fundamentals of aerodynamics solution
manual

Fundamentals of Aerodynamics Solution Manual: Your Guide to Mastering Aerodynamics Concepts

fundamentals of aerodynamics solution manual is an invaluable resource for students,
engineers, and aviation enthusiasts looking to deepen their understanding of aerodynamic principles.
Whether you're grappling with complex airflow theories or tackling challenging problem sets, having a
reliable solution manual can make all the difference. This article dives into the essence of what a
fundamentals of aerodynamics solution manual offers, how it complements your learning experience,
and tips for effectively using such a guide to excel in aerodynamics.

Understanding the Role of a Fundamentals of
Aerodynamics Solution Manual

Aerodynamics is a field that blends physics, mathematics, and engineering to study how air interacts
with solid objects, especially aircraft. The subject can be quite challenging due to the heavy reliance
on fluid dynamics, differential equations, and real-world applications. This is why a solution manual
tailored to a popular textbook or course material is more than just an answer key—it’s a learning
companion.

A fundamentals of aerodynamics solution manual typically provides step-by-step solutions to textbook
problems. But beyond that, it often includes detailed explanations, derivations, and sometimes
alternative methods to approach a problem. This enhances comprehension, allowing readers to grasp
underlying concepts rather than merely memorizing answers.

Why Use a Solution Manual?

Many students underestimate the power of a well-crafted solution manual. Here are some reasons
why integrating one into your study routine is beneficial:

» Clarifies complex problems: Aerodynamics problems often involve multiple steps, from
applying Bernoulli’s equation to calculating lift and drag coefficients. A solution manual breaks
these down into manageable parts.

* Reinforces theoretical knowledge: Seeing the practical application of formulas and theories
helps solidify your understanding.

e Offers alternative approaches: Some problems can be solved in various ways; the manual
may demonstrate different techniques.

* Prepares for exams: Reviewing solved problems familiarizes you with typical question
formats and boosts confidence.



Key Topics Covered in Aerodynamics Solution Manuals

A comprehensive fundamentals of aerodynamics solution manual usually aligns closely with the
textbook it supports. Common topics include:

1. Fluid Properties and Flow Characteristics

Understanding fluid behavior—such as viscosity, density, and compressibility—is foundational.
Solutions related to Reynolds number calculations, flow regimes (laminar vs. turbulent), and boundary
layers help clarify how these properties influence aerodynamic forces.

2. Bernoulli’s Equation and Pressure Distribution

Many problems involve applying Bernoulli’s principle to determine pressure variations along a
streamline. The solution manual guides learners through these calculations, emphasizing assumptions
like incompressible and steady flow.

3. Airfoil and Wing Aerodynamics

One of the most critical areas involves analyzing lift, drag, and moment coefficients for airfoils and
wings. Problems might include calculating lift using thin airfoil theory, determining stall angles, or
evaluating drag components.

4. Compressible Flow and Shock Waves

For high-speed aerodynamics, understanding compressibility effects is essential. Solution manuals
often tackle problems involving Mach numbers, shock wave angles, and expansion fans, illustrating
how airflow changes at supersonic speeds.

5. Stability and Control

Aerodynamics doesn’t end at lift and drag. Problems concerning aircraft stability, control surfaces,
and moments provide insights into real-world flight dynamics.



Tips for Maximizing the Benefits of a Fundamentals of
Aerodynamics Solution Manual

To get the most out of your solution manual, consider these strategies:

1. Attempt Problems Before Consulting Solutions

Resist the urge to jump straight to the answers. Trying problems independently first strengthens
problem-solving skills and highlights areas where you need help.

2. Study the Reasoning Behind Each Step

Don't just copy answers; analyze why each step is taken. This deepens your conceptual
understanding and prepares you for variations of similar problems.

3. Cross-Reference with Textbook Theory

Use the manual alongside your textbook. When a solution references a formula or principle, revisit the
theory to see how it applies.

4. Practice Regularly and Diversify Problems

Aerodynamics is a vast field. Ensure you work through a variety of problems—from basic calculations
to more complex applications—to build a well-rounded grasp.

Common Challenges in Learning Aerodynamics and
How the Solution Manual Helps

Aerodynamics involves abstract concepts that can be difficult to visualize and apply. Some common
hurdles include:

 Complex mathematical derivations: Many aerodynamic principles rely on calculus and
differential equations. Solution manuals often break down these derivations into understandable
segments.

