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What is Engineering? 

• How does Engineering differ from Science? 
• Engineers design the “stuff” that society uses 

(including scientists and other engineers)! 
– Problem solving & critical thinking (applied analysis) 
– Design (synthesis) 
– Professionalism (formal organization, ethics) 
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“A scientist can discover a new star, but he 
cannot make one. He would have to ask 
an engineer to do that.” 

— Gordon L. Glegg, American Engineer, 
1969 
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• Ingenium (Latin) 
– innate quality, especially mental power, capable of 

clever invention  
• First used to describe those who had ability to 

invent / operate weapons of war – military engineer 

• The word became associated with design / 
construction of works 
– Ships, roads, canals, and bridges. 
– People skilled in these fields were non-military or civil 

engineers. 

What is an Engineer? 



•An engineer is: (from textbook) 

– A person who uses science, mathematics, 
experience, and judgement to create, 
operate, manage, control, or maintain 
devices, mechanisms, processes, 
structures, or complex systems. Does this 
in a rational and economic way with 
human, societal, and natural resources 
and environmental constraints. 

 
 

Definition of an Engineer 



Definition of Engineering 

• Definition of Engineering: (from American Engineers 
Council for Professional Development) 

– The creative application of scientific principles to 
design or develop structures, machines, apparatus, or 
manufacturing processes, or works utilizing them 
singly or in combination;  

– or to construct or operate the same with full 
cognizance of their design;  

– or to forecast their behaviour under specific operating 
conditions;  

– all as respects an intended function, economics of 
operation and safety to life and property  
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• Engineering is a team activity.   
– Engineering teams involve individuals with widely 

different abilities, interests and education who 
cooperate to advance the project.   

– A typical technical team might consist of 
• engineers,  
• scientists,   
• technologists,  
• technicians,  
• social scientists, 
• skilled workers. 

The Role of Engineers 



• Provides the key link between theory and 
practical applications. 
– Extensive theoretical knowledge,  
– Ability to think creatively,  
– Ability to lead a team towards a common goal. 
– Knack for obtaining practical results,  

 

Engineer 

• Education 
– Basic requirement is a bachelor’s degree. 
– Master’s or PhD is useful and sometimes 

preferred. 



• In Canada, the title “professional 
engineer” is restricted by law. 
– Only those persons who have 

• Demonstrated competence 
• Been licensed by provincial 

professional engineering licensing 
association. 

 

Professional Engineer 

J. Smith, B.Eng., P.Eng.  
In Canada it is against the law to call  

yourself a “professional engineer” if you  
are not a licensed Professional Engineer 



Canadian Engineering 
Accreditation Board (CEAB) 

19 

• PEO & other provincial/territorial associations 
rely on CEAB to evaluate & accredit engineering 
programs in Canada 

• CEAB conducts regular & rigorous reviews of 
engineering programs 

• Publishes list of accredited programs in Canada 
• All Carleton engineering programs accredited for 

maximum available time (6 years) 
 



CEAB Academic Requirements 
• Mathematics (linear algebra, differential and integral 

calculus, differential equations, probability and 
statistics, and numerical analysis) 
– about 1/8th of the program 

• Basic Sciences (physics, chemistry, biology or 
geoscience) 
– about 1/8th of the program 

• Engineering sciences (ES) 
– minimum of 1/8th the program 

• Engineering design (ED) 
– minimum of  1/8th the program 

• Complementary studies (TSE, etc.) is about 1/8th of 
the program 

20 

ES plus ED must be 
½ of the program 



Why Conform to CEAB?  

• If you want to become a professional 
engineer, then one of the principal 
requirements is that you graduate from an 
accredited program 

• Other Requirements: 
– Practical Experience (4 years) 
– Professional Practice Examination 
– Character attested to by references 
– Canadian Citizen or Permanent Resident 

23 

Two 
years 
ago 



• Works under direction of engineers 
– Applies engineering principles and methods to complex 

technical problems. 

• Education 
– Completion of three year technology program from community 

college.  

• Often supervises work of others and is encouraged to 
have qualifications recognized by technical society.        

Technologist 

• Difference between engineering and technologist 
education 
– Engineering education typically provides greater theoretical 

depth  
– Technology diploma usually provides more hands-on 

experience. 



• Works under the supervision of an engineer or 
technologist in the practical aspects of 
engineering,  
– e.g., making tests and maintaining equipment. 

• Education  
– Completion of two-year technician program in a 

community college. 

Technician 

• Association may confer title of Certified 
Engineering Technician on those qualified. 
– Certification is not necessary to work as a 

technician. 



• Skilled in a trade such as electrician, 
welder, plumber, carpenter, machinist, 
millwright, etc. 
– Typically carries out the designs and 

plans of others. 
• Has great expertise acquired through 

formal apprenticeships and/or years of 
experience. 

• Most trades have a trade organization 
and certification procedure. 

Skilled Worker 



Open-Ended Problems 

• Most engineering problems are open-ended 
– They don’t have a single solution 

• Just because there is more than one solution 
does not mean the problem is easier to solve 
– Actually, it can be the opposite! 
– New students sometimes find open-ended problems 

frustrating 
– What skills are needed to solve such problems? 

• Broad base of engineering knowledge 
• Critical thinking skills 
• Innovation 
• Perseverance 27 



Engineering Skills 
• How to represent a design problem 
• How to make assumptions 
• How to generate possible ideas for designs 
• How to conduct an effective search for a 

solution 
• How to plan and schedule activities 
• How to make efficient use of resources 
• How to organize the components and 

activities of a team design project 
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Ingenuity 

• Engineers often find clever ways to “skirt” 
the laws of nature 
– the “block & tackle” 

• Innovation 
• Critical thinking 
• Problem solving 
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• Transcontinental Railway 
– Canadian Pacific Railway linked Canada from coast 

to coast in 1885. 
 

  
 

Canadian Engineering 
Accomplishments 



Canadian Engineering 
Accomplishments 

• De Havilland Beaver 1947 



Canadian Engineering 
Accomplishments 

• St Lawrence Seaway 
– Series of canals / waterways that opened 

Great Lakes to ocean going ships in 1959. 



Canadian Engineering 
Accomplishments 

• Athabasca Oil Sands 
– Commercial oil sands development showed 

the feasibility of recovering oil from the oil 
sands. 

 



• Very-High-Voltage Transmission 
– Hydro-Québec was first electrical utility to develop 

transmission lines at very high voltage for long-
distance power transmission. 

 

Canadian Engineering 
Accomplishments 



Canadian Engineering 
Accomplishments 

• Nuclear power 
– CANDU nuclear power system produces electric 

power using natural uranium fuel and heavy-water for 
moderation and cooling. 

