
dimensional analysis problems with
answers
Dimensional analysis problems with answers are essential for students and
professionals across various scientific and engineering disciplines.
Understanding how to manipulate units and ensure the consistency of physical
quantities is a fundamental skill. This comprehensive guide delves into the
intricacies of dimensional analysis, providing a clear explanation of its
principles, demonstrating its application through various dimensional
analysis problems, and offering detailed dimensional analysis problems with
answers. We will explore how dimensional analysis helps in verifying
equations, converting units, and even deriving relationships between physical
quantities. Whether you're tackling physics homework, engineering coursework,
or simply seeking to solidify your understanding of fundamental scientific
principles, this resource will equip you with the knowledge and practice
needed to master dimensional analysis problems.
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Introduction to Dimensional Analysis

Dimensional analysis problems with answers are critical for anyone working
with physical quantities. It's a powerful technique that allows us to check
the validity of equations and convert units effectively by focusing on the
fundamental dimensions of physical quantities rather than their numerical
values. This method is rooted in the understanding that any physically
meaningful equation must be dimensionally consistent, meaning both sides of



the equation must have the same fundamental dimensions. Mastering dimensional
analysis problems can significantly improve accuracy in calculations and
foster a deeper comprehension of scientific relationships. This article will
provide a thorough exploration of these concepts, offering practical examples
and detailed solutions to common dimensional analysis problems with answers,
making it an invaluable resource for students and professionals alike.

The Core Principles of Dimensional Analysis

The foundation of dimensional analysis rests on a few core principles that
govern how physical quantities are treated. At its heart, dimensional
analysis is about ensuring consistency. If an equation is to represent a real
physical phenomenon, the dimensions on both sides must match. This principle
is often referred to as the principle of homogeneity of dimensions.

Understanding Fundamental Dimensions

Physical quantities can be expressed in terms of a few fundamental
dimensions. The most common are:

Length (L)

Mass (M)

Time (T)

Temperature (Θ)

Electric Current (I)

Amount of Substance (N)

Luminous Intensity (J)

While all seven SI base quantities are recognized, in many introductory
physics and engineering contexts, Length, Mass, and Time are the most
frequently used dimensions.

Dimensional Formulas and Units

Every physical quantity can be assigned a dimensional formula, which



expresses its dependence on the fundamental dimensions. For example, velocity
is distance divided by time. Therefore, its dimensional formula is [L]/[T],
often written as [LT-1]. Similarly, force, which is mass times acceleration
(velocity change per unit time), has a dimensional formula of [M][LT-2], or
[MLT-2]. Units are the way we quantify these dimensions. For instance, the SI
unit for length is the meter (m), for mass is the kilogram (kg), and for time
is the second (s). A velocity might be measured in meters per second (m/s),
which directly corresponds to its dimensional formula [LT-1].

The Principle of Homogeneity

The principle of homogeneity states that an equation is dimensionally correct
only if the dimensions on both sides of the equation are identical. This
means that terms added or subtracted must have the same dimensions. For
instance, you cannot add a length to a time, as they have different
fundamental dimensions. This principle is a powerful tool for checking the
validity of derived formulas or experimental results. If an equation fails
this test, it is fundamentally incorrect, even if it yields numerically
correct answers in specific cases.

Common Dimensions and Units in Physics

To effectively tackle dimensional analysis problems, it's crucial to be
familiar with the dimensions and common units of various physical quantities
encountered in physics and engineering.

Kinematics

Kinematics deals with motion without considering its causes. Key quantities
and their dimensions include:

Displacement/Distance: [L] (e.g., meters, feet)

Velocity: [LT-1] (e.g., meters per second, miles per hour)

Acceleration: [LT-2] (e.g., meters per second squared, feet per second
squared)



Dynamics

Dynamics involves the study of motion and its causes, primarily forces.