* Interpreting physical meanings: Understanding what lift coefficient or pressure distribution
means in practice is vital. Detailed explanations in the manual help connect math to physical
phenomena.



e Applying multiple concepts simultaneously: Problems sometimes require integrating
knowledge from fluid mechanics, thermodynamics, and structural considerations. Stepwise
solutions clarify how to combine these areas.

Where to Find a Reliable Fundamentals of
Aerodynamics Solution Manual

Not all solution manuals are created equal. Here are some tips for finding trustworthy and useful
manuals:

o Official Supplements: Many textbooks have authorized solution manuals published by the
authors or publishers, ensuring accuracy and alignment with content.

¢ University Resources: Some academic institutions provide access to solution manuals via
course portals or libraries.

e Online Educational Platforms: Certain platforms offer detailed solutions and tutorials for
aerodynamics textbooks.

e Community Forums and Study Groups: Engaging with peers can sometimes lead to shared
resources and insights.

Always ensure that using a solution manual complies with your institution’s academic integrity
policies.

Integrating Technology with Aerodynamics Learning

Beyond traditional solution manuals, modern learners benefit from software tools and simulations that
complement problem-solving. Computational Fluid Dynamics (CFD) software, for example, allows
visualization of airflow, which can reinforce lessons learned from manual calculations.

Combining theoretical solutions with visual and interactive tools creates a richer educational
experience, making complex aerodynamic phenomena more tangible.

Exploring fundamentals of aerodynamics through a well-structured solution manual not only helps
solve textbook problems but also builds a solid foundation for applying aerodynamic principles in real-
world engineering challenges. Whether you're preparing for exams, designing aircraft components, or
simply passionate about flight, leveraging such resources bridges the gap between theory and
practice, making the fascinating world of aerodynamics more accessible and engaging.



Frequently Asked Questions

Where can | find a reliable solution manual for 'Fundamentals
of Aerodynamics' by John D. Anderson?

Reliable solution manuals for 'Fundamentals of Aerodynamics' by John D. Anderson can often be found
through academic resources, university libraries, or authorized educational platforms. It's important to
use legitimate sources to ensure accuracy and respect copyright laws.

Are solution manuals for 'Fundamentals of Aerodynamics'
available for free online?

While some solution manuals may be shared online, many are protected by copyright and not legally
available for free. Students are encouraged to use official textbooks, seek help from instructors, or
use authorized study aids to understand the material.

How can a solution manual for '‘Fundamentals of
Aerodynamics' help in understanding the subject better?

A solution manual provides step-by-step solutions to problems found in the textbook, which helps
students learn problem-solving techniques, reinforce concepts, and prepare for exams by
understanding how to approach various aerodynamic problems.

Is it ethical to use a solution manual for completing
assignments in aerodynamics courses?

Using a solution manual as a learning tool to understand concepts is ethical, but directly copying
solutions for assignments without understanding is considered academic dishonesty. It's best to use
the manual to supplement your learning and complete assignments independently.

What are some alternatives to solution manuals for mastering
'Fundamentals of Aerodynamics'?

Alternatives include attending lectures, joining study groups, consulting instructors or teaching
assistants, using online tutorials and videos, and practicing problems repeatedly. These methods
encourage deeper understanding rather than just relying on solution manuals.

Additional Resources

Fundamentals of Aerodynamics Solution Manual: A Critical Review and Analytical Insight

fundamentals of aerodynamics solution manual stands as an indispensable resource for
students, educators, and professionals engaged in the study and application of aerodynamic
principles. As aerodynamics remains a cornerstone in aerospace engineering, automotive design, and
various fields of fluid mechanics, having access to a comprehensive solution manual enables a deeper



understanding of complex theoretical concepts and practical problem-solving techniques. This article
delves into the essence of the fundamentals of aerodynamics solution manual, evaluating its role in
academic and professional settings, the scope of problems it addresses, and its contribution to
mastering aerodynamic theory.