– No need for expensive fuel enrichment. 
 
 



Canadian Engineering 
Accomplishments 

• Alouette Satilite 
– 3rd country into space – September 1962 

 



• Trans-Canada Telephone Network 
– Completed in 1958 as world’s longest microwave 

network. 
 

 

Canadian Engineering 
Accomplishments 



Canadian Engineering 
Accomplishments 

• Winnipeg Floodway – 1963-1968 



Canadian Engineering 
Accomplishments 

• The Canadarm 
 
 



Canadian Engineering 
Accomplishments 

• Confederation Bridge 
– Longest bridge in the world crossing salt water 

subject to winter ice hazards. 



Canadian Engineering 
Accomplishments 

• IMAX 
 



Canadian Engineering 
Accomplishments 

• Pacemaker 
– Developed by John A Hopps in 1949. 

 



• CN Tower 
– Built in 1976 as world’s  
   tallest free-standing structure. 
– American Society of  
   Civil Engineers listed  
   CN Tower as one of seven  
   wonders of modern world. 

 

Canadian Engineering 
Accomplishments 



Engineering Requires Diligence 
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Tacoma Narrows Bridge - 1940 

Washington 

http://upload.wikimedia.org/wikipedia/commons/6/6e/USA_Washington_location_map.svg


Quebec Bridge 1907 
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• longest cantilevered span in the world 
• collapse during construction killed 75 



Space Shuttle 
Challenger 

Columbia 



Chernobyl Nuclear Reactor 1986 



All Engineering Is Interdisciplinary 
Many engineering disasters are rooted in inadequate 

interdisciplinary knowledge. 
 
A FEW examples: 
• No mechanical or civil engineer ever knows enough about 

electric motors 
• Electrical engineers never know enough about heat transfer 
• Biomedical engineers will always need more medical 

knowledge 
• Systems engineers need to know more about mechanics 
• All engineers need to know more chemistry 
• All engineers need to know more about societal reaction to 

technology 
• All engineers need better imaginations ! 
 
But … we only have you here for four years, 
So maximize your learning for the next four years ! 



ECOR 1010  
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Engineers – Do We Have to Write? 

Ing Lishmajor  

“The Gender Stereotypes of Petruchio and Bianca in Shakespeare's The 
Taming of the Shrew” 

Term Essay for ENGL 2109 - Gender, Sexuality and Literature  

Essays – No … But … Reports – Yes   
 
J. Beddoes, H. Lagacé  

“Calorimetric and Microstructural Study of an Al-Zn-Mg-Si Alloy”  

Alcan International Ltd., KR-83/049, 2 Aug. 1983 (proprietary)  

 

http://www.carleton.ca/calendars/ugrad/0910/courses/ENGL/2109.html


Introduction – Engineering Reporting 

• You Will Be Judged By Ability To Write Well 
⇒ In this engineering program and throughout your career 

 
• Career Advancement Depends Partly On Writing Ability 

 
• Not Literary Writing 

⇒ Communications Skills In A Technical & Business Environment  
 
• Never Too Soon to Refine Your Written Skills 

⇒ You will never have adequate writing skill ! 
 

 



• Current Work: 
– Assignments  
– Laboratory Reports (for ECOR 1010 or other courses) 
– Resumé 
– Job Applications 

 
• Early Career 

–  Internal Memos 
–  Progress Reports 
–  Internal Technical Reports 
–  Contribute To External Reports 

 
 

• Later Career 
– Proposal Preparation 
– Technical Reports 
– Patents 
– Budget / Staffing Forecasts 
– Business Letters 

Reporting Topics - Formats 



• Who Is The Reader ? 
 

• What Does Reader Already Know ? 
 

• What Does Reader Want To Know ? 
 

• What Do You Want Reader To Know ? 

Before Writing – Think About … 

The “marker”  
 
The answer 
 
Whether you know the answer 
 
That you know the answer 

Your boss  
 
That you work for her/him 
 
Are you working? 
 
That you are working hard 



When Writing Remember … 

• What is the message you are trying to convey? 
– Purpose of report 
– Scope of work 
– Technical detail 

• Who is your audience? 
• Start by sketching out a table of contents 
• Be consistent in your formatting 

– Style and references 
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• Date and Sign Everything Written 
 

• Be Clear and Concise  ⇒ 
 

• Avoid Jargon and Fancy Words 
 

• Plan Content – Outline – Several Drafts 
 

• Spell Checkers Are Only An Aid  ⇒ 
 

• Do NOT Leave Writing to the Last Minute 
 

• PROOF READ OVER AND OVER 

Universal Rules 



• Minimize Number Of Words  ⇒ 
 

• Avoid Verbs Turned Into Nouns  
  “Determination of procedure occurs at the committee level.”  
                    “The committee determines procedure.” 
 
• Use Strong Subjects  
      “The decision was made by the supervising engineer.”  
            “The supervising engineer made the decision.” 
 
• Useless Adverbs  
                  “The project was completed really well.” 
        “The project was completed well.” 

Be Concise and Clear 



“Objective consideration of contemporary phenomena  
compels the conclusions that success or failure in competitive  

activities exhibits no tendency to be commensurate with  
innate capacity, but that a considerable element of the  
unpredictable must inevitably be taken into account.” 

Minimize Number of Words 

“The race is not to the swift,  
nor the battle to the strong, 
neither bread to the wise,  

nor riches to those of understanding, 
or favour to those of skill; 

but time and fate happens to all.” 
  Ecclesiates, chap. 9, verse 11. 

 

You have to be lucky! 



I have a spell checker 
 

It came with my PC 
 

It plainly checks four my revue 
 

Mistakes I cannot sea. 
 

I’ve run this poem threw it, 
 

I’m sure your please too no 
 

Its letter perfect in it’s weigh, 
 

My checker tolled me sew. 

Spell Checkers 



• Vigorous writing is concise. A sentence should 
contain no unnecessary words [and] a 
paragraph no unnecessary sentences, for the 
same reason that a drawing should have no 
unnecessary lines and a machine no 
unnecessary parts. This requires not that the 
writer make all his sentences short, or that he 
avoid all detail and treat his subjects only in 
outline, but that every word tell. 

