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~Before You Begin

. Think about these questions as you study the concepts in
... this chapter:

Why is freehand sketching an important skill for designers, scientists, or engineers?
Why do engineers and other designers need to document their work?

" What different abilities do the right and left hemispheres of the brain offer to artists,
designers, or engineers?

What are the six “visual design elements” that can be integrated into an effective
design?

How can you use color to better communicate design ideas?

What drawing technigues can be used to record and present ideas in engineering
notebooks and design portfolios?

How are engineering notebooks and design portfolios deve[oped?
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THE MANY USES OF DRAWING

Drawing plays several roles in the design process (see Figure 5-2). These roles fall
into three major categories: exploration, idea development, and documentation.
For the purposes of this chapter, drawing includes sketching (rapid, frechand
drawings) as well as more exacting depictions such as those required for technical
work, possibly using instruments like compasses and straightedges. Sketching is
shorthand for artists. It is used to get information down quickly, as in visual brain-
storming, Detail drawing, for example, tends to be more careful and time-consuming.

Exploring the Visible World

Exploration is how we gather and make sense of information. The act of draw-
ing requires us to look very hard at a subject, to really focus our attention on the
details. Up to 90 percent of the information humans take in is visual, and yet rarely
do we take a hard look at the world. Looking with the intention of drawing requires
intense concentration. Drawing is an excellent investigative tool; it can help us
understand how things work and how parts relate to one another.

Beveloping Ideas

We develop solutions to design problems by generating and manipulating ideas.
Our first ideas for solving problems are usually rather rough. Sketching allows us
to give form to ideas and to think more clearly about how to build on those ideas.
Creating successive drawings allows us to capture each improvement. Drawing is
one of the handiest tools at our disposal for putting down an idea and then chang-
ing it until we have something we like.

Exploration and idea development are the building blocks of creativity. The
freehand sketching and drawing explained in this chapter provide a direct bridge
from what's in our minds to the world of physical objects and products. It is
the immediacy of hand drawing that allows us to capture a creative insight or a
moment’s vision for future use.

skefching:

Creating a rough drawing
representing the main
features of an ohject

or scene, often as a
preliminary study.

frechand:

Done manually without the
aid of instruments such as
rulers.

107




perspective:

A form of pictorial drawing
in which vanishing points
are used to provide the
depth and distortion that is
seen with the human eye;
perspective drawings can be
drawn using .oie, two, and

“three vanishing points.

documentation:

(1} The documents required
for something, or that
give evidence or proof of

- something; (2) drawings

or printed information
that contains instructions
for assembling, installing,

- operating, and servicing.
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Figure 5-2: How drawing and modeling support the desigh process.

Once an idea is on its way to being a product, we use technology to extend our
drawing skills. Not long ago, draftspersons labored over drawing boards, hand-
inking production drawings and blueprints, measuring precise dimensions, and
adding notations. In Chapter 10, we will see that today those drawings are largely
done by computer-aided design or computer-aided drafting (CAD) programs
that allow designers to work in perspective using color, lighting effects, and real- ,
istic surface renderings.

Documenting the Process

_ Documentation is the activity of collecting the evidence of the thinking and prob-

lem-solving process that has gone into a designed innovation. Figure 5-2 shows
how drawing supports the design process. The outer circle suggests different draw-
ing and modeling techniques that allow designers to see and develop their ideas.
When you do documentation in a pre-engineering class, you are developing basic
design skills and providing your teacher withr a window into your mind. '
Keeping a record of ideas and development work is an integral part of design-
ing (see Figure 5-3). The term designer is used for a wide range of occupations.
Engineers do technical designs for the products and systems we use every day,
from our cell phones to the water we drink, the games we play, and the vehicles we
use to get to school, work, or vacation. Architects and civil engineers are designers
of structures; graphic artists works with elements on a page, such as typeface, page
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layout, and photos to design print materials; indus-
trial designers work: with physical products; and
fashion designers work with clothes and accessories.
These and many other occupations involve design,
and a record of work is a necessary part of the job.

In the world of business and industry, the
engineer’s notebook is a careful record of ideas,
calculations, thoughts, and plans for a particular
project (see Figure 5-4). It is not unusual for an
engineer to be pulled from the middle of a project,
only to pick it up again six months or several years
later. The documentation within the engineer’s
notebook saves countless hours of rediscovery
when the engineer returns to a task.

In a similar manner, the records the engineer
keeps may well be the legal basis for awarding a  aclient.
patent when several similar patent applications are
submitted. Questions such as “Which applicant developed a critical idea or design
first?” can be answered with documentation evidence. Contrary to popular belief,
ideas do not generally blossom forth fully formed; they evolve and grow. The
documentation of the development of an idea over time is generally a collection of
original sketches, notes, calculations, and other evidence.

Engineers must preserve the evidence of that evolution of thought, not just
for legal purposes, but perhaps more importantly, so that they can “backtrack”
when the inevitable “false trail” is taken. Being sure about where you have been
makes future progress possible, because we all are forgetful and designing is a very
involved process. Good documentation helps designers keep track of important
facts and information, ideas, and the details of design solutions.

©I8TOCKPHOTO/ARDAGULDOGAN, ) .

Dasign Portfolio. People in creative fields and students preparing for work in a
creative field should keep records of their work. Although the engineer’s notebook
serves an important technical and legal role, a portfolio consisting of a collection
of materials that document the thinking and physical work of an individual may
aiso be created. Architects show a portfolio to prospective clients so that the clients
can evaluate their previous projects. If a prospective client sees evidence of qual-
ity work and style compatible with the project’s requirements, then the deal may
be “closed.” Throughout a project, an architect will use drawings or photographs
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Figure 5-4. Examples of drawings from a bound engineering notebook,
a) using sketching to show a possible solution, b} using a sketch to
communicate an idea for a meeting with a machinest.

Figure 5-3: An architect shares concept drawings with

engineer’s notebook:

Also referred to as an
engineer's loghook, a design
notebook, or designer’s
notebook. Used as (1}

a record of design ideas
generated in the course of
an engineer's employment
that others may not claim
as their own, and (2) an
archival record of new ideas
and engineering research
achievements which can
provide proof of an idea for
patenting purposes.

pertfolio:.

A set of pieces of

creative work intended to
demonstrate a person’s
ability or to document the
development of an idea
over time,
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to communicate the progress of the job to the cli-
ent. The portfolio plays an important role in the
designer-client relationship.

Like architects, other design professionals know
the importance of portfolics (see Figure 5-5}.
Designers can show their portfolio to prospective
clients interested in commissioning work, or can
use it to apply for grants and exhibits. For many
years, designers have photographed their work and
developed slide portfolios. More and more design-
ers are now documenting their works digitally and
posting their portfolios on websites.

Engineer's Notebook. Engineers or other designers
may develop a kind of portfolio as well, describing
projects and original work through photographs,
sketches, illustrations, and publications. These are
used for job promotion and job search, and may
even be used to obtain funding for a project or to
open ones own business.

The patent system in the United States rewards
the first person who invents a new product. An
engineer’s note book or journal helps you prove
that you were first (see Figure 5-6). An engineer’s
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Figure 5-6: Page describing the first computer “bug” from an inventor’s log of
Rear Admiral Grace Hopper, inventor of COBOL computer language.
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notebook is officially a bound notebook on which each day’s activities are recorded,
with the date and any drawings that show the evolution of the problem solution.
Often major benchmarks are signed and witnessed to prove that the claims for the
design and the dates are authentic. An engineer may not be trying to protect new
methods for patenting purposes, but may keep a log to record decisions made and
benchmarks in the development of a project to replicate the results and evaluate
the process and product.

Student Design Portfolio. In education, the portfolio is taking on new impor-
tance. Many critics of education are saying that paper and pencil tests are of only
limited value when it comes to assessing what students have learned. Because tests
only assess a student’s knowledge at one point in time, they provide little evidence
of what someone actually knows; we have all learned something for a test and then
promptly forgotten it when the test was over. Within the portfolio, however, is evi-

- dence of what an individual has actually done (applied) over a period of time. This
evidence does not simply appear the last week of school; it is accumulated over
weeks, months, or even years.

The portiolio is an especially powerful tool in technology and pre-engineering
courses (see Figure 5-7). Because much of design and development work is graphic
in nature and because the portfolio lends itself to graphic evidence, it becomes a
central part of the design process on two levels:

1. Each problem tackled is tracked and documented with a portfolio; and

2. The individual portfolio of each project is incorporated into a cumulative
portfolio, which can act as evidence for application to a college or professional
training program, for a job, or an award, honor, or competition.

The documentation of your design work is an infegral part of both the study
and understanding of design. By means of the portfolio, you will gather evidence
of your ideas and your creative and developmental work.
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Figure 5-7: Pages of a student design portfolio,

: Senior Design Project s Patricia A. Trueworlhy @ Spring 2002
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Figure 5-7: (Continued) (b)
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Figure 5-7: (Continued)
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Figure 5-8: Faces and vase
puzzle. :

© CENGAGE LEARNING 2013~

COMMUNICATING THROUGH DRAWING

Drawing provides a language that allows individuals to describe the visible world
and to visualize, refine, resolve, and communicate ideas. It is a skill that can be
Jearned. Although some people have a natural talent for sketching and drawing,
everyone can pick up the techniques and develop the basic skills.

You do not have to be an artist to draw and sketch. Although a few people find
it very easy to learn, most of us must practice the techniques and “tricks” to be
offective visual communicators. Quick, preliminary drawings are called sketches.
Typically, they are used to capture the essence of an object or scene for later refer-
ence, or to roughly describe an idea that will need further development. Getting
impressions and ideas down on paper as quickly and effectively as possible is a
major goal of sketching.