Understanding the Role of the Fundamentals of
Aerodynamics Solution Manual

The fundamentals of aerodynamics solution manual typically accompanies a primary textbook on
aerodynamics, such as John D. Anderson’s renowned "Fundamentals of Aerodynamics." It provides
detailed step-by-step solutions to the end-of-chapter problems, a feature that proves invaluable for
learners grappling with mathematical modeling, fluid dynamics, and boundary layer theory. The
manual’s primary purpose is to bridge the gap between conceptual learning and applied knowledge
by demonstrating how to approach and solve aerodynamic problems systematically.

Beyond mere answer keys, this solution manual often includes clarifications on problem statements,
assumptions made during calculations, and explanations of the physical significance of results. Such
inclusions foster critical thinking and help users develop problem-solving strategies applicable to real-
world aerodynamic scenarios.

Scope and Coverage of Problems

The problems solved within the fundamentals of aerodynamics solution manual span a wide range of
topics:

« Airfoil and wing theory: Calculations related to lift, drag, and moment coefficients, pressure
distributions, and aerodynamic center determination.

* Incompressible and compressible flow: Solutions addressing subsonic, transonic, and
supersonic regimes, including shock waves and expansion fans.

e Boundary layer theory: Problems involving laminar and turbulent flow characteristics,
displacement thickness, and skin friction.

* Dimensional analysis and similarity: Use of nondimensional parameters such as Reynolds
number and Mach number in problem-solving.

¢ Propulsion and thrust: Basic calculations related to jet engines and propellers.

The broad coverage ensures that users can find guidance on fundamental as well as advanced
aerodynamic problems, making the manual a versatile companion throughout an aerodynamics
course.



Analyzing the Pedagogical Value and Usability

One of the most critical aspects when evaluating any solution manual is its pedagogical effectiveness.
The fundamentals of aerodynamics solution manual is designed not only to provide solutions but also
to enhance the learner’s conceptual clarity. The manual’s structure typically follows a logical
progression aligned with the textbook chapters, helping users to track their learning journey.

Step-by-Step Problem Solving

A distinguishing feature is the detailed step-by-step breakdown of solutions. Instead of offering final
answers only, the manual guides users through:

1. Identifying known variables and what needs to be found.

2. Applying aerodynamic principles and relevant equations.

3. Performing algebraic manipulations and substitutions.

4. Interpreting results in the context of physical phenomena.

This approach transforms the manual into a learning tool rather than a shortcut for answers, which is
crucial in complex subjects like aerodynamics where problem-solving skills are essential.

Integration of Visual Aids and Diagrams

Many solution manuals incorporate diagrams, graphs, and charts to complement explanations. Visual
representation of flow patterns, pressure distributions, or velocity vectors can significantly aid
comprehension. While not all editions of the fundamentals of aerodynamics solution manual include
extensive visuals, those that do tend to enhance the user experience by making abstract concepts
more tangible.

Comparing the Fundamentals of Aerodynamics
Solution Manual with Alternative Resources

Given the plethora of resources available online and offline, it is worth considering how the
fundamentals of aerodynamics solution manual stacks up against other aids such as online tutorials,
video lectures, and interactive simulation tools.



Advantages Over Alternative Learning Tools

e Structured and authoritative content: Unlike many online resources that vary in quality,
solution manuals linked to respected textbooks maintain academic rigor and consistency.

* Focus on problem-solving methodology: The manual emphasizes analytical methods and
mathematical rigor, which are often glossed over in quick video tutorials.

o Offline accessibility: Being a physical or downloadable document, it is accessible without
internet connectivity, an advantage in certain learning environments.

Limitations and Considerations

However, there are certain limitations to relying solely on a solution manual:

» Risk of passive learning: Students might be tempted to copy solutions without engaging
deeply, which undermines the educational purpose.

e Limited interactivity: Unlike simulations or dynamic software, manuals cannot adapt to
varied learning paces or provide instant feedback.

» Potential for outdated content: Aerodynamics is a continuously evolving field; solution
manuals based on older editions might not cover recent advancements.

Therefore, the fundamentals of aerodynamics solution manual is best used in conjunction with other
educational tools to maximize comprehension and retention.

Practical Applications and Relevance in Professional
Development

While primarily designed for academic use, the fundamentals of aerodynamics solution manual also
has considerable value for practicing engineers and researchers. Aerodynamics problems
encountered in aerospace design, automotive engineering, and even sports technology often require
revisiting foundational principles. The manual’s comprehensive approach offers a quick refresher or a
detailed guide to solving complex calculations efficiently.

