back of the envelope physics

Back of the Envelope Physics: The Art of Quick and Insightful Estimations

back of the envelope physics is a phrase that captures the essence of quick,
approximate calculations done with minimal data and simple assumptions. It’s
a practice beloved by physicists, engineers, and curious minds alike because
it allows one to gain a rough understanding of complex problems without
diving into lengthy computations or simulations. Imagine scribbling on the
back of an envelope during a coffee break — that’s where the term originates,
symbolizing spontaneous problem-solving and intellectual agility.

In this article, we’ll explore what back of the envelope physics entails, why
it’s so valuable, and how you can effectively use this technique to tackle
real-world problems. Along the way, we’ll touch on related concepts like
order-of-magnitude estimates, dimensional analysis, and the intuition that
bridges numbers with physical meaning.

What Is Back of the Envelope Physics?

At its core, back of the envelope physics is about making rapid, rough
calculations to check the plausibility of ideas or to gain insight before
committing to more detailed work. It’'s less about precision and more about
understanding the scale, relationships, and constraints involved in a
problem.

This approach typically involves:

- Simplifying assumptions that strip away unnecessary complexity

- Using known constants or typical values to fill in gaps

- Focusing on orders of magnitude rather than exact numbers

- Applying fundamental physical principles in a straightforward way

For example, estimating how long it would take for a dropped object to hit
the ground without air resistance, or approximating the energy consumption of
a household based on average usage, are classic back of the envelope
calculations.

Origins and Historical Context

The phrase itself gained popularity among physicists and mathematicians who
often jotted down quick calculations on whatever scrap of paper was at hand -
envelopes being a common choice. Famous scientists like Richard Feynman were
masters of this style, using it to test ideas and spark creativity.



Back of the envelope physics is tightly linked with the scientific method’s
exploratory phase, where hypothesis testing and problem framing happen
rapidly. It's a reminder that deep insights don’t always require complex
tools — sometimes a rough sketch and a few numbers are enough to get moving.

Why Back of the Envelope Physics Matters

The value of back of the envelope calculations goes beyond academic
curiosity. Here'’s why this approach continues to be relevant and widely used:

1. Building Intuition

By performing quick estimates, you develop a feel for scales and
relationships, which is crucial when approaching unfamiliar problems.
Intuition built through these exercises helps in identifying which factors
matter most and which can be neglected.

2. Saving Time and Resources

Before investing hours or expensive resources in detailed modeling or
experiments, a back of the envelope calculation can reveal whether an idea is
feasible or worth pursuing. This step prevents wasted effort on dead-end
projects.

3. Communication and Teaching

Simple, transparent calculations are powerful tools for explaining concepts
to others, especially those new to a subject. They break down intimidating
problems into digestible chunks, making science and engineering more
accessible.

4. Decision Making in Real Life

Engineers, entrepreneurs, and policymakers often rely on rapid estimations to
make informed decisions under time constraints. Whether it’s estimating the
cost of an infrastructure project or predicting the impact of new technology,
back of the envelope physics plays a key role.



Techniques and Tools for Effective Back of the
Envelope Physics

While the term may evoke casual scribbling, effective back of the envelope
physics requires a few essential techniques to ensure meaningful results.

Dimensional Analysis

One of the most powerful tools in quick physics calculations is dimensional
analysis — checking that the units on both sides of an equation match. This
approach helps catch errors early and sometimes even suggests the form of
unknown relationships.

For instance, if you want to estimate the period of a pendulum, you can use
dimensional analysis to figure out that it depends on the length of the
pendulum and gravity, arriving at a formula like \( T \approx 2\pi
\sqrt{\frac{L}{g}} \) without complicated derivations.

Order of Magnitude Estimates

Instead of precise numbers, focus on powers of ten. Estimating whether a
value is closer to 10, 100, or 1000 can be incredibly informative. This
approach aligns with how many physical phenomena scale and helps in quickly
ruling out impossible scenarios.

