
Dimensions
The powers, to which
the fundamental units of 
mass, length and time 
written as M, L and T 
are raised, which include
their nature and not their 
Magnitude

Density = mass/volume 
= [M]/[L3 ] 
= [ 𝑀1𝐿−3𝑇0]

Dimensionless quantities are those which do not have dimensions but have a fixed
value.
•Dimensionless quantitieswithout units: Pure numbers, π, e, sin θ, cos θ, tan θ, ratio etc.
•Dimensionless quantities with units: [MoLoTo ]: Angular displacement (radian) ,Joule’s
constant (Jcal–1), etc.







Dimension Analysis
Dimensional analysis is the study of the relation between physical quantities based on their units and dimensions. 

Dimensional analysis can be used:

1- To check if a relationship is incorrect. A simple rule applies here we add or subtract quantities only If they have the same 

dimensions (we do not add centimeters and hours). This implies that the quantities on each side of an equation must also 

be the same.

2 -Dimensional analysis can also be used to specify the dimensions of a physical quantity.

3-Dimensional analysis can help phrase a physical relationship which we can see in the following examples. This can be 

applied by following steps:

a) Covert the proportional formula to an equation setting each variable on the right-hand-side (R.H.S) to a power 

of unknown value.

b) Analysing the dimensions of both sides of the equation in terms of base dimensions (into brackets) with respect 

to all mathematical operations.

c) Substitute all base units for variables

d) Equate the powers on both sides of the equation to each other.

e) Rewrite the equation in the new form.



Example 11: Check if the following equation is correct using dimensional 
analysis:
V= 𝑣0 + ½ a t^2

Where v is the speed of an object after a time t, 𝑣0 is the objects initial speed, and the object 
undergoes an acceleration a.

Solution:
Let's do a dimensional check to see if this equation is correct, note that the numerical factors, like ½ do 
not affect dimensional checks. We write a dimensional equation as follows, remembering that the
dimensions of speed are 𝐿

𝑇
and the dimensions of acceleration are

𝑇2

𝐿 :
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𝐷i𝑚𝑒𝑛𝑠io𝑛𝑠 𝑜f 𝐿. 𝐻. 𝑆. ≠ 𝑅. 𝐻. 𝑆

The dimensions are incorrect on the right-hand side, we have the sum of the quantities whose dimensions 
are not the same. We conclude that an error was made in the derivation of the equation.





Example 12
Check if the following equations are correct using dimensional analysis:



Example 13: Using dimensional analysis try to obtain the units of 
work?

Solution:

Work equals force by distance: W = 𝐹𝑥

Force is given by Newton’s Second Law: 𝐹 = 𝑚𝑎

W = 𝐹𝑥 ⇒ W = 𝑚𝑎𝑥

Using dimensional analysis:

The unit of work in SI units: 𝑘𝑔 𝑚2/𝑠2

𝑀
𝐿

𝑇2 𝐿 = 𝑀𝐿2𝑇−2



Example 14: To keep an object moving in a circle at constant speed requires a force called the "centripetal 
force “. Use the dimensional analysis to predict the formula of centripetal force F, if you know that F 
depends on its mass m, its speed v, and the radius r of its circular path.

Solution: Using the steps mentioned in previous slide,
1-Covert the proportional formula to an equation setting each variable on the right-hand-side (R.H.S) to a power of unknown 
value:

𝐹 = 𝑚𝑎𝑣𝑏𝑟𝑐

2- Analyse the dimensions of both sides of the equation in terms of base dimensions (into brackets) with respect to all 
mathematical operations:

𝐹 = 𝑀𝐿𝑇 - 2  , 𝑚 = 𝑀 , 𝑣 = 𝐿𝑇 - 1  , 𝑟 = 𝐿

3 -Substitute all base units for variables:
𝐿. 𝐻. 𝑆. ⇒ ⟸ 𝑅. 𝐻. 𝑆.𝑀𝐿𝑇 - 2  = 𝑀𝑎 (  𝐿𝑇 - 1 ) b L𝑐

= 𝑀𝑎𝐿𝑏𝑇 - b𝐿𝑐

𝑀𝐿𝑇 - 2  = 𝑀𝑎𝐿𝑏+𝑐𝑇 -𝑏

4-Equate the powers on both sides of the equation to each other:



4-Equate the powers on both sides of the equation to each other:

𝑎 = 1 … … … … … … … . (1)

𝑏 + 𝑐 = 1 … … … … … … … … . . 2

−𝑏 = −2 ⇒ 𝑏 = 2 … … … . 3

Substituting 3 in 2

2 + 𝑐 = 1

𝑐 = −1

5-Rewrite the equation in the new form:

𝐹 = 𝑚𝑣2𝑟–1 ⟶ 𝐹 = 𝑚𝑣2

𝑟





Homework 
True or False questions
1. The SI system has only three base units. 
2. The definition of the standard for length is based on the speed of light in vacuum. 
3. The new definition of the second is based on the period of the Earth’s rotation. 
Multichoice Questions:
4. Which one among the following physics quantities is a derived quantity:
a- The mass of the proton
b- The radius of the Earth
c- The speed of sound
d- The period of oscillation of a simple pendulum
5. Given that the force can be written as 𝐹 = 𝑚𝑎, where m is the mass and a is the
acceleration, the SI unit for the force is:
a- 𝑘𝑔 𝑚 𝑠
b- 𝑘𝑔 𝑚/𝑠
c- 𝑘𝑔 𝑚/𝑠2

d- 𝑘𝑔 𝑚 𝑠2

Problems:
6. The distance between two cities is d=525 km. Given that 1mile=1.609 km, convert this
distance into miles.
7. A plant can grow 2.5 inches in 5 days, what is its growth rate in millimetres per hour.
(1 in=2.54 cm)
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