Mass: [M] (e.g., kilograms, pounds)

Force: [MLT-2] (e.g., Newtons, pounds-force)

Momentum: [MLT-1] (e.g., kilogram-meters per second)

Work/Energy: [ML2T-2] (e.g., Joules, foot-pounds)

Power: [ML2T-3] (e.g., Watts, horsepower)

Other Important Quantities

Beyond kinematics and dynamics, several other quantities are frequently
encountered:

Pressure: [ML-1T-2] (Force per unit area, e.g., Pascals, psi)

Density: [ML-3] (Mass per unit volume, e.g., kg/m3)

Frequency: [T-1] (e.g., Hertz)

Angular Velocity: [T-1] (e.g., radians per second)

Viscosity: [ML-1T-1] (e.g., Pascal-seconds)

Familiarity with these, and the ability to derive others, is key to
successfully solving dimensional analysis problems.

Solving Dimensional Analysis Problems: A Step-
by-Step Approach

Approaching dimensional analysis problems systematically ensures accuracy and
efficiency. Here’s a general strategy that can be applied to most problems.



Step 1: Identify the Physical Quantities Involved

The first step is to carefully read the problem and identify all the physical
quantities mentioned. Pay close attention to what is being asked for and what
information is provided.

Step 2: Determine the Dimensions of Each Quantity

Once the quantities are identified, determine their fundamental dimensions.
This often requires recalling basic definitions or looking up standard
dimensional formulas. For example, if the problem involves speed and time,
you’ll need the dimensions of velocity ([LT-1]) and time ([T]).

Step 3: Set Up the Dimensional Equation

Construct a dimensional equation that represents the problem. If you are
verifying an equation, write down the dimensions of each term on both sides
of the equation. If you are deriving a formula, assume a relationship of the
form Q = k Aa Bb Cc, where Q is the quantity to be determined, A, B, and C are
the given quantities, and a, b, and c are unknown exponents.

Step 4: Equate the Exponents of Corresponding
Dimensions

For equation verification, compare the dimensions on both sides. If they
match for all fundamental dimensions, the equation is dimensionally
consistent. If you are deriving a formula, equate the exponents of L, M, and
T (or other relevant dimensions) on both sides of the dimensional equation.
This will give you a system of linear equations for the unknown exponents (a,
b, c).

Step 5: Solve for the Unknown Exponents (if
deriving)

Solve the system of linear equations derived in the previous step. This will
give you the values of the exponents that define the relationship between the
quantities.



Step 6: Check the Consistency and Interpret the
Result

After solving, always re-check your work. Ensure that the dimensions you
derived or verified make physical sense. For instance, if you are calculating
a distance, your result should have dimensions of length.

Dimensional Analysis Problems with Answers:
Unit Conversion

Unit conversion is one of the most common and practical applications of
dimensional analysis. By using conversion factors as dimensionless ratios, we
can accurately convert quantities from one unit system to another.

Problem 1: Convert 100 kilometers per hour to meters
per second.

Solution:

We need to convert kilometers to meters and hours to seconds. We know the
following conversion factors:

1 kilometer = 1000 meters

1 hour = 60 minutes

1 minute = 60 seconds

Therefore, 1 hour = 60 minutes 60 seconds/minute = 3600 seconds.

Now, we set up the conversion using dimensional analysis:

100 km/h = 100 km/h (1000 m / 1 km) (1 h / 3600 s)

Notice how the units cancel out:

100 km/h (1000 m / 1 km) (1 h / 3600 s) = (100 1000 / 3600) m/s

Calculating the numerical value:

(100,000 / 3600) m/s = 1000 / 36 m/s = 250 / 9 m/s ≈ 27.78 m/s



Thus, 100 km/h is approximately equal to 27.78 m/s.

Problem 2: Convert 50 miles per gallon (mpg) to
kilometers per liter (km/L).

Solution:

We need the following conversion factors:

1 mile = 1.60934 kilometers

1 gallon = 3.78541 liters

Setting up the dimensional analysis:

50 miles/gallon = 50 miles/gallon (1.60934 km / 1 mile) (1 gallon / 3.78541
liters)

Canceling the units:

50 miles/gallon (1.60934 km / 1 mile) (1 gallon / 3.78541 liters) = (50
1.60934 / 3.78541) km/L

Calculating the numerical value:

(80.467 / 3.78541) km/L ≈ 21.256 km/L

Therefore, 50 mpg is approximately 21.26 km/L.