Professionals benefit from the clarity and rigor presented in the manual, especially when validating
experimental data or designing aerodynamic components. Moreover, the manual’s focus on both
incompressible and compressible flows reflects real-world challenges spanning low-speed drones to
high-speed aircraft.



Supporting Advanced Research and Innovation

In research environments, fundamental problem-solving skills remain vital despite increasing reliance
on computational fluid dynamics (CFD) and other simulation tools. The fundamentals of aerodynamics
solution manual strengthens the conceptual framework needed to interpret simulation results
accurately and to troubleshoot when numerical models fail or produce unexpected outcomes.

Accessibility and Acquisition

Access to the fundamentals of aerodynamics solution manual varies depending on the publisher and
edition. Some manuals are available as part of textbook packages, while others may be sold
separately or provided under academic licensing agreements. It is important for users to ensure they
are using editions corresponding to their primary textbook to avoid discrepancies in problem
numbering and notation.

Additionally, several educational platforms and university libraries offer digital versions, allowing for
easier searchability and portability. However, caution is advised to obtain manuals through legitimate
channels to respect copyright and intellectual property rights.

The fundamentals of aerodynamics solution manual remains a vital resource that supports the
mastery of aerodynamic principles through rigorous problem-solving practice. Its detailed solutions,
methodological clarity, and broad topical coverage make it an essential companion for anyone
pursuing expertise in aerodynamics. When integrated thoughtfully into a comprehensive study plan, it
can significantly enhance understanding and application of aerodynamic concepts in both academic
and professional arenas.
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2009). The foundations of the book are mainly the findings and the innovative ballistics methods
presented in EBA3e and EBNA. The remarkable methods of exterior ballistics presented in this new
book include: ¢ The methods of determining the function of resistance G(v) of a given bullet (i=1)
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of projectile impact. * The model of “Tangent Law of Trajectory Refraction” and the related set of
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enough to be accessed and assimilated by a wide range of readers. The system of units used in the
book is the International System (SI). For readers that are unfamiliar with the SI system it is not
difficult to become accustomed and use the materials presented in the book to benefit from the
simple illustrations, exercises, and PC programs that, at the same time, give answers to many
problems encountered in practice. My studies and writing work in exterior ballistics intend to find
new and simple mathematical models and methods to predict the elements of the projectile
trajectory. I believe that I have achieved some good results, which need to be further developed.
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fundamentals of aerodynamics solution manual: Fundamentals of Fluid Mechanics Bruce R.
Munson, Donald F. Young, Theodore H. Okiishi, 1998 This students solutions manual accompanies
the main text. Each concept of fluid mechanics is considered in the book in simple circumstances
before more complicated features are introduced. The problems are presented in a mixture of SI and
US standard units.
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CD Extra Gordon ]J. Leishman, 2006-04-24 Written by an internationally recognized teacher and
researcher, this book provides a thorough, modern treatment of the aerodynamic principles of
helicopters and other rotating-wing vertical lift aircraft such as tilt rotors and autogiros. The text
begins with a unique technical history of helicopter flight, and then covers basic methods of rotor
aerodynamic analysis, and related issues associated with the performance of the helicopter and its
aerodynamic design. It goes on to cover more advanced topics in helicopter aerodynamics, including
airfoil flows, unsteady aerodynamics, dynamic stall, and rotor wakes, and rotor-airframe
aerodynamic interactions, with final chapters on autogiros and advanced methods of helicopter
aerodynamic analysis. Extensively illustrated throughout, each chapter includes a set of homework
problems. Advanced undergraduate and graduate students, practising engineers, and researchers
will welcome this thoroughly revised and updated text on rotating-wing aerodynamics.

fundamentals of aerodynamics solution manual: A Brief Introduction to Fluid
Mechanics Donald F. Young, Bruce R. Munson, Theodore H. Okiishi, Wade W. Huebsch, 2010-11-23
A Brief Introduction to Fluid Mechanics, 5th Edition is designed to cover the standard topics in a
basic fluid mechanics course in a streamlined manner that meets the learning needs of today?s
student better than the dense, encyclopedic manner of traditional texts. This approach helps
students connect the math and theory to the physical world and practical applications and apply
these connections to solving problems. The text lucidly presents basic analysis techniques and
addresses practical concerns and applications, such as pipe flow, open-channel flow, flow
measurement, and drag and lift. It offers a strong visual approach with photos, illustrations, and
videos included in the text, examples and homework problems to emphasize the practical application
of fluid mechanics principles




