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CSE 291 (SP24)
Topics in CSE:

Dimensional Analysis



What is Dimensional Analysis?
• It is a powerful tool for modeling and analysis.

• It allows us to

‣ find the dimensionless quantities

‣ perform equivalent system in a scaled model
‣ reduce the number of parameters



Dimensions and Units
• Dimensions and units

• Dimension homogeneity

• Dimensionless equations

• Buckingham Pi Theorem



Dimension

• Example of dimension
‣ Length, mass, speed, acceleration, force, energy,…

• A (physical) dimension is
a collection of measurements of one type of physical quantity.

• Mathematically, a dimension is a one-dimensional vector space.

0
<latexit sha1_base64="u/Nyje0D2tBIaN8+GgQok65k92Q="></latexit>

Length

0
<latexit sha1_base64="u/Nyje0D2tBIaN8+GgQok65k92Q="></latexit>

Mass

0
<latexit sha1_base64="u/Nyje0D2tBIaN8+GgQok65k92Q="></latexit>

Speed

‣ Every element of each 1D vector space is a physical measurement

My height
Speed limit 
of a highway

Mass of sun

0
<latexit sha1_base64="BTdSL7ZlOf/E5BD2Bl/VM8OZioE="></latexit>Real  

Number
1

<latexit sha1_base64="VC5eAKjCX9hGz0+j27a6iQ6Su0A="></latexit>



Unit
• A (physical) unit for a dimension is

• A unit is a way to assign number for each measurement
a basis for the 1D vector space representing the dimension

0
<latexit sha1_base64="u/Nyje0D2tBIaN8+GgQok65k92Q="></latexit>

Length

0
<latexit sha1_base64="u/Nyje0D2tBIaN8+GgQok65k92Q="></latexit>

Mass

0
<latexit sha1_base64="u/Nyje0D2tBIaN8+GgQok65k92Q="></latexit>

Speed

My height
Speed limit 
of a highway

Mass of sun

m
<latexit sha1_base64="4SWW2TouZjIqVQrjxERIh8ssFRQ="></latexit>

kg
<latexit sha1_base64="lKe/D2mnWeTxFwUG2Gb/amnvqGw="></latexit>

mph
<latexit sha1_base64="k1YjY3I+4NgfR4YLFvDRI//FedE="></latexit>

• Given any two element of the same dimension

s 2 R
<latexit sha1_base64="DW1UXgJDuVG7x6WGf6ykTOc5+KA="></latexit>there exists a unique scalar so that x = s y

<latexit sha1_base64="DcYDv5O5GmDpPY3+Ode1qhxx8AQ="></latexit>

x , y 2 D
<latexit sha1_base64="tSVriTAlh3t+J2vvyGYDL12l4CA="></latexit>

y 6= 0
<latexit sha1_base64="pBreEs+HO5rY4/W8WjU4P5aoRXM="></latexit>

⇡ 1.7 m
<latexit sha1_base64="akVVcGaPEo7NGn1REs1t2cdko2Y="></latexit>

⇡ 2⇥ 1030 kg
<latexit sha1_base64="bonSXOZ6bVzHUzabBvDR2nsuOVM="></latexit>

= 70 mph
<latexit sha1_base64="OyT97tGNxGcyE0PWyCSxuYUfds0="></latexit>

0
<latexit sha1_base64="BTdSL7ZlOf/E5BD2Bl/VM8OZioE="></latexit>Real  

Number
1

<latexit sha1_base64="VC5eAKjCX9hGz0+j27a6iQ6Su0A="></latexit>



Multiplication between dimensions

• We can multiply/divide two measurements of different dimensions
• We don’t add/subtract measurements of different dimensions

