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Abstract 
Dimensional analysis is one of the most important tools of engineers. However, despite 

all the benefits that makes it indispensable, it can sometime be a long and tedious 

process. This paper describes a very simple methodology to present the space-time 

dimensions of physical quantities and a visual tool used to perform easy, fast and 

accurate dimensional analysis. 
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Introduction  
Dimensional analysis

1
 is a great tool for anyone working with physicsô formulas as it 

helps to find the unit of a physical quantity, guarantees the validity of an equation and 

allows estimations of expected results. Students, scientists and engineers so often use 

dimensional analysis that it can be considered as a key to a structured approach of 

physical laws and problem solving. However, performing dimensional analysis is not 

always an easy and fast process. Assuming dimensions of the basic quantities of the SI 

system can be reduced to space and time only, it is then possible to present physical 

quantities in such a way that it would greatly facilitate dimensional analysis by allowing 

easy and instantaneous validation of any equation of modern physics. After an overview 

of the concepts of dimensional analysis, we will explain how to build and use a matrix, 

which displays in a coherent way all the known physical quantities. 

 

Dimensional analysis in a nutshell 
The basic statement of dimensional analysis, the ñBuckingham ˊ theoremò

2
, says that any 

physical quantity can be expressed in terms of its basic constituents called dimensions. 

These constituents use the fundamental units, of the adopted reference frame. In the SI 

system, the units are MKS, as in Meter ï Kilogram ï Second, and the constituents 

(dimensions) are: 

 

 

Name SI Unit Symbol 

Distance Meter L 

Mass Kilogram M 

Time Second T 

Current Ampere I 

Light Candela J 

Heat Kelvin K 

Concentration Mole N 

 

Table 1 - Dimensions of the SI system 

 

 

So any physical quantity Q can be dimensionally expressed as: 

 

[Q] = L
a
M

b
T

c
I
d
J

e
K

f
N

g 
      (1) 

 

With exponents, ña é gò, representing the influence of each constituent on the final 

quantity and the sign of the exponent indicating direct or inverse (1/x) proportionality. 

The notation [Q] means ñthe dimension of Qò. It is important to note that units, whether it 

be meters per second or kilometer per hours, do not really matter in this context while 

dimension, which says that a velocity is a length per time, must absolutely be consistent 

and is the focus of this paper. 
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For example, if we examine Newtonôs second law (law of motion): 

 

F = m * a        (2) 

 

It states that force is equal (or homogeneous) to a mass (Kg) times an acceleration (m/s
2
), 

which can be dimensionally written as: 

 

[F] = M * L / T
2
       (3) 

Or 

[F] = MLT
-2

        (4) 

 

Or, more formally: 

 

[F] = L
1
M

1
T

-2
I
0
J

0
K

0
N

0
      (5) 

 

The dimensional definition of a quantity is a clear expression of its relation with the 

constituents (dimensions), hence revealing the intrinsic role of each quantity.  

 

As long as all physical quantities can be expressed the formal way, their combination 

through the equations, multiplying or dividing, is only a matter of adding or subtracting 

exponents. It then becomes extremely easy to confirm the homogeneousity of an equation 

by validating additions and subtractions of exponents as in the following example: 

 

[M] = L
0 
M

1 
T

0 
I
0 
J

0 
K

0 
N

0 

*  

[a] = L
1 
M

0 
T

-2 
I
0 
J

0 
K

0 
N

0
 

= 

[F] = L
0+1 

M
1+0 

T
0+-2 

I
0+0 

J
0+0 

K
0+0 

N
0+0

    (6) 

 

This means that for any equation to be valid, the right side of the equal sign must be 

dimensionally identical to the left side. This must always be true at the global scale, but 

the individual terms of each side might be very different dimension wise, and even 

belong to different physical domains. 

 

It is also well known that dimensional analysis was used in 1941 by Geoffrey I Taylor
3
 to 

estimate the amount of energy released by the atomic bomb. This information was 

classified at this time, but released movies gave enough information to Taylor to perform 

his analysis and bring the correct answer, as was later confirmed. 

 

Thus, it is clear that dimensional analysis proves to be the reference behind physical 

quantity combination orthodoxy. 
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The Matrix  
It is in fact possible to build a matrix, which presents all physical quantities and allow the 

validation of all physicsô equations in a very fast, simple and visual way. This section 

will explain how to build such a matrix and give the basic rules to use it. 

 

 

Building the matrix 

Basic concepts 

We define a matrix whose vertical axis represents time, while the horizontal axis 

represents space. The dimensionless origin for all domains is located at [0,0]. 

 

 

 

Figure 1 - The matrix foundation 

 

 

 

Based on these premises, it is easy to place the basic elements of the space-time 

continuum such as: 

 

 Distance (m, L), Surface (m
2
, L

2
), Volume (m

3
, L

3
) 

 Time (s, T), Frequency (Hz = /s, T
-1

) 

 Speed (m/s, LT
-1

), acceleration (m/s
2
, LT

-2
) 
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Figure 2 - Space-time elements 

 

 

The indices of the matrix directly correspond to the exponents of dimensions. It is then 

clear that: 

 

 Moving to the right  ė Multiplying by meters 

 Moving to the left  ė Dividing by meters 

 Moving up   ė Multiplying by seconds 

 Moving down  ė Dividing by seconds 

 

 

The space-time dimension of quantities 

It is obvious that once the reduction of base dimensions to space and time is granted, it is 

possible to imagine a two-dimensional representation used for dimensional analysis. It is 

however important to understand that although the placement of the Dynamic domain 

elements seems obvious with respect to the way the matrix is built; due to their intrinsic 

dimensional definition, the position of all other elements are derived from the mass' 

space-time dimension. Then, once this dimension is found, all physical quantities can 

then be presented on the matrix. The ñpositionò of a quantity illustrates the relation of this 

quantity with respect to time and space only, which represent a two dimensional view or 

a dimensional reduction. All other usual dimensions (mass, current, heat, etc. é) will be 

presented on the matrix, but will not be ñdimensionsò any more.  

