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Where M=mass, L=length, is a fundamental task in the field of dimensional analysis,
which helps in understanding the underlying relationships between physical quantities.
Dimensional analysis involves expressing complex units in terms of a small set of
fundamental units, known as primitive dimensions. Typically, these primitive dimensions
include mass (M), length (L), time (T), and sometimes others like temperature (0) or
electric current (I), depending on the context. By representing units as combinations of
these primitive dimensions, engineers and scientists can verify the consistency of
equations, derive relationships between quantities, and convert units systematically. This
article explores the process of expressing various units in terms of primitive dimensions,
focusing on the fundamental units of mass and length, and extending the discussion to
include time where relevant.

Understanding Primitive Dimensions

Before delving into specific units, it is essential to understand what primitive dimensions
are and why they serve as the building blocks for all physical quantities.

What Are Primitive Dimensions?

Primitive dimensions are the basic, irreducible measures of physical quantities from which
all other units can be derived. They are considered fundamental because they cannot be
broken down further in terms of other quantities. The most common set includes:

e M: Mass
e L: Length

o T: Time

Additional primitive dimensions might include temperature (0), electric current (I),
luminous intensity (J), and amount of substance (N), but for the scope of this discussion,
the primary focus is on mass and length, with time incorporated where necessary.

The Role of Dimensional Analysis

Dimensional analysis uses these fundamental units to verify the correctness of physical
equations and to derive relationships. When units are expressed as combinations of



primitive dimensions, it becomes easier to:
e Check for dimensional consistency
e Convert units between different systems

e Formulate scaled models and similarity laws

This approach simplifies complex physical phenomena into manageable mathematical
relationships.

Representing Common Units as Primitive
Dimensions

Next, we will examine how to express various units used in physics and engineering as
combinations of the primitive dimensions M, L, and T.

1. Velocity (m/s)

Velocity is defined as the rate of change of displacement with respect to time.
e Unit: meters per second (m/s)

e Primitive dimension form: L T™*

Explanation: Since meters are units of length, and seconds are units of time, velocity
combines length and inverse time.

2. Acceleration (m/s?)

Acceleration is the rate of change of velocity over time.
o Unit: meters per second squared (m/s?)

e Primitive dimension form: L T

Explanation: Acceleration involves length divided by time squared, reflecting how velocity
changes over time.

3. Force (Newton, N)

Force is a fundamental concept in physics, typically expressed as mass times acceleration.

e Unit: Newton (N)



e Primitive dimension form: M L T

Explanation: Using Newton's second law, \( F = m \times a \), force combines mass (M)
and acceleration (L T-2).

4. Pressure (Pascal, Pa)

Pressure measures force per unit area.
e Unit: Pascal (Pa)

e Primitive dimension form: M L™* T

Explanation: Since pressure is force divided by area, and area has units of length squared,
pressure involves M, L-1, and T-2.

5. Energy (Joule, J)

Energy is work done, often expressed as force times distance.
e Unit: Joule (])

e Primitive dimension form: M L? T

Explanation: Energy combines mass, squared length, and inverse squared time, reflecting
the work done over a distance.

6. Power (Watt, W)

Power measures the rate of energy transfer.
e Unit: Watt (W)

e Primitive dimension form: M L> T3

Explanation: As power is energy per unit time, it involves the same dimensions as energy
but divided by time.

7. Density (kg/m?)

Density is mass per unit volume.
e Unit: kg/m®

e Primitive dimension form: M L7



Explanation: Density involves mass divided by length cubed.

Extending to Units Involving Time and Other
Primitive Dimensions

While the focus is on M and L, many units naturally involve time or other primitive
dimensions.

1. Frequency (Hz)

Frequency measures how often a repeating event occurs per second.
e Unit: Hertz (Hz)

e Primitive dimension form: T

Explanation: Since frequency is inverse of time, it involves only the primitive dimension T.

2. Speed of Light (approximately 3x10° m/s)

Expressed as a velocity, it combines length and time.

e Primitive dimension form: L T

3. Moment of Inertia (kg-m?)

A measure of an object’s resistance to rotational acceleration.
o Unit: kilogram meter squared (kg-m?)

e Primitive dimension form: M L?

Practical Applications of Dimensional
Representation

Expressing units as combinations of primitive dimensions is not just a theoretical exercise;
it has several practical applications:



1. Dimensional Consistency Checks

Ensuring equations are dimensionally consistent prevents errors in derivations and
calculations. For instance, verifying that both sides of an equation involving force and
acceleration are expressed with the same primitive dimensions.

2. Unit Conversion

By understanding the primitive dimensions, conversions between different units become
straightforward. For example, converting from km/h to m/s involves adjusting for length
and time units.