0
<latexit sha1_base64="u/Nyje0D2tBIaN8+GgQok65k92Q="></latexit>

Length

0
<latexit sha1_base64="u/Nyje0D2tBIaN8+GgQok65k92Q="></latexit>

Mass

0
<latexit sha1_base64="u/Nyje0D2tBIaN8+GgQok65k92Q="></latexit>

Mass x Length

3 m
<latexit sha1_base64="jCaaHSSO+gn7kW0+mPiAbYBKBjY="></latexit>

6 kgm
<latexit sha1_base64="uMH+d0nCGUhWCelDTOJYfvU7VUM="></latexit>

2kg
<latexit sha1_base64="sHL+0i5eZS7Ms0HI5K8X633L9aA="></latexit>

m
<latexit sha1_base64="4SWW2TouZjIqVQrjxERIh8ssFRQ="></latexit>

kg
<latexit sha1_base64="lKe/D2mnWeTxFwUG2Gb/amnvqGw="></latexit>

kg m
<latexit sha1_base64="wTkXxIEKKPqxA1IOs7OZP28yh9s="></latexit>

(2kg)(3m) = 6 kgm
<latexit sha1_base64="bZic0TZ6f9UdCJcs4kGBSG05Jtw="></latexit>

• The collection of all possible dimensions involved in a context 
would look like:

{R,Mass,Length,MassLength,Mass2 Length,MassLength�1, . . .}
<latexit sha1_base64="N60VqXkGvsRwFSok4Q62zQMdXCM="></latexit>



Notation
• A dimension is denoted by sans serif font     .D

<latexit sha1_base64="suzP6fOjwzf3YRIbKTzjtWEv2s0="></latexit>

• The dimensionless dimension is      which has a standard unit 1.R
<latexit sha1_base64="M9Xn9DIG8Bwoog7iGfisUf2g4RA="></latexit>

• Each element               is a measurement.x 2 D
<latexit sha1_base64="Wqu8rjuZoNHGE3Y07K0LA1CF864="></latexit>

• The bracket of a measurement is the dimension it is in:
D= [x]

<latexit sha1_base64="ylZFTv2xTrCczGW6lYXXZWExTdU="></latexit>

• Products of measurements produce products in dimensions
[x][y] = [x y]

<latexit sha1_base64="nbmn6khrKnPA3J75HVJs5rUVyg0="></latexit>

• We can consider a collection of all dimensions that can be involved
D = {R,D1,D2, . . .}

<latexit sha1_base64="Rstwr/qt9nDe7jABauteJeZYe5U="></latexit>

which should be closed under 
multiplication, forming an abelian group

[kg] = [5 kg] = [lb] =M
<latexit sha1_base64="u54daCPS3+r5IJ7gU1jAkqFY8wg="></latexit>



Physical dimension
• In physics, the space of dimensions is a finitely generated 

free Abelian group by 7 standard base dimensions

Mn1Ln2Tn3⇥n4 In5Cn6Nn7
<latexit sha1_base64="dZ0vGpmjjz0D8jhqROAoJu+HYnM="></latexit>

• Every physical dimension takes the form of

• Represent it as a 7D vector (n1, . . . , n7)¸ 2 R7
<latexit sha1_base64="gmDXZD4hslmwOBJ8THhxk2NXT58="></latexit>

‣ Multiplications between dimensions become additions between 
7D vectors



Physical dimension

• What is the 7D vector representation of the “force” dimension?

• What is the 7D vector representation of the dimension of a 
dimensionless number?

hint: force is mass times acceleration
[force] =MLT�2

<latexit sha1_base64="HpAwCwrqVxh7H3j+lmqtakkRbLA="></latexit>

Mn1Ln2Tn3⇥n4 In5Cn6Nn7
<latexit sha1_base64="dZ0vGpmjjz0D8jhqROAoJu+HYnM="></latexit>

(1,1,�2,0, 0,0, 0)¸
<latexit sha1_base64="Z9TvhdclrH0bmOQ3T8yXkxsUsXg="></latexit>

(0,0, 0,0, 0,0, 0)¸
<latexit sha1_base64="U8ogVbLIC7kw7LIa+FBhR2NER4Q="></latexit>



Dimension Homogeneity
• Dimensions and units

• Dimension homogeneity

• Dimensionless equations

• Buckingham Pi Theorem



Dimension homogeneity

In an equation or inequality, every additive term must have 
the same dimension.



