ETT 101 –  Computer Apps for ET

ETT 101  Communication / Soft Skills

 SEQ CHAPTER \h \r 1Communication Skills
TAC Criteria g -- Communicate effectively.  
In general, communication skills can be broken into two parts: (a) the ability to write effectively, and (b) the ability to effectively present information to others using oral communication techniques.

Techniques for effective writing  

Since this is a very broad subject that requires more space than what is available here, additional information will be provided on the pages following this "header" page.

Techniques for presenting effective oral reports  

Since this is a very broad subject that requires more space than what is available here, additional information will be provided on the pages following this "header" page.

Why are communication skills so important?  // 

 SEQ CHAPTER \h \r 1Introduction to Technical Writing
The Big Question -- Okay, so why is technical writing so important?  You have probably already completed your G.E. coursework in communications and critical thinking.  Technical writing extends well beyond "good writing" -- it is a way of communicating technical information to others in a meaningful and organized manner, best suited for various different situations that may arise throughout one's career as a college graduate.  Many companies seek job applicants with excellent writing skills.  However, many of us need help in this area.

Consider the following writing examples from various students' formal technical research papers submitted for credit.  

Some Typical Student-Written Sentence Examples
1.
Shumway stated that the thin films, cylinders, and short lengths of wire have been fabricated out of the 100 degree Kelvin material at Argonne National Laboratory and other locations, and test are under way to determine current- carrying capabilities.

2.
Fletcher stated developments in superconductivity in oxides has been stalled for many years with the discovery of the compounds Ba(Pb,Bi)03 which exhibit superconductivity at about 130 degrees Kelvin. 

3.
Superconductivity at substantially is verified by using a ceramic of the composition of yttrrium barium copper oxide.

4.
The reason laser is the best suited light source for optical communication, O'Shea, Callen, and Rhodes stated that laser has the following important properties:  First, laser light exhibit extreme monochromaticity which means the light source with a very small spread of different frequencies.

5.
Even generating power could become much easier and cheaper, as Cole states, Which could give the human race a huge advantage in saving the scarce energy.

6.
The next computer, came 4,600 years after the invention of the abacus, was invented by Blaise Pascal in 1642, which was a major breakthrough in computer technology even though it can only do simple addition and subtraction, and its size made it the world's first non-portable computer.

7.
Until 1946, the first fully electronic computer, the Electronic Numerical Integrator and Calculator (ENIAC), was invented by the University of Pennsylvania.

8.
About a decade ago, the first microprocessor chip which is the heart of the personal computer was developed by Intel Corporation have made the personal computer become very small, cheap, and easy to use.

9.
Computers was so fast and still keep improving.

10.
Magnetic trains that levitate and travel at 300 MPH, based on the principle that superconducting magnets repel metal tracks.

11.
Superconductivity, one of the hottest scientific issue nowadays about the powerful property of certain materials in electricity conducting with no resistance.

12.
In other countries, they tried to use apply superconductor in to industrial.

13.
Vic Sussman stated that the home computers had become a way to tap national networks. . .

14.
However, at that time, the computer was something so huge and costly that only big companies could own it.

15. Faculty members will be encourage to familiarize themselves with general softwares such as word-processing, spreadsheet, and graphics programs.

 SEQ CHAPTER \h \r 1
Why Technical Writing is Important
Introduction
According to Anne Eisenberg in her Effective Technical Communication text, technical writing is part of the job if you plan to work in the technical professions.  She reported that most productive scientists, engineers, and technical professionals easily generate 800 to 1000 pages of technical reports, abstracts, instructions, procedures, memos, letters, proposals, progress evaluations, and notebook entries each year!  She emphasizes that technical professionals are obligated to write -- and to write well.

Differences between professional and academic writing
· Academic writing -- at school, students write for the teacher, who is the assumed expert, not the student. 
Academic writing puts the burden on the reader.  The reader is expected to spend any time necessary to extract any information from long sentences, long paragraphs, and/or long undivided globs of text; without any main headers or bullets; and without any lists, tables, and or figures to make reading interesting.  And, if included, they are typically not referenced in the text, and are typically incomplete by themselves!  The main points of the paper are often so poorly-presented, or submerged in such gobbledygook, that many readings are required before the reader can even begin to understand what the author was trying to get across.    