3. Scaling and Modeling

Dimensional analysis allows engineers to create scaled models that accurately replicate
real-world behavior by maintaining consistent primitive dimensions across models and
prototypes.

Conclusion

Representing units as combinations of primitive dimensions such as mass (M), length (L),
and time (T) is a cornerstone of dimensional analysis. It simplifies complex physical
relationships, verifies the consistency of equations, and facilitates unit conversions. From
velocity and force to energy and power, every physical quantity can be broken down into
these fundamental units, providing clarity and consistency in scientific and engineering
calculations. Mastery of this approach enhances understanding of physical phenomena
and fosters precision in engineering design and scientific research.

Frequently Asked Questions

How can you represent velocity as a combination of
primitive dimensions involving mass (M) and length (L)?

Velocity is represented as length divided by time (L/T). Since time is a primitive
dimension, velocity has the dimension L. T-?, and it does not directly involve mass (M).

What are the primitive dimensions used to express force
in terms of M and L?

Force is expressed as mass times acceleration. Since acceleration is length per time
squared (L T-?), force has the dimension M L T2,



How is pressure represented using the primitive
dimensions M and L?

Pressure is force per unit area. Since force is M L T-2 and area is L?, pressure is M L= T2,

Express energy in terms of the primitive dimensions M
and L.

Energy is work done, which is force times distance. Force is M L T2, and distance is L, so
energy has the dimension M L2 T2,

How do you represent power using the primitive
dimensions M and L?

Power is energy per unit time. Since energy is M L2 T-2 and time is T, power has the
dimension M L2 T-3.

Additional Resources

Representing Units as Primitive Dimensions: An Expert Analysis

When delving into the foundations of physics and engineering, understanding how various
units relate to fundamental quantities is crucial. This approach, often called dimensional
analysis, involves expressing complex units as a combination of primitive
dimensions—most commonly mass (M), length (L), and time (T). This method not only
clarifies the nature of physical quantities but also ensures consistency across equations
and measurements. In this comprehensive review, we explore how to represent a wide
array of units as combinations of primitive dimensions, offering detailed insights and
practical applications along the way.

Introduction to Primitive Dimensions and Their
Significance

At the core of physical measurement lies a set of fundamental quantities, known as
primitive or base dimensions. The most universally accepted system for these is the
International System of Units (SI), which defines seven base units. However, for the
purpose of dimensional analysis, the three primary dimensions—mass (M), length (L), and
time (T)—are often sufficient, especially when analyzing mechanical, fluid, and
electromagnetic quantities.

Why Focus on M, L, and T?
- Simplicity and universality: These three dimensions underpin most physical quantities
encountered in classical physics.



- Dimensional consistency: Ensures that equations are physically meaningful and correctly
formulated.

- Unit conversion and verification: Facilitates the conversion between units and verifies
the correctness of equations involving units.

Understanding how complex units derive from these primitives allows engineers and
scientists to design systems, troubleshoot problems, and develop new technologies with a
solid theoretical foundation.

Fundamental Principles of Dimensional
Representation

Before diving into specific units, it's essential to grasp the principles governing their
dimensional representations:

- Dimensional Homogeneity: All terms in a physical equation must have the same
dimensions. This principle is fundamental for deriving relationships and verifying
equations.

- Consistency in Units: Units must be consistent; for example, if length is measured in
meters, then force must be expressed accordingly.

- Dimensional Formula: The expression that shows the powers of primitive dimensions (M,
L, T) in a given unit or quantity.

For example, the force (F) has the dimensional formula:
\[[F]=M"1L~1T~{-2}\]

This indicates force is proportional to mass, length, and inversely proportional to time
squared.

Expressing Common Units as Primitive
Dimensions

In this section, we examine how to represent a selection of common units—ranging from
mechanical quantities to electromagnetic ones—as combinations of M, L, and T.



1. Length (Meter, m)

Primitive Dimension Representation:
Length is the fundamental dimension for spatial measurements.

\[

\boxed{

\text{Unit: meter (m)} \quad \Rightarrow \quad [L] = L™1
}

\]

Explanation:

- As the basic dimension of length, the meter directly corresponds to the primitive
dimension L.

- No combination or derivation needed; it's the fundamental measure of spatial extent.

2. Mass (Kilogram, kg)

Primitive Dimension Representation:
Mass is the fundamental measure of matter.

\[

\boxed{

\text{Unit: kilogram (kg)} \quad \Rightarrow \quad [M] = M1
}

\]

Explanation:
- The kilogram is the base SI unit for mass.
- It directly corresponds to the primitive dimension M.

3. Time (Second, Ss)

Primitive Dimension Representation:
Time measures duration.

\[

\boxed{

\text{Unit: second (s)} \quad \Rightarrow \quad [T] = T"1
}

\]



Explanation:
- The second is the SI base unit for time.
- It directly maps to the primitive dimension T.