Dimension homogeneity: Example 1

• Example: Bernoulli equation

⇢
<latexit sha1_base64="yrfTOLlNkLXA5iJQx+7TI72tY7o="></latexit>

p
<latexit sha1_base64="SOyLtnYvk05PkF0EQJr0JnexQs0="></latexit>

: pressure

g
<latexit sha1_base64="8+eHo5dSk9ICaUHRyYPQCuoxAik="></latexit>

v
<latexit sha1_base64="4LbW2beC6+0vB+YxMvJ6efORYIc="></latexit>

z
<latexit sha1_base64="FCzM6EHRoTLCfDkWaNEPRpcGXcc="></latexit>

: density
: gravity
: velocity
: height

In a steady incompressible fluid flow, 
the measurements at each point                       

1
2
⇢v2 + p+⇢gz = Constant

<latexit sha1_base64="92Tl9/th0gjCTnmW4lFyB1ffsRM="></latexit>

satisfy



Dimension homogeneity: Example 2
• Example: Sobolev embedding

Sobolev space of functions is defined by 

W k,p(Rn) =
⇢

f : Rn! R
����
Z

Rn

|Dk f |p d x1 . . . d xn <1
�

<latexit sha1_base64="EJFXYJIQjw7VdMhqDx2bo+aq/Pk="></latexit>

• Can you get the  
relationship between 
p, q given k, l, n?



Dimensionless Equations
• Dimensions and units

• Dimension homogeneity

• Dimensionless equations

• Buckingham Pi Theorem



Dimensionless equations

• Rescale the physical variables so that they are all dimensionless. 
Rescale the equation so that it becomes a relationship between 
dimensionless variables.

• The process will leave us as few parameters as possible.

• We obtain the same result when the dimensionless parameters 
matches, even if the original problems are at vastly different scale.



Parabolic free fall

v0
<latexit sha1_base64="Gl+mvWxJqIOSOhxD3Y3dlGN18V8="></latexit>

z0
<latexit sha1_base64="m2j0iIiuRAY2QbqR35uojUfGlzA="></latexit>

z(t) = z0 + v0 t � g
2

t2

<latexit sha1_base64="2NaJlF4cAmjEO2a5ppbcTqsNoso="></latexit>

• Height as a function of time, initial velocity, 
initial height, and gravity:

• It’s the solution to 
z00(t) = �g, z(0) = z0, z0(0) = v0

<latexit sha1_base64="OSusJurq0LOPXVxdv5gvA9iZU7c="></latexit>

• There are 3 parameters, but we can reduce  
them into 1 parameter!