Elements of Style, William Strunk, Jr. - 1918 
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Qualities of a Good Engineering Report 

• Clear statement of purpose 
• Concise presentation of detail 
• Logical development of data and ideas 

– Analyze, explain, conclude, recommend 
• Objective separation of fact and opinion 
• Organized layout  

– Well-spaced headings and visuals 
• Has adequate references 

– No plagiarism or “forgotten” references 
• Has no spelling or grammatical errors 

– No slang or jargon 
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Comprehensive Engineering Report 
• Title Page  
• Executive Summary, Abstract  
• Table of Contents, List of Figures, List of Tables 
• Introduction 

– Any necessary background information 
– Reasons for writing the report  
– Concise statement of the objective of the laboratory 

• Method 
– Detail the method used to fulfil the objective of the 

laboratory 
– What steps were taken? 
– What tools were used to solve the problem? 

13 



• Results and Discussion 
– Present the findings of your work 
– Tables, graphs, and drawings can support this section, 

but must be accompanied by descriptive text (caption) 
– Only describe results that relate to the objective 
– Discuss any difficulties/anomalies that were 

encountered 
– Significance of your results 

• Conclusions 
– Was the objective achieved? 
– Either paragraph or organized in point form 

14 

Comprehensive Engineering Report 



• Acknowledgements 
• References 
• Appendices 

– Data tables 
– Graphs 
– Drawings 

15 

Not required to directly understand Results, 
Analysis, Discussion or Conclusions 

Comprehensive Engineering Report 



• Purpose  → To Get Interview 
 

• Content     • Who Are You / Where Are You 
• Your Education 
• Your Work Experience 
• Technical Interests & Achievements 
• Volunteer & Community Activities - Leadership  

 
• Personal Details Not Necessary (Age, Gender, Birthplace, Photograph) 

 
• Academic Marks & Standing  

 
• References  - Available On Request  

 
• Customize For Different Jobs 

Resumé 



• Concise, Formal, Respectful But Confident 
 

• Confined To Specific Job 
• Indicate Knowledge of Job / Company 
• Why Hire Me ? 

 
• Contact Details On Letter 

 
• PROOF READ OVER AND OVER 

 

Covering Letter 



• Rapid Transfer Of Information 
 

• Variety of Formats → Organization Specific 
 

• Often Formal & Archival 
 

• Usually Internal → Immediate Supervisor + Distribution 
 

• Concise, But Not Necessarily Short 
 

• Proper Grammar → Even In E-mail 
 

• Technical Information 
• Meeting / Trip Report 
• Production Summaries 
• Monthly, Quarterly Progress Reports 

Internal Memos 



Distribution 
Including 

archival files 

Clear statement 
of content 

Outcome of work 

Details 

MEMO 



• Development of Future Work 
• Marketing Proposal   • Product Development 
• Production Capability   • New Design 

 
• Compete For Internal Capital Funds 
• Compete For External Work  

 
• Proposal Can Be Costly To Produce 

 
• Contains: 

• Rationale For Expenditure  • Capability Of Project Group 
• What Is To Be Done    • How Will It Be Done 
• Schedule    • Budget 
• Risks     • Major Potential Problems  

 
• REMEMBER - You May Have To Do What You Propose ! 

Project Proposals 



• Concise Summary of a Significant Technical Advance 
 

• Structured Format: 
  Abstract, Introduction, Procedural Details, Results, Discussion 
 Conclusions, Acknowledgements, References 
 
• Information Becomes Public 

• Free Of Commercialism 
• Cannot Directly Criticize Competitors Product or Process 

 
• Corporate Policy For Release Of Information 

• Internal Technical Reports 
• Frequently Confidentiality Agreements  

Technical Research Papers 



Abstract 
< 200 words. 

Statement of contents  
and significance. 

Background information 
to put report into 

context Clear statement 
of purpose 



Abstract 
< 50 words. 

Statement of  
contents and  
significance. 

Background  
Information to put  

report into 
context 

Clear statement 
of purpose 



• Legal Document - Significant Initial and Ongoing Costs 
 

• Provides Protection of Intellectual Property 
• Do You Need Or Want Protection ?  
• Usually Strict Corporate Policies In Place 

 
• Must Divulge Technical Details 

• Product Patents More Common  -  WHAT 
• Process Patents Less Useful & Desirable  -  HOW 

 
• Structured Format 

Field of Invention, Background of Invention, Summary of Invention, 
Description of Invention, Examples of Use, Claims 
  

• Usual To Enlist Advice of Patent Attorney 
 

• Lengthy Process - about 2 years from application to patent  

Patents 





ECOR 1010 Lab Reports 

• One page of text, plus front (title page) and back 
matter (appendices) 

• Typed and neatly formatted 
• Use Course Template: 12 point font size with fixed  

margins all around 
• Drawings, tables, and graphs should be attached 

to the report as Appendices 
• Drawings, tables and graphs should be supported 

by a short statement describing purpose and 
content (i.e., a caption) 
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Title Page 

27 



One Page of Text 

• Introduction  
– background information, concise statement of technical objective 

• Method  
– procedure to investigate objective 

• Results & Discussion  
– present results related to objective clearly, refer to graphs, tables or 

drawing as required 
– details in Appendix 
– discuss difficulties or anomalies and significance of results 

• Conclusions 
– list specific significant conclusions 
– state if objective achieved 



Figures and Tables 

Table 1: 1st Year Full-time Engineering Enrolment 2012 

Figure 1: Carleton engineering 
students at CFB Trenton. 

• All Figures and Tables referred to in one page of text must 
be numbered and have a caption 

• Immediately follow text (they are not part of Appendix) 

Program Enrolment 

Aerospace 131 

Architectural C & S 50 

Biomedical & Electrical 35 

Biomedical & Mechanical 47 

Civil 167 

Communications 40 

Computer Systems 64 

Electrical 144 

Engineering Physics 2 

Environmental 56 

Mechanical 156 

Sustainable & Renewable Energy (A&B) 22 & 23 

Software 57 

Total 994 



Appendices 

• Sketches, drawings, tables, calculations, etc. and supporting 
text that provide additional detail to results. 

• Each Appendix referred to individually in Results section 
• But, each sketch, drawing, table, etc. in the Appendix does not 

have to be referred to individually in Results section. 
 



Laboratory Reports – Other Courses 

• PHYS 1004, CHEM 1101, CHEM 1000 
• Make sure you are familiar with reporting requirements 



A Couple of Web Resources 

• Writing Guidelines for Engineering and 
Science Students: 
http://www.writing.engr.psu.edu/ 
– Lots of links and examples 

• Engineering Communication Centre (UofT): 
http://www.ecf.utoronto.ca/~writing/handbo
ok.html 
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• Poor writing & reporting skills will impede your advancement 
at university & in your career 
 

•  Good writing & reporting requires practice 
 

•  PROOF READ OVER AND OVER 
 

•  There are many forms of technical writing, but always 
• Clarity  
• Conciseness  
• Accuracy 
• Courtesy 

 
• Pay attention in  
   CCDP 2100 - Communication Skills for Engineering Students  

Summary 

http://www.carleton.ca/calendars/ugrad/0910/courses/CCDP/2100.html


Measurements 

• Physical quantity that has been observed. 
– Measurement compared to a standard 

quantity. 
• Standard quantity is called a unit. 
• Example: 1 kg is a standard unit.   