The teacher is expected to wade through each paper, no matter how large the class, and no matter how time consuming or tedious the task.  And, then, the teacher is expected to overlook any built-in content, English, and/or formatting errors, etc., and then, to provide meaningful comments, and/or fixes for each paper during the process.  

· Professional writing -- at work, you become the technical-writing expert.  

As a professional, chances are very good that you will be required to write numerous papers that many other people will read as part of their job. Typically, many of these readers will have widely different backgrounds than you; they will probably have different reasons for reading the paper; and many of them may be much less knowledgeable than you about the topic.  

As an example, let's assume that you are given an assignment to write a new-product proposal for your company.  The chances are very good that your proposal will be read by your peers, by upper management, and probably by people in manufacturing, quality assurance, and sales/marketing.  It may also be read by one or more clients or customers.  And, as a part of this activity, you will probably have to present it orally to these people as well!  

Obviously, if your paper is poorly organized, messy, contains a lot of English or mechanical errors, or is full of gobbledygook, they may not have the time to dig through your paper trying to find the information that is important to them.  If you can't (or choose not to) learn how to do these things well, your potential for growth within your company may be severely limited.

How do Working People Read "Technical" Papers?
Technical audiences tend to read technical papers very selectively.  As a group, they tend to be very busy, usually with lots of documents on their desks, and having to deal with many interruptions throughout their day; all while doing their normal work.  When your paper "appears on their desk," they will tend to skim for the important parts, and read those sections that are important to them; they will not read the paper from end to end.  Note -- research indicates that people tend to read the following parts of a paper -- the title; the summary or abstract; the table of contents; the list of figures and/or list of tables; the figures and their captions; displayed lists; the introduction, and the conclusion; roughly in this order.  (Eisenberg, pp. 1-10)

What they will be looking for are the what’s and whys.  They will want to know what is important to them and why is it important so that they can decide what to do in response to the paper.  They will want this information presented as briefly and cogently as possible, and written in a language that they can easily understand -- without having to have a dictionary at their side. 

Eisenberg, Anne.  Effective Technical Communication, 2/e.  McGraw Hill, 1992.  

 SEQ CHAPTER \h \r 1Seven Steps to Effective Technical Writing
Research Phase
1.
Gather preliminary information.  Think about the topic and the purpose of the paper.  Develop the overall subject.

2.
Determine the audience.  Are you going to be writing to technical professionals, non-technical professionals, upper-management, technicians, or lay people?  

3.
Brainstorm about your topic.  Develop further ideas that may be pertinent to your topic and/or your audience.  Jot down ideas, silly or far out; their order is not important. 

4.
Organize topics.   Group selected ideas by topic and sub-topic.  Thinking up a preliminary title may help. 

5.
Gather information.  Conduct library research and do outside reading.  Take careful notes and be sure to keep track of each source used (author, title, journal or text name, specific page(s), etc.  Use note cards, one idea per card; each referenced to a respective "source" card; paraphrase into on each card, except for direct quotes -- enclose those in double parentheses.  Later, note cards can easily be sorted and arranged by topics.  Xerox copies may also be used. 

Pre-Writing Phase
6.
Write an outline of topics and subtopics.  Write appropriate headings and sub-headings for each topic/subtopic.

7.
Write a rough draft.  Beginning with an appropriate title and topic sentence will help you set the tone of your overall paper.  Then, start writing sentences and paragraphs -- include all ideas to make the paper "full," adding or deleting topics as needed.  Keep your sentences short, one idea per sentence. Use tie words to make ideas flow from one sentence to another.  In technical writing, use third person throughout.

Group related sentences into paragraphs, with at least two sentences per each paragraph.  Within subheadings, group two or more related paragraphs together.  Use tie sentences or phrases to make paragraphs flow from one to another.  Keep your paragraphs relatively short for ease of reading. 

Develop graphical elements (tables, charts, and/or graphs, etc.) for your report.  Be sure to reference each one in the text by number, prior to its use, typically on the same page, but never after.  Do not group them all at the end.  