Dimensional Analysis Problems with Answers:
Verifying Equations

Dimensional analysis is a fundamental tool for checking the physical validity
of equations. If an equation is dimensionally inconsistent, it cannot be
physically correct.

Problem 3: Verify if the equation v = u + at is
dimensionally correct, where v is final velocity, u



is initial velocity, a is acceleration, and t is
time.

Solution:

First, let's determine the dimensions of each variable:

v (final velocity): [LT-1]

u (initial velocity): [LT-1]

a (acceleration): [LT-2]

t (time): [T]

Now, let's check the dimensions of each term in the equation v = u + at:

Dimension of the left side (v): [LT-1]

Dimension of the first term on the right side (u): [LT-1]

Dimension of the second term on the right side (at): [LT-2] [T] = [LT-1]

Since both terms on the right side (u and at) have the same dimensions
([LT-1]), and this matches the dimension of the left side (v), the equation
is dimensionally correct.

Problem 4: Verify if the equation for kinetic
energy, KE = 1/2 mv2, is dimensionally correct, where
KE is kinetic energy, m is mass, and v is velocity.

Solution:

Let's determine the dimensions of each variable:

KE (kinetic energy): [ML2T-2] (Energy has dimensions of force times
distance: [MLT-2] [L] = [ML2T-2])

m (mass): [M]

v (velocity): [LT-1]



Now, let's check the dimensions of each term in the equation KE = 1/2 mv2:

Dimension of the left side (KE): [ML2T-2]

Dimension of the right side (1/2 mv2): The factor 1/2 is dimensionless. So,
we consider the dimensions of mv2.

[M] [LT-1]2 = [M] [L2T-2] = [ML2T-2]

Since the dimensions of the left side ([ML2T-2]) match the dimensions of the
right side ([ML2T-2]), the equation is dimensionally correct.

Problem 5: Verify if the equation F = Gm1m2/r2 is
dimensionally correct, where F is the force of
gravity, G is the gravitational constant, m1 and m2

are masses, and r is the distance between them.

Solution:

We need to know the dimensions of the gravitational constant, G. From
Newton's law of gravitation, F = Gm1m2/r2, we can derive the dimensions of G:

[G] = [F r2] / [m1 m2]

[G] = ([MLT-2] [L]2) / ([M] [M])

[G] = [ML3T-2] / [M2]

[G] = [M-1L3T-2]

Now, let's check the dimensions of each term in the equation F = Gm1m2/r2:

Dimension of the left side (F): [MLT-2]

Dimension of the right side (Gm1m2/r2):

[M-1L3T-2] [M] [M] / [L]2

= [M-1+1+1L3T-2] / [L2]

= [ML3T-2] / [L2]

= [ML3-2T-2]

= [MLT-2]

Since the dimensions of the left side ([MLT-2]) match the dimensions of the
right side ([MLT-2]), the equation is dimensionally correct.



Dimensional Analysis Problems with Answers:
Deriving Relationships

Dimensional analysis can also be used to derive the form of a relationship
between physical quantities, provided that the relationship depends only on a
few key variables. This is particularly useful when the exact form of an
equation is unknown.

Problem 6: The period of oscillation (T) of a simple
pendulum depends on its length (l), the mass of the
bob (m), and the acceleration due to gravity (g).
Derive the relationship for T using dimensional
analysis.

Solution:

Assume the relationship is of the form T = k la mb gc, where k is a
dimensionless constant and a, b, and c are exponents to be determined.