– e.g., mass of an object is 5 times greater than 
the standard unit, thus its mass is 5 kg. 

– A measurement consists of two parts:  
• A numerical magnitude and  
• A name, symbol, or combination of symbols that 

define the reference standard. 

 



Measurements, Dimensions, and Units 

35 

Dimension 

The physical length of a CFL football field.  The actual 
length of the field is constant, and does not change. 

To explain these definitions, consider a CFL Football Field: 



Measurements, Dimensions, and Units 
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Dimension 

The length of the field  can be represented by various measurements: 

110     yards 

330     feet 

100.584    metres 

measurement 

magnitudes 

units 

Changing the unit changes the magnitude of a measurement, not the physical dimension! 



Base and Derived Units 

• Derived Unit 
– Derived in terms of base units 

• e.g. 1 Newton = 1 kilogram times metre per 
second squared  

– (N = Kg m/s2) 

• Base Units 
– Fundamental units from which all other 

units are derived. 



Système International d’Unités (SI) 
• Adopted by almost all countries 

– United States is a notable exception. 

• Metric system introduced as measurement 
system “for all people, for all time”. 

• Metre was originally chosen to be one ten 
millionth of distance between north pole and 
equator. 
 
 
Since 1983 the metre is the length of the 
path travelled by light in vacuum during a 
time interval of 1⁄299,792,458 of a second. 



7 Base Units in SI 
 The International System of Units 

(SI) defines seven units of measure 
as a base set from which all other SI 
units are derived: 
• metre for length  
• kilogram for mass  
• second for time  
• Ampere for electric current  
• Kelvin for temperature  
• candela for luminous intensity  
• mole for the amount of substance.  

 
1 metre is practically = 1,579,800.762042(33) wavelengths of helium-neon laser light in a vacuum 

http://en.wikipedia.org/wiki/File:SI_base_unit.svg


Base and Derived SI Units - 1 

m 



Base and Derived SI Units - 2 



Base and Derived SI Units - 3 



Absolute and Gravitational Unit 
Systems 

• SI unit system  
– Absolute system  

• Mass is a fundamental unit  
• Newton’s second law (force = mass × acceleration) is 

invoked to derive force due to gravity. 

• FPS unit system 
– Gravitational system 

• Force is a fundamental unit 
• Mass is derived from Newton’s second law. 
• Distance, force, and time are fundamental dimensions, 

measured in units of feet, pounds, and seconds. 



Comparison of Unit Systems 



Forces and Gravity 

• The application of gravity in Newton’s Second 
Law (F = ma) presents several problems 

• It is treated differently in each system of units 

45 



• Newton’s Second Law:  F = ma 
 

• SI:     1 N = 1 kg· 1 m/s2 

 
• American:  1 lbf = 1 lbm·1 ft/sec2 
 
 Re-write Newton’s 2nd Law:          
 

 
 

cg
maF = 2

ft lbmwhere 
lbf sec

32.17cg ⋅
⋅

=

Does 
not 
work! 

Comparison of Unit Systems 



 
• Your mass is 120 lbm (54 kg). You jump off a cliff. 

What force pulls you to earth? 
 

– American: 
 
 

– SI: 

2

2

120 lbm 32.17 ft/sec 120 lbfft lbm32.17
lbf sec

c

maF
g

⋅
= = =

⋅
⋅

254 kg 9.81 m/s 530 NF ma= = ⋅ =

Comparison of Unit 
Systems 

Example: 



• What about on the moon ?  (Acceleration due to gravity 
is 0.2 that on earth) 
 
– American: 

 
 

– SI: 
 

2

2

120 lbm (0.2) 32.17 ft/sec 24 lbfft lbm32.17
lbf sec

c

maF
g

⋅ ⋅
= = =

⋅
⋅

254 kg (0.2) 9.81 m/s 106 NF ma= = ⋅ ⋅ =

Comparison of Unit 
Systems 



From Introduction to Engineering Analysis by K. D. Hagen, p. 30, 3rd 
Edition, 2008.  Artwork by Kathryn Hagen.  Note: 1 N = 0.2248 lb. 

A metric lunch:  1 N = 0.2248 lb f 



Units ! 
• Your mass is: 77 kg = 170 lbm = 5.28 slugs = 12 stones & 2 pounds  
• You weigh:   755 N  = 170 lbf 
• Just A Few Other Units !! 
  - 1 ton = 2 000 pounds (except in UK where it is 2240 lb, because a hundred weight is 112 

pounds and 1 ton = 20 hwt !!) 
  - 1 tonne = 1 000 kg (or 1 Mg) 
  - 1 mile = 0.868 nautical miles = 8 furlongs = 80 chains = 860 fathoms = 1 720 yards  
          = 5280 ft = 15 840 hands = 63 360 inch  
  - 1 BTU (British Thermal Unit = heat 1 pound of water from 60 to 61°F) = 778 ft·lbf 
  - 1 ton of cooling = 12,000 BTU/h (power to melt 1 ton of ice in 1 hour) 
  - 1 acre = 4 480 square yards 
  - Canadian tablespoon (teaspoon) ≠ US tablespoon ≠ Imperial tablespoon ≠ metric tablespoon 
  - 1 gallon US ≠ 1 Imp. gallon = 4 quarts = 8 pints = 160 fluid ounces = 153 shots = 102 jiggers 
  - 1 horsepower = 550 ftlbf/sec = 2544 BTU/h = 746 W 
  - bushels, pecks, ångström, mil, rods, drop, dash, pinch, troy once, beer gallon (1.016 

gallon), barrel, carrot, kip, fortnight, erg, dyne, bar, torr, calorie, etc., etc. 
 
• Get Good Conversion Tables !! 
 