4. Velocity (Meter per second, m/s)

Primitive Dimension Representation:
Velocity is the rate of change of length with respect to time.

\[

[V] = \frac{L}{T} \quad \Rightarrow \quad [V] = L™1 T~{-1}
\]

Analysis:

- Velocity combines length and time, with the dimension indicating length per unit time.
- Expressed as a ratio of primitive dimensions, it forms the basis for understanding other
quantities like acceleration and force.

5. Acceleration (Meter per second squared, m/s?)

Primitive Dimension Representation:
Acceleration indicates the change in velocity over time.

\[

[A] = \frac{V}{T} = \frac{L T~ {-1}}{T} = L~1 T~{-2}
\]

Implication:

- It combines length and the inverse square of time, reflecting how quickly velocity
changes.

6. Force (Newton, N)

Primitive Dimension Representation:
Force is mass times acceleration (Newton's second law).

\[
[F] = M \times A =M~"1L"~1 T"~{-2}
\]



Analysis:

- The Newton can be expressed as a combination of primitive dimensions as \( M™~1 L"™1
T~ {-2} V.

- This fundamental relation underpins the SI unit system for mechanical quantities.

7. Pressure (Pascal, Pa)

Primitive Dimension Representation:
Pressure is force per unit area.

\[
[P] = \frac{F}{A} = \frac{M L T~ {-2} }{L"2} = M~1 L~{-1} T~{-2}
\]

Significance:

- The Pascal's dimensional formula shows its dependence on mass, length, and time,
reflecting how force distributes over area.

8. Energy (Joule, ])

Primitive Dimension Representation:
Energy is force times distance, or work done.

\[

[E] = F\times L = M"~1 L"~1 T~{-2} \times L = M~1 L~2 T"~{-2}
\]

Implication:

- The Joule's dimensions combine mass, length squared, and inverse time squared,
illustrating the work-energy relationship.

9. Power (Watt, W)

Primitive Dimension Representation:
Power is energy per unit time.

\[
[P] = \frac{E}{T} = M~1 L2 T"{-2} \times T"{-1} = M~1 L~2 T~ {-3}
\]



Analysis:
- Power quantifies the rate at which work is performed or energy is transferred.

10. Electric Charge (Coulomb, C)

Primitive Dimension Representation:
In SI units, electric charge relates to current and time: \( Q = I \times T \).

\[
[Q] =I\times T

\]

- To express in M, L, T, we consider the SI current (Ampere) dimensionally.

Electromagnetic Dimensions:

- The Ampere (A), the SI current unit, is defined via the force per unit length between two
parallel conductors, but for simplicity, in terms of primitive dimensions, it is often
expressed as:

\[

[1] = \frac{Q}{T}
\]

- Therefore,

\[

[Q]l =1 \times T
\l

- Without delving into electromagnetic base units, the key takeaway is that charge is
proportional to current and time.

Special Cases and Derived Units

While the previous units are directly related to M, L, and T, some units involve additional
considerations or derived dimensions. Here are some notable examples:



1. Frequency (Hertz, Hz)

Primitive Dimension Representation:
Frequency measures cycles per second.

\[
[f] = T~{-1}
\]

- It is simply the inverse of time, indicating how many cycles or events occur per unit time.

2. Magnetic Field (Tesla, T)

Primitive Dimension Representation:
The Tesla, related to magnetic flux density, involves more complex relations.

- Magnetic flux density \( B \) has the SI dimension:

\[
[B] = \frac{M}{Q \times T"2}
\]

- Since charge \( Q) involves current, and current relates to \( I \), expressing Tesla fully
in M, L, and T involves electromagnetic base units. For simplicity, in mechanical terms,
it’s often considered beyond the scope of primitive dimensions M, L, T.

Applications of Dimensional Representation

Expressing units as combinations of primitive dimensions is more than an academic
exercise—it has practical applications across various fields:

- Dimensional Analysis in Engineering Design:
Ensuring equations are dimensionally consistent helps prevent errors and invalid
assumptions.

- Unit Conversion and Standardization:
Facilitates conversions between different measurement systems by maintaining consistent
dimensional formulas.

- Scaling Laws and Similarity:
In fluid dynamics and aerodynamics, dimensional analysis guides the creation of scaled
models that accurately reflect real-world behavior.



- Verifying Physical Laws:
Ensures derived equations are dimensionally valid, aiding in the discovery or validation of
new physical relationships.

Conclusion

The ability to represent units as combinations of primitive dimensions M, L, and T is a
cornerstone of scientific rigor and engineering precision. From basic units like meters,
kilograms, and seconds to complex quantities like force, energy
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