Using Known Constants and Approximate Values

Being familiar with common physical constants and typical values — like the
speed of light (~\(3 \times 1078\) m/s), gravitational acceleration (~9.8
m/s?), or the average density of water (1000 kg/m3) — makes it easier to plug
in numbers without looking everything up.

Breaking Down Problems Into Simpler Parts

Complex problems can often be decomposed into smaller, manageable pieces.
Calculate each piece separately with rough assumptions, then combine the
results for an overall estimate.



Examples of Back of the Envelope Physics 1in
Action

To appreciate how versatile this method is, let’s consider a few practical
examples.

Estimating the Energy Output of a Lightning Bolt

Suppose you want to estimate how much energy is released during a typical
lightning strike.

- Average current: ~30,000 amperes

- Voltage: ~100 million volts
- Duration: ~30 microseconds (30 x 10™-6 s)

Energy \( E \) can be approximated by:

\ [

E =V \times I \times t = 1078 \times 3 \times 1074 \times 3 \times 10"{-5} =
9 \times 1077 \text{ joules}

\1

So, roughly 90 million joules — about the energy needed to power 100 average
homes for a day.

How Long Would It Take to Fill a Swimming Pool Using
a Garden Hose?

Imagine a pool holds about 50,000 gallons, and your garden hose flows at 10
gallons per minute.

Estimate time:

\ [

\text{Time} = \frac{50,000 \text{ gallons}}{10 \text{ gallons/min}} = 5,000
\text{ minutes} \approx 83 \text{ hours}

\1

This quick calculation helps set realistic expectations before starting.

Tips for Mastering Back of the Envelope Physics

If you want to become proficient at this approach, consider these pointers:



e Practice Regularly: The more you estimate, the better your intuition
becomes. Try to solve everyday problems this way.

e Keep a Cheat Sheet: Have a collection of constants, conversion factors,
and approximate values handy.

e Use Simplified Models: Don’t hesitate to ignore friction, air
resistance, or other minor effects for your initial estimate.

e Check Your Work: Cross-verify with alternate methods or known results to
ensure your estimate is reasonable.

e Ask “What If?” Questions: Explore how changing assumptions affects your
answers to better understand sensitivities.

Back of the Envelope Physics in Modern Science
and Engineering

Even with advanced computational tools available, back of the envelope
physics remains invaluable. In fast-paced research environments or startup
ventures, the ability to rapidly gauge feasibility can direct resources more
effectively.

Fields like astrophysics, environmental science, and even economics use quick
estimations to frame big-picture questions. For example, estimating the
carbon footprint of a city or the energy needed to launch a satellite starts
with simple back of the envelope calculations before detailed models refine
the picture.

Tools That Complement Back of the Envelope
Calculations

While the name suggests paper and pencil, today’s practitioners often use
smartphones, calculators, and note-taking apps to jot down quick physics
problems. Spreadsheets and simple scripts can automate repetitive parts,
allowing focus on conceptual understanding.

Final Thoughts on Embracing Approximate Physics

Back of the envelope physics invites us to embrace imperfection in pursuit of
clarity. It’s a reminder that understanding often starts with rough sketches



and ballpark figures. Whether you’re a student trying to grasp a concept, a
professional vetting an idea, or a curious thinker, adopting this mindset can
accelerate learning and innovation.

The next time you face a daunting problem, grab that scrap of paper — or even
the back of an envelope — and start scribbling. You might be surprised how
much insight a few simple numbers can reveal.

Frequently Asked Questions

What does 'back of the envelope physics' mean?

'Back of the envelope physics' refers to quick, approximate calculations done
informally to estimate a physical quantity or check the plausibility of a
result without detailed analysis.

Why is 'back of the envelope' calculation important
in physics?

It helps physicists gain intuition, make rapid assessments, and guide more
detailed investigations by providing quick, order-of-magnitude estimates.

What are common scenarios to use back of the
envelope physics?

Common scenarios include estimating forces, energies, time scales, or sizes
in problems where exact data is unavailable or when a quick answer is needed.