How to Convert Units 
Adding Apples and Oranges: 
• You can only add things if they have the same 

units 
• You cannot add 5 apples and 3 oranges 

– (unless you are making fruit salad) 
• You must convert to common units 



How to Convert Units 
For arguments sake: 
• 1 apple = 1 PoF   and  1 orange = 1 PoF 
• So, you can write the first conversion as: 

 
 

• Multiplying something by 1 does not change it, 
so number of apples times 1 PoF/apple gives 
the equivalent Pofs for the number of apples 

• In the same way, oranges can be converted to 
PoFs 

1PoF1
1apple

=



How to Convert Units 
5 apples  oranges1PoF 1PoF + 3 8 PoF

1apple 1 orange
× × =

• Be a fanatic about units 
• Take the time to write out and cancel units 
• It is a very good habit to have 
• If the units do not work out then you know you 

are doing something wrong 
• Students who do not know how to convert 

units typically get 10% fewer marks on exams 



Learn to be careful and neat 
• Mistakes are easy to make if you are sloppy 
• Engineering students can make mistakes, but 

engineers cannot 
• Engineers work in teams in which they review 

each other’s work 
• If your work is a mess and difficult to follow, 

people will not want to work with you 
• If your work is difficult to follow, then people 

who assess your work might not see how 
brilliant you really are!   



Reading Assignment 

• Read Chapter 10 



ECOR 1010  
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SI Magnitude Prefixes 

• The unit may be preceded by a magnitude 
prefix; 
– The prefix is regarded as an inseparable part of 

the symbol. 
• E.g. km2 = (1000m)2, not 1000m2. 

 
 



Writing Quantities With Units 

• Standardized rules for correctly representing 
quantities with units: 
 

A physical quantity is written as a number or a formula representing a 
number, followed be unit symbols. 



Rules for Writing With Units - 1 

• Always a space between numeric value and 
unit: 
– 23.67 kg   not 23.67kg 

• Unit symbols are treated like algebraic factors 
that can be multiplied or divided with 
numbers or other unit symbols:  
– Multiplication between units is indicated by a 

centred dot or a half-space,  
– Division by a slash or a negative superscript: 

• 27 kg·m/s2 or 27 kg m/s2 or 27 kg·m·s−2 



Rules for Writing With Units - 2 

• Unit symbols are not modified with subscripts: 
– Vmax = 200 V   not V = 200 Vmax. 

• Relation between numerical quantity and unit 
symbols must be clear: 
– 3.7 km × 2.8 km for an area; not 3.7 × 2.8 km 
– 87.2 g ± 0.4 g or (87.2 ± 0.4) g; but not 87.2 ± 0.4 g 



Rules for Writing With Units - 3 

• Unit symbols not mixed with unit names 
in sentences:  
– Use kg/m2 or kilogram per square metre, but 

not kilogram/m2. 
• Long numbers, written in groups of 3, the 

groups should be separated by a non-
breaking half space rather than a comma 
or period: 
– 93 000 000 miles    not 93,000,000 miles 
– 21 298.046 83 m    not 21298.04683 m 



Common Units 
SI FPS 

Force newton (N)  
= 1 kg∙m/s2 

pound (lb) 

Length metre (m) foot (ft) 
Mass kilogram (kg) slug =  1 lb∙sec2/ft 
Time s sec 

Pressure pascal (Pa) = 1 N/m2 psi (lbs/in2) or lbs/ft2 

Work & Energy joule (J) = N∙m ft∙lb 
Power  watt (W) = N∙m/s horsepower 

HP = 550 ft∙lb/sec  
Temperature K  

T(K) = T(°C)+273.15 
°F 

T(°F) = 9/5 T(°C)+32 



Fixed, Scientific and Engineering 
Notation 

• Fixed notation  
– Ordinary decimal notation 

• e.g. 30140.0, 

• Scientific notation  
• 3.014×104, 

• Engineering notation  
– Exponent of 10 is a multiple of 3 to correspond 

to SI prefixes 
• e.g. 30.14×103. 



Unit Algebra - 1 

• Algebra can be performed on units,  
• with restriction that only quantities with same units can be equated, 

added, or subtracted. 

• Consider conversion from one unit to another 
– 20 000 ft∙lb/min = ? HP 

 
 

 

 

1 HPft lb 1min20 000 0.606 HP
min 60s 550 ft lb/s
⋅

× × =
⋅



Unit Algebra - 2 

• Consider the equation s = vt + (1/2)at2, where 
– v is the initial velocity in m/s, 
– t is time in s, 
– a is acceleration in m/s2. 

• Then s has units (m/s)s + (m/s2)s2 = m + m 
– Since we can add quantities with same units, 

• s has units m. 
• s is a measure of length. 

 



Dimensions 

• Dimensions differ slightly from units 
– e.g., Speed 

• Dimensions = distance / time. 
• Units may be km/hr, or mm/s, etc. 

• Fundamental dimensions 
– Distance, time, mass etc. 



Derived Dimensions 

• Products or ratios of basic dimensions 

15 

Acceleration: 

Force: 

Dimensional Homogeneity: The dimensions on either     
    side of an equation must be the same 

Dimensions of f = dimensions of m times a 



Derived Dimensions with Units 
(Pressure) 

2

2

Pascal (Pa) in the SI system

psi in 

:
N

th

 
m

lb e FPS system
in

Units

=

=

2

[ ]Pressure = Force per r  
]

a ea  
[
f
l

→



Derived Dimensions with Units 
(Work) 

Work  force 'dot' displacement = 
           [ ] [ ]

Units:
N m = Joules (J)

f d
f l

= •
→

⋅



Derived Dimensions with Units 
(Power) 

work [ ] [ ]Power
time [ ]

Units:
N m  = J/s = Watts (W)

f l
t

s

= →

⋅



Derived Dimensions with Units 
(Charge) 

6.241506×1018 electrons  

Coulomb  Ampere  seco d

 

: n

I dt

Unit

Q

s

=

=
∫



http://en.wikipedia.org/wiki/File:SI_base_unit.svg


Non-Dimensional Numbers 

• Ratios where the numerator has the same 
dimension as the denominator 

( ) ( )2Wing Span
Aspect Ratio AR  of an aircraft wing          

Wing Area
=



Unit Consistency  
(Dimensional Analysis) 

• When performing calculations, numbers 
should always be written with correct units 

• Units should be carried throughout the 
problem 

• Very useful check! 
 



The Gimli Glider 

A 132 ton glider …” 
- Wade H. Nelson (Soaring Magazine, 1997) 

“If a Boeing 767 runs out of fuel at 41,000 
feet, what do you have?                                     



Air Canada Flight 143: The Gimli Glider 

24 



The Scenario 
• There was a problem with the fuel gauges, so 

they calculated the volume of fuel they 
needed by hand 

• Previously there was a flight engineer on 
board, but not on these new planes. 