g
<latexit sha1_base64="m+RtqwiCMAQ+Uk8Tov5r5HRvQX4="></latexit>



Parabolic free fall

v0
<latexit sha1_base64="Gl+mvWxJqIOSOhxD3Y3dlGN18V8="></latexit>

z0
<latexit sha1_base64="m2j0iIiuRAY2QbqR35uojUfGlzA="></latexit>

g
<latexit sha1_base64="m+RtqwiCMAQ+Uk8Tov5r5HRvQX4="></latexit>

z⇤ =
z
z0

<latexit sha1_base64="pANd/0l8kZiuBljUbDAoUCJyWco="></latexit>

t⇤ =
t v0

z0
<latexit sha1_base64="mxMP9ZSj/+LIE+7ioPdYIpzvMDY="></latexit>

z⇤ = 1+ t⇤ � 1
2Fr2 t⇤2

<latexit sha1_base64="gAvdBU5UJlnz9YAHMeb3nUdgIJM="></latexit>

• Froude number Fr=
v0pgz0

<latexit sha1_base64="Fg6DL+JjxBNgeDfCEPOOHdrs9g4="></latexit>

z⇤max = 1+
Fr2

2
<latexit sha1_base64="MgkiQdLPKJpKmxoWvNX+A25ut78="></latexit>



Navier–Stokes equation
• Navier–Stokes equation

@ u
@ t
+ u ·ru= �rp

⇢
+
µ

⇢
r ·ru

<latexit sha1_base64="JyOqy/yNZaU5lKS8JqEYckMXOOE="></latexit>

‣ Velocity: [u] = LT�1
<latexit sha1_base64="YskINhQYGSg0yK8myDSz9F1Dvrg="></latexit>

‣ Time and time derivative: [t] = T
<latexit sha1_base64="7LZeLfoFUHgnACaPyjoy76V0KaA="></latexit>

[ @@ t ] = T�1
<latexit sha1_base64="Llq12DotuSCNEsvC9vocdhIZDLY="></latexit>

‣ Space and spatial derivatives: [x] = L
<latexit sha1_base64="qB41renYrUatABM8mf7CgDdih7k="></latexit>

[r] = L�1
<latexit sha1_base64="Ru9LzYOpR3Lwmr80MtuttB04LnA="></latexit>

[r ·r] = L�2
<latexit sha1_base64="njVb+Ho2al0DhWtKC9LRBHtjR1k="></latexit>

‣ Density and pressure: [⇢] =ML�3
<latexit sha1_base64="6M/W08Wd6dNw1LySiiyQnUhgwIA="></latexit>

[p] =ML�1T�2
<latexit sha1_base64="TCSu9rh17uTvHHM8LcZxvDSkKJU="></latexit>

‣ Viscosity (stress per speed gradient) [µ] =ML�1T�1
<latexit sha1_base64="rgHbDfhwi0mGmoSABm6Tp0UhL7c="></latexit>

• (Assume density and viscosity are constant)



Navier–Stokes equation

Von Karman vortex street

• Characteristic length         and characteristic speedL
<latexit sha1_base64="PlPB+Vq9ZfeFj9Hcau7UkTU+YyY="></latexit> U

<latexit sha1_base64="xtXXPOLg/KFQpKd+sq6nLIV3ZEY="></latexit>

• They can be the diameter of obstacle and the background speed



Navier–Stokes equation
x⇤ := x/L

<latexit sha1_base64="aDTgfZFIx4u5q6mWtrb7tAsXHdI="></latexit>

u⇤ := u/U
<latexit sha1_base64="VCKiaPYr06Pp38xMRgWANCuuNr0="></latexit>

@ u⇤

@ t⇤
+ u⇤ ·r⇤u⇤ = �r⇤p⇤ + 1

Re
r⇤ ·r⇤u⇤

<latexit sha1_base64="u6Oi0mWo8+WHRqZrQUhHw5wX6vw="></latexit>

Re=
⇢U L
µ

<latexit sha1_base64="iHMV2meOsdk4WZPqy1Joc6eWnCY="></latexit>

• Reynolds number:

t⇤ := (U/L)t
<latexit sha1_base64="VtGxgwibd7MboONzi24DVwcvxzA="></latexit>

p⇤ := p
⇢U2

<latexit sha1_base64="07YE0rmM/Nv/CzowDrqnAM47mi0="></latexit>



Navier–Stokes equation



Navier–Stokes equation

Re=
⇢U L
µ

<latexit sha1_base64="iHMV2meOsdk4WZPqy1Joc6eWnCY="></latexit>



Navier–Stokes equation

Re=
⇢U L
µ

<latexit sha1_base64="iHMV2meOsdk4WZPqy1Joc6eWnCY="></latexit>

Laminar flow Turbulent flow
(low Reynolds) (high Reynolds)

Efficient fluid transport Inefficient transport
(causing Asthma)



Dimensionless equations: summary

• Reduction of parameters

v0
<latexit sha1_base64="Gl+mvWxJqIOSOhxD3Y3dlGN18V8="></latexit>

z0
<latexit sha1_base64="m2j0iIiuRAY2QbqR35uojUfGlzA="></latexit>

• Similarity between systems

• Extrapolation of data



Buckingham Pi Theorem
• Dimensions and units

• Dimension homogeneity

• Dimensionless equations

• Buckingham Pi Theorem



Buckingham Pi Theorem

• Suppose the n quantities only involve k independent physical 
dimensions.