Revision Phase
8.
Refine your paper.  Read and re-read your work and edit as needed.  Is your paper complete with all topics and supporting ideas present?  Reconsider your title, topic sentence, and your audience.  Are they consistent?  Are your ideas organized?  Do they flow well from one idea to another?  Are sentences and paragraphs organized and structured properly?  Is the paper "choppy?"  Does your paper meet professional standards for organization, format, English, grammar, and spelling?  If not, make changes as necessary.  Delete weak or unnecessary material.  Have someone else critically read your paper.   (Note -- typically this phase is the least-done part of most reports, even though it is one of the most important!) 

Final Writing Phase
9.
Write the final paper.  Write your final rough draft into its final version, being sure to follow all format requirements specified.  ALWAYS proofread your final paper to make sure it is complete, says what you want it to say, and has no errors or typos.  If necessary, revise and retype until correct.  Note -- only papers that meet professional standards will be accepted for credit in this course.

 SEQ CHAPTER \h \r 1Professional-Writing Standards
In this course, formal papers must meet the following specifications to be considered professionally written:

1.
English -- first and foremost, proper English is required including proper grammar, spelling and punctuation.

2.
Person -- In this course, all technical papers must be written in third person.  First-person papers will not be accepted for credit (apart from the first assignment!).  

3.
Sentences -- each sentence must be complete and understandable, with proper English used.  Typically a sentence will consist of one idea per sentence; however, two ideas may be included when appropriate punctuation is used. 

4.
Paragraphs -- each paragraph must be complete and must be comprised of two or more sentences with related topics.  Insert two spaces between each sentence's ending punctuation mark and the first word of the next sentence.  Use appropriate tie sentences to make the text flow between paragraphs and between sections.

5.
Indentation -- In this course, the first line of each paragraph is not indented because double-spacing is to be used between paragraphs instead.

6.
Justification -- Either left justification (jagged right-edges) or left/right justification (smooth margins on both sides) can be used. Text with excessive spaces between words, characters, and/or sentences is considered unprofessional.

7.
Line spacing -- use single-line spacing for all paragraph text, with double-line spacing between paragraphs in each section.   Note:  In some cases faculty will require you to use double spacing – this is for writing corrections / notes on the paper itself.
8.
Margins -- It is recommended that a one-inch left margin and 3/4-inch top, bottom, and right margins be used.  However, take into account that a bound document will require a larger left hand margin.

9.
Heading levels -- for most papers, three to four heading levels are sufficient.  Use the following as appropriate: note:  examples of headers are included later in this section

●
First-level headings.  These are the major section headings for your paper.  These are standing headings (set above the follow-on text), centered between the paper's margins in large, bold-faced font, typically with the first letter of each word capitalized.  Use triple-line spacing prior and double-line spacing after each header.


●
Second-level headings.  These are sub-headings for sub-dividing a first-level section.  They are standing headings, in bold-faced font aligned with the left margin (flush left), with the first letter of each word capitalized.  When used, at least two separate second-level headings must be included within a given section.  If two separate topics aren't available, combine the information within the body of the preceding text.  Use triple-line spacing prior and double-line spacing after each header.


●
Third-level headings. These are additional sub-headings for sub-dividing a second​-level section.  They are standing headings in underlined bold-faced font, aligned with the left margin (flush-left), with the first letter of each word capitalized.  When used, at least two separate third-level headings must be included within a given second-level section.  If two separate sub-topics aren't available, combine the information within the body of the preceding text.  Use triple-line spacing prior and double-line spacing after each header.


●
Fourth-level headings. These are additional sub-headings for sub-dividing a third-​level section.  They are "run-in sentence headers," used as the first sentence at the beginning of a paragraph.  Use a standard-sized, underlined, bold-faced font, with the first letter of the first word capitalized, terminated with an appropriate punctuation mark; typically a period.  When used, at least two separate fourth-level headings must be included within a given third-level section. If two separate sub-topics aren't available, combine the information within the body of the preceding text.  Use double or triple-line spacing prior to each run-in sentence heading and regular paragraph spacing thereafter.

10.
Neatness -- all text must be word processed and printed using a laser quality printer.  Use eleven or twelve-pitch font, on standard-copy white paper; single sided.  Use enough white space so that each page is neat and uncluttered.  Hand-drawn figures, titles, tables, equations, and/or page numbers are not acceptable, except in appendices.  

