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Tutorial n°1: Dimensional analysis 
 

Exercise 1 

A ball of mass (m) at height (h) falls vertically in the air. The experience has shown that the air 

resistance force (F) is given as a function of the volumetric mass density (ρ), the ball section (S), the 

drag coefficient (C) and the velocity (V).    

1- Determine the dimensional equations of the following quantities: velocity (𝑽), acceleration (𝜸), 

volumetric mass density (𝝆), force (𝑭), moment of force (𝑴), work (𝑾), kinetic energy (𝑬𝒄), 

potential energy (𝑬𝒑) and surface area (𝑺).  

2- Check that: [𝐖 𝒎𝒈⁄ ]  =  [𝐕²/𝟐𝐠]  = [𝒉]  = 𝐋. 

3- Find the expression of the air resistance force, which takes the form: 

𝑭 =
𝟏

𝟐
. 𝑪.  𝛒𝜶. 𝑺𝜷. 𝑽𝜹. 

(C : is a numerical coefficient without dimension). 
 

Exercise 2 

The frequency (𝝂) of an elastic spring is given as a function of the mass (𝒎) of the suspended body 

and the stiffness constant (𝒌). Give the physical law of frequency 𝝂. 

 

Exercise 3 

A closed container of volume (V) has (n) moles of gas, at pressure (P) and at temperature (T). The 

properties of this gas depend on the universal constant (R): 𝑅 ≈ 8,315 𝐽 𝑚𝑜𝑙−1𝐾−1. 

1- Give the dimension of the pressure (𝑷), the volume (𝑽) and the ideal gas constant (𝑹). 

2- In the case of an ideal gas, the quantities are related by the equation of state: 𝑷𝑽 = 𝒏𝑹𝑻. Check 

the homogeneity of this relationship.  

3- We now assume that the gas is described by the van der Waals equation: 

(𝑷 + 𝒂
𝒏𝟐

𝑽𝟐
)(𝑽 − 𝒏𝒃) = 𝒏𝑹𝑻 

Where 𝒂 and 𝒃 are constants. Find the dimensions and units of 𝒂 and 𝒃. 

Exercise 4 
 

The drift velocity of an electron in an electric conductor is given as a function of its mass (m), its 

electric charge (e), the mean free time (τ) and the electric field (E).  

1- Establish the dimensional equations of the following quantities: the electric charge (𝒒), the 

electric field (𝑬), the electric potential difference (𝑼), the electric resistance (𝑹), the electric 

capacitance (𝑪) and the electric power (𝑷). 

2- Find the expression of the drift velocity, which takes the form: 𝑽 = 𝒆𝒙 𝒎𝒚  𝝉𝒛 𝑬𝒕 .   



Solution of Tutorial n°1: Dimensional analysis 

Exo 01 : 

1°/ Dimensional equations: 

▪ Velocity 𝑉 : [𝑉] =
[𝑑𝑥]

[𝑑𝑡]
= 𝐿𝑇−1 

▪ Acceleration 𝛾 : [𝛾] =
[𝑑2𝑥]

[𝑑𝑡2]
=

[𝑥]  

[𝑡]2
= 𝐿𝑇−2 

▪ Mass density 𝜌 : [𝜌] =
[𝑚]

[𝑉]
= 𝑀𝐿−3 

▪ Force F : [𝐹] = [𝑚][𝛾] = 𝑀𝐿𝑇−2 

▪ Moment M : [𝑀] = [𝐹][𝑟] = 𝑀𝐿2𝑇−2 

▪ Work W : [𝑊] = [ ∫𝐹. 𝑑𝑙] = 𝑀𝐿2𝑇−2 

▪ Kinetic energy: [𝐸𝑐] = [
1

2
𝑚𝑉2] = 𝑀𝐿2𝑇−2 

▪ Potential energy: [𝐸𝑝] = [𝑚𝑔ℎ] = 𝑀𝐿2𝑇−2 

▪ Surface: [𝑆] =  [4𝜋𝑅2] = [𝑅2] = 𝐿2 
 

2°/ Check that : [𝐖 𝒎𝒈⁄ ]  =  [𝐕²/𝟐𝐠]  = [𝒉]  = 𝐋 

g : gravitational acceleration, i.e.: [𝑔] = [𝛾] 

→

{
 
 

 
  [

𝑊

𝑚𝑔
] =  

[𝑊]

[𝑚][𝑔]
= 𝐿

[
V2

2g
] =  

[𝑉]2

[2][𝑔]
 =  𝐿  

[ℎ]  =  𝐿                      

 

So the relationship is verified 

3°/ Expression of the air resistance force 

Using dimensional homogeneity, it is necessary that: 

 [𝐹] = [
1

2
. 𝐶.  ρ𝛼 . 𝑆𝛽 . 𝑉𝛿] 

⟹ [ 𝐹] = [
1

2
] [𝐶]. [𝜌]𝛼. [𝑆]𝛽 . [𝑉]𝛿 ⟹ [ 𝐹]