Before we discuss the techniques of sketching, it is important that you
become aware that most people must overcome barriers before they can learn
to sketch and draw successfully. One barrier is the fear of not being able to
sketch and draw, and looking foolish. Although it is rare that someone will
admit they have this fear, just ask someone to sketch an idea or even a map.
The first words out of that person’s mouth are usually excuses about why their
drawings will look awful. Overcoming this barrier takes some work, but the .
results can be very satisfying. After all, a picture has been said to be “worth a
thousand words.”

Whole-Brain Drawing

Nearly everyone has the manual dexterity to draw, but by adolescence, many
people do not “remember” how to see. Drawing requires that we shift from think-
ing in a verbal and sequential way to a more intuitive approach. Scientists believe
that verbal thinking happens on the left side of the brain, and visual thinking
happens,on the right side. Everyone uses this visual thinking quite naturally as a
young child, but because most of our school experience by seventh or eighth grade
has focused on reading and math, we forget how to see details and relationships
that we need for drawing.

Exercises and activities can help people purposely activate the right side of the
brain—the side that artists use when drawing, painting, and sculpting. One of the
main strategies is to trick the overdeveloped left brain into inaction by challenging
it to do things it’s not good at. The ultimate goal is to be able to use your whole .
brain, with both halves working together, each doing what it does best.

Warm-Up Exercises

The following exercises can be done on plain white drawing paper or even copier/
printer paper. Use a medium-dark pencil, like a 2B (that is, #2), or B or HB, very
sharp. ' :

Have you ever seen pictures that can be interpreted as two different things,
depending on how you look at them? One example is the “faces and vase” puzzle
{see Figure 5-8). At any given moment, you can see either the faces or the vase,
but not both. Psychologists use this example to illustrate that the brain can flip
back and forth between the two images, but it can only make sense of one set of
information at a time.




Chaptar bG: Drawing to Pevelop Design Ideas

Exercise 1: Drawing Mirror Images. Let’s analyze the “faces and vase” Whether
you're seeing two faces or a vase, all the same shapes and lines are present. Notice
that the contour (outline} of the profile is also the outline of the vase. The object
shape (positive shape) in one drawing becomes the shape of the background space
(negative space) in the other.

It just so happens that drawing a puzzle like this can help us mobilize our
right brain. Let us draw our own version of the “faces and vase”

Step 1. Hold a piece of 8 ¥ by 11 inch paper vertically. At the top of the paper, a
few inches from the right edge, begin drawing a face of a witch in proﬁle
This is not any specific witch, just a vision you have in your mind:

Step 2. Start at the forehead and use a continuous line to draw the profile large
enough so that you end with the neck going off the bottom of the page, just
below the chin (see Figuré 5-9). Note: The entire profile must stay within

the right half of the page. You can talk yourself through this drawing by

saying, “First I draw the forehead, then the eyebrow ridge, then I go down
the nose and tuck under; next I make the upper lip and some ugly teeth,
then the lower lip and down around the-chin, in to the neck and off the
page” This should not be difficult to do. It is a very “left brain” activity,

because you can name all the parts and use the symbols you have in your

- mind for “witch’s chin, nose, forehead, lips,” and so on.

Step 3. Now, think through the right-brain part. Along the left side of the pa-
per, draw a mirror image of the face you just drew. It should look as
though identical witches are staring at each other. This time you cannot
just call on your mental symbols. You have to take an existing outline
and flip it right to left (see Figure 5-10). It is no good talking to your-
self the same way you did in the right profile- drawing. Producing a
mirror image is all about seeing relationships and visually measuring
distances.

When you have finished, take a look at your picture. Which witch was easier to
draw? Did they come out looking pretty much the same? Were you aware of having
to use some different strategies to draw the second profile than you needed for the
first? (No fair folding the paper and tracing, That is an example of your sneaky left
brain trying to take over.)

By the way, take a look at the shape between the twin witches, it should look like
a sort of vase or urn. (To use this drawing as an example of an optical puzzle—the
standard faces and vases conundrum--you may want to modify some of the con-
tours, which will, of course, change how your witches look.)

Exercise 2: Turn It Upside Down. The faces and vase exercise gives you a little

glimpse of trying to-call upon your right brain for some drawing help. If you found -

it easy, you are probably already in touch with your right brain. If you found it
rather difficult, then you probably have a very well-developed left bram, and it
wants to stay in charge.

Step 1. Next we will look at a line drawing of a wornan’s face (see Figure 5-11). On
a piece of paper the same size as the drawing, try copying the picture (see
Figure 5-12). Give yourself about fifteen minutes to complete the drawing.
In case you find this tedious, do not worry, that is not surprising. When
you are finished, set the drawing aside.

right brain:

The right hemisphere of
the cerebellum where it is
believed simuitaneous,
holistic, spatial, and
relational information
processing are favored.

Figure 5-9: Witch's profile.

Figure 5-10: Staring
witches.

left brain:

The ieft hemisphere of the
cerebetlum, where it is
believed linear, verbal,
analytical, and togical
information processing are
favored.
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Figure 5-11: Faceright sideup.  Figure 5-12: Student drawings.

HEPRINTED WITH PERMISSION FROM DRAWING: A REFRINTED WITH PERMISSION FROM DRAWING: A CONTEMPORARY
CONTEMPORARY APPROAGH, SIXTH EDITICN, BY APPROACH, SIXTH ECITION, BY BETT] AND SALE. COPYRIGHT @ 2008
CLALDIA BETTI AND TEEL SALE. COPYRIGHT © 2008 WADSWORTH,

WADSWORTH.

Step 2. Now turn the picture you were copying upside down (see Figure 5-13).

Once again use a piece of paper the same size as the drawing, but now
copy the upside-down drawing (see Figure 5-14). Your drawing will be
upside-down too. Allow yourself about 15 minutes for this drawing. (You
may want to set a timer or ask someone to let you know when the time is
up, because the right brain is not very interested in time and is not likely
to be keeping track.)

Figure 5-13: Face upside down.  Figure 5-14: Student drawings.

REPRINTED WITH PERMISSION FROM DRAWING: A REPRINTED WITH PERMISSION FROM DRAWING: A CONTEMPORARY
CONTEMPORARY APPROACH, SIXTH EDITION, BY APPROACH, SIXTH EDITION, BY BETT! AND SALE. COPYRIGHT @ 2008
CLAUDIA BETTI AND TEEL SALE. COPYRIGHT © 2008 WADSWORTH.

. WADSWORTH.

Once you get started on this activity, you will find that what you are drawing
(eye, contour of the cheek, ear) becomes irrelevant. Tt is all a matter of lines and
spaces and their relationships—higher, lower, distance apart. This is the kind of
silent activity that the right brain really likes.

Step 3.

When you have finished this drawing, turn it right side up. Now compare
it to the copy you made from the right-side-up picture. Which one looks
better? In most cases, the second drawing, done upside down, will be far
more pleasing. Tt will look much less self-conscious, more relaxed. Just
look at the kind of line used in each drawing. The upside-down drawing
probably uses a much smoother line. The proportions may be off a bit,
but seeing size relationships improves with practice, once you have let the
right brain know that you welcome its help.
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If you try a few more upside-down drawings, you will get used to seeing the
world in terms of visual relationship. You will be able to call on that ability when-.
ever you nieed it. In fact, you already use your right brain for many of your more
accomplished activities—like playing a sport, dancing, riding a bike, or driving
a car. Anywhere you-have to judge distances and spatial relationships quickly
and continuously, your right brain is quietly taking the lead. And if you are good
at those activities, you probably find them exhilarating and relaxing at the same
time. That is how artists feel when they are drawing. If we learn to draw using the
right brain, we develop a very useful communication skill that is also relaxing and
stimulating. It is a win-win situation.

Exercise 3: Blind Contour Drawing. "If you are up to the challenge, try a third activ-

ity that takes you further into the world of the right brain. Some artists describe this

kind of activity as a combination of seeing, feeling, and drawing. It is an exercise to
"help you learn to follow the shape of an object; it is contour drawing.

COURTESY OF B. HUTCHINSON,

Figure 5-15: Hand and egg (photo) and continuous line drawing.

Step 1. If you are right-handed, place an 8 1/2 by 11 inch sheet of paper on a table
to your right. Tape it in place so you don’t have to worry about it moving
around. Sit sideways.at the table so that your right hand can draw on the
paper, but face ahead or slightly to the left so that you are not easily able to
see your paper. Hold a small object (a bottle, egg, spoon} in your left hand
(see Figure 5-15). This is what you will be looking at as you draw. If you
are left handed, you now get more brain exercise. Reverse the directions in
Step 1 so that the paper is on your left and the object in your right hand.

Step 2. Position your pencil at a point toward the bottom of your paper. Focus
your eyes at a point on your wrist just below your hand.

Step 3. With your eyes, travel along the contour (outline) of your hand, following
the line as it goes around each finger, perhaps moving in a bit at a fold where
the finger bends, back out around the outline of the finger, along the parts of the
object you can see, and so on until you get to the other side of the wrist.

Step 4. With your pencil, follow the same path your eye is taking around the hand.
Do this without looking at the paper. This is very difficult at first, because it
is hard to judge distances without feedback from your eyes. Force yourself
to try, and if you feel yourself going off the page, try to retrace your pencil
line until you get back on the paper, and then continue. This will probably

IL7?




118 Part I: The Eng

COURTESY OF P HUTOHINSON

Figure 5-16: Student con--
tour drawing.
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Figure 5-17. Advanced
student contour drawing.
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Figure 5-18: Seeing and
drawing negative shapes
around the scissors.

ineering Design Process

make you want to draw smaller, which is fine. You should finish the draw-
ing at the same time you finish the visual journey around your hand.

