
 

 

Exercise 1.1: 
 
Establish from simple formulas, the dimensions and fundamental units of quantities following 

speed v, acceleration a, force F, surface S, volume V, density p, energy E, pressure P. 

 

Solution 
 
The dimension of the physical quantity speed v is 

 

dim 𝑣 =
𝑙𝑒𝑛𝑔𝑡ℎ

𝑡𝑖𝑚𝑒
=

𝐿

𝑇
= 𝐿𝑇−1  unit  𝑚. 𝑠−1 

The dimension of the physical quantity acceleration a is 

 

dim 𝑎 = 
𝑙𝑒𝑛𝑔𝑡ℎ

𝑇2
=

𝐿

𝑇2
= 𝑇−2𝐿 unit   𝑚. 𝑠−2 

 

The dimension of the physical quantity force F is 

 

dim 𝐹 = 𝑚𝑎𝑠𝑠 𝑥 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑚𝑎𝑠𝑠 𝑥 
𝑙𝑒𝑛𝑔𝑡ℎ

𝑇2
=

𝐿𝑀

𝑇2
= 𝑇−2𝐿𝑀 unit  kg . 𝑚. 𝑠−2 

The dimension of the physical quantity surface S is 

 

[𝑆] = [𝑎]2=𝐿2 unit m2 

 

The dimension of the physical quantity energy E is 

𝐸 =
1

2
𝑚𝑣2   dim 𝐸 = [𝐸] =  [1/2] [𝑚][𝑣]2 = 𝑀𝐿2𝑇−2 𝑢𝑛𝑖𝑡 𝑘𝑔. 𝑚2. 𝑠−2 𝑜𝑟 𝑗𝑜𝑢𝑙𝑒 

 

The dimension of the physical quantity pressure P is 

 

dim 𝑃 =
𝑓𝑜𝑟𝑐𝑒

𝑎𝑟𝑒𝑎
=

𝐿𝑀𝑇−2 

𝐿2
= 𝑇−2𝐿−1𝑀 unit  kg . 𝑚−1. 𝑠−2  

 

https://en.wikipedia.org/wiki/Speed
https://en.wikipedia.org/wiki/Force_(physics)
https://en.wikipedia.org/wiki/Pressure


Exercise 1.2: 
 
The average value < 𝑬 > of the total kinetic energy of translation of the molecules of a gas is 

given by: 

< 𝑬 >=
𝟑

𝟐
𝒌𝑩𝜽 

 

𝜃 represents the absolute temperature.  

 

What are the dimensions of Boltzmann’s constant 𝒌𝑩? 

 

Solution 
 

𝒌𝑩 =
𝟐<𝑬>

𝟑𝜽
   [𝒌𝑩] = [

𝟐

𝟑
]

[<𝑬>]

[𝜽]
 , [𝒌𝑩] = 𝑴𝑳𝟐𝑻−𝟐𝜽−𝟏 unit  𝒌𝒈. 𝒎𝟐. 𝒔−𝟐𝒌−𝟏  (J/K) 

 

Exercise 1.3: 
 
Experience shows that the force with which a liquid act on a ball immersed in it is proportional 

to the radius of the ball r as well as its speed v. We write its expression: 

 𝐹 =  6𝜋µ𝑥𝑟𝑦𝑣𝑧 

where µ is a dimension coefficient : 𝜇 = 𝑀𝐿−1𝑇−1 

1- Find x, y and z 

When the speed is a little high, the expression for the force becomes 𝐹 =  𝑘𝑆𝑣2,where k is a 

constant and S is the area of the great circle. 

2- Find the dimension k. 

3- Demonstrate that the kinetic energy (𝐸𝑐 =
1

2
𝑚𝑣2) has the same dimension as a 

work 𝜔 = 𝐹𝐿. 