= [𝜌]𝛼. [𝑆]𝛽 . [𝑉]𝛿 

⟹𝑀𝐿𝑇−2 = 𝑀𝛼 𝐿−3𝛼+2𝛽+𝛿  𝑇−𝛿 

{
𝛼 =  1

−3𝛼 + 2𝛽 + 𝛿 = 1 
 𝛿 = 2   

⇒ {
𝛼 = 1
𝛽 = 1
𝛿 = 2

   

Expression:   𝑭 =
𝟏

𝟐
. 𝑪. 𝝆. 𝑺. 𝑽𝟐 

Exo 02 : 

1°/ The physical law : 𝝂 = 𝒇(𝒎, 𝒌) 

We have:  𝜐 = 𝑐.  𝑚𝛼. 𝑘𝛽  

▪ [𝜐] = 𝑇−1 ;     [𝑘] = [
𝐹

𝑥
] =

[𝐹]

[𝑋]
= 𝑀𝑇−2 

▪ [𝑚] = 𝑀 ;       [𝑐] = 1   

For the equation of 𝜐 to be homogeneous, it is 

necessary that: 

[𝜐]  = [  𝑐.  𝑚𝛼. 𝑘𝛽] ⇒ [𝜐]  =  [𝑚]𝛼[𝑘]𝛽 

⇒ {
𝛼 = −1/2
𝛽 = +1/2

⇒ 𝝊 = 𝒄 √
𝒌

𝒎
⇒ 𝝊 =

𝟏

𝟐𝝅
 √
𝒌

𝒎
 

Exo 03 : 

1°/ Dimensional equations: 

▪ Pressure P : [𝑃] =
[𝐹]

[𝑠]
= 𝑀𝐿−1𝑇−2 

▪ Volume V : [𝑉] = [𝑙. 𝑙. 𝑙] = 𝐿3 

▪ Constant R : [𝑅] =  
[𝐸]

𝑁.𝜃
= 𝑀𝐿2𝑇−2𝑁. 𝜃 

2°/ Check the homogeneity of : 𝑷𝑽 = 𝒏𝑹𝑻 

[𝑷𝑽] = [𝒏𝑹𝑻] ⇒  𝑀𝐿2𝑇−2 = 𝑀𝐿2𝑇−2 

The formula is therefore homogeneous. 

3°/ The dimensions and units of 𝐚 and 𝐛. 

In a sum or a difference, the dimensions of the quantities 

must be equal, so we must have: 

{
[𝑃] = [𝑎

𝑛2

𝑉2
] ⇒ [𝑎] = [𝑃]. [𝑉]2. [𝑛]−2

[𝑉] = [𝑛𝑏] ⇒ [𝑏] = [𝑉]. [𝑛]−1             

 

⇒ {
[𝒂] = 𝑴𝑳𝟓𝑻−𝟐𝑵−𝟐

[𝒃] = 𝑳𝟑𝑵−𝟏          
 

The associated units are therefore: 

▪ 𝒂 is expressed in:𝑲𝒈.𝒎𝟓. 𝒔−𝟐.𝒎𝒐𝒍−𝟐 

▪ 𝒃 is expressed in: 𝒎𝟑. 𝒎𝒐𝒍−𝟏 

Exo 04 : 

1°/ The dimensions of the following quantities: 

▪ 𝑑𝑞 = 𝑖. 𝑑𝑡 ⇒ [𝑞] = [𝑖][𝑡] = 𝐼𝑇 

▪ 𝐹𝑒 = 𝑞. 𝐸 ⇒ [𝐸] =
[𝐹𝑒]

[𝑞]
= 𝑀𝐿𝑇−3𝐼−1 

▪ 𝑈 = 𝐸. 𝑑  ⇒ [𝑈] = [𝐸][𝑑] = 𝑀𝐿2𝑇−3𝐼−1 

▪ 𝑈 = 𝑅. 𝑖 ⇒ [𝑅] =  
[𝑈]

[𝑖]
= 𝑀𝐿2𝑇−3𝐼−2 

▪ 𝑐 =  
𝑞

𝑈
 ⇒  [𝑐] =  

[𝑞]

[𝑈]
= 𝑀−1𝐿−2𝑇4𝐼2 

▪ 𝑃 = 𝑈. 𝑖 ⇒ [𝑃] = [𝑈]. [𝑖] = 𝑀𝐿2𝑇−3 

2°/ Expression of the drift velocity (𝑽) 

Using dimensional homogeneity, it is necessary that: 

[𝑉]  = [𝑒𝑥 𝑚𝑦   𝜏𝑧 𝐸𝑡] ⇒ [𝑉]  = [𝑒]𝑥 [𝑚]𝑦   [𝜏]𝑧 [𝐸]𝑡 

▪ [𝑉] = 𝐿𝑇−1 ;     [𝜏] = 𝑇 

⇒ 𝐿𝑇−1  = 𝐼𝑥−𝑡 . 𝑇𝑥+𝑧−3𝑡 . 𝑀𝑦+𝑡 .   𝐿𝑡 

{

𝑥 − 𝑡 = 0
𝑥 + 𝑧 − 3𝑡 = −1

𝑦 + 𝑡 = 0
𝑡 = 1

⇒ {

𝑥 = 1
𝑧 = 1
𝑦 = −1
𝑡 = 1

⇒ 𝑽 =
𝒆. 𝝉. 𝑬

𝒎
 