Step5. Take alook. It is very unlikely that you will have produced a well-proportioned
portrait of your hand, but you probably have a nicely flowing line around shapes
that “feel” like the fingers and object you were drawing (see Figure 5-16).

Contour drawing is not something you do for immediate gratification.
However, if you are willing to try a few more times, you will be surprised how
much better you become at:

B Seeing details,
P Judging distances, and
B Controlling your drawing hand and the marks you make on your paper.

Try drawing your foot (barefoot, and then in a sneaker), a paper bag, and
a sandwich on a plate. Another good way to practice is to copy outlines from
maps. Try your state or the map of the United States or North America. (Maybe
you will discover a talent for cartography!)

These first three exercises are primarily meant to get you in touch with your
right brain. If you thought you would be drawing like Rembrandt at this point, your
expectations were much too high. You should, however, be looking at things and
noticing details you may have previously missed. You should also have seen that you
can occasionally draw lines that are confident and flowing, if only your left brain is
not trying to criticize (see Figure 5-17).

Exercise 4: Positive and Negative Shapes. Most of the time, we think of the world
as full of objects, surrounded by nothing—empty space. For purposes of drawing, the
space that surrounds objects needs to be visible to us. It is a very useful tool for draw-
ing objects effectively and in proportion. One way to make negative shapes more
visible is to put a frame around the objects you want to draw, because now the shapes
of space have an outer edge. Drawing negative shapes is a right brain ac’mqty because
they are often hard to describe in words.

Step 1. Fold a piece of light cardboard in half and cut a square or rectangle, about
8 by 8 inches or 6 by 8 inches out of the middle. Place this frame on the
glass table of an overhead projector and project the square or rectangle of
light onto a light-colored piece of paper taped to the wall. Position the pro-
jector so that the projected shape of the frame is contained on the paper. .

- Trace around the frame shape on the paper.

. Step2. Open a pair of scissors and place them on the projector table, within the

frame. Move them around until they overlap the edge a bit on at least two
sides of the frame. (If they are big enough, they may run off all four sides,
which is fine.)

Step 3. Look at the shadow image projected. You see the shape of the scissors, but
surrounding it are a number of shapes of light, the negative shapes, or shapes
of negative space. Now trace around the negative shapes, and then turn oft
your projector. Look at the shapes on your paper. Lightly number all the
negative shapes and cut them out, and then discard the shape of the scissors.
Now, on a sheet of contrasting colored paper, arrange the negative shapes
and use a glue stick to glue them down. If you can re-create the way they
were arranged on the original drawing, you will have produced the image of

_the scissors (the positive shape) in the background color (see Figure 5-18).
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Using negative shapes to create a positive image usually produces quite a
«triking pattern. If you were to alter any of the negative shapes, it would change
the positive image. This exercise makes you aware of both kinds of shapes. To
apply what you have learned to your own drawing, make yourself a small viewing
window by cutting out a little frame with a 1 by 1 inch or 1 1/2 by 1 inch opening,
Move this back and forth in front of your eye to frame things you want to draw--—an
object or a scene. The frame helps you eliminate a lot of the confusing informa-
iion surrounding your subject. If you can quickly sketch the positive and negative
shapes you see in the frame, you can capture your image very effectively.

After some practice, you will be aware of the negative shapes around things without
having to use a frame. If you are drawing a subject and having trouble with the propor-
lions, you can always switch to right brain mode and concentrate on the negative shapes.
1f one of them looks wrong, fixing it may make your positive shape look better too.

DRAWING BASICS

When you first set out to draw an object, you probably pick up a pencil or pen and
begin to draw a line. And yet, nothing in the real world is surrounded by a line. An
outline is a useful way to block out the space an object occupies, but to really see
the world, you also need to be aware of shading, color, texture, types of shapes and
forms, and how objects relate to other things around them in space.

These aspects of the physical world become the “visual tools” of drawing, and
later the elements of design:

B Line

Shape and form
Value (shading)
Color

Texture

Space

V¥ ¥ % %

The more time you spend looking and drawing, the more useful these elements-
will seem.

Line

A line defined mathematically has only direction and length, but no width. In
sketching, of course, the width of a line is not only real but also important to the
appearance of the sketch. To achieve a good line, an HB pencil is fine for most
sketching, because it can be used to make faint lines or bold lines, according to how
hard you press it against the paper (see Figure 5-19). Tt will become blunt quickly,
50 it is important to maintain a sharp point. Experiment with different qualities of
line:; straight, curved, sharp, fuzzy, uniformly thick, or varied. '

@ OENGAGE
LEARMING 2013

-element of design:

A basic visual component or
building block of designed
objects {for example, line,
shape and form, value,
color, texture, or space).
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Shape/Form

Lines are used to enclose a space. The shape of an object is the two-dimensional
space enclosed within the lines. Shapes can be natural or organic (things in nature,
like clouds, leaves, and rocks), geometric (squares, triangles, circles, or combina-
tions of these mathematically generated shapes), or some combination of the two.
Shapes made with only straight Jines are called rectilinear shapes (see Figure 5-20).

ON QL

. {a) Geometric Shapes b) Organic Shapes

W,

{c) Rectilinear Shapes

o L AN 015

Figure 5-20: Types of shapes.

When a shape is given a third dimension, it becomes a form. In sketching,
this can be done by using lines, shading, and/or color. The geometric forms of the
cube, cylinder, cone, and sphere are developed from the square, circle, and triangle
(see Figure 5-21). They are the basis for many of the manufactured objects seen
every day (see Figure 5-22).

© CENBAGE LEARNING 2013
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Figure 5-22: Each of these objects is made from a combination of geometric
forms. Artists block in the shapes, then remove the overlaps and sketch lines,
and finally add shading, color, and background to make the objects look real.
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Many other geometric forms are also common, such as the tetrahedron and
various prismatic shapes (see Figure 5-23). Look for more examples of these forms

in the designed world.

{a) Triangular prism (c) Tetrahedron

{d) Candy packaging .
(b) Prism-shaped speakers based on tetrahedrons ‘

© CENGAGE LEARMING 2013~

Figure 5-23: (a) Triangular prism. (b} Priem-shaped
speakers. (c) Tetrahedron. (d) Candy packaging based on
tetrahedrons.

In addition to geometric forms, natural forms are also used as a basis for creat-
ing products and structures, such as the buildings pictused in Figure 5-24.

_ ®PEDRO SALAVERRIAAWIN SHUTTERSTOCK.COM

Figure 5-24. (a) The Xanadu House in Florida represents a possible direction for housing in the future.
Pemolished now, it was made from a combination of organic forms. (b) The Guggenheim Museum in Bilbao, Spain,
15 made from crumpled and twisted geometric forms.. '
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Value

Although the curved line at the base of the cone and
cube in Figure 5-21 are the first clues that these are thre
the shading that makes the forms convincingly realistic.

The shading is the result of light falling on the surfaces of the objects. The
greater the range of shades, or values, on your drawing,

sional the forms will look. When you draw,
your darkest value. Between these are many

of values.

Light Source and Shading. When we look at an object, we see a range of tone,
according to how much light strikes a particular surface. Because light most often
comes from one main source, such as the sun or a lamp in the room, the surfaces
of an object toward the light source reflect the most
or away from, the light source do not reflect as much light, so they appear darker.
Even when there are several sources of light, one usually &
are viewing because of the intensity of that light or its proximity to the object we

are looking at.

The cube in Figure 5-26a is drawn by outlining the edges where two surfaces
meet. This cube looks rather dull and lifeless. In Figure 5-26b, however, the

the three visible sides of the
e-dimensional forms, it is

light. Surfaces at an angle to,

the more three-dimen-
think of the white of the paper as

the lightest value available to you. The blackest black your pencil can make is
shades of gray. Shading successfully

requires two things: controlling your pencil and seeing the widest possible range

ominates the object we
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Direction
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Figure 5-26: The cube shown in part (a) receives depth and greater realism
from addition of shading in part (b).

same cube has been shaded with pencil to represent the amount of light reflect-
ing on the three surfaces we can see. A cast shadow has also been added to
define the surface the cube is sitting on. This second cube has depth and appears
more realistic. This is because it more closely resembles the way in which we
see actual objects. '

For sketching purposes, it is handy to think of the light source as coming over
your left shoulder (see Figure 5-27). This will help you visualize which surfaces are
lighter and which are darker.

Shade your forms along their long axis, holding the pencil at a low angle so that
most of the length of the pencil lead contacts the paper (see Figure 5-28). This will
give you a granular type of shading. Tf you choose, the tone can be made smoother
by smudging with a tissue along the same axis.

Highlights. Highlights and reflectionsare visible when light strikes bright and shiny
objects. In drawing, the highlights and reflections are often exaggerated to give the
object more impact or a look of realism. A shiny, flat, horizontal surface has vertical
highlights (see Figure 5-29a). These are easy to add by using pencil shading, markers,
or other techniques. Curved or rounded shapes, such as spheres or cylinders, tend
to distort the light hitting them (see Figure 5-29b). A cylinder tends to stretch the
highlight along its length, and even the inside of the cylinder, being curved, reflects
light. A sphere will reflect light in a circular pattern. Often people use a window on
a sphere as a highlight. Notice that the square window bulges in all directions as the
sphere’s surface turns the window into a kind of circle (see Figure 5-29¢).

(o)
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Fig.ure 5-29. (a) Flat, reflective surface; (b) highlights on a shiny
cylinder; and (c) a spot reflection on a sphere. '
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Figure 5-27: The direction of the
light coming from the source and
the distance from the source

to the object affect how light or
dark a surface will appear.