fundamentals of aerodynamics solution manual: Principles of Helicopter Aerodynamics
J. Gordon Leishman, 2002-12-23 Helicopters are highly capable and useful rotating-wing aircraft
with roles that encompass a variety of civilian and military applications. Their usefulness lies in their
unique ability to take off and land vertically, to hover stationary relative to the ground, and to fly
forward, backward, or sideways. These unique flying qualities, however, come at a high cost
including complex aerodynamic problems, significant vibrations, high levels of noise, and relatively
large power requirements compared to fixed-wing aircraft. This book, written by an internationally
recognized expert, provides a thorough, modern treatment of the aerodynamic principles of
helicopters and other rotating-wing vertical lift aircraft. Every chapter is extensively illustrated and
concludes with a bibliography and homework problems. Advanced undergraduate and graduate
students, practising engineers, and researchers will welcome this thorough and up-to-date text on
rotating-wing aerodynamics.
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, 1992

fundamentals of aerodynamics solution manual: Introduction to Aircraft Aeroelasticity
and Loads Jan R. Wright, 2015-02-23 Introduction to Aircraft Aeroelasticity and Loads, Second
Edition is an updated new edition offering comprehensive coverage of the main principles of aircraft
aeroelasticity and loads. For ease of reference, the book is divided into three parts and begins by
reviewing the underlying disciplines of vibrations, aerodynamics, loads and control, and then goes
on to describe simplified models to illustrate aeroelastic behaviour and aircraft response and loads
for the flexible aircraft before introducing some more advanced methodologies. Finally, it explains
how industrial certification requirements for aeroelasticity and loads may be met and relates these
to the earlier theoretical approaches used. Key features of this new edition include: Uses a unified
simple aeroelastic model throughout the book Major revisions to chapters on aeroelasticity Updates
and reorganisation of chapters involving Finite Elements Some reorganisation of loads material
Updates on certification requirements Accompanied by a website containing a solutions manual, and
MATLAB® and SIMULINK® programs that relate to the models used Introduction to Aircraft
Aeroelasticity and Loads, Second Edition is a must-have reference for researchers and practitioners
working in the aeroelasticity and loads fields, and is also an excellent textbook for senior
undergraduate and graduate students in aerospace engineering.

fundamentals of aerodynamics solution manual: Introduction to Aircraft Aeroelasticity and
Loads Jan Robert Wright, Jonathan Edward Cooper, 2008-02-28 Aeroelastic phenomena arising from
the interaction of aerodynamic, elastic and inertia forces, and the loads resulting from flight /
ground manoeuvres and gust / turbulence encounters, have a significant influence upon aircraft
design. The prediction of aircraft aeroelastic stability, response and loads requires application of a
range of interrelated engineering disciplines. This new textbook introduces the foundations of
aeroelasticity and loads for the flexible aircraft, providing an understanding of the main concepts
involved and relating them to aircraft behaviour and industrial practice. This book includes the use
of simplified mathematical models to demonstrate key aeroelastic and loads phenomena including
flutter, divergence, control effectiveness and the response and loads resulting from flight / ground
manoeuvres and gust / turbulence encounters. It provides an introduction to some up-to-date
methodologies for aeroelastics and loads modelling. It lays emphasis on the strong link between
aeroelasticity and loads. It also includes provision of MATLAB and SIMULINK programs for the
simplified analyses. It offers an overview of typical industrial practice in meeting certification
requirements.
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Reference Mike Tooley, Filippo De Florio, John Watkinson, Pini Gurfil, Howard D. Curtis, Antonio
Filippone, T.H.G. Megson, Michael V. Cook, P. W. Carpenter, E. L. Houghton, David Wyatt, Lloyd R.
Jenkinson, Jim Marchman, 2009-03-23 A one-stop Desk Reference, for engineers involved in all




