
PHY 711 Classical Mechanics and 
Mathematical Methods

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

Discussion for Lecture 27 – Chap. 9 in F & W

Introduction to hydrodynamics 
1. Motivation for topic
2. Newton’s laws for fluids
3. Conservation relations
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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
Jeanette – 11 AM Wednesday
Derek – 12 PM Friday
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Homework #18
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Hydrodynamic analysis
Motivation

1. Natural progression from strings, membranes, 
fluids; description of 1, 2, and 3 dimensional 
continua

2. Interesting and technologically important 
phenomena associated with fluids

Plan
1. Newton’s laws for fluids
2. Continuity equation
3. Stress tensor
4. Energy relations
5. Bernoulli’s theorem
6. Various examples
7. Sound waves
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Your questions –
From Tim 
1. How come the pressure at point 1 on pg.14 includes p_atm? Is it because the 

atmosphere pushes on the syringe back, which then pushes on the fluid?

From Nick
1. What is the difference between F_applied and f_applied?
2. What is \Phi representing?
3. Is irrotational flow allowed to oscillate up and down or side to side, or pulse? but 

just not spin?

From Gao
1. What aspects do over simplified Bernoulli's equation not include in studying fluid 
dynamics?
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Newton’s equations for fluids
Use Euler formulation; following “particles” of fluid
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Newton’s equations for fluids -- continued
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( )

( )

Detailed analysis of acceleration term:
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Newton’s equations for fluids -- continued
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Your question – What is irrotational flow?

ˆ

Irrotational flow:   0

ˆ ˆy yz x z xv vv v v v
y z z x x y

∇× =

∂ ∂   ∂ ∂ ∂ ∂ ∇× = − + − + −    ∂ ∂ ∂ ∂ ∂ ∂    

v

v x y z

Which of the following vector functions have zero curl?
ˆa.   =     (   is a constant)
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Solution of Euler’s equation for fluids

( ) ( )

02
2
1

2
2
1

=







∂
Φ∂

−++∇⇒

∇
−−∇=∇+

∂
Φ∇−∂

t
vUp

pUv
t

ρ

ρ

( )
Consider the following restrictions:
1.    0      "irrotational flow"
                is "velocity potential"
2.       conservative applied force
3.    (constant)      incompressi

applied U
ρ

∇× =

⇒ = −∇Φ Φ
= −∇

=

v
v

f
ble fluid

( ) ( )
ρ
pv

t applied
∇

−=×∇×−∇+
∂
∂ fvvv 2

2
1



10/26/2020 PHY 711  Fall 2020 -- Lecture 27 14

Bernoulli’s integral of Euler’s equation for irrotational and 
incompressible fluid
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Examples of Bernoulli’s theorem
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Examples of Bernoulli’s theorem -- continued
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Examples of Bernoulli’s theorem -- continued
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Your question -- How come the pressure at point 1 
on pg.14 includes p_atm? Is it because the 
atmosphere pushes on the syringe back, which then 
pushes on the fluid?

Comment – All surfaces open to the air is in 
equilibrium with the atmospheric pressure. 
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Examples of Bernoulli’s theorem -- continued
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Examples of Bernoulli’s theorem – continued
Approximate explanation of airplane lift

Cross section view of airplane wing
http://en.wikipedia.org/wiki/Lift_%28force%29
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Your question -- What aspects do over simplified Bernoulli's 
equation not include in studying fluid dynamics?

According to a Scientific American article,  the conclusion 
that v2>v1 because of the shape of the airplane wing is not 
quite true.  Numerical modeling reveal a more complicated 
picture.

https://www.scientificamerican.com/article/no-one-can-explain-why-planes-stay-in-the-air/

https://www.scientificamerican.com/article/no-one-can-explain-why-planes-stay-in-the-air/
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At NASA Ames Fluid Mechanics Laboratory, streamlines of dye in 
a water channel interact with a model airplane. Credit: Ian Allen
(copied from Scientific American page mentioned above).
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Continuity equation connecting fluid density and velocity:
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Some details on the velocity potential
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Example – uniform flow
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Example – flow around a long cylinder (oriented in 
the  Y direction)
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For 3-dimensional system, consider a spherical  obstruction
Laplacian in spherical polar coordinates:

1 1 10 sin
sin sin

r
r r r r r

θ
θ θ θ θ ϕ

∂ ∂Φ ∂ ∂Φ ∂ Φ   ∇ Φ = = + +   ∂ ∂ ∂ ∂ ∂   
to be continued …
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