• Suppose we have a physical equation relating n quantities
f (q1, . . . ,qn) = 0

<latexit sha1_base64="k3NlWubrm4zAaqc4B6UTEDIimFo="></latexit>

• Then the equation can be restated as
F(⇧1, . . . ,⇧p) = 0

<latexit sha1_base64="mUkeI/rzoRihgIaNnJBjzJ0D99w="></latexit>

for some                      dimensionless variables/parametersp = n� k
<latexit sha1_base64="/Sz3mWYy7eG4aAKfzgipg4nSYjo="></latexit>

⇧1, . . . ,⇧p
<latexit sha1_base64="+UrVxvcPg/D7A6choVYmTNJRR2Y="></latexit>

Buckingham     -theorem⇧
<latexit sha1_base64="JeTdnbpcdFBfL7vSaP2AOxuFW/Y="></latexit>



Buckingham Pi Theorem

f (q1, . . . ,qn) = 0
<latexit sha1_base64="k3NlWubrm4zAaqc4B6UTEDIimFo="></latexit>

• Consider base dimension (e.g. the 7 base dimension)

B1, . . . ,B`
<latexit sha1_base64="PyiT9L3nNqA/v182IuUsyRHl6OE="></latexit>

• Expand the dimensions of the quantities in this base

[qi] = B1
m1i . . .B`

m`i
<latexit sha1_base64="sf8IdG6fYwLpFglUCJqPdjGruEM="></latexit>



Buckingham Pi Theorem

• Expand the dimensions of the quantities in this base

[qi] = B1
m1i . . .B`

m`i
<latexit sha1_base64="sf8IdG6fYwLpFglUCJqPdjGruEM="></latexit>

• Take log: log[qi] = m1i logB1 + . . .+m`i logB`
<latexit sha1_base64="TRS5mxGz4TEqv5kL/pFFo95r/TE="></latexit>

• This is a change of basis formula

M
<latexit sha1_base64="ieVjXhMLK1xAJX4893qxijzhSdc="></latexit>

dimension matrix

�
log[q1] · · · log[qn]

�
=
�
logB1 · · · logB`

�
0
@

m11 · · · m1n
...

. . .
...

m`1 · · · m`n

1
A

<latexit sha1_base64="4xZ+gb+C6QmbwMY+nQmcc3ZCPhY="></latexit>



Buckingham Pi Theorem

M
<latexit sha1_base64="ieVjXhMLK1xAJX4893qxijzhSdc="></latexit>

dimension matrix

�
log[q1] · · · log[qn]

�
=
�
logB1 · · · logB`

�
0
@

m11 · · · m1n
...

. . .
...

m`1 · · · m`n

1
A

<latexit sha1_base64="4xZ+gb+C6QmbwMY+nQmcc3ZCPhY="></latexit>

• The physical quantities involve only k independent dimension
,

<latexit sha1_base64="vd9jnPuz8iMk13AkTn+QGrEljj4="></latexit> has rank k (dimension of the image)M
<latexit sha1_base64="ieVjXhMLK1xAJX4893qxijzhSdc="></latexit>

• Rank–Nullity Thm: The null space of       has dimension M
<latexit sha1_base64="ieVjXhMLK1xAJX4893qxijzhSdc="></latexit>

p = n� k
<latexit sha1_base64="ix99jFEx2tDpd3lsEcpr1zlw4/Q="></latexit>

• Find a basis for the null space a1 =

0
@

a11
...

an1

1
A , . . . ,ap =

0
@

a1p
...

anp

1
A

<latexit sha1_base64="/oph0a0hejVVjuB0436dJnPp+q8="></latexit>

Ma j = 0
<latexit sha1_base64="EiwHQ9QndYFeNYNlCdLWrPl1K4w="></latexit>



Buckingham Pi Theorem

M
<latexit sha1_base64="ieVjXhMLK1xAJX4893qxijzhSdc="></latexit>

dimension matrix

�
log[q1] · · · log[qn]

�
=
�
logB1 · · · logB`

�
0
@

m11 · · · m1n
...