Figure 5-28: Using a pencil
to get a blended shade on a
cylinder.
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{olor

Color is an important part of life and affects us on 2 number of levels. It has found
its way into our everyday language to help us express our emotions. “Peeling blue
“green with envy,” and “seeing red” are only a few of many éxamples of how color
has become part of our language. Color has profound physical and psychological
effects on our moods and feelings of well-being. Certain “cool” colors are used in
hot environments and “warm” colors n cold environments to help people cope
with the temperature extremes. Calming colors are used in hospitals, schools, and
even in prisons, to help minimize agitation and disruption. Color is a part of tradi-
tion, religion, and all aspects of our everyday lives.

We see color because of the wavelength of the light that reflects from an object
to our eyes. Photogeceptors in the retina of our eyes, called rods and cones, are
sensitive to the value and intensity of colors. Generally speaking, the rods distin-
guish the level of lightness and darkness of colors, while the cones perceive their
brightness or dullness. Where the level of light is dim, as at twilight, we see little
color. When light is bright, colors also appear intense.

Hue, Chroma, and Value. Hue refers to a specific color’s name—for example,
red or mauve or viridian. Hue refers to the actual wavelength of the light on the
spectrum. Reds have the longest wavelength (lowest frequency 700 nm). The other
end of the spectrum contains the blue hues, which have short wavelengths (highest
frequency 400 nm) as shown in Figure 5-30a. )

Value sometimes refers to the lightness and darkness of a hue. A light value
of a hue is called a tint, while a dark value is referred to as a shade. Value
describes the amount of light the color actually reflects, The value of a color
can be altered by adding either white or black to the hue. Tints and shades are
shown in Figure 5-30b.

Brightness or intensity of a hue is referred to as chroma. A pure hue or color is
the most intense, but the color may be neutralized, or dulled, by mixing it with a
color on the opposite side of the color wheel, as shown in Figure 5-30c.

~ {a) Hues shown on the color {b) intensity bright colors (c) This scale shows
wheel are at their brightest become dulter by adding value—the tint and

intensity. the complement. ‘ shades of a color.

Figure 5-30: (a) Hues shown on the color whee! are at their brightest intensity.
(b) Intensity bright colors become duller by adding the complement. (c) This scale
shows value—the Sint and shades of a color.

Primary Colors. When painters, printers, and video engineers talk about primary
colors, they are discussing the basic colors from which all other colors are made.
But because each of these individuals works with color media and light differently;
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the primary colors they refer to are different. Color theory
js presented in more detail in Chapter 18 (Graphics and
presentation). Color can be added to drawings using pencils
and paints that are made with pigmented clays, resins, and
other substances that absorb light (see Figure 5-31).

secondary and Tertiary Colors. When two primary colors are
mixed, a secondary color results. Mixing red and blue yields
violet; red and yellow, orange; and vellow and blue, green.
When a primary color and a secondary color are mixed, the
result is called a tertiary color (a third color). All the pos-
sibilities so far add up to twelve colors, and these are often
illustrated in what is called a color wheel.

The color wheel (see Figure 5-32) is a handy tool for choos-
ing colors. The color wheel contains the three primary colors
the three secondary colors, and the six tertiary colors.

Most artists use several different hues of the primaries if they want to. mix a
full range of secondary and tertiary colors. It is difficult to mix both purple and
orange from the same red, so artists often have a “warm” red with which to mix
oranges and a “cool” red with which to mix purples. Warm means that the red
leans toward yellow, while cool suggests that the red already has a purple (or blu-
ish) cast. Crimson, scarlet, and carmine are all names for different hues of red
(see Figure 5-33).

Colors close to one another on the color wheel, such as blue, blue-green, and
green, are called analogous colors (see Figure 5-34). They are related because they
share components. Interior and fashion designers often use analogous colors to
create harmonious color schemes. :

color darker.

o SN TR e T

Figure 5-31; Mixing colors by adding pigments
together subtracts light, making each new
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Figure 5-32: Color
wheel,
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Figure 5-33: Pure, warm, and Figure 5-34: Analogous color scheme in nature.

cool reds,

Colors from opposite sides of the wheel are complementary colors; because
they contrast with each other, they can be used to create emphasis in a color
scheme. It is important to understand how this contrast works if you want to create
visual effects in your design work. For instance, the use of green shapes on a red
background causes a surface to vibrate, visually. This may work well for the wall-
paper of a nightclub, but because red and green are close to the same value, green
letters on a red package will be hard to read from a distance. Contrast of value is
more important than contrast of color for distance vision, so if you use dark green
letters against 2 white background, you will be able to read it from some distance.
[ you mix a bit of red into the white, creating just a slight pinkish tinge, the green
will appear brighter by contrast to the complementary color. Even the subtle use of
color can be very important as you illustrate your design ideas (see Figure 5-35).

© CENGAGE LEARNING 2013

Figure 5-35: Green lettering
against a red background
and a slightly reddish-white
background.
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ffCoRN'SC1ence and Technology

~“Renaissance artrsts theorlzed about color frorn the ﬁfteenth century onward
*: Isaac Newton attempted to, descrrbe the.nature of color from a'scientific stand-
'pornt in ‘his 1704 ‘freatise, Optlcks Qur. understandrng of colo: 'cbntlnues to
e pand thanks to mputer artists, optical screntrsts ancl industrial ehenusts
from an- optrcalrpersPectwe we know that our cyes are sen51t1ve to- hght
hat lies in a’ very' small region of the electromagnetrc spectrum labeled
srble hght” This rhle light corresponds 10°a wavelength Tange of 400 to
00 nanometers (nm) and a color range. of. vrolet through red. The human
“reye ds not capable of “séeing’ radJatlon w:lth Wavelengths out31de the visible
Spectrum The Vlsrble colors from shortest to longest wavelength are violet,
-~ blue, green, yellow, orange, and red. Ultraviolet radiation Bas a shorter wave-
:'length than the visible violet: light. Infrared radratlon hasa longer Wavelength
*than Vls1hle red llght The white llght isa mncture of the colors of the Vrsrble
. _'spectrum Black is '_total absence of l1ght * ' : :

> _alncl goggles for exarnple we can see Jrnages beyond the Vlslble sinectrum

Texture

The texture of a material is an important feature. In products, it is useful for both
functional and aesthetic purposes. It can provide a nonslip “grip” on the handle of
a tool, a floor surface, or a skateboard. It can also add an interesting visual element
to a product. Texture can be the result of the nature of the material itself, or it can
be a result of a production process, such as molding (see Figure 5-36).

© CENGAGE LEARNING 2013,

Figure 5-36: Many objects use moldedlines and other features to achieve texture. Some
textures are functional, others purely decorative.
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Sketching the texture of a material is not difficult. Architects use a number of
graphic standards that represent materials like concrete, earth, and foam insulation
(see Figure 5.37). These and other techniques can add a great deal of impact to
; drawing and can give viewers a better idea of what the object you are sketching

Dimen‘siona.l Lumber - Steel
7
& A

VA

"
sy

AN .
Plywood/Concrete Earth L
- Lightweight Concrets Plastic

Bronze Wood

Figure 5-37: Graphic standards for some materials.

One of the easiest materials to sketch is wood. With a little practice, you
can even sketch different kinds of wood, such as pine, mahogany, and oak. The
different grain characteristics of these woods make it easy. Other textures are also
easy to achieve (see Figure 5-38).

© CENGAGE LEARMING 2013

Figure 5-38: Simple sketching techniques to achieve the
appearance of texture.

Artists have a number of tricks for simulating texture (see Figure 5-39). One
is to make rubbings over an actual texture, such as sandpaper or embossed metal.
Some media, such as pastels (artists’ chalks) or colored pencils are particulate and
can be used on rough-surfaced paper to create interesting textures. Shapes can
then be cut from this paper and attached to a surface to simulate fabric, concrete,
or stane. These simulated textures, as well as real textures, can be placed on a scan-
ner and printed, and then incorporated into a drawing.




Figure 5-39: Examples of
simulated textures.
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Space 7
All of the objects we see exist in space. We may isolate them to work out the details,
but when we explore a scene visually, or when we try to show someone how a prod-

* uct we have designed will look in use, we need to understand how to show space.
At least five spatial cues help make sense of a scene: '

® High and low position,

B Large and small relationships,

B Overlapping,

B Lines converging as they move away from us, and

» Atmospheric haze that makes close things sharper than faraway things.

These cues allow us to navigate in the world without bumping into things. They
also help us make effective drawings.
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SKETCHING AND DRAWING TECHNIQUES

When someone needs to represent an object in space, one of the following perspec-
tive drawings techniques can be used. Perspective drawing techniques are used
to represent three-dimensional objects in a two-dimensional space. All perspec-
tive drawing techniques use a vanishing point to define where lines of an object
converge in the distance. Isometric drawings represent a three-dimensional object
in two-dimensions but do not use a vanishing point. For that reason, this draw-
ing technique does not show objects as we actually see them but the technique
can be used to show objects quickly. In addition to these perspective techniques,
objects can be represented using technical drawing techniques where the object
is represented with a high level of precision and accuracy and containing all the
information needed to produce the object. Technical drawing will be explained in
greater detail in Chapter 8. . _ :

Many tools are available for freechand sketching arid drawing. Pencils, pens, and
markers are among the handiest and most versatile for freehand sketching. When
more precision is desired, straight edges or rules, t-squares and triangles can be
used with a drawing board or drawing machine: Grid papers are also available or
drawing software can be used. Recommended sketching pencils range from soft
(6B) to medium (2B) to hard (2H). Markers come in very fine to very broad points:
Some are water-based, others are spirit-based (see Figure 5-40). The fexture of
the paper you use affects the control you achieve in your drawing. If you need to
capture some small details or make notes, use a smoother paper. On a very hard
paper surface, softer pencils will smear.

Figure 5-40; Different drawing implemetits provide different line qualities.

