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ABOUT This Book

A college student challenged a senior citizen, saying it was impossible
for their generation to understand his. "You grew up in a different world," the
student said. "Today we have television, jet planes, space travel, nuclear
energy, computers..." Taking advantage of a pause in the student's litany, the
geezer said, "You're right. We didn't have those things when we were young; so

we invented them! What are you doing for the next generation?"!

This book is about helping people to learn how to create their own
future! It does this by taking advantage of the fact that the reader’s LEFT brain
sees the LEFT side (FUN) of the book. The RIGHT brain sees the (MENTAL)
side of the book. Its simply FUNdaMENTAL! This in itself is a key feature of
this book: It seeks to train the brain to think by many a link. Creating things is
NOT done by following a monotonous recipe... The ability to create can be
learned by anyone who has a yearn to learn! But the eye must be quick to sort
and pick! Embedded inside, many a hidden creative message may reside!

In fact, design is a like a big box of LEGOS™ from which you want to
pick pieces to build a toy spaceship: if you just pick from the top layer, you
might not get a very interesting model. Turn over the box and scan through all
the pieces! Better yet, if you either have the pieces organized into bins, or are
aware of all the types that exist, you can select even faster! Whether it is the
designer’s desk, file cabinet, or the real world of resources available through
catalogs and the internet, there is an element of randomness to the accessibility
and presentation of information. This randomness, however, like nature itself,
provides robustness to the system, for it ensures that different people will see
different things and catalyze a team to develop new and innovative solutions to
difficult problems. Contrast this to a team of clones all looking through the
same catalogs in the same order...

Successful practising design engineers take advantage of this by
wearing two hats: they are passionately wild & crazy, and they are coldly cal-
culating & logical. They have no fear to think of wild and crazy things while
randomly sifting and searching through resources. Accordingly, this book is
organized in a similar way:

1. Ananonymous story received by many via email

e The material is presented in a coarse-to-fine manner, with chapters, sec-
tions, and subsections, just like any other engineering textbook. In addi-
tion, dozens of spreadsheets are provided for making design calculations.
Hence this book can be effectively used for an introudtcuon course, or an
advanced course, because each time it is read, a new layer of depth will
reveal itself.

« Each topic is discussed on two pages, and if more space is needed, that
defines the need for a finer level of granularity, and hence another set of
two pages...

«  Each set of two pages has one page of fine detail text, such as may be
found in a conventional engineering science textbook, where the discus-
sion focusses on the topic and addresses it in a systematic manner...

*  The second page of the set presents visual information corresponding to
the text NOT in a systematic numbered figure manner, but as a collage of
images that represent a box of parts that has been spread across the floor
(or information on the internet)! When reading the text, specific figures
are rarely referenced. The intent is to get the reader to create a picture in
their mind, to scan the picture page and find the image that fits the descrip-
tion. By working to find the image, and seeing others along the way, the
images become better packed into the reader’s neurons. Like life, full
color is used, and the intent is to excite and entice the reader’s eyes and
brain to scan and search and try to create patterns and relations amongst
the images, and then to connect them to the detailed text... Different peo-
ple will see different things and make different connections, and hence
begins the formation of a robust design team.

e The second page also often has some text, which is representative of what
a student may have otherwise highlight on the first page, if the reader was
using a classical textbook.

How should the student use this book in a design class? When most
people get a magazine, they first flip through and look at the pictures. Then
they go back and read the articles of interest, and eventually they get around to
reading the rest of it. Every time they pick it up, the images are seen again...
Given that the best way to learn something is to see it/use it multiple times, the
structure of this book, and modes in which it may be used in a class takes
advantage of this:
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At the start of a course, students are asked to flip through the entire book
and just focus on the picture pages. This preloads the students’ minds
with essential information and plants markers so when they face a design
challenge, an image should appear that will direct them to the location of
more detailed information...

Before each lecture, students are asked to more carefully look at the
images on each page of the chapter covered by the lecture. If the student
sees an interesting image, they are likely to read the detailed text. This
reinforces the information markers.

The instructor now does NOT have to put up overheads of the 2nd page,
but instead can talk about how they use the material as a real designer.
The instructor can instead give a lecture on a topic that uses information
from the text as a supporting material, or the instructor could cover one of
the topics in extra detail. If the class is working on a design problem, the
instructor could go through in detail one aspect of the problem, so the
class can see the instructor as a designer in action.

After lecture, students can flip back through the text and read the detailed
discussion pages to clarify issues or gain more in-depth knowledge.

The student should keep a notebook for the course, which should address
the thought exercises presented in red italics at the end of most pages.

There are several types of courses that can use this book:

A project-based introduction to design course at the advanced high school
or community college level can use this book, where the primary emphasis
is on the image-filled pages. Selected detailed text pages would also be
appropriate. The spreadsheet design tools can be used without having to
worry about the details of the mathematics behind the formulas. For
example, schools that have FIRST robot contest teams may want to give
an introduction to design course, where the design topic is the previous
year’s contest. Students can use the book to help develop plans for a
design to beat the previous year’s winner. Then, when the new contest is
announced, the students would be experienced and ready to begin devel-
opment of the robot for the current year.

A project-based introduction to design course at the university level can
use this book, where it is expected that students will read the detailed first
pages before lecture and study the detailed text pages before or after lec-
ture. The spreadsheet design tools can be used as is, or with modification

by engineering students who should have the analytical skills required for
their customizing. For example, schools that have a robot design competi-

tion, such as MIT’s 2.007, can use this text in the same manner as 2.007.1

* Anadvanced project-based course or a machine elements course at the
university level can use this book. Students would be study image and
detailed text pages before lecture, and then lectures could focus on the
mechanics of machine elements and many of the subtle points that are
associated with their optimization and use. Students may write their own
design code for analysis or build from the spreadsheets. All the details in
the book would be utilized in the completion of the design project.

An excellent and fun way to use this book in a none-project design
course is to use it in a how-things-work course, or an introduction to technol-
ogy course, where topics are assigned from the book, and then discussions and
assignments are focussed on study of real-world objects with respect to how
they work and can students identify elements of the book at use in the objects.
From FUNdaMENTAL principles to machine elements, philosophy in reality
is a fantastic learning mode.

Speaking of FUNdaMENTAL principles, hardware is constantly
changing, but FUNdaMENTAL principles do not; hence above all else, the
goal of this book is to help readers better understand how to design, with the
understanding that success requires continual learning. Finally, writing this
book has been a labor of love and passion, and it has also been just plane fun.
Sprinkled throughout are various little mind puzzles, puns, and fun-connec-
tions that were placed strategically using random neural firing methods.
Indeed, the reader may occasionally encounter some unconventional thoughts
and references, or create their own, all lovingly associated with making
machines better, because we are extremely super extra ##Passionate §#

v 08 ? OOV

Copyright 1/5/07 Alexander Slocum, Cambridge Massachusetts,
USA, Earth, 42  slocum@mit.edu

1. Indeed, this book was developed for MIT course 2.007, and with the availability of a standard kit of
parts, it makes it easy for any school to run this type of course and contest: http://pergatory.mit.edu/2.007

2. This is the reader’s first notice: this book will try to get the reader to think about things from differ-
ent perspectives, and to decode the true meaning of design life! After all, the QUESTION is does anyone
really have a zip code of 0.02381 (see page 3-14)
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