Can back of the envelope physics be accurate?

While not precise, back of the envelope calculations can be surprisingly
accurate for order-of-magnitude estimates and serve as useful sanity checks.

What tools are typically used in back of the
envelope physics?

Usually simple arithmetic, basic physics formulas, known constants, and rough
assumptions are used, often performed on paper or a napkin.

How does back of the envelope physics aid scientific
research?

It helps researchers quickly evaluate hypotheses, prioritize experiments, and
communicate complex ideas simply before investing in detailed computations or
experiments.



Are there famous examples of back of the envelope
physics calculations?

Yes, for instance, Enrico Fermi was famous for his quick estimations, such as
estimating the yield of the first atomic bomb test using simple physics
principles and limited data.

Additional Resources

Back of the Envelope Physics: Simplifying Complex Concepts with Quick
Calculations

back of the envelope physics refers to a method of making rapid, rough
calculations to estimate physical quantities or test the plausibility of a
hypothesis without delving into detailed mathematical modeling. This
approach, often employed by physicists, engineers, and scientists, enables
quick insight into problems by using approximate numbers and simplifying
assumptions. Despite its informal name, back of the envelope physics plays a
crucial role in both academic research and practical problem-solving, helping
experts navigate complex phenomena with surprising efficiency.

The Essence of Back of the Envelope Physics

At its core, back of the envelope physics embodies the spirit of estimation
and intuition. Instead of relying on exhaustive computations, it focuses on
order-of-magnitude approximations, dimensional analysis, and heuristic
assumptions to arrive at useful results. This technique is invaluable during
brainstorming sessions, initial feasibility studies, or when validating the
reasonableness of an elaborate theory.

The phrase itself originates from the idea that one can use whatever scrap of
paper is at hand—sometimes literally the back of an envelope-to jot down
quick calculations. Such estimates often form the foundation for more
rigorous analysis or experimental design.

Why Physicists Rely on Quick Estimates

In fast-paced research environments, spending hours on exact solutions may
not be practical or necessary. Back of the envelope physics offers several
advantages:

e Speed: It enables scientists to assess scenarios rapidly without getting
bogged down in complexity.



e Insight: Simplified calculations highlight dominant factors and
relationships, fostering better understanding.

e Decision-making: It helps prioritize which problems merit deeper
investigation or resource allocation.

e Communication: Rough estimates can be shared easily with colleagues or
stakeholders to convey core ideas.

However, this method is not without limitations. The reliance on assumptions
and approximations means results may lack precision, necessitating caution
when interpreting outcomes or applying them to critical engineering or
scientific decisions.

Applications Across Scientific Disciplines

Back of the envelope physics is not confined to any one field. Its principles
permeate various domains, including astrophysics, quantum mechanics, and even
everyday engineering problems.

Astrophysics and Cosmology

In astrophysics, rough calculations are often the first step to understanding
vast phenomena. For example, estimating the luminosity of a star or the
gravitational force between celestial bodies can be done with minimal data.
In cosmology, back of the envelope calculations help approximate the age of
the universe or the scale of cosmic structures by leveraging fundamental
constants and observed values.

Engineering and Design

Engineers routinely use quick estimates to determine whether a design meets
basic criteria before detailed simulations. For instance, calculating the
stress on a beam or the power requirements of a motor can start with back of
the envelope physics. This approach saves time and resources by filtering out
unfeasible options early.

Quantum and Particle Physics

Even in quantum mechanics, where precision is paramount, physicists use
order-of-magnitude estimates to gauge particle interactions or energy scales.



These preliminary calculations can guide experimental setups or theoretical
frameworks before engaging in complex computational techniques.

Key Techniques in Back of the Envelope Physics

Several methods underpin this approach, often used in combination to tackle
diverse problems.

Dimensional Analysis

One fundamental tool is dimensional analysis, which checks the consistency of
equations by comparing units. It can also predict how physical quantities
scale with one another, providing insight into the relationships without
detailed modeling.