11.
Definitions -- if new words or acronyms (i.e. FEMA) are utilized in your report they must be defined.  For papers with a few short new-word definitions, place these directly within each respective sentence, in parentheses, immediately following the respective new word.  For papers with many short and/or formal definitions, a definitions section should be inserted into your report, typically following your paper's introduction section.

12.
Graphical elements -- There are two major types: figures and tables:

Figures -- these include graphs, charts, drawings, diagrams, and photographs.  Each figure must have a number and descriptive title centered below the figure; numbered sequentially throughout your paper.  If figures are used in your report, a list of figures section is required.

Tables -- these are used to present a matrix of data and/or facts.  Each table must be given a table number and descriptive title, centered above the enclosed table, numbered sequentially throughout your paper.  If two or more tables are used in your report a list of tables section is required.  If your report only has a single table, treat it as a figure and label it as such.

All graphical elements must be computer-generated, and must follow their respective references in the text.  They must be shown on the same or following page; never before, nor lumped together at the end of your report.  Each graphical element must be complete within itself, the reader should not have to search around in the text for additional information to interpret a graphical element.  A reference number must be used, and a short description to explain the graphic either left justified below or centered below the graphic.   Avoid the use of color print and/or color graphics -- they don't copy well.  If color must be used, then coded symbols must be included so that a black-and-white copy of your report can be interpreted properly.

13.
Title page -- a title page is required for any formal report, and must be formatted to meet instructor and/or departmental guidelines.  Here, utilize the title page shown in Appendix B as a guideline.

14.
Page numbers -- in this course, there are three types of page number formats, those for preface pages, those for the main body of the report, and optionally, those used for appendices.  Each type is discussed below:


●
Preface pages -- use lower-case Roman numbers, centered at the bottom, for preface pages, including the table of contents, list of figures, list of tables, abstract (if included), introduction, and definitions (if used).  The cover page is not numbered, but is counted as page i.

●
Document-body pages -- use Arabic numbers for the main body of your report.  Typically, these are centered at the bottom of each page and continue sequentially throughout the remainder of the paper, and may extend through the appendices.


●
Appendices -- if desired, appendices may be numbered separately such as A.0 (the cover page for appendix A), followed by appendix A's pages -- A.1, A.2, A.3…    followed by B.0 (cover page for appendix B), followed by pages B.1, B.2, B.3…

15.
Paraphrased text -- all paraphrased information must be appropriately cited at the place it is used in your report.  It is strongly recommended that each section of paraphrased text be started with words similar to "According to Jones, . . " or "Jones reported that. . . ", etc., followed by the text information.  Each block of paraphrased text must be cited at its end using an instructor-approved citation format.  Each citation must be consistent with its respective reference listed in the paper's references cited section.

16.
Quotations -- short direct quotes are placed directly in your text and enclosed in quotation marks.  Each quote must be quoted exactly as it was stated in the given reference.  Long direct quotes (three lines or longer) should be indented one-half inch from the left and right-hand margins, with single-line spacing throughout the length of the quote.  Since the quote is indented throughout, double quotation marks are not used.  In both cases, direct quotes must be cited at its end using an instructor-approved citation format.  Each citation must be consistent with its respective reference listed in the paper's references cited section.

17.
References cited -- all paraphrased or directly-quoted material in you paper must be cited using the following format: (Author's last name, p. xx, or pp. xx-yy). 

      For example, (Jones, p. 2) for a single-page reference, or (Jones, pp. 22-36) for a multiple​-page reference.  A "References Cited" section is required at the end of your paper, using a first-level heading.  All cited work must be listed alphabetically by the author's last name, first name, and middle initial; followed by the name of the article, the name of the book or journal if was obtained from, its date, and the page numbers of the article.  The first line of each reference must be single-line spaced, left justified, with the second and following lines indented by three spaces.  Use double-fine spacing between each reference listing.  Two examples are shown below:

Jones, Wiffim E., "Careers in Engineering Technology," Journal of Engineering Technology, November 23, 1995, pages 115-124.