First, let's find the dimensions of each quantity:

T (period): [T]

l (length): [L]

m (mass): [M]

g (acceleration due to gravity): [LT-2]

Now, set up the dimensional equation:

[T] = [L]a [M]b [LT-2]c

[T1] = [La Mb Lc T-2c]

[M0L0T1] = [Mb La+c T-2c]

Equating the exponents of corresponding dimensions:

For M: 0 = b

For L: 0 = a + c

For T: 1 = -2c



Solving these equations:

From 0 = b, we get b = 0. This means the period does not depend on the
mass of the bob.

From 1 = -2c, we get c = -1/2.

Substitute c = -1/2 into 0 = a + c: 0 = a + (-1/2), which gives a = 1/2.

So, the relationship is T = k l1/2 m0 g-1/2.

T = k (l1/2 / g1/2)

T = k √(l/g)

This derived relationship shows that the period of a simple pendulum is
proportional to the square root of its length divided by the acceleration due
to gravity, and it is independent of its mass. The actual experimental value
for k is 2π.

Problem 7: The drag force (Fd) on a sphere moving
through a fluid depends on the radius of the sphere
(r), the velocity of the sphere (v), and the
viscosity of the fluid (η). Derive the form of the
drag force using dimensional analysis. (Assume
Stokes' Law for a sphere at low Reynolds numbers.)

Solution:

Assume the drag force is given by Fd = k ra vb ηc, where k is a dimensionless
constant.

First, let's find the dimensions of each quantity:

Fd (drag force): [MLT-2]

r (radius): [L]

v (velocity): [LT-1]

η (viscosity): [ML-1T-1]



Set up the dimensional equation:

[MLT-2] = [L]a [LT-1]b [ML-1T-1]c

[MLT-2] = [La LbT-b McL-cT-c]

[ML1T-2] = [Mc La+b-c T-b-c]

Equating the exponents of corresponding dimensions:

For M: 1 = c

For L: 1 = a + b - c

For T: -2 = -b - c

Solving these equations:

From 1 = c, we get c = 1.

Substitute c = 1 into -2 = -b - c: -2 = -b - 1. This gives -1 = -b, so b
= 1.

Substitute b = 1 and c = 1 into 1 = a + b - c: 1 = a + 1 - 1. This gives
1 = a.

So, the relationship is Fd = k r1 v1 η1.

Fd = k r v η

This derived form matches Stokes' Law for low Reynolds numbers, where Fd =
6πηrv, with k = 6π. This demonstrates the power of dimensional analysis in
predicting the functional form of physical relationships.

Advanced Applications of Dimensional Analysis

Beyond basic unit conversion and equation verification, dimensional analysis
finds application in more complex scenarios, particularly in fluid dynamics,
thermodynamics, and the design of experiments.

Buckingham Pi Theorem

The Buckingham Pi theorem is a fundamental result in dimensional analysis
that states if a physical phenomenon is described by N variables, and these



variables involve k fundamental dimensions, then the phenomenon can be
described by N - k dimensionless groups (Pi terms). This theorem is crucial
for scaling experiments and reducing the number of variables that need to be
considered.

Scaling Laws and Similitude

In engineering, especially when designing prototypes (like aircraft or
ships), it's often impractical or impossible to test full-scale models.
Dimensional analysis, through concepts like dimensionless similarity numbers
(e.g., Reynolds number, Froude number, Mach number), allows engineers to
establish scaling laws. If two systems (a model and a prototype) are
dimensionally similar, their behavior can be predicted from the model tests
by maintaining the equality of these dimensionless groups.

Error Analysis

Dimensional analysis can indirectly help in error analysis. If an equation is
dimensionally consistent, it suggests that the units are correctly handled,
reducing the likelihood of errors that arise from incorrect unit conversions
or the mixing of incompatible physical quantities. While it doesn't directly
predict the magnitude of errors, it ensures the foundational correctness of
the physical relationships being analyzed.

Tips for Mastering Dimensional Analysis
Problems

To excel at dimensional analysis, consider these practical tips:

Build a strong foundation: Ensure you have a solid understanding of the
dimensions and units of common physical quantities.

Practice regularly: The more you solve dimensional analysis problems,
the more intuitive the process will become.