Order-of-Magnitude Estimation

Estimating values to the nearest power of ten simplifies numbers and
highlights dominant effects. For example, approximating Earth's mass as 10724
kilograms rather than an exact figure allows physicists to make quick
gravitational force calculations.

Scaling Laws

By understanding how systems behave when size or other parameters change,
scientists can extrapolate results from known conditions to new scenarios.
This is particularly useful in fluid dynamics and thermodynamics.

Assumption-Based Modeling

Simplifying assumptions—such as treating objects as point masses or ignoring
friction—-reduce complexity. While these assumptions may limit accuracy, they
make problems tractable and reveal essential physics.

Challenges and Limitations

While back of the envelope physics offers numerous benefits, it is crucial to
recognize its constraints.



e Accuracy Trade-offs: The approximate nature means outcomes can deviate
significantly from precise values.

e Over-Simplification: Ignoring critical variables may lead to misleading
conclusions.

e Context Dependency: The validity of assumptions varies by problem,
requiring expert judgment.

e Communication Risks: Presenting rough estimates without caveats can
cause misunderstandings.

Experts emphasize that back of the envelope calculations should complement,
not replace, rigorous analysis when precision is essential.

Famous Examples of Back of the Envelope
Calculations

History is replete with notable instances where simple calculations paved the
way for groundbreaking discoveries.

e Enrico Fermi’s Estimate of the Atomic Bomb Yield: Fermi famously dropped
pieces of paper during the Trinity test to estimate blast force through
their displacement, an early example of rough, real-time physics
estimation.

e Estimating the Number of Piano Tuners in Chicago: This classic Fermi
problem demonstrates how to break down complex questions into
manageable, estimable parts.

* Rocket Science Scaling: Early rocketry calculations used back of the

envelope physics to approximate thrust requirements and fuel consumption
before detailed engineering designs.

These examples illustrate how quick mental math can provide surprisingly
accurate guidance in complex domains.

Integrating Back of the Envelope Physics into
Modern Research

With advancements in computational tools, some might view back of the



envelope methods as outdated. However, the technique remains relevant and
complementary to digital simulations.

Researchers often begin with rough calculations to frame a problem, identify
key parameters, and sanity-check results from computer models. This hybrid
approach enhances efficiency and deepens understanding.

Moreover, educational institutions incorporate back of the envelope physics
to train students in scientific intuition and problem-solving skills.
Encouraging learners to think critically and estimate confidently builds a
foundation for more advanced study.

Enhancing Scientific Communication

Back of the envelope physics also plays a role in bridging the gap between
experts and broader audiences. By distilling complex phenomena into
accessible estimates, scientists can better explain concepts to policymakers,
educators, or the public.

This clarity is vital in fields such as climate science or public health,
where timely decisions depend on comprehensible data interpretation.

Conclusion: The Enduring Value of Quick Physics
Estimates

Back of the envelope physics remains a powerful tool in the scientific
toolkit. It fosters rapid assessment, nurtures intuitive understanding, and
complements detailed analyses. While it cannot replace precise computation,
its strategic use accelerates innovation and informed decision-making.

In an era dominated by advanced simulation and big data, the humble practice

of sketching rough calculations on the nearest scrap of paper continues to
illuminate the path from curiosity to discovery.
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From an award-winning teacher, a delightful and instructive accessory to an introductory physics
course ( Physics World). Physicists use back-of-the-envelope estimates to check whether or not an
idea could possibly be right. In many cases, the approximate solution is all that is needed. This
compilation of 101 examples of back-of-the-envelope calculations celebrates a quantitative approach
to solving physics problems. Drawing on a lifetime of physics research and nearly three decades as
the editor of The Physics Teacher, Clifford Swartz—a winner of two awards from the American
Association of Physics Teachers—provides simple, approximate solutions to physics problems that
span a broad range of topics. What note do you get when you blow across the top of a Coke bottle?
Could you lose weight on a diet of ice cubes? How can a fakir lie on a bed of nails without getting
hurt? Does draining water in the northern hemisphere really swirl in a different direction than its
counterpart below the equator? In each case, only a few lines of arithmetic and a few natural
constants solve a problem to within a few percent. Covering such subjects as astronomy, magnetism,
optics, sound, heat, mechanics, waves, and electricity, this book provides a rich source of material
for teachers and anyone interested in the physics of everyday life. This is a book that will help make
the study of physics fun and relevant. —Mark P. Silverman, author of Waves and Grains: Reflections
on Light and Learning

