
per unit 
mass
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Solution of Euler’s equation for fluids – isentropic (continued)

ρρ
ε

ρ
ρ

ρ
ρ
εε

ρρ
ε

pp

p

p

dQ

dQ

∇
=








+∇

∇=∇







∂
∂

=∇

=







∂
∂

=

=

       :gRearrangin

     :Consider 2
0

2
0

Note:  Under conditions of constant 
entropy, we assume e can be expressed 
in terms of the density alone.
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Solution of Euler’s equation for fluids – isentropic (continued)
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For isentropic 
irrotation fluid.
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Summary:   For isentropic and irrotational fluid with internal 
energy per unit mass  ε:

Here ε is the internal energy of the fluid  per unit mass. For an 
ideal gas fluid, it has a relatively simple form.  
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( ) ( )

( )
2 2

Some details --
  0      "irrotational flow"           

Check:   ?
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0

0

Near equilibrium:

0
0applied

p p p
ρ ρ δρ

δ
δ

= +
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=
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Now consider the fluid to be air near equilibrium

0

0

0

 represents the average air density
 represents the average air pressure

       (usually  1 atmosphere)
0 average velocity

p
ρ

≈
=v
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Equations to lowest order in perturbation:
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Expressing pressure in terms of the density assuming constant entropy:
( , )        where  denotes the (constant) entropy
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:airfor equation  Wave
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Boundary values:
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Analysis of wave velocity in an ideal gas:
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Equation of state for ideal gas:

                    

1.38 10 /
 average mass of each molecule
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Digression

0

0

Internal energy for ideal gas:     "degrees of freedom"

        
2 2 2
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2 1 1 1 1
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f γ
Spherical atom 3 1.66667
Diatomic molecule 5 1.40000
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0 0

Alternative derivation:   
     Isentropic or adiabatic equation of state:
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