McCurdy, Lyle B., "Frequency Response in Single-Stage BJT and JFET Amplifiers,” ETE 310 Course Notes, Fall 1998, pp. 12.1-12.15.  Department of Engineering Technology, College of Engineering, California State Polytechnic University, Pomona, CA.

 SEQ CHAPTER \h \r 1Presentation of Technical Results
 SEQ CHAPTER \h \r 1Technical Presentations and Abbreviations
Since engineering communication is based on data presentation for others, proper signs, symbols, and units should be used.  Some common abbreviation and numerical numbers rules are provided below for reference:

1a.  Some common abbreviations: 
A ampere



B byte


C capacitance, Celsius, or centigrade

cw clockwise 

ccw counter clockwise
engr. engineer 
hyp. hypotenuse 

mgr/Mgr manager 
mgmt management mktg. marketing

dB decibels

F Farenheight/force

ft foot 



g gram/gravity

Hz hertz



i electric current
J Joule




K Kelvin


lit. liter


m meter (length)

N newton

oz t troy ounce


oz ounce


psi lbs per square inch

R resistance


rad radian

RF radio frequency

RPM rev per min
PRF pulse rep freq

s second



V velocity/volts
W watt/work


Wb Weber (physics)
x abscissa axis

y ordinate axis


Y admittance
Z impedance






1b.  Other abbreviations:  Mass M, length L, torque T,  inertia J, linear displacement x(t) or y(t), linear velocity v(t), linear acceleration a(t), angular displacement θ(t), angular velocity ω(t), angular acceleration α(t), rotational speed (RPM) Ω(t), spring coefficient Ks, Damper viscous friction B, Energy, work J.

2.  Unit Prefixes.  Metric abbreviations are commonly preceded by a unit prefix which multiplies the given value by some power of ten.  For example, kg refers to kilograms, mA refers to milliamperes, and MB refers to megabytes.  Insert a space between the number and its unit prefix but not between the prefix and its unit.  Some values are shown in number format with two decimal places, such as 1.44 MB, while others are shown in scientific notation, such as 5.83E+08 pA.  Regarding significant digits, note that a value of 5120 bytes has three significant digits (assuming the zero is not a significant digit).  This number may be shown as 5.12 kB, but should not be written as 5.120 kB because this implies that the number has four significant digits, based upon a number that only had three significant digits.  For 1000, use k, such as 3 kohms or 3 kΩ, not 3k or 3K or 3k ohms, etc.  For large voltages, use 3 kv dc, not 3 kvdc.  Some common metric-system symbols are listed below: 


deca
da
10E1
mega 
M
10E6
deci

d
10E-1
micro
μ
10E-6
femto
f
10E-15


hecto
h
10E2
giga
G
10E9
centi

c
10E-2
nano
n
10E-9
atto

a
10E-18


kilo

k
10E3
tera

T
10E12
milli


m
10E-3
pico
p
10E-12

3.  For numbers, use words for values less than ten; use digits for numbers greater than 10.  For numbers less than zero, place a leading zero in front of the decimal point, such as 0.125 ft; unless the value is understood to never be greater than zero, such as in probability, such as p < .05.  For approximate numbers, use words, such d is less than fifteen-hundred ft.  For very large and/or very small numbers, use engineering (scientific) notation, such as 25 milliamperes. Don't begin a sentence with a number or an abbreviation; when ending a sentence with an abbreviation use one period.  When two numbers are expressed together, express one in digits and the other in words to avoid confusion, such as 28 six-penny nails, or twelve 3/16-inch screws.

4.  Abbreviating standard units of measure, write them in the singular without a period, except for inches, which could be misread as the word in.   When units of measurement are not abbreviated, they are expressed in the plural when their number is greater than one.  For example, write 0.92 inch, or 1.92 inches.  Abbreviate standard units of measurement only when they are preceded by Arabic numbers.  For example, write 35 gal, or 2500 RPM.  It is unnecessary to define commonly-used standard units of measurement, such as cc and yd.

5.  For angle measurements use single quote (') and double quote (") symbols for angular minutes and seconds only; do not use them for minutes or seconds of time, or for feet and inches.   For time, use h, m, s  (or hr, min, sec); for length, use ft and/or in.   The ° symbol can be uses for both angles of measure and for degrees of temperature. 