back of the envelope physics: Back-of-the-Envelope Physics Clifford Swartz, 2003-05-30 Offers
quantitative analysis of one hundred and one physics questions with simple, approximate answers on
a variety of topics.

back of the envelope physics: Dimensional Analysis Across the Landscape of Physics Richard
W. Robinett, 2025-01-20 Aimed at students throughout the undergraduate Physics curriculum, this
textbook emphasizes the utility of dimensional analysis techniques in research applications, with
examples ranging from famous papers in the historical literature to recent advances, and includes an
extensive array of worked examples and end-of-chapter problems.

back of the envelope physics: Fly By Night Physics A. Zee, 2020-10-27 The essential primer
for physics students who want to build their physical intuition Presented in A. Zee's incomparably
engaging style, this book introduces physics students to the practice of using physical reasoning and
judicious guesses to get at the crux of a problem. An essential primer for advanced undergraduates
and beyond, Fly by Night Physics reveals the simple and effective techniques that researchers use to
think through a problem to its solution—or failing that, to smartly guess the answer—before starting
any calculations. In typical physics classrooms, students seek to master an enormous toolbox of
mathematical methods, which are necessary to do the precise calculations used in physics.
Consequently, students often develop the unfortunate impression that physics consists of
well-defined problems that can be solved with tightly reasoned and logical steps. Idealized textbook
exercises and homework problems reinforce this erroneous impression. As a result, even the best
students can find themselves completely unprepared for the challenges of doing actual research. In
reality, physics is replete with back of the envelope estimates, order of magnitude guesses, and fly
by night leaps of logic. Including exciting problems related to cutting-edge topics in physics, from
Hawking radiation to gravity waves, this indispensable book will help students more deeply
understand the equations they have learned and develop the confidence to start flying by night to
arrive at the answers they seek. For instructors, a solutions manual is available upon request.

back of the envelope physics: Qualitative Representations Kenneth D. Forbus, 2025-10-28 An
argument that qualitative representations—symbolic representations that carve continuous
phenomena into meaningful units—are central to human cognition. In this book, Kenneth Forbus
proposes that qualitative representations hold the key to one of the deepest mysteries of cognitive
science: how we reason and learn about the continuous phenomena surrounding us. Forbus argues
that qualitative representations—symbolic representations that carve continuous phenomena into
meaningful units—are central to human cognition. Qualitative representations provide a basis for
commonsense reasoning, because they enable practical reasoning with very little data; this makes
qualitative representations a useful component of natural language semantics. Qualitative
representations also provide a foundation for expert reasoning in science and engineering by making



explicit the broad categories of things that might happen and enabling causal models that help guide
the application of more quantitative knowledge as needed. Qualitative representations are important
for creating more human-like artificial intelligence systems with capabilities for spatial reasoning,
vision, question answering, and understanding natural language. Forbus discusses, among other
topics, basic ideas of knowledge representation and reasoning; qualitative process theory;
qualitative simulation and reasoning about change; compositional modeling; qualitative spatial
reasoning; and learning and conceptual change. His argument is notable both for presenting an
approach to qualitative reasoning in which analogical reasoning and learning play crucial roles and
for marshaling a wide variety of evidence, including the performance of Al systems. Cognitive
scientists will find Forbus's account of qualitative representations illuminating; Al scientists will
value Forbus's new approach to qualitative representations and the overview he offers.