• Among other things, the specific gravity of 
fuel is needed to make the proper calculations 
– They used 1.77 lb/L as the constant 
– They should have used 0.8 kg/L for this all-metric 

767 aircraft! Recall 2.2 lb =1 kg 



26 

Gimli Glider: What Happened 

What they did 

What they 
should have 
done 



Aircraft too 
high.  Speed 
slowed to 180 
knots 

Pilot initiates 
sideslip: left 
rudder pedal 
pushed while 
he turns the 
yoke to the 
right. Aircraft 
manoeuvred 
into a steep 
angle. Aircraft 
rapidly loses 
altitude. 



Aircraft too 
high.  Speed 
slowed to 180 
knots 

Pilot initiates 
sideslip: left 
rudder pedal 
pushed while 
he turns the 
yoke to the 
right. Aircraft 
manoeuvred 
into a steep 
angle. Aircraft 
rapidly loses 
altitude. 



Aircraft 
straightens out 
at an altitude of 

40 feet. 



Lots of people 

Aircraft 
touches 
down. 

Aircraft 
comes 
to rest. 



Gimli Glider 
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Measurements 

• Engineering students should know 
– Definition of traceable measurement; 
– Classification of uncertainties into systematic 

and random effects; 
– Correct use of words accuracy, precision, bias; 
– How to write inexact quantities using 

engineering and other notation; 
– The correct use of significant digits. 

 



Measurement 

• Measurement:  
– Property of a physical object that can be 

represented using a real number. 
• As opposed to counting, measurement is not 

exact. 

– Quantities usually measured with an 
instrument. 

• Calipers, scale, measuring cup etc. 



Uncertainty 
• Measuring instruments are not perfect; 

– Measurements typically yield 
• Estimate of true value, and 
• An interval around estimate in which true value lies. 
• This is called the uncertainty interval. 

 
 
 
 
 
 

 
True value – measured value = measurement error. 

Illustrating a true (exact) value, which is a point on the line of real numbers, 
and its measured estimate, together with an interval of uncertainty. 



Systematic Errors 

• Consistent deviation from the true value; 
– also called a bias or an offset. 

• Error has same magnitude and sign when 
repeated measurements are made under 
same conditions. 

• Can be detected by 
– Calibration, 
– Comparison with results obtained with an 

independent method  
 



Three Types of Systematic Errors 

• Natural Error 
– From environmental effects; 

• e.g. temperature changes affect electronic 
components and measuring instruments.  

– Correction factor can be applied to 
compensate if possible. 

• Instrument Error 
– Also called offset. 
– Caused by imperfections in adjustment or 

construction of instrument. 
 



Types of Systematic Errors 

• Personal Error 
– Result from habits of the observer. 
– Can be reduced by proper training. 



Random Errors 

• Result of small variations in measurements  
– e.g. in repeated measurements, an observer may  

• exert slightly different pressures on a micrometer  
• connect voltmeter leads in slightly different 

locations.  
• Random errors do not bias measurement,  

– They produce both positive and negative errors with 
zero mean value.  

• If several measurements are made, their mean 
is normally a better estimate of true value than 
any single measurement. 
 



Precision and Accuracy - 1 

• Precision of a measurement  
– Repeatability.  

• Precise measurements have small random error  
• Discrepancies between repeated measurements 

taken under the same conditions are small. 

• Accuracy 
– Accurate measurements are close to true 

value 
• Some authors use term to describe total error 
• Others to describe systematic error. 

– Accurate measurement has little bias. 



Precision and Accuracy - 2 



Estimating Measurement Error - 1 

• When systematic errors are quantified, the 
measurement can be corrected to remove bias.  
– The offset is subtracted from measurement, or  
– The instrument is recalibrated. 

• Random error remains  
– Must be estimated and quoted with measurement. 



Estimating Measurement Error - 2 

• Source of random errors  
– Technical specifications of instrument  
– Reading errors. 

• e.g., Estimating position of needle of a gauge or 
meter requires interpolation between scale 
markings,  

– Precision of measurement is limited by ability 
of observer to resolve small distances.  

– Precision of the readings will be a fraction of 
the amount between scale markings, typically 
one-tenth.  



How to Write Inexact Quantities 

• Measurement is complete only when a 
statement about its uncertainty is included. 

• Uncertainty is normally expressed as an 
estimated range; 
– Can be stated explicitly or implicitly. 

 
 



Explicit Uncertainty Notation 

• Measurement may be expressed in fixed, 
scientific, or engineering notation, and  

• Uncertainty may be given in either absolute or 
relative form. 
– Fixed notation with error in absolute form 

• vs = 343.5 m/s ± 0.9 m/s = (343.5 ± 0.9) m/s 

– Fixed notation with error in relative form 
• vs = 343.5(1 ± 0.26%) m/s. 



Implicit Uncertainty Notation 

• If a quantity is written without explicit 
uncertainty, uncertainty is taken to be 
±5 in digit immediately to the right of 
least significant digit.  

 • Suppose measured speed 
is 94 km/h 
– Without more information, 

the error is ±0.5 km/h 
• Indicated speed is 94 km/h 

– Error from speedometer 
graduations is ±1 km/h 

– >100 km/h error is ±2.5 
km/h  



Significant Digits 

• Determine the precision of the number. 
– Should not use more significant digits than 

justified by the measurement. 
• Significant digits are identified as follows: 

– All non-zeros are significant,  
– All zeros between significant digits are 

significant. 
– Leading zeros are not significant. 
– Trailing zeros are significant in fractional part 

of  number. 



Significant Digits 

• Examples 
– 0.0350 oz  has 3 significant digits 
– 90 000 000 miles  has 1 significant digit, 

(ambiguous) 
– 92 900 000 miles has 3 significant digits, 

(ambiguous) 
– (92 900 000 ± 500) miles has 5 significant digits 

 



Significant Digits 
• In scientific notation, integer part is 

normally one non-zero digit,  
– Number of significant digits is one more than 

number of digits after decimal point. 
• 9 × 107 = 1 significant digit 
• 9.3 × 107 = 2 significant digit 
• 9.290 × 107 = 4 significant digits 

• In engineering notation, all digits except 
leading zeros are significant 

• 0.09 × 109 miles = 1 significant digit 
• 93 × 106 miles = 2 significant digits 
• 92.90 × 106 miles = 4 significant digits 



Rounding Numbers 

• Rounding is used to reduce number to the 
appropriate significant digits. 
– When leftmost discarded digit is less than 5, 

then retained digits are unchanged; 
•  3.234 → 3.23 or 3.2 

– When leftmost discarded digit greater than 5, 
or is 5 with at least one nonzero digit to its 
right, increase rightmost retained digit by one; 

• 3.256 → 3.26 or 3.3 
• 9.747 → 9.75 or 9.7 not 9.8 



– When the leftmost discarded digit is 5 
and all following digits are 0, then 
rightmost retained digit unchanged if it 
is even; otherwise it is increased by 
one. 
•  3.25 → 3.2 
• 3.250 → 3.2 
• 3.350 → 3.4 

–This rule avoids introducing a bias 
into the mean of a set of rounded 
numbers. 