6.  For money, use the $ symbol for dollars and cents when the amount is expressed in digits rather than words.  For example, write $0.98 instead of 98 cents.  Write $25.32 instead of 25 dollars and 32 cents.

Some other rules of thumb are listed below for reference:

· For direct and/or alternating current, use DC and/or AC respectively.  Do not use dc/ac, d-c/a-c, or D-C/A-C.

· For 1000, use k, such as 3 kohms or 3 kΩ for resistance.  For large voltages, use 3 kv DC, etc.

· Do not begin a sentence with a number or an abbreviation.  When ending a sentence with an abbreviation, use one period only.

· For standard units of measure, when they are abbreviated, write them in the singular without a period, except for inches, which could be misread as the word in.  For example, write 0.92 inches, or 1.92 inches.

· Abbreviate standard units of measurement only when they are preceded by Arabic numbers.  For example, write 35 gal, or 2500 RPM.  Also, it is not necessary to define commonly-used standard units of measurement, such as cc and yd.

· For angle measurements use single quote (') and double quote (") symbols for angular minutes and seconds only; do not use them for minutes or seconds of time, or for feet and inches.   For time, use h, m, s (or hr, min, sec); for length, use ft and/or in.   The ° symbol can be uses for both angles of measure and for degrees of temperature.  Note -- metric symbols are not shown here for brevity. 

· For numbers, use words for values less than ten; use digits for numbers greater than 10.  For numbers less than zero, place a leading zero in front of the decimal point, such as 0.125 ft; unless the value is understood to never be greater than zero, such as in probability, such as p < .05.  For approximate numbers, use words, such d is less than fifteen-hundred ft.  

· For very large and/or very small numbers, use engineering (scientific) notation, such as 25 milliamperes.

· When two numbers are expressed together, express one in digits and the other in words to avoid confusion, such as twenty eight 4-40 fasteners, or twelve 3/16-inch screws.  Another method that clarifies this is by writing the first example as 28)  4-40 fasteners.

 SEQ CHAPTER \h \r 1Graphical Elements
What is a graphical element?  A graphical element is a visual object placed within your paper, designed to help a reader obtain a better grasp of the ideas or concepts being presented.  Graphic elements are worth a thousand words.  They provide a visual "picture" of complex drawings, large amounts of data, or relationships between information.

Types of graphical elements.  In general, there are three major types; these are: 

1. Tables -- used to present large amounts of data in an organized manner; often used for showing comparisons of data.  Present each table in an "array" format; being sure to label each column and/or row as appropriate.  An example is shown in Figure 1.

	Table 1.  CPU Costs and Frequency, as of  August, 2005.

	Type
	CPU Cost
	CPU Frequency

	INTEL PGA478
	$119
	2.26 GHz

	INTEL P4
	$206
	3 GHz

	ATHLON 64 FX55
	$870
	2.2 GHz

	THOENALON T4
	$2,450
	37 GHz


[image: image1.wmf]Closed-loop time response plot.


[image: image2.wmf]Closed-loop time response plot.

  2.
Graphs -- used to show relationships between variables.  Common types are line, bar, and pie (circle) graphs.  Be sure to label and scale each axis.  When appropriate, write the governing equation on the face of the graph.  When more than one curve is be shown, use a different symbol for each one.  An example is shown in Figure 2.    


3.  Figures -- used to provide a visualization of physical objects.  Typically, these are line drawings, flow charts, and/or organizational charts.  Photographs may also be used.  

Strategies and mechanics for using graphical elements in your papers.  To help you incorporate graphical elements into your papers, use the following guidelines:  

1. Think, brainstorm, and make some sketches.  Are you going to discuss objects, or mechanisms?  Are you going to present statistical data?  Will line drawings work?  Do you need to show relationships between data?

2. Decide which graphic element(s) will work best.  The following table can help you decide which type may be best:

	Which Graphic-Element Type to Use?

	Type of Information
	Choice of Graphical Element

	Physical things or objects
	line drawings, diagrams, flowcharts, photographs, etc.

	Numerical data
	line graphs, bar and/or pie charts, tables.

	Key concepts
	conceptual drawings, flowcharts, summary tables, organizational charts.