back of the envelope physics: The Physics of Rugby T. Lipscombe, 2009-09-01 Blending
simple physics with anecdotes from the world of rugby, this informative reference demonstrates how
to improve rugby techniques. Tackling, passing, running, and kicking are analyzed from a scientific
perspective, incorporating Newton’s Laws, and then discussed in the wider context of the game. This
valuable guide will not only instruct but also entertain sports-oriented students of all levels.

back of the envelope physics: Introduction to Many-Body Physics Piers Coleman, 2015-11-26
A modern, graduate-level introduction to many-body physics in condensed matter, this textbook
explains the tools and concepts needed for a research-level understanding of the correlated behavior
of quantum fluids. Starting with an operator-based introduction to the quantum field theory of
many-body physics, this textbook presents the Feynman diagram approach, Green's functions and
finite-temperature many-body physics before developing the path integral approach to interacting
systems. Special chapters are devoted to the concepts of Fermi liquid theory, broken symmetry,
conduction in disordered systems, superconductivity and the physics of local-moment metals. A
strong emphasis on concepts and numerous exercises make this an invaluable course book for
graduate students in condensed matter physics. It will also interest students in nuclear, atomic and
particle physics.

back of the envelope physics: Ecological Models and Data in R Benjamin M. Bolker,
2008-07-01 Ecological Models and Data in R is the first truly practical introduction to modern
statistical methods for ecology. In step-by-step detail, the book teaches ecology graduate students
and researchers everything they need to know in order to use maximum likelihood,
information-theoretic, and Bayesian techniques to analyze their own data using the programming
language R. Drawing on extensive experience teaching these techniques to graduate students in
ecology, Benjamin Bolker shows how to choose among and construct statistical models for data,
estimate their parameters and confidence limits, and interpret the results. The book also covers
statistical frameworks, the philosophy of statistical modeling, and critical mathematical functions
and probability distributions. It requires no programming background--only basic calculus and
statistics. Practical, beginner-friendly introduction to modern statistical techniques for ecology using
the programming language R Step-by-step instructions for fitting models to messy, real-world data
Balanced view of different statistical approaches Wide coverage of techniques--from simple
(distribution fitting) to complex (state-space modeling) Techniques for data manipulation and
graphical display Companion Web site with data and R code for all examples

back of the envelope physics: More Than Curious William H. Press, 2023-11-10 The author
found himself in places and times to closely observe significant events and noteworthy personalities
in 20th century science. Variously, he interacted with such notables as Richard Feynman, S.
Chandrasekhar, Edward Teller, Ya. B. Zel'dovich, John Wheeler, James Watson, Julian Schwinger,
Fred Hoyle, Martin Rees, Stephen Hawking, Freeman Dyson, Ed Witten, and many others. His Ph.D.
advisor, Kip Thorne, and his Ph.D. student, Adam Riess, each won Nobel Prizes-for discoveries that
he helped them start. Later, he worked with (or for) not just scientists, but also technology
capitalists and billionaires, admirals and generals, and political leaders including two U.S.
presidents. His memoir is rich in stories about these people and events.



back of the envelope physics: Fundamentals of Solid-state Electronics Chih-Tang Sah,
1991 This is perhaps the most comprehensive undergraduate textbook on the fundamental aspects
of solid state electronics. It presents basic and state-of-the-art topics on materials physics, device
physics, and basic circuit building blocks not covered by existing textbooks on the subject. Each
topic is introduced with a historical background and motivations of device invention and circuit
evolution. Fundamental physics is rigorously discussed with minimum need of tedious algebra and
advanced mathematics. Another special feature is a systematic classification of fundamental
mechanisms not found even in advanced texts. It bridges the gap between solid state device physics
covered here with what students have learnt in their first two years of study.Used very successfully
in a one-semester introductory core course for electrical and other engineering, materials science
and physics junior students, the second part of each chapter is also used in an advanced
undergraduate course on solid state devices. The inclusion of previously unavailable analyses of the
basic transistor digital circuit building blocks and cells makes this an excellent reference for
engineers to look up fundamental concepts and data, design formulae, and latest devices such as the
GeSi heterostructure bipolar transistors.