Perspective Drawing

In the world of three-dimensional space, we take into account that things seem
smaller the farther away they are. A car in the distance appears very small; as it moves
dOS.er, it appears much bigger, even though it is the same car. We often do not take
Notice of this phenomenon, because we take it for granted.

GCOURTESY OF P HUTCHINSON.




linear perspective:

In drawing, an approximate
representation, on a flat
surface, of an image as it
is perceived by the eye.
Typically, objects are drawn
smaller as their distance
from the observer increases,
and items are samewhat
distorted when viewed at
an angle.

‘one-point perspective:

A method of realistic
drawing in which the part
of an object closest to the
viewer is a planar face,
and all the lines describing
sides perpendicular to that
face can be extended back
to converge at one point,
the vanishing point.

COURTESY OF R_HUTCHINSON.

Figure 5-41: Follow the roof, windows, ends of column, and fence posts to find
the vanishing point.

The same principle applies to a long building (see Figure 5-41). Standing near
one end, we see the full height of the near wall. The other end of the building, in the
distance, seems smaller, and the roof connects the two by slanting down from the
rsear wall to the far wall. At the same time, the ground at the bottom of the near wall
alimost seems to rise to meet the bottom of the far wall.

A photo of the building, taken from where we are standing, shows what is
happening. If we draw a line alorig the roofline and one along the ground line, we
find that they meet. This point of convergence is called the vanishing point. Lines
drawn along the top and bottom edges of the windows converge at the same point.

Linear Perspective. During the Renaissance, scientists/artists/engineers devel-
oped rules that would explain the perspective that their right brains understood
quite naturally, and the system of linear perspective was invented. Using terms like
horizon line, vanishing point, key edge, and front face, masters could teach appren-
tices how to lay out pictures of complicated scenes. The system of linear perspec-
five can be cumbersome, but it is a good way to represent space realistically. In the
1800s, when Nicephore Niepce produced the first permanent photographic images,
the camera’s “vision” confirmed the rules of perspective developed centuries earlier.

Point Perspective. Drawingsthatuseonlyone vanishing point are called one-point
perspective drawings. The vanishing point is located on a horizon line, which isa
horizontal line representing your eye level. Placement of the horizon line is impot-
tant for how the object will appear in the drawing. Figure 5-42 illustrates how the
placement of the horizon line affects the appearance of the object.

In one-point perspective, the vanishing point is used to depict one or two faces
of an object as well as the front face. The front of the-object is drawn “head-on”
The vanishing point should not be placed too far to the side of the object or the
object will look distorted.
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Figure 5-42: The placement of the horizon line affects the

view of an object.

Exercise 5: Cube in One-Point Perspective

Step 1. Use a ruler to make sure your lines are
straight. You can also draw on graph paper
to keep corners square. Draw a square, a
line, and a point in the positions shown in
Figure 5-43. The square is the front face,
the closest side of the cube you will draw.
The line, called the horizon line, stands
for your eye level. The vanishing point is
the point where parallel lines converge. Tt
tells you where you are standing, because
it is projected back from your eyes onto
the horizon line.

Draw a dashed line from each corner
of the front face to the vanishing point.

Step 2.

Figure 5-43: Step One
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These are imaginary lines. Next, draw a dashed line parallel to the top edge
of the square about one-third of the way back to the horizon line. Place
the dashed line between the diagonals going back to the vamshmg point.

Note that it is shorter than the top edge of
the square. This makes it appear to be at some
distance back from the square. If you draw a
dashed line parallel to the sides of the square
dropping down from the points where the
horizontal line meets the diagonals, you cre-

ate the top corners of the back face of the :

cube. Where those lines meet the diagonals
going back to the vanishing point from the
bottom of the front face, draw a dashed line
parallel to the bottom of the front square.
For the time being, all the lines other than
the edges of the front square and the horizon
line should be dashed. What you have drawn
here is a transparent cube (see Figure 5-44).

/Vanishing point

Front face

Flgure 5-44: 5tep Two

Horizon iine *
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Step 3. 'The position of the horizon line and vanishing point tell us that yow are
directly in front of the cube and slightly above it. What you see of the
cube is the front and top faces. Outline those in solid black lines (see
Tigure 5-45). This way you are showing what is seen and what is not seen
but is understood.

/Vanis‘ning point
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Figure 5-45. Step Three

Interior Views. Omne-point perspective is also useful for drawing the interior of a
room (or an entire outdoor scene). When depicting a scene from a standing posi-
tion, the horizon line is placed just slightly above the center, and the vanishing
point is usually centered on this line (see Figures 5-46 and 5-47).

- Horizon
- line at
. eye level

& CENGAGE LEARNING 2013

Figure 5-46: One-point perspective of a kitchen interior.
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@ . (a) Always start a one-point
F; R N NNV SRR TN SN .00 B 3 . perspective with a front face.
1 3 - Inthis case, the front face is
™ | . the page itself. Next draw a
- ket -, These lines represent the & . : .
Horizan i height and width of the room, © horizon line sllghtib.( ab'ove the
14— - -+ . center. If the drawing is of an
at eye level ) X :
a L4 interior of a rooim, locate the

- , ¢ horizon line at standing eye

§ i ' i o level. In the sketch (a), the

£l B * walls have been scaled in feet.

§ L ' . todetermine an 8-foot ceiling
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(k) Locate a vanishing point on the horizon line in (¢) A smaller rectangle with the same proportions
about the middle of the drawing. Connect the near as the original outline of the room is drawn to rep-
corners of the room to the vanishing point. A room resent the back wall of the room. Its corners are
can also be drawn with the vanishing point off-center. points on the converging diagonal lines. You will 7
As long as the vanishing point is within the walls of need to estimate the length of the room and use
the room, the one-point perspective will work. this to determine the size of the box.

a8

(d) Draw cabinets, doors, windows, and other features
of the room using the vanishing point. Each of these
objects is a small one-point perspective drawing. Start
with a front face—whatever side of the object is facing
you is the front face. In this drawing, the cabinet height
and depth are scaled on the outline and connected to
the vanishing point. These lines represent horizontal
lines in the room.

@ CENGAGE LEARNING 2013

Figure 5-47. Interior of a room in one-point perspective.
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iwo-point perspective:
Two-point perspective is

a realistic way of drawing
objects in three dimensions
using a horizon line, a key
edge, and two vanishing
points.

Figure 5-49: Aboxin
two-point persPective.

© CENGAGE LEAANING 2013

Figure 5-48 shows an outdoor scene viewed from a one-point perspective. If
you follow the lines of the sides of the buildings back into space, they will converge
in-a single point.

CBGRTESY OF P HUTCHINSON. ~

Figure 5-48: Outdoor one-point perspective.

Two-Point Perspective. Two-point perspective is similar to one-point perspec-
tive, but is used for the more common situation in which you are not right in front
of the object you want to draw. In a two-point perspective, you are at an angle to
the object; so the closest part of the object will be an edge rather than a face. This
closest edge is called the key edge. When viewing an object at an angle, it is neces-
sary to provide two vanishing points. These determine the outlines of the two or

three sides you see (see Figure 5-49). ‘
Placement of the horizon line depends on the eye level you are trying fo
represent in your drawing. If you wish to present a “birds-eye view, the hori-
zon line should be high on the.page, well above
the space in which you will draw your object (see
Lo Figure 5-50). To view the underside of the object

orizon below : S
_object . being -drawn, place the horizon line low on the :
¢ page, below your drawing space.

The placement of the two vanishing points
- will have an effect on the appearance of the object
— Horizon through you are drawing, In many cases, the vanishing

e Conierofobject ©  points will need to be off the paper on which

'8 you are drawing to give the object a realistic

£ appearance. Placement of the vanishing points

‘% too close together distorts the appearance of the
“Horizon above o . . .

object 4 object. Figure 5-51 illustrates how placement of

% vanishing points can give you different effects.

e S A good rule to follow is that the bottom angle of

Figure 5-50: The horizon line is your eye level. A low horizon the box you are drawing should be no less than
line means that you are below the object and can see the 90 degrees unless you are trying to achieve a very
bottom. A high horizon line gives you a bird's-eye view. dramatic effect.
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Horizon line

-Horizon line

Vanishing point <.
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Figure 5-31: Close and far-apart vanishing points.

Exercise 6: Horizon Line and Vanishing Points

Step 1.

Step 2.

Step 3,

Step 4,

To draw a box in two-point perspective, start with a vertical line
(the key edge) rather than a square face; add a horizon line and two
vanishing points (see Figure 5-52). The key edge is the closest corner
of the box you want to draw. The horizon line is once again your eye
level, and the vanishing points are situated on the horizon line to the
left and right of the key edge. If you place them fairly close together,
you will get a result that is quite dramatic (in fact, sometimes uncom-
fortably distorted) and suggests that you are close to the box. If you
place them quite far apart, you will get a much more comfortable view,
as if you are at some distance from the box.

Draw a light line from the top and bottom of the key edge to each
vanishing point (see Figure 5-53).

Now, draw the vertical lines that represent the far edges of the two side
walls on either side of the key edge {see Figure 5-54). Outline each side
of the box. 'The side that is closer to a vanishing point will be shorter
than the other side. -

Draw a light line back to the opposite vanishing point from the back
corners of the two visible sides (see Figure 5-55). This will outline
the top of the box. Because you are above the box, you can see three
faces—two sides plus the top.

§ VP Horizon fine VP

z oy P

g \\ s ,/)’/

E \Qi T //// Figure 5-55; Lightly connect

g “\ // the far corners of the cube to

% Sdge the opposite vanishing points.

o Darken the outlines of the cube.

Prawing to Develop Design Ideas
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VP Horizon line VP
Key
edge

Figure 5-52: Draw a horizon
line about one-quarter way
down the page. Place a
vanishing peint near each
end of the line. Draw a short
vertical line, the key edge, at:
the bottom of the page, as
shown, just left of center.