Be meticulous with units: Always write down the units and ensure they
cancel correctly during conversions and derivations.

Check your assumptions: When deriving relationships, clearly state the
variables you assume the quantity depends on.

Don't forget the dimensionless constants: While dimensional analysis



cannot determine dimensionless constants (like 2π or 6π), acknowledge
their presence in derived formulas.

Use consistent notation: Stick to a standard notation for dimensions
(e.g., M, L, T) to avoid confusion.

Understand the physical context: Always relate the dimensional results
back to the physical meaning of the quantities involved.

Additional Resources
Here are 9 book titles related to dimensional analysis problems with answers,
adhering to your specifications:

1. The Dimensional Navigator's Guide
This comprehensive manual delves into the fundamental principles of
dimensional analysis, offering a systematic approach to solving complex
physics and engineering problems. It features a wealth of worked examples and
practice exercises with detailed solutions, empowering readers to build a
strong foundation. The book aims to equip students and professionals with the
skills to identify, analyze, and solve problems using the power of unit
consistency.

2. Insight into Units: A Dimensional Approach
This book bridges the gap between theoretical understanding and practical
application of dimensional analysis. It breaks down the concept into
digestible segments, emphasizing the underlying logic behind unit conversions
and scaling. With a focus on clarity and accessibility, it provides numerous
problem sets that cover a broad spectrum of scientific disciplines, all
accompanied by step-by-step answers.

3. Dimensional Problem Solving for Engineers and Scientists
Designed for those in STEM fields, this text focuses on the direct
application of dimensional analysis in real-world engineering and scientific
scenarios. It highlights how dimensional analysis can simplify complex
equations and predict relationships between physical quantities. The book is
rich with practical problems, from fluid dynamics to heat transfer, each with
complete and explanatory answers.

4. Mastering Dimensionality: Exercises and Solutions
This practical workbook is dedicated to honing one's skills in dimensional
analysis through targeted exercises. It explores various techniques,
including Buckingham Pi theorem and unit consistency checks, with a strong
emphasis on practice. Every problem is accompanied by a thoroughly worked-out
solution, making it an ideal resource for self-study and exam preparation.

5. The Art of Dimensional Reasoning: Solved Problems
This engaging book treats dimensional analysis not just as a tool, but as a



way of thinking about physical phenomena. It showcases how dimensional
reasoning can lead to elegant solutions and deeper insights into scientific
laws. The collection of solved problems spans mechanics, thermodynamics, and
electromagnetism, demonstrating the versatility of the approach.

6. Dimensional Analysis in Practice: With Answers and Explanations
This title offers a practical, hands-on approach to learning dimensional
analysis, focusing on its application in experimental design and data
interpretation. It emphasizes the importance of units in validating
experimental results and understanding scaling laws. The book features a
variety of problems, from basic physics to more advanced concepts, all with
comprehensive answers and explanations.

7. Dimensional Analysis for Beginners: A Practical Workbook
Tailored for those new to the subject, this workbook provides a gentle
introduction to dimensional analysis, starting with fundamental concepts. It
uses straightforward language and clear illustrations to explain unit
conversions and dimensional consistency. The book is packed with simple yet
effective problems and their detailed solutions, building confidence with
each step.

8. Dimensional Analysis: From Fundamentals to Advanced Applications with
Solutions
This ambitious book covers the entire spectrum of dimensional analysis,
beginning with its foundational principles and progressing to sophisticated
applications in advanced physics. It explores how dimensional analysis can be
used to derive physical laws and simplify complex mathematical models. The
extensive collection of problems, from introductory mechanics to specialized
topics, includes thorough solutions for effective learning.

9. Dimensional Analysis Unleashed: A Comprehensive Problem Solver
This resource aims to "unleash" the full potential of dimensional analysis by
providing an extensive array of challenging problems and their detailed
solutions. It encourages readers to think critically about the units of
physical quantities and their relationships. The book covers a wide range of
disciplines, equipping users with the confidence to tackle any dimensional
analysis challenge.
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