back of the envelope physics: How to Live Safely in a Science Fictional Universe Charles
Yu, 2010-09-07 From the National Book Award-winning author of Interior Chinatown, comes a
razor-sharp, hilarious, and touching story of a son searching for his father ... through quantum
space-time. Every day in Minor Universe 31 people get into time machines and try to change the
past. That's where Charles Yu, time travel technician, steps in. He helps save people from
themselves. Literally. When he's not taking client calls, Yu visits his mother and searches for his
father, who invented time travel and then vanished. The key to locating his father may be found in a
book. It's called How to Live Safely in a Science Fictional Universe, and somewhere inside it is
information that will help him. It may even save his life.

back of the envelope physics: Electrostatics at the Molecular Level Ulrich Ziircher,
2018-10-24 Electrostatic forces are essential for the hierarchical structure of matter: electrons are
bound to the atomic nucleus by electrostatic forces; atoms carry (partial) charges and ions with
opposite charges attract and form (chemical) bonds. Small residual electrostatic forces between
molecules allow them to form macroscopic structures such as crystals. Electrostatic interactions
explain pseudo-forces used in popular computer programs used to model properties of atoms,
molecules, and proteins. By beginning with the basics and then diving deeper into the topic, this
book aims to familiarize the reader with electrostatic forces at the atomic and molecular level.

back of the envelope physics: Energy Research Abstracts , 1986

back of the envelope physics: HHAI 2023: Augmenting Human Intellect P. Lukowicz, S.
Mayer, J. Koch, 2023-07-07 Artificial intelligence (AI) has been much in the news recently, with some
commentators expressing concern that Al might eventually replace humans. But many developments
in Al are designed to enhance and supplement the performance of humans rather than replace them,
and a novel field of study, with new approaches and solutions to the development of Al, has arisen to
focus on this aspect of the technology. This book presents the proceedings of HHAI2023, the 2nd
International Conference on Hybrid Human-Artificial Intelligence, held from 26-30 June 2023, in
Munich, Germany. The HHAI international conference series is focused on the study of artificially
intelligent systems that cooperate synergistically, proactively, responsibly and purposefully with
humans, amplifying rather than replacing human intelligence, and invites contributions from various
fields, including Al, human-computer interaction, the cognitive and social sciences, computer
science, philosophy, among others. A total of 78 submissions were received for the main conference
track, and most papers were reviewed by at least three reviewers. The overall final acceptance rate
was 43%, with 14 contributions accepted as full papers, 14 as working papers, and 6 as extended
abstracts. The papers presented here cover topics including interactive hybrid agents; hybrid
intelligence for decision support; hybrid intelligence for health; and values such as fairness and trust
in hybrid intelligence. We further accepted 17 posters and 4 demos as well as 8 students to the first
HHAI doctoral consortium this year. The authors of 4 working papers and 2 doctoral consortium



submissions opted for not publishing their submissions to allow a later full submission, resulting in a
total of 57 papers included in this proceedings Addressing all aspects of Al systems that assist
humans and emphasizing the need for adaptive, collaborative, responsible, interactive, and
human-centered artificial intelligence systems which can leverage human strengths and compensate
for human weaknesses while considering social, ethical, and legal considerations, the book will be of
interest to all those working in the field.

back of the envelope physics: A to Z of Physicists, Updated Edition Darryl Leiter,
2019-11-01 A to Z of Physicists, Updated Edition focuses not only on the lives and personalities of
those profiled, but also on their research and contributions to the field. A fascinating and important
element of this work is the attention paid to the obstacles that minority physicists had to overcome
to reach their personal and professional goals. Through incidents, quotations, and photographs, the
entries portray something of the human face, which is often lost in books on science and scientists. A
to Z of Physicists, Updated Edition features more than 150 entries and 51 black-and-white
photographs. Culturally inclusive and spanning the whole range of physicists from ancient times to
the present day, this is an ideal resource for students and general readers interested in the history
of physics or the significant aspects of the personal and professional lives of important physicists.
People covered include: Archimedes (ca. 285-212 BCE) Homi Jehangir Bhabha (1909-1966) Pavel
Alekseyevich Cherenkov (1904-1990) Marie Curie (1867-1934) George Gamow (1904-1968) Tsung
Dao Lee (1926-present) Lise Meitner (1878-1968) Yuval Ne'eman (1925-2006) Johannes Stark
(1874-1957) Nikola Tesla (1856-1943) Alessandro Volta (1745-1827) Hideki Yukawa (1907-1981)