	Key words
	summary tables


3. Graphic-element formatting.  Each graphical element must be complete within itself; e.g., it must present all information to the reader so he or she doesn't have to refer back to the text for additional information.  Each element must be:

a) Numbered with information referenced in the text, typically on the same page, i.e. Figure 3
b) Titled – a title with a brief description, i.e. A photo of the composite material
c) Center justified, with all text below the figure

d) Referenced – using either immediate website info (www.source.com) or a subscripted number that is referenced in the bibliography, i.e.  [12] 

 SEQ CHAPTER \h \r 1Sketching -- An Engineering Technologist's Toolkit
Introduction

Drawing is the ability to translate a mental image into a visually recognizable form; typically using nothing more than a single pencil and paper (or on the back of envelopes or napkins, etc.).  In general, there are three main types of engineering sketches:

●
projection drawings,

●
computer-aided (CAD) drawings,

●
free-hand drawings or sketches.

Projection drawing, commonly called engineering drawing, was first used in France in the 18th century to simplify the construction of military fortifications.  Engineering drawing incorporates technical information and detail into a set of drawings, for others to use to design and/or implement something.  Descriptive geometry is another form of projection drawing.  

Engineering drawing, coupled with tolerances, has unlocked man's ability to produce interchangeable parts in the manufacturing process.  Overall, engineering drawing is a precise discipline based on a thorough understanding of the principals of orthographic projection.  

Computer-aided drawing/design (CAD) is currently the most-used medium for creating engineering drawings.  Not only does CAD generate a complete computerized database that can easily be saved, copied, or changed, etc., the data can easily be downloaded or converted into a form that can be used to operate a machine (CAD-CAM, or CADAM).  

Free-hand drawings and/or sketches are useful to help oneself and/or others to rapidly visualize an idea or object, and often, to help visualize its interactions with other components, etc., especially in the preliminary stages of a design. 

Although engineering technologists must be able to read, and perhaps even create, engineering drawings, he or she must be able to communicate with other non-technical personnel as well; such as management, etc.  Free-hand sketches are ideal for this purpose; to help others "get the idea," when a detailed engineering drawing would not be appropriate.  

As such, engineering technologists find that free-hand drawing or sketching are extremely valuable in their work.  Anyone can learn to sketch effectively, especially if you follow the guidelines below:


●
put aside any negative experience you have had with drawing,


●
believe you can draw with skill,


●
acquire the ability to receive images accurately with your eyes,


●
master a few basic skills in using a pencil,


●
use sketches frequently to convey technical information to yourself and to others.

Sketch every chance you get.  Engineers and engineering technologists like to "talk with pencils and sketches."  The ability to sketch accurately is also invaluable in college courses where you are required to translate a "word problem" into a circuit diagram, or into a free-body diagram for mechanical systems.  For example, think about how you would sketch the following:

Example 1.  A winch, located on level ground, pulls on a cable which rises at an angle of 45 degrees from the horizontal and passes through a pulley located in a tree thirty feet above the ground.  It lifts a two-thousand pound object to a position fifteen feet off the ground.  After reaching this position, the winch is stopped.  Make a sketch of the system, and write an equation for the force and its direction of pull on the tree at this position.

Example 2.  A microcontroller is used to translate MIDI data signals to control audio loops or paths.  The power requirements are 5VDC for the Microcontroller and switches.  The front control panel is a standard 19 inch equipment rack, and has eight pushbuttons, each ¼” in diameter spaced 1 inch apart.  There is a 2 line X 16 character LCD display that displays the MIDI data and switch status.  Below each switch is a blue LED that is used to indicate if each audio switch is turned off or on.  Two other buttons are located on the front panel, which are for storing a program and selecting a MIDI program number.
When sketching, try to be as accurate as you can in the proportions of whatever you are sketching.  Dimensions on the sketch can certainly explain what the various sizes are, but unless drawn to an approximate scale, the "real" item won't look very much like the sketch.  If such a sketch is to be used to have a model fabricated, which sometimes is necessary to "sell" the idea to management, etc., some pretty wild looking things can be generated.  Should a critical dimension be omitted, and the drawing is not to reasonable scale, the fabricator or machinist will have no idea how big or small to make the part.

Figure 1.  Example of a typical table.
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Figure 2.  Example of a graph plot.
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