N
e

Figure 5-53: Connect the
ends of the key edge to both
vanishing points.

VP Horizon line VP

. /
~ v
., //

N
N
dge

Figure 5-54: Sketch inthe far

edges of the two visible sides
of the cube.

The buﬂding exterior (see Figure 5-56) and the room interior (see Figure 5-57)

wre both viewed from
celling, roofs,

t

Liv

WG points where th

a two-point perspective. Following the edges of the walls,
door, and window frames on either side of the key edges back to
‘ ey converge allows you to appreciate the two-point perspec-
€ View. A line drawn through the two points is the horizon line (your eye level).

COURTESY OF P. HUTCHINSON.

Figure 5-56: Exterior two-
point perspective.
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Figure 9-57: Interior two-point perspective.

Linear perspective has many rules and is time-consuming to learn and use. Ttis
a left-brain drawing technique, making it ideal for translation into compuier code.” -
Many of the drawing programs available for architects, industrial designers, and
engineers can generate perspective drawings very rapidly, a]lomng clients to see
realistic views. Typically, changes are then made on isometric or trimetric views
and translated into perspectives by the software.

erspectwe and Mathemattcs

ct 'rS'accordlng to thelr 1mportance, not relatlve dlstances
Around 1300 ‘the. artlst Glotto d1 Bondone used an algebram metho

en. :a']ly accepted writil the twentieth ceﬁ’uiry In the early 1 |
nelleschi demonstrated the geometrlcal method of perspectwe by‘p ints
€ outhnes of vanous Florentme bmldlngs onto a mirror Extendmg the-_ -

' S Soon;’ neerly all of the artists in Flotence 'apphed geometncal perspectwe
ot e1r paintings. All horlzontal lines converged to a vanishing point, and the. -
t w]:uch the lines, receded into; the distanc was graph1caﬂy deterir 1ned

polygo S)__ use hnear algebra (m partlcular matrax multlp 1cat10n- reate
0 perspectlve The scene. 1s a'set of pomts and these pomts ‘are 'pro—'

. Y€)

a7 matmx multlphcatlon dlrectly computes the desued coordlna es, thus' '
g _ __y descnptwe geometry theorems used in perspectwe drawmg R




Chapter 5: Drawing to Develop Design Ideas 137

DRAWINGS COURTESY OF P, HUTGHINSON,

DRAWINGS COURTESY OF B HUTGHINGON,

Figure 5-58: Using a grid.ta.copy a drawmg.

Understanding Perspective Visually. The right brain of the artist seems to be
able to bypass the verbal rules of perspective, capturing spatial relations at a glance
without plotting all the points necessary in a CAD program. That is because the
right brain is holistic and looks at the overall visual relationships rather than trying
to explain to itself what is happening to forms as they extend into the distance.

Two very simple visual aids that artists have used for centuries are the
transparent grid (see Figure 5-58) and the paper frame (sce Figure 5-59).
Placing a grid over a scene allows the scene to be broken down into smaller
parts. The grid helps organize what we see, so that we can concentrate on one
manageable dose of information at a time.

A paper or cardboard framing viewer held between the eye and the subject
helps filter out surrounding information that competes for our attention.

Figure 5-59: Using a framing
viewer to eliminate confusion

. and narrow focus.




Figure 5-60: Reproduce

the scene viewed through
the transparent grid in the
squares of the gridded paper.
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Exercise 7: Using a Grid to Capture the Whole Scene

Step 1. On a piece of clear acetate, make a two-inch grid using a fine-tipped per-
manent marker. Draw a grid the same size on drawing paper. Make a space
(where you can draw) right in front of a window through which youcan see
buildings (some closer than others) or a street scene. Place your drawing
paper in a comfortable place. You may want o prop yous pad or drawing
board on a book so that it’s at an angle, because you will want to be able to
avoid moving your head too much on this drawing. Now, tape the trans-
parent grid to the window and look through it at the scene you want to
draw (see Figure 5-60).

© CENBAGE LEARNING Barg. T

Step 2. Draw what you see through the grid, square by square. In other words, trans-
fer the lines and shapes you are seeing in the top left square of your window
grid to the top left square of the paper grid, and so on. (Notice that when you
broke the scene into small pieces with the grid, you moved from left to right
brain mode, because you could not really name the things you were drawing.)
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.E%é’m of Interest
Sketching as investigation

The best way to prepare to draw
your ideas—things that exist
only in your mind-—is to practice
drawing the world around you.
Although most of us use our
sight effectively to aveoid trip-
ping over furniture and running

into doors, we seldom look at
details unless something catches
our eye. A closer look at everyday
objects often reveals features we
have missed. These features may
be proportion, materiat, a design
element such as line or texture,

or the way in which one part
fastens to another. Art students
spend hours drawing things in
classes and then often keep a ¢
notebook with them to practice |
sketching the things they see |-
outside of class. F

139

Isometric Drawing. Using isometric grid paper; you can sketch all the objects we
have previously drawn, but without the horizon line and vanishing points. In isomet-
ric view; objects are seen at an angle, so that the greatest number of sides (three) can
be seen at once. All parallel lines are drawn in parallel—so no vanishing points are
needed. Diagonal lines representing horizontal edges are drawn 30 degrees from a
horizontal base line. Measuring on these drawings is simple, because lengths do not
diminish in the distance.

Isometric drawings do not show objects the way we actually see them, but
designers use this technique to explain an idea quickly. As with perspective draw-
ing, alf of the basic shapes can be drawn in isometric view, and more complex
forms can be made from these forms.

Isometric construction can be used for quick sketching and comes in handy,
particularly for visual brainstorming, which is typically done from ideas and not
physical objects in front of you. Using Exercise 8, practice visual brainstorming.
Because isometric drawing is a drafting convention and a standard feature of
mechanical design software, much more attention will be given to this approach
in Chapter 10.

Skills for the Future

Some  futurists ‘project that
virtuatly all of the logical and
sequential abilities of the left
brain will eventually be taken
over by the computer. In his
2005 book, A Whole New Mind,
author Daniel Pink notes that

many of these qualities make
up more than half of the work
done in fields like engineering,
law, medicine, and accounting.
The right brain abilities—
visualizing, empathizing, think-
ing holistically—are less likely

to be replicated by computers,
and these will be the skills most
vatuabte for future professionals
and entrepreneurs. So, honing
these skills now couid give you
an advantage in tomorrow's job
market,
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Exercise 8: Isometric Drawing

Step 1. Draw the front vertical edge of the cube (see Figure 5-61).

Step2. The sides of the box are drawn at 30 degrees to the horizontal to the
required length (see Figure 5-62).

Note: All lengths are drawn as actual lengths in standard isometric.
Step 3. Draw in the back verticals (see Figure 5-63). |

Step 4. Draw in the top view with all lines drawn 30 degrees to the horizontal (see
Figure 5-64). '

Step 5. Now try drawing the remote in isometric view (shown in Figure 5-65).
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Figure 5-61: Step 1. Figure 5-62: Step 2.
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Figure 5-65: Two-point perspective
remote. '




Types of Drawings

b Orthographic projections show three differ-
ent sides of an object as though seen head-on
(see Figure 5-66).

B Cutaways use a jagged edge to show what
is under a part of the facade of an object
{see Figure 5-67).

¥ Expleded drawings show how the parts of
an object fit together (see Figure 5- -68).
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Figure 5-46: Orthographic projections.

COURTESY OF PROFESSOR MATT JOHNSON,

KEAN UNIVERSITY.
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views show an internal slice of
the ObJECt much like a CAT scan image (see
Figure 5-69).

Because they help isolate an aspect of the subject
you are working with, it is helpful to use these
approaches from time to time in your sketching.

TOGGLE SWITCH

KEY JREC. NAME AT,
1 1 |CoLLAR STL
2 1 {PIN STL,
3 1 {Cover STL
4 1 | HANDLE STL
5 1 [BLOCK PLETC
6 [ 1 |case PLSTC
K 2 | NUT STL
8 | 2 [SPRING STL
] 2 | SPRING HOLDER | PLSTC
10 { 2 | ROCKER ARM BRZ |
/ 11 { 2 |SHORTRIVET BRS
s = 12 [ 2 | ROCKER BASE ey
qa o ia | 2 |LonNGRvET BRS
" 14 | 4 {TERMINAL BRZ
15 | 4 | SCREW BRS

REPRINTED WITH PERMISSION FROM ENGINEERING DRAVING AND DESIGN, FOURTH EDITION, BY

DAVID A. MADSEN. COPYRIGHT © 2007 CENGAGE DELMAR LEARNING.

Figure 5-68: Exploded drawing.

Laver rotates Lo advance spool
and dispensa one labal.

Gear sping freely in backward
direction, Does not turn spool,

Label Deljvery Spool

Empty Tope Spoel

COURTESY OF PROFESSCR MATT JOHNSON,

KEAN UNIVERSITY,

Figure 5-69: Sectional drawing.
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OTHER DRAWING CONVENTIONS

o

e e T T

Figure 5-70: Basic forms drawn in relation to
crates in isometric view.

(@
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6 | |

in two-point perspective.

Besides perspective and technical drawing techniques, many other drawing
conventions are used by designers to record or convey ideas.

Crating

Crating is the process of visualizing the object you want
to draw inside a box or a crate. First draw a cube in one-
or two-point perspective. The cube can be used to help
you develop the other basic shapes: the cylinder, cone, and
sphere (see Figure 5-70). Diagonal lines are used to find the
center of the crate side. In the cylinder, the center of each
end is conpected and becomes the center axis of the cylin-
der. The tip of the cone is at the center of the top plane of
the crate, and the circumference of the cone bottom touches
the center of each side of the bottom of the crate. The sphere
touches one point at the center of each side of the crate.
More complex objects can be constructed from a basic form
or combination of forms, as in Figure 5-71.