. . .
...

m`1 · · · m`n

1
A

<latexit sha1_base64="4xZ+gb+C6QmbwMY+nQmcc3ZCPhY="></latexit>

• Find a basis for the null space a1 =

0
@

a11
...

an1

1
A , . . . ,ap =

0
@

a1p
...

anp

1
A

<latexit sha1_base64="/oph0a0hejVVjuB0436dJnPp+q8="></latexit>

Ma j = 0
<latexit sha1_base64="EiwHQ9QndYFeNYNlCdLWrPl1K4w="></latexit>

• Then
�
log[q1] · · · log[qn]

�
a j = 0

<latexit sha1_base64="OiF24iXaIg1lvtTuq6WBq164DpY="></latexit>

• That is,                                          are dimensionless⇧ j := Cjq1
a1 j · · ·qn

anj
<latexit sha1_base64="6LHf4RHaryalhkZyRvTFBoi74DM="></latexit>



Example 1: Atomic bomb

Trinity test (1945)

From the released photograph
G.I. Taylor estimated the energy (which was confidential)



Example 1: Atomic bomb
• Assume that the relevant variables are
‣ Radius    of the fireballr

<latexit sha1_base64="NB8zUoJqumvxGLsw+Zl6tkzakls="></latexit>

‣ Density      of surrounding air⇢
<latexit sha1_base64="JSsbHR8IzajIvTEEF9BZrfZzUUI="></latexit>

‣ Energy       released by the bombE
<latexit sha1_base64="oFGSgCj4vYVmPseUN4Exh1FU3Gk="></latexit>

‣ Time      since the ignitiont
<latexit sha1_base64="ZXdDAMF4aVAv8O9mjahGyLm1F5U="></latexit>

[r] =M0L1T0
<latexit sha1_base64="ukTVLpqQI+Asxx/x0Gdzvltk6Yk="></latexit>

[⇢] =M1L�3T0
<latexit sha1_base64="euNQhs2XA6Yu5PTfdEoc33IewnE="></latexit>

[E] =M1L2T�2
<latexit sha1_base64="VQ2+yrdwTC4drIcJyghQv6xEcZo="></latexit>

[t] =M0L0T1
<latexit sha1_base64="b/8VqrP0PlYUtvNM1km1O5iKnbY="></latexit>

• Dimension matrix

M=

0
@

0 1 1 0
1 �3 2 0
0 0 �2 1

1
A

<latexit sha1_base64="zK2Z8y9IYqV/wfjMhx/pOfijQKg="></latexit>

• One dimensional null space spanned by a=

0
B@
�5
�1
1
2

1
CA

<latexit sha1_base64="S4N/hhnot/Rbju9W7LwmEtAzrl0="></latexit>



Example 1: Atomic bomb
• Assume that the relevant variables are
‣ Radius    of the fireballr

<latexit sha1_base64="NB8zUoJqumvxGLsw+Zl6tkzakls="></latexit>

‣ Density      of surrounding air⇢
<latexit sha1_base64="JSsbHR8IzajIvTEEF9BZrfZzUUI="></latexit>

‣ Energy       released by the bombE
<latexit sha1_base64="oFGSgCj4vYVmPseUN4Exh1FU3Gk="></latexit>

‣ Time      since the ignitiont
<latexit sha1_base64="ZXdDAMF4aVAv8O9mjahGyLm1F5U="></latexit>