Rounding Numbers 



Effect of Algebraic Operations 

• Computations performed using inexact 
measured quantities yield inexact results. 
– Final computed value should not have more 

significant digits than are justified;  
• Must be rounded to imply correct interval of 

uncertainty. 

Absolutely NEVER give all the digits you get out of 
your calculator or a program such as Excel: 
unless you can defend all of them!! 



Addition and Subtraction of Inexact 
Quantities 

• (x ± Δx) + (y ± Δy)  
Max: (x + Δx) + (y + Δy) = (x + y) + (Δx + Δy)  
Min: (x - Δx) + (y - Δy) = (x + y) - (Δx + Δy)  

• Therefore  
(x ± Δx) + (y ± Δy) = (x + y) ± (Δx + Δy)  

• Similarly 
(x ± Δx) - (y ± Δy) = (x - y) ± (Δx + Δy) 

 



Addition and Subtraction of Inexact 
Quantities 

• For addition or subtraction, we add 
absolute uncertainties. 
(3.5±0.4) m + (1.22±0.03) m = (4.72±0.43) m 

becomes (4.7 ± 0.4) m. 
(3.93±0.08) kg - (3±0.1) kg = (0.93±0.18) kg  

becomes (0.9 ± 0.2) kg. 



Multiplication and Division Using 
Inexact Quantities 

– For multiplication, we add relative uncertainties: 
 
 
 
 
 
 

– Similarly, we add relative uncertainties for 
division. 

( ) ( )

1

1

x x y y xy y x x y x y

x y x yxy
x y x y

x yxy
x y

± ∆ ± ∆ = ± ∆ ± ∆ + ∆ ∆

 ∆ ∆ ∆ ∆
= ± ± + 

 
 ∆ ∆

≈ ± ± 
 

×

≈0 



Multiplication and Division Using 
Inexact Quantities 

(4.0±0.5) kg × (2.0±0.2) m/s2 = 4(1±0.5/4.0) kg × 2(1±0.2/2.0) m/s2  
         = 4(1±0.125) kg × 2(1±0.1) m/s2                   

        = 8(1±0.225) N + higher order terms 
     ≈ (8±1.8) N  
     ≈ (8±2) N 

 

      (4.0±0.5) N / (2.0±0.2) m2 = 4(1±0.5/4.0) N / 2(1±0.2/2.0) m2  
         = 4(1±0.125) N / 2(1±0.1) m2                   

        = 2(1±0.225) Pa + higher order terms 
     ≈ (2±0.45) Pa  
     ≈ (2±0.5) Pa 

 



Multiplication and Division Using 
Inexact Quantities 

Product of 1.1, 1.2, 1.3, 2.4 ?   (Implied uncertainty is ±0.05)  

Calculator product: 1.1×1.2×1.3×2.4 = 4.1184 
Product rounded to two significant digits = 4.1 
Product rounded with uncertainty is between 4.05 and 4.15 

But, what if all errors are -0.05 ? Product = 3.5470 
 or, what if all errors are +0.05 ? Product = 4.7545 
Worst case is much worse than 4.05 to 4.15 ! 

Should you give the answer as 4, with implied uncertainty of ±0.5? 



Multiplication and Division Using 
Inexact Quantities 

Product of 1.1, 1.2, 1.3, 2.4 ?   (Implied uncertainty is ±0.05)  

Consider propagation of errors from multiplying: 
(1.1±0.05)×(1.2±0.05)×(1.3±0.05)×(2.4±0.05)  

=1.1(1±0.05/1.1)×1.2(1±0.05/1.2)×1.3(1±0.05/1.3)×2.4(1±0.05/2.4)  

This is a worst case error estimate.  Is this always justified? 

= 4.1184 (1±0.05/1.1)×(1±0.05/1.2)×(1±0.05/1.3)×(1±0.05/2.4)  

= 4.1184 (1±0.05/1.1±0.05/1.2±0.05/1.3±0.05/2.4)  + … 

≈ 4.1184 (1±0.146) = 4.1 ± 0.6  



Reading Assignment 

• Read Chapter 11  
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Engineering Graphics - 1 
 



How Do Engineers Communicate? 

• Engineers convey information in three 
principal ways 
– Written Documents 
– Oral Presentations 
– Graphically 

• Sometimes a combination is needed 

5 



Importance of Engineering Graphics 

• The majority of engineering information is 
transmitted by graphical means 

• But unambiguous written and verbal 
communication is also central to successful 
engineering communication 

6 



Example – Describing an Object 

• Written Communication 
– Made of metal, this tool has a handle and a heavy 

irregular shaped head 
– The handle has a rubber grip 
– The length of the head runs perpendicular to the 

handle 
– The head has a rounded blunt end for impact, along 

with two flattened stems formed by a tapered grove 
at the opposite end 

– The length of the tool is approximately 30 cm and it 
weighs about 1 kg 
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A Picture is Worth ... 

• Graphical Communication 

8 



The Point 

• Obviously, graphics can convey some 
information in an easier to understand way   

• Imagine how difficult some things would be 
without graphical communication: 
– Advertising 
– Instructions 
– Education  
– Engineering! 
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Advantages of Graphical 
Communication 

• Clear 
• Concise 
• Efficient 
• Reduced Ambiguity  

10 



Graphical Representation 
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Engineering Graphics 

• Graphics is a universal language 
• The earliest forms of written 

communication were pictorial 
– Egyptian Hieroglyphics 

• Engineering graphics are directed 
towards graphical problem solving 

• A good drawing is “worth a thousand 
words” 

• Moreover, good engineering 
graphics are self explanatory! 
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Graphical Representation 

• Practical engineering 
problems stem from 
problems associated with 
the graphical representation 
of ideas that have to be 
turned into physical reality: 
parts 

• A visual image is formed in 
the mind, reviewed, 
modified, and ultimately 
communicated to someone 
else in the form of graphics 
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Graphical Representation 

• It is crucial that the graphical representation 
be clear and unambiguous 

• The image must be precise and exact 
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Engineering Graphics & Geometry 
• The word geometry means 

“earth measure” 
• Geometry as a science may 

have begun in Egypt, to 
measure the areas of fields to 
assess taxes 

• Calculus and algebra are 
abstractions of geometry 
– e.g., Pythagorean theorem 

• Ancient Indian, Chinese, 
Egyptian, Greek and Roman 
builders, among others, used 
graphics to solve complex 
design problems associated 
with large structures 
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This image cannot currently be displayed.