@ CEMOAGE LEARMING 2018

CD Case

Figure 5-71: Abox or crate is used to help sketch an
object. :

Natural (or organic) shapes are more difficult to
think of % drawn in perspective, because they do not
have straight edges. Imagine this novelty tape dispenser
as a combination of basic shapes. Then think of (visual-
ize) it within a snug box or crate. Following the edges of
the box back to a vanishing point makes the perspective
more obvious (see Figure 5-72).

DRAWING GOUBTESY OF . FUTCHINSON

Figure 5-72: A novelty tape dispenser (a) drawn as basic shapes, and (b) shown
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Sighting for Proportion

Drawing the parts of a person or object in correct proportion can be difficult at
first. Sighting helps to determine relative points in a drawing. Artists know they
need tools to take the visual measurements they need, and they find those tools
all around them,

Try drawing a cordless phone like the one in Figure 5-73. Look at the relative sizes

of the different features. The light-colored upper oblong shape is about the same length
as the darker, lower keypad area. The screen is about three buttons wide. The whole
length of the phone is about five antenna lengths. Close up, you can actually measure
these relationships and then use the details as units of measurement. By checking the
sizes of the components against one another, you can keep your drawing in proportion.

The same approach can be applied to a building seen from some distance.
Doors and windows can be used as the units of measurement, and distances can be
measured using your pencil. This only works, however, if you keep your measuring
unit a constant distance from your eyes. You may even-have to close one eye and
squint at your subject.

Hold your pencil, blunt end up, at arm’s length in front of you and place the end
of the pencil touching the top of the door frame. Use your thumb to mark the bot-
tom of the door on the pencil (see Figure 5-74}). You have created a unit of measure
to help you find the proportions of your building. The facade of the building may
be 1 1/2 door fengths high and 2 door lengths wide, and so on.

‘When drawing people, artists often talk about a figure being seven heads high,
with arms that are three heads long. They are using what mathematicians call
nonstandard units of measure, which will help you find proportions consistently
on your drawing subject.

The drawing techniques that follow can be used throughout your portfolio, as
needed. There is no one right place for a given technique—it must simply fit the
purpose for which it is being used. Quick sketches, for example, should be done
freehand, without rulers and straightedges; linear perspective is not necessary in
visual brainstorming.

Outlining

Outlining in a drawing can help express spatial qualities of a form (see Figure 5-75).
The use of dark lines surrounding an object can make it stand out from its back-
ground. Outlining the closest planes of an object can make the form look more
three-dimensional, Using both shading and outlining on a sketch can be confusing,
because shading describes how light falls on a form in space, and outlining tends
0 reduce the drawing back to a flat symbol or cartoon.

Ineffective use
| of outlining

- Effective use
. of outlining

& CENGAGE LEARNING 2013
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Figure 5-73: The keys and
screen on this cordless
phone can be used as units
of measurement when
measuring visually to draw
the object.

COURTESY OF PROF. MATT JOHNSON,

KEAN UNIVERSITY

Figure 5-74: Sighting
using a pencil as a
measuring tool.
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Figure 5-76: Compare the three drawings. Which

Adding a Background

A contrasting background always helps isolate and focus atten-
tion on an object. Use bold, rapid strokes with a black or dark-
colored marker to add a backdrop. It is not enough to just
outline the object, because the outline will then compete with
the object itself. Extend out from the outline so that the dark
shape becomes a background. The outer edge of the background
should not draw attention to itself oz, once again, it will compete
with the object you want to “spotlight” (see Figure 5-76).

© CENGAGE LEaRMNG 2018 T

{olored Pencil Techniques

makes the object easiest to see and understand? The use of colored pencils is a relatively easy way to make

Figure 5-78: Shading a
sphere with colored pencil to
give a 3-D appearance.

@ CENGAGE LEARNING 2013

Figure 5-79: Shading
with markers.

sketches and drawings more interesting, effective, and infor-
mative. They may be used to make a colored background and to outline, highlight,
or shade. Colored pencils lend themselves to shading and soft transitions, and
they are good for representing matte surfaces (finely textured but nonreflective).
Begin with a sharp point, and hold the pencil as you would for shading. The
idea is to create a smooth blend of color by going over an area a number of times
in several directions (see Figure 5-77). Light pressure must be used to obtain an
even color application.

‘@ GENGAGE LEARNING

2013

Figure 5-77: Using a colored pencil to make a smooth transition in tone.

Colored pencils are ideal for shading to give an object a 3-I) appearance (see
Figure 5-78). Notice how the color on the sphere s dark and sharp at the edges and
softer as it moves toward the internal highlights. Carefully blend the color to geta
crisp, neat drawing.

Color Marker “Eechﬁiqué's

Color marker rendering is an effective and dramatic technique that looks more
difficult than it actually is. Although it takes some practice, there are “tricks” that
you can use to make your drawings look as professional as Figures 5-79 and 5-80.
Simple techniques are described in Figure 5-81.

Figure 5-80: Concept
drawing using markers.

COURTESY QF PROE MATT JOHNSON, KEAN

UNIVERSITY.




Chapter 5: Drawing to Develop Design Ideas

{a) Sketch a cube in perspective or
isometric. Use light pencil lines. Put two
additional pieces of paper under your original
drawing to prevent “bleeding” through to the
work surface underneath.

(c)Rotate the page to give yourself a
comfortable position in which to use the
marker. Adjust the mask to leave a thin
space between the colored top surface and
the left surface you will render. This space
will be the corner of the cube between these
surfaces. Work out from the “V” and use the
ame technique, but wait about a minute and
give this surface a second coat of marker.

This will make this side darker than the top
Surface,

© CENGAGE LEARNING 2013

(b) Use two pieces of paper as a mask. Place
the mask over your sketch so that only the top
surface of the cube is visible. Use a medium-
value marker, and work from one side of the

_cube’s top surface to the other. Begin each

stroke on the mask, and use bold, rapid,
vertical strokes that end past the object lines
of the cube. You are working out from the “v”
Don’t go back over areas you have missed.

(d} Again, rotate the page, and reposition
the mask to expose only the right side. Be
sure to position the mask pieces so that a
thin, uncolored space is left between cube
surfaces. Again, work out from the “v
Give this side three coats of marker,
waiting a minute or so between coats,
These three coats will make this surface
the darkest side.

Figure 5-81. Using color markers to add appeal to drawings.

145
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(e) To complete the rendered cube, use ablack  (f} Overlapping the marker strokes gives
wide-tipped marker and smooth, bold strokes  the object a sharp, designer-rendered
along the six outside object lines. This tech- appearance. You can use this technique to
nique will make the object stand out fromthe  outline pencil-drawn objects, too.

page and clean up the outside edges. :

(g) Another excellent technique for marker - (h) A cylinder, cone, and sphere are shown
rendering is to cut out the cube and use rendered here. Notice how the marker lines
stick glue to paste it on another sheet of . are drawn along the axis of the cylinder
paper. A background can be applied first with and how the value goes from dark along

the upper edge to light, to dark along the
bottom edge. A cutout placed on the end
surface to mask that area is shown. The
marker lines on the cones begin at the top
and radiate out as they reach the bottom.

another contrasting color marker.

Figure 5-81: (Continued)

The two main purposes for hand drawing are (1) to help you describe what you
can see, and then (2) to use that experience to describe ideas that exist only in your
mind. The concepts and techniques that have been discussed in this chapter should
provide you with some tools for drawing effectively. The problern identification, ini-
tial research, and idea-generating steps of the design process use these skills heavily.
As a designer’s ideas gel, the questions to be answered become more technical, and
technical drawing and modeling approaches are used. Technical development, test-
ing, and evaluation using CAD/CAM and engineering simulation software, as well as
graphing, spreadsheets, and other computer programs are explained in other chapters.
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Al of these tools contribute to the documentation of the design process, and
ou will want to use as many of them as are available when creating your own

design portfolio.

USING DRAWINGS IN THE DESIGN PROCESS

The drawing techniques we have discussed so far are designed to help you' draw
what you see. This is particularly useful for studying the world around you and
understanding how things work, their components, and how they fit together, This
kind of drawing serves the information-gathering aspect of the design process and
allows you to create visions of what a developed solution might look Tike in use.

Preliminary Sketches

Freehand drawing allows you to develop and present your ideas. The first ideas you

put down on paper are usually in the form of preliminary sketches (see Figure 5-82).
These are done quickly so that you do not lose your train of thought or flow of ideas.
This process should not be encumbered with straightedges, rulers, compasses,
or other drawing instruments. These instruments only slow down the process that, |
by its very nature, is free and creative.

Figure 5-82. Preliminary sketches of computer Braille reader ideas.

At the beginning of the design process, it is helpful to be able to pull ideas out of
our minds and put them on paper as quickly as possible. Then we can develop and
‘ommunicate those ideas. There are ways to simplify that process by using symbols
and techniques that communicate without all the details, much as a stick figure
can symbolize a person and a sketch map can provide directions to a destination.

Visual brainstorming, like verbal brainstorming, is a method for stimulating
and expressing the most possible ideas in the least possible time. Try this in the
Your Turn exercise. Begin by drawing an object that you would like to improve
Upon, for example, a skateboard (see Figure 5-83).