Solution 
 
1- 𝐹 =  6𝜋µ𝑥𝑟𝑦𝑣𝑧, 𝜇 = 𝑀𝐿−1𝑇−1 

[𝐹] = [𝜇]𝑥[𝑟]𝑦[𝑣]𝑧 = 𝑀𝑥𝐿−𝑥𝑇−𝑥𝐿𝑦𝐿𝑧𝑇−𝑧 = 𝑀𝑥𝐿−𝑥+𝑦+𝑧𝑇−(𝑥+𝑧)         (1)   

On the other hand, we have 

[𝐹] = [𝑚𝑎] = 𝑀𝐿𝑇−2           (2) 

(1) = (2) {

𝑥 = 1
−𝑥 + 𝑦 + 𝑧 = 1

−(𝑥 + 𝑧) = −2
 

𝑥 = 1, 𝑦 = 1, 𝑧 = 1 

So  𝐹 =  6𝜋µ𝑟𝑣 



2- Dimension of 𝑘 =
𝐹

𝑆𝑣2        [𝑘] =
[𝐹]

[𝑆][𝑣]2 =
𝑀𝐿𝑇−2

𝐿2𝐿2𝑇−2 = 𝑀𝐿−3 𝑢𝑛𝑖𝑡 𝑘𝑔𝑚−3 

 

3- 𝐸𝑐  =
1

2
𝑚𝑣2  →    [𝐸𝑐] = [

1

2
] [𝑚][𝑣]2 = 𝑀𝐿2𝑇−2       (1) 

The work 𝝎 = 𝑭𝑳 →  [𝜔] = [𝐹][𝐿] = 𝑀𝐿𝑇−2𝐿 =  𝑀𝐿2𝑇−2       (2) 

(1) = (2)    ⇒  [𝐸𝑐] = [𝜔] 

(𝐾𝑔. 𝑚2. 𝑠−2) 

Exercise 1.4: 

The period of oscillation of a simple pendulum is 𝑇 = 2𝜋√
𝐿

𝑔
.  L is about 10 cm and is known 

to 1 mm accuracy. The period of oscillations is about 0.634 second. The time of 100 oscillations 

is measured with a wristwatch of 1𝑠 resolution. What is the accuracy in the determination of g? 

Solution 
 
The accuracy in determination of g is found in terms of minimum percentage error in 

calculation. The percentage error in g =
∆g

g
𝑥 100%, where 

∆g

g
 the relative error in determination 

of g. 

𝑇 = 2𝜋√
𝐿

𝑔
 𝑜𝑟 𝑇2 = 4𝜋2 𝐿

𝑔
 𝑜𝑟 𝑔 =

4𝜋2 𝐿

𝑇2 =
4𝜋2 0.1

(0.634)2 = 9.81𝑚/𝑠2; 

Now, 
∆g

g
=

∆L

𝐿
+ 2 ×

∆T

T
 

In terms of percentage, 100 ×  
∆L

𝐿
= 100 × 

0.1

10
= 1% 

Percentage error in 𝑇 𝑖𝑠 100 × 
∆T

𝑇
= 100 ×  

1

100 ×0.634
= 1.57%    

Thus, percentage error in g =
∆g

g
×  100% = 1% + 2 ×  1.57% = 4.14%   

𝑔 = (𝑔 ∓ ∆𝑔) 𝑚/𝑠2  

𝑔 = (9.81 ∓ 0.0414) 𝑚/𝑠2 

 

 



Exercise 1.5: 
 
The error in measuring the radius of the sphere is 0.5%.  What is the permissible percentage 

error in the measurement of its (a) surface area and (b) volume? 

 

Solution 
 

Percentage error in determination of any quantity = Relative error in determination of quantity 

×100%. The relative error in area and volume of sphere are: 

 
∆𝐴

𝐴
=  

2∆𝑟

𝑟
 𝑎𝑛𝑑 

∆𝑉

𝑉
=  

3∆𝑟

𝑟
 respectively.    

Given 
∆𝑟

𝑟
= 0.5% 

(a) The surface area of a sphere of radius r is  𝐴 = 4𝜋𝑟2 

Percentage error in 𝐴 =
∆𝐴

𝐴
× 100 =

2∆𝑟

𝑟
× 100 = 2 × 0.5% = 1% 

      (b) The volume of a sphere with radius r is 𝑉 =
4𝜋

3
𝑟3 

Percentage error in 𝑉 =
∆𝑉

𝑉
× 100 =

3∆𝑟

𝑟
× 100 = 3 × 0.5% = 1.5% 

 

 

 

 