 



Technical Illustration 
• Also called pictorial drawings, 

technical illustrations are used to 
describe products in catalogues, user, 
and maintenance manuals 

• Pictorial sketching is an important 
engineering communication tool 

• Useful to describe difficult to visualize 
components or assemblies 

• How to put components together – 
NOT how to make them 

• Three common types 
– Perspective 
– Oblique 
– Isometric (Axonometric) 
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Production Assembly Drawings 
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Pictorial Assembly Drawings 
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Pictorial assembly (exploded) drawing 
Used to illustrate catalogues, user manuals, etc. 



Perspective Projection 

• In perspective projection the projectors intersect at 
finite points, called vanishing points (VP) 

• The representation on the projection plane may be 
considered the view that would be seen by a single 
eye at a known point in space (station point) 

• The picture is formed on the projection plane by the 
intersections of the projecting lines from the object 
to the focal point of the eye 
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Perspective Projection 

• Perspective projection is used primarily by 
architects and commercial artists to describe 
the external appearance of an object 
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Perspective Projection 

• One-Point Perspective 
– The projection plane is parallel to two principal axes. Receding lines 

along one of the principal axis converge to a vanishing point 
– A one-point perspective is used almost exclusively for interior-room 

views. It gives the observer the illusion of looking into the room 
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Perspective Projection 

• LenardoDa Vinci: The Last Supper employed 
one-point perspective to focus the attention 
of the viewer to the vanishing point (VP) 

23 

VP 



Two-Point Perspective 

– Often used in architectural renderings 
– If the projection plane intersects exactly two principal 

axes, a two-point perspective projection occurs 
– In this perspective the visual rays converge at two 

vanishing points 
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Perspective Projection 

• Computer graphics two-point example 
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Perspective Projection 

• If the projection plane is not parallel to any principal axis, a 
three-point projection occurs with the visual rays converging 
to three vanishing points 

26 



Perspective Projection 

• M.C. Escher created 
optical illusions using 
three-point perspective 
in “Ascending and 
Descending” 
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Perspective Projection 
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Just because you can draw it does 
not mean you can build it … 

Penrose Triangle 

Escher`s Waterfall 

http://upload.wikimedia.org/wikipedia/commons/f/f4/Penrose_triangle.svg
http://upload.wikimedia.org/wikipedia/en/e/e8/Escher_Waterfall.jpg
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Brian McKay and Ahmad Abas in Perth Austrialia 

Just because you can draw it does 
not mean you can build it … 

or does it? 

http://upload.wikimedia.org/wikipedia/commons/f/f4/Penrose_triangle.svg
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Oblique Projection 

• Front face of object is parallel to the viewer, 
therefore that face is true size 

• Projection lines do not converge to a vanishing 
point 

33 



Oblique Projection 

• Parallel projectors are at an 
oblique angle (i.e., not 90o) 
to the paper plane 

• Used to give an indication of 
depth 

• Presents the exact shape of 
one face 

• Lack of perspective 
foreshortening makes it 
easier to compare sizes 

34 
Foreshortening is a technique used in perspective to create the illusion of 
an object receding strongly into the distance or background. 



Isometric Projection 

• Parallel lines remain 
parallel instead of 
converging to a 
vanishing point 

• Axis are each 120 
degrees apart 

• Special case of 
Axonometric projection 
– Viewed so as to reveal 

more than one side 
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Isometric Projection 
• Isometric projection uses parallel 

projectors (orthogonal projection), 
but it shows more than one face of 
the object (axonometric) 

• The x-, y- and z-axes have the 
same metric: a unit (say, a cm) 
along the x-axis is equally long 
along the y- and z-axes 

• In a cube, all edges in the 2D 
picture have the same length 

• The projected cube is also 
symmetric; all sides are 
rhombuses (a rhombus is a 
parallelogram with sides that are 
equal in length)  
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Isometric Sketching 
• Isometric projection uses parallel 

projectors (orthogonal projection), 
but it shows more than one face of 
the object (axonometric) 

• The x-, y- and z-axes have the 
same metric: a unit (say, a cm) 
along the x-axis is equally long 
along the y- and z-axes 

• In a cube, all edges in the 2D 
picture have the same length 

• The projected cube is also 
symmetric; all sides are 
rhombuses (a rhombus is a 
parallelogram with sides that are 
equal in length)  
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Isometric Sketch Paper 
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Orthographic Projection 

• The most important graphical drawing method 
• 2D representations of a 3D object 
• Extensively used in Engineering 
• Useful when technical information is needed 
• They enable parts to be made 
• Often an isometric view is included with the 

standard views 
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• Orthographic projection is the geometric 
backbone of a technical drawing 

• In order for the technical drawing to be useful, 
many conventions must be followed 
– The information in the drawing has to be clear and 

concise  
– Conventions apply to things like object placement, 

line types, and dimensioning 

40 

Orthographic Projection 



Orthographic Projection 
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Three orthographic 
projections of a point 
in 3D space 

QF 

QH 

QP 



Orthographic Projection 



Third-Angle Orthographic Projection 

Third-Angle Projection 
• The object is placed in the third 

quadrant and then viewed from 
the first quadrant 

• Projection planes are between 
the observer and object 

• Used in Canada, U.S., and Britain 
• First-Angle Projection used in 

Europe 
• The top view is placed over the 

front view; the right-side view is 
to the right of the front view 
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First-Angle Orthographic Projection 

First-Angle Projection 
• The object is placed in the first 

quadrant and viewed from the 
first quadrant 

• The object is between the 
observer and projection planes 

• Used in most of the world 
• The top view is placed below the 

front view. The right-side view is 
to the left of the front view 
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First Angle 

Third Angle 
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Symbol for FIRST ANGLE 
• Wide end is next to 

the circle 

Symbol for THIRD  ANGLE. 
• Narrow end is next to the 

circle. 
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We use Third-Angle Projection 
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Orthographic Projection 
• The bracket in the figure is a 

simple part, but describing 
it with words is difficult 

• Is it hard to make a 3D 
drawing of it?  

• Not if you know how to 
project it orthographically! 

• Orthographic projection 
represents different views 
separated by 90o as the 
viewer moves around it 
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Orthographic Projection 

• Orthographic projection 
involves projecting views of an 