 

Our previous research
4
 demonstrated that [M] = L

7
T

-7
 and [Q] = L

4
T

-3.5
. The dimension 

of the electric charge is not an integer, so to be represented the axis of the matrix will 

follow the sequence 0, 0.5, 1, 1.5, 2, é 

 

The visual aspect of the matrix is dependant of the initial assumption concerning the 

mass' dimension (L7T-7). If this assumption happens to be false, the matrix would have a 

totally different aspect. However, the dimensional analysis rules and benefits would still 

be present. 
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As a reference, the following table lists the dimensional properties of most physical 

quantities: 

 

 

Table 2 - Physical quantities and their dimensions 
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The result 

To be able to use the matrix as a dimensional analysis tool, we simply present the symbol 

of each quantity at the correct space-time location according to the column "Dimension 

LT" of table 2. In order to differentiate them, each physical domain will be arbitrarily 

associated with a color such as: 

 

 Green  Dynamic domain 

 Orange Energetic domain 

 Pink  Gravitic domain 

 Blue  Pressuric domain 

 Yellow Electric domain 

 Cyan  Magnetic domain 

 Purple  Thermic domain 

 

Putting it all together gives the following result é 
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THE DIMENSIONAL ANALYSIS MATRIX  

 

Figure 3 - The dimensional analysis Matrix 
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Using the matrix 

Once built, we can immediately use the matrix as a tool for dimensional analysis. All 

valid equations must be dimensionally homogeneous and the matrix helps to validate it 

faster and easier than the manual derivation. 

 

When using the matrix, the following rules apply: 

 

1. Moving to the right  ė Multiplying by meters 

2. Moving to the left  ė Dividing by meters 

3. Moving up   ė Multiplying by seconds 

4. Moving down  ė Dividing by seconds 

5. Multiply   ė Adding indices 

6. Dividing   ė Subtracting indices 

7. Dimensionless factor do not change resultôs position 

 

 

The four first rules have been used abundantly in the previous section to build the matrix. 

The rules 5 and 6 correspond to the equivalent of the principle of exponent addition or 

subtraction seen in the section ñdimensional analysis in a nutshellò, with the difference 

that in this case, it applies only to space and time dimensions. 

The rule 7 is trivial and reminds us that exponents of a dimensionless numbers are all 0s.  

 

The visual representation of physical quantities into space-time is one of the most 

powerful feature of the matrix. It is not necessary to write down dimensional analysis 

derivations. It is much simpler to validate a formula by ñjumpingò on the matrixôs cells as 

when playing chess. For example, reusing the equation: 

 

F = m * a        (7) 

 

The basic operations with indices can now be illustrated as: 

 

 

 

Figure 4 - Illustration of F = Ma 
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Where we can formally write: 

 

Fx,y = Mx,y * ax,y       (8) 

 

With Qx,y meaning ñthe dimensional indices of Qò, then we have 

 

M 7,-7 *  a 1,-2 = F 7+1 , -7+-2 = 8 , -9     (9) 

 

But if one wishes to multiply by an acceleration (m/s
2
), it is much faster to start from the 

massô position and to ñjumpò two cells right (*m), and then four cells down (/s
2
). 

 

 

Now, armed with these rules, we can confront any formula and validate it. But before 

testing any unknown formula, let us practice with some well-known equations, which we 

can reasonably think are dimensionally correct, and see if the matrix confirms it. 

 

 

The Einsteinôs equation 

The Famous Einstein equation relates mass and energy. 

 

E = m c
2
        (10) 

 

With E = energy, m = mass and c = speed of light 

 

 

 

Figure 5 - Illustration of E = mc2 

 

 

Considering the position of mass and energy, it is clear that the relation is ñm
2
/s

2
ò, which 

is equivalent to a squared velocity, and this confirms the validity of the Einsteinôs 

equation without having to write down the full demonstration. 
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The Newtonôs law of gravity (interaction force) 

The equation describing the gravitic attractive force between two masses is: 

 

F = G M1 M 2 / r
2
      (11) 

 

With G = gravitational constant, M1 and M2 = masses, r = distance between masses 

 

 

Figure 6 - Illustration of F = G M2 / r2 

 

The mass is located at [7, -7], so multiplying by a mass is equivalent to jump fourteen 

cells on the right side and fourteen cells down. 

 

 

 

The Coulombôs law 

The Coulombôs law is the electrical equivalent of the Newtonôs law of gravity. So the 

equation describing the attracting or repulsing electric force between two charges is: 

 

F = K Q1 Q2 / r
2
      (12) 

 

With K = Coulombôs constant, Q1 and Q2 = electric charges, r = distance between charges 

 