back of the envelope physics: Fundamentals of Physics I R. Shankar, 2019-08-20 A beloved
introductory physics textbook, now including exercises and an answer key, explains the concepts
essential for thorough scientific understanding In this concise book, R. Shankar, a well-known
physicist and contagiously enthusiastic educator, explains the essential concepts of Newtonian
mechanics, special relativity, waves, fluids, thermodynamics, and statistical mechanics. Now in an
expanded edition—complete with problem sets and answers for course use or self-study—this work
provides an ideal introduction for college-level students of physics, chemistry, and engineering; for
AP Physics students; and for general readers interested in advances in the sciences. The book begins
at the simplest level, develops the basics, and reinforces fundamentals, ensuring a solid foundation
in the principles and methods of physics.

back of the envelope physics: Hans Bethe And His Physics Gerald E Brown, Chang-hwan Lee,
2006-06-08 When Hans Bethe, at the age of 97, asked his long-term collaborator, Gerry Brown, to
explain his scientific work to the world, the latter knew that this was a steep task. As the late John
Bahcall famously remarked: “If you know his (Bethe's) work, you might be inclined to think he is
really several people, all of whom are engaged in a conspiracy to sign their work with the same
name”. Almost eight decades of original research, hundreds of scientific papers, numerous books,
countless reports spanning the key areas of 20th century physics are the impressive record of Hans
Bethe's academic work.In answering Bethe's request, the editors enlisted the help of experts in the
different research fields, collaborators and friends of this “last giant” of 20th century physics. Hans
Bethe and His Physics is the result. It contains discussions of Hans Bethe's work in solid state
physics, nuclear physics and astrophysics; it explains his contributions as a science advisor and his
stance on energy and nuclear weapons; and it demonstrates his impact as a teacher and mentor to
generations of young scientists. While the book's primary aim is to explain the science behind the
man, the different articles also allow the reader to take a glimpse at the man behind the science.

back of the envelope physics: Data Analysis with Open Source Tools Philipp K. Janert,
2010-11-11 Collecting data is relatively easy, but turning raw information into something useful
requires that you know how to extract precisely what you need. With this insightful book,
intermediate to experienced programmers interested in data analysis will learn techniques for
working with data in a business environment. You'll learn how to look at data to discover what it
contains, how to capture those ideas in conceptual models, and then feed your understanding back
into the organization through business plans, metrics dashboards, and other applications. Along the



way, you'll experiment with concepts through hands-on workshops at the end of each chapter. Above
all, you'll learn how to think about the results you want to achieve -- rather than rely on tools to
think for you. Use graphics to describe data with one, two, or dozens of variables Develop
conceptual models using back-of-the-envelope calculations, as well asscaling and probability
arguments Mine data with computationally intensive methods such as simulation and clustering
Make your conclusions understandable through reports, dashboards, and other metrics programs
Understand financial calculations, including the time-value of money Use dimensionality reduction
techniques or predictive analytics to conquer challenging data analysis situations Become familiar
with different open source programming environments for data analysis Finally, a concise reference
for understanding how to conquer piles of data.--Austin King, Senior Web Developer, Mozilla An
indispensable text for aspiring data scientists.--Michael E. Driscoll, CEO/Founder, Dataspora

back of the envelope physics: Force and Motion Kyle Kirkland, 2007 Discusses aspects of
force and motion and their relevance to daily life.

back of the envelope physics: Proceedings , 2005
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