• One dimensional null space spanned by a=

0
B@
�5
�1
1
2

1
CA

<latexit sha1_base64="S4N/hhnot/Rbju9W7LwmEtAzrl0="></latexit>

• Found a dimensionless quantity ⇧ = r�5⇢�1E1 t2
<latexit sha1_base64="n2guai0ej5OBjbt5r1w9fKImxUM="></latexit>

=
Et2

r5⇢
<latexit sha1_base64="qLMAcJPXGRg9b40RWRlCAaL4fuE="></latexit>• Physical law takes the form F(⇧) = 0

<latexit sha1_base64="fKXRjOpu2Y41My+lTYMMRoFXMBc="></latexit>

• This mathematically implies ⇧ = Constant
<latexit sha1_base64="Lcxx4WnPAaT3Z+qU1lWGVYZLZ3c="></latexit>



Example 1: Atomic bomb

• Any explosion satisfies
Et2

r5⇢
= C

<latexit sha1_base64="v5rkvWcjiEcC483vhbJcwm+7Uxk="></latexit>

• Some smaller experiments suggest C⇡ 1.033
<latexit sha1_base64="aGHeqZWIb/JDkMBQ/4g0SD2nF/E="></latexit>

• Given the photograph indicating 
t = 0.006s

<latexit sha1_base64="DWrEGtOMAdldEIc8Nw7JgoGYKr0="></latexit>

r = 80m
<latexit sha1_base64="h9SQBJSNrLiabmXjg8fWdD/Lsxw="></latexit>

⇢TestSite = 1.1 kg/m3
<latexit sha1_base64="tlF61D+z4TcQVVlSvo3sqm/zAlM="></latexit>

E ⇡ C r5⇢

t2
<latexit sha1_base64="to8/kuEUOSrZ+MG4smnwmmAQW3Y="></latexit>

⇡ 1014 J
<latexit sha1_base64="80Em4Ib5CgtwDImAeeKJxnDxX7U="></latexit>

⇡ 24
<latexit sha1_base64="wusyq4WT398Y3vRVPol+zdGXLSE="></latexit> kilotons of TNT

• Taylor got 22 kilotons TNT using more frames
• Ground truth is 20 kilotons TNT



Example 2: Drag of a car
• A moving car will experience aerodynamic drag

• Find a set of dimensionless parameters (how many?)

• Reasonable postulate: there exists a function 
relating the following 5 quantities

‣ Car’s length scale   L
<latexit sha1_base64="05S+IK2Qf+4EyO7E+IlvbZkl2BY="></latexit>

‣ Car speed V
<latexit sha1_base64="30L62y8LSWi6dFSOTUF0Z8ASVg0="></latexit>

‣ Air density ⇢
<latexit sha1_base64="JSsbHR8IzajIvTEEF9BZrfZzUUI="></latexit>

‣ Air viscosity µ
<latexit sha1_base64="HS/Z+SbBWG5skPyMg0Wl03LtfrM="></latexit>

‣ Drag force F
<latexit sha1_base64="mSOB93g8hazc81KNxYbCC+8l8uo="></latexit>

[L] =M0L1T0
<latexit sha1_base64="x/rQ4ZxeF314s7Qb8j32ct4NAWQ="></latexit>

[V ] =M0L1T�1
<latexit sha1_base64="5x5tXAtZXU8X0Ueu8sEyuvfhlBo="></latexit>

[⇢] =M1L�3T0
<latexit sha1_base64="qrnexez5lWjDzflt6DaGFATtnco="></latexit>

[µ] =M1L�1T�1
<latexit sha1_base64="E2xRXED7Lk4mlx8NnGpO1sOZbDU="></latexit>

[F] =M1L1T�2
<latexit sha1_base64="s3+UDxu8n1OD3Gmy70LV8HRC25o="></latexit>

• Given a scaled wind tunnel experiment, deduce the drag force in  
real-life.