© CENGAGE LEARNING 2013~

Prawing to Develop Design Ideas

147

nwdehng:

Creating a visual,
mathematical, or three-
dimensional representation
in detail of an object or
design, often smaller than
the original. Modeling is
often used to test ideas,
make changes to a design,
and to learn more about
what would happen te a
similar, real object.

vistial brainstorming:

A method of ideation

in which drawing (in
contrast to verbalizing)

is used to generate large
numbers of ideas. First, an
existing object is drawn,
then variations on that
objact are drawn, and then
variations on one of those
ideas are drawn, and so
forth.
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Annotated Sketches

The addition of notes about materials, fasteners, and other features (annotations)
: to a drawing is called an annotated sketch (see Figure 5-84). These remarks are
: reminders to yourself about what you were thinking at the time you developed the
idea. Ideas are often lost if they are not recorded immediately.

Developmental Sketches and Drawings

The next step in designing is-the further development of the ideas in the
preliminary sketches. These developmental sketches contain more detail as the
ideas are refined (see Figure 5-85). At the completion of the developmental

© CENGAGE LEARNING 2013
© CENGAGE LEARNING 2013

Figure 5-84: Annotated sketch of computer Braille Figure 5-85: A developmental drawing showing the
reader components. - solenoid control in the final Braille reader system.
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sketches, the solutions should be workable, with features such as mechani-
cal linkage or electronic circuitry worked out. Annotations are often a part of
developmental sketches. Developmental sketches are done both freehand and using
CAD programs. Software approaches to product development will be detailed in
Chapter 8. ‘

Production Drawings

In the final stage, production drawings are developed that contain the information
needed to actually make thesolution (see Figure 5-86). These are often drawn
to scale, so that size, proportion, and location of features such as holes can be
finalized. Working drawings will be discussed in a later chapter.
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Figure 5-g¢; A production/working drawing showing (a) final
Placement of components and (b) the model of the Braille
reader system,

Ideas

149
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Point of Interest
How to document your design process

Design Step

Documentation Technique

Defining the Problem

Brainstorming

Researching and Generating Ideas  Notes, sketches, letters, interview tapes, hibliography, and photos.

Identifying Criteria and Constraints Actual brief with specifications, conditions, and requirements. Use

Exploring Possibilities

Selecting an Approach

Developing a Proposal

Modeling or Prototyping

Testing and Evaluating

Refining the Design

Creating or Making

Description of a technological situation explaining the problem. Write,
draw, annotate. Use computer-generated text or neat hand lettering.
Include a collection of the ideas considered including ideas from
different members of the design team.

Use photocopies of catalog pages and other reference materials.
Include diagrams that explain mechanical or electronic principles
to be applied.

computer-generated text or neat hand lettering.
Notes, preliminary sketches, and development sketches with
annotations, 2-D models. Use pencil, color pencil, marker, technical
pen, and other mediums. This should be a well-documented section.
Notes, matrix comparing requirements to solutions, checklists, and
so on. Presentation drawings using color pencil, marker, or cther
color medium.
Photos of evolutionary models: wood, plastic, cardboard/paper,
foam core, metal, ceramic, found objects; computer simulations,
kits, clay, VHS, DVD, and so on. Working drawings, such as ortho-
graphic projection. Color rendering of final appearance of solution.
Photos of various stages of compietion; descriptions of necessary
adjustments and changes, and so on.
Data checklists, graphs, charts, photos, slides, VHS, and DVD.
Evaluation (solution evatuation description of test results and self-
criticism: “press type” and self-evaluation), computer-generated
text, neat hand lettering, and so forth. In addition, a title page
is always appropriate, and, if the portfolio is lengthy, a table
of contents may help the organization. The portfolio sections
correspond with the design steps outlined in earlier chapters.
Include a Ust of problems to be addressed in the redesign of the
project and show evidence that the probtems were resolved.
Show evidence that the production process will result in a
~ product that meets all design specifications or show how the
production process has been modified if necessary.

DEVELOPING AN ENGINEER'S NOTEROOK
AND DESIGM PORTFOLIO

As noted earlier in this chapter, an engineer’s notebook is typically bound with
numbered pages (see Figure 5-87). The purpose of the engineer’s notebook is to
keep a written record of all the important work completed on a project or a range of
projects. Notebook entries could include calculations, graphs, ideas, concerns, and
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results of testing or research. An engineer’s notebook is where patent-
able ideas are described in full detail. In this format, a patent idea in a
sotebook is most often signed by a witness that has read and under-
stood the idea. All notebook entries should be dated. More about
developing an engineers notebook will be presented in Chapter 6,
Reverse Engineering.

Design portfolios are used to show the design process to clients,
and therefore the content and format are less important than the aes-
thetic presentation. For students learning about design, the portfolio
may be used to show the design process and solutions to a teacher or
a review board. Both the design portfolio and the engineer’s notebook
will contain critical information from the design process. Following is
a list of sections and appropriate documentation strategies.

PORTFOLIO

Because design portfolios serve a less formal purpose as compared to
the engineer’s notebook, no special formatting, binding techniques, or
content are required. A design portfolio should contain a number of  y v obook.
sections, depending on the complexity of the project. Simple design

problems will have fewer sections, often combining several from the previous
“Point of Interest” list. Major projects will use all or most of the sections, or will
combine the sections into another logical format.

Title Page, Page Numbering, and Tébie of Contents

Your portfolio should have an attractive title page that clearly identifies the portfo-
lie’s purpose and author. Each page of the portfolio should be numbered. A design
portfofio should have a table of contents listing the design steps and where to find
them. This will need to be the last step in organizing your portfolio. Portfolios will
be most attractive if they follow sound graphic design principles. More informa-
tion about graphic design principles can be found in Chapter 18 (Graphics and
Presentation). : '

Page Orientation

A horizontal or landscape orientation of the paper is well suited for portfolio work
(see Figure 5-88). Choose a paper size that is large enough to allow for a border and
a title Block and still give you plenty of room to draw. A standard 11 by 17 inch page
is large enough without being too cumbersome to carry around, but other sizes are
dcceptable. You may also need to develop or purchase a cover or case to keep pages
from teaﬁng and to protect your work from wind, rain, and other hazards.

Lego

A company that wishes to be easily recognized develops a symbol for use on its
products, correspondence, and advertising called a logo. You may develop your
own logo for your design work and incorporate it into both your portfolio and
your final design solutions. In the portfolio, the logo may appear on each page.

Binding

Page_s- may be bound on either the left side or the top, using plastic bindings, a
Modified three-ring binder, or one of a variety of other methods.

Compositions

shinx Phin 100 Lowes ]|

GOURTESY OF LISA SIME.

Figure 5-87. Bound Engineering
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Page Content

[t is important to strike a balance between putting too little and too much on a
page. A typical page in a portfolio might have a number of drawings (see
Figure 5-89). There is no reason, however, that all of these drawings must origi-
nally have been drawn on the same piece of paper. You can redraw from original
sketches onto one page or cut out a number of different drawings and glue them on
a portfolio page. These techniques will allow you to present ideas in an interesting
and concise format.

Planning: Rough Concepf Sketches
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Figure 5-89. Pages of a design portfolio showing examples of drawing techniques used during the design

Process. a) sketching, b) perspective, ¢) orthographic, d) rendering, e} charting, f) final product.
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Portfolio Page Layout

Organizing the appearance of the page is an important part of portfolio presenta-
tion. Figure 5-90 illustrates a number of strategies you can use to make a page look
\ interesting.

drawing
or
" photacopy
or
?

se gommon
“shapesfkeep.slements:
proportion

LEARNING 2013

Figure 5-90: A well-organized page is easy to read and
understand. It follows rules of alignment.




SUMMARY

Drawing is integral to designing and investigating.
Ideas, which are the seeds of the scientific hypoth-
eses and technological innovations that define our
modern world, cannot grow unless they are exposed
to the “light of day” Investigating the wings of birds
through sketches allowed the Wright brothers to
formulate their theories of flight. Bach of Leonardo
da Vinci’s inventions was developed through 4 series
of drawings. Modern innovators like James Dyson
and Jonathan Ive develop their inventions through
drawings.

Today, the computer has provided a powerful
graphic tool. CAD and solid modeling programs
tempt us to sidestep the discipline of drawing.
But software cannot replace the human element in
designing. When we gain confidence with freehand

BRING IT HOME-

EVATION/ANALYSIS/S

. Using an HB pencil, create a one-point perspective
sketch of one of the following: VHS cassette tape,
audio cassette tape, “Walkman-type personal
stereo, iPod, BlackBerry personal organizer.

. Using colored pencils, make a cube stand out by
shading arcund it. ‘

- Using colored pencils, givea cube a 3-D appearance
by shading with three values of one color.

- Using a scale and calipers, sketch a full-size or
half-scale orthographic projection drawing with
a front, top, and side view of one of the following:
iron, hair dryer, electric drill, personal stereo,
cordless telephone.

- Research and reproduce a number of symbols used
for a special-purpose map, such as a geological
survey or aeronautic sectional.

sketching, we acquire a valuable tool for examining
and communicating our thoughts. That confidence
comes from learning to use our whole brain to inter-
pret what we see. Like writing, keyboarding, texting,
or using a computer mouse, sketching is also a matter
of motor skill. Al of these develop through practice.
Awareness of the elements of drawing: line,
form, shape, value, color, texture, and space, as
well as techniques like linear perspective, shading,
color mixing, gridding, crating, and exploded and
cutaway drawings make us more fluent scientists,
designers, and inventors. We can use these abilities
as students to document our work; as professionals
communicating with collaborators and clients; and

~ as homeowners, family members, and citizens in the

technological world.

. Use visual brainstorming techniques to explore
five improvements on the design ofa tent for camp-
ing. Choose your favorite of these and develop
five variations on that solution.

. Scan and print or photocopy five copies of your
best tent design and show five different color
schemes that might appeal to five different groups
of users {for example, families, teens, retirees, Girl
Scouts, or military).

. Design and produce a master portfolio page,
including an original logo, company name, and a
block for project name, date, and other necessary
information.

. Use the techniques in this chapter to fully
document a design problem.