aspects of aerospace; this is a book that will not gather dust on the shelf. It brings together the
essential professional reference content from leading international contributors in the field. Material
covers a broad topic range from Structural Components of Aircraft, Design and Airworthiness to
Aerodynamics and Modelling* A fully searchable Mega Reference Ebook, providing all the essential
material needed by Aerospace Engineers on a day-to-day basis. * Fundamentals, key techniques,
engineering best practice and rules-of-thumb together in one quick-reference.* Over 2,500 pages of
reference material, including over 1,500 pages not included in the print edition
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fundamentals of aerodynamics solution manual: Fundamentals of Aerodynamics John
David Anderson, 2001 This book is for students?to be read, understood, and enjoyed. It is
consciously written i n a clear, informal, and direct styie designed to talk to the reader and to gain
his

fundamentals of aerodynamics solution manual: A Modern Course in Aeroelasticity Earl H.
Dowell, 2021-10-16 This book is the sixth edition. It is suitable for one or more courses at the
advanced undergraduate level and graduate level to cover the field of aeroelasticity. It is also of
value to the research scholar and engineering practitioner who wish to understand the state of the
art in the field. This book covers the basics of aeroelasticity or the dynamics of fluid-structure
interaction. While the field began in response to the rapid development of aviation, it has now
expanded into many branches of engineering and scientific disciplines and treats physical
phenomena from aerospace engineering, bioengineering, civil engineering, and mechanical
engineering in addition to drawing the attention of mathematicians and physicists. The basic
questions addressed are dynamic stability and response of fluid structural systems as revealed by
both linear and nonlinear mathematical models and correlation with experiment. The use of scaled
models and full-scale experiments and tests play a key role where theory is not considered
sufficiently reliable.
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fundamentals of aerodynamics solution manual: Design and Development of Aerospace
Vehicles and Propulsion Systems S. Kishore Kumar, Indira Narayanaswamy, V. Ramesh,
2021-03-18 This book presents selected papers presented in the Symposium on Applied
Aerodynamics and Design of Aerospace Vehicles (SAROD 2018), which was jointly organized by
Aeronautical Development Agency (the nodal agency for the design and development of combat
aircraft in India), Gas-Turbine Research Establishment (responsible for design and development of
gas turbine engines for military applications), and CSIR-National Aerospace Laboratories (involved
in major aerospace programs in the country such as SARAS program, LCA, Space Launch Vehicles,
Missiles and UAVs). It brings together experiences of aerodynamicists in India as well as abroad in
Aerospace Vehicle Design, Gas Turbine Engines, Missiles and related areas. It is a useful volume for
researchers, professionals and students interested in diversified areas of aerospace engineering.
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fundamentals of aerodynamics solution manual: Conceptual Shape Optimization of
Entry Vehicles Dominic Dirkx, Erwin Mooij, 2016-12-09 This book covers the parameterization of
entry capsules, including Apollo capsules and planetary probes, and winged entry vehicles such as
the Space Shuttle and lifting bodies. The aerodynamic modelling is based on a variety of panel
methods that take shadowing into account, and it has been validated with flight and wind tunnel
data of Apollo and the Space Shuttle. The shape optimization is combined with constrained
trajectory analysis, and the multi-objective approach provides the engineer with a Pareto front of
optimal shapes. The method detailed in Conceptual Shape Optimization of Entry Vehicles is
straightforward, and the output gives the engineer insight in the effect of shape variations on
trajectory performance. All applied models and algorithms used are explained in detail, allowing for
reconstructing the design tool to the researcher’s requirements. Conceptual Shape Optimization of
Entry Vehicles will be of interest to both researchers and graduate students in the field of aerospace



engineering, and to practitioners within the aerospace industry.
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solid layer of rock underlying the upper strata of soil or other rock. Thus, by extension, it is any
foundation or basis. Used literally as early as 1850 in Nelson

fundamental - Wiktionary, the free dictionary fundamental (plural fundamentals) (generic,
singular) A basic truth, elementary concept, principle, rule, or law. An individual fundamental will
often serve as a building block

Fundamental - Definition, Meaning & Synonyms | When asked what the fundamental, or
essential, principles of life are, a teenager might reply, "Breathe. Be a good friend. Eat chocolate.
Get gas money." Fundamental has its roots in the

fundamentals - Dictionary of English a principle, law, etc, that serves as the basis of an idea or
system: teaching small children the fundamentals of road safety the principal or lowest note of a
harmonic series

FUNDAMENTAL | definition in the Cambridge English Dictionary He expects gold to reach as
high as $2,000 within the next 12 to 24 months even though the price is not being driven by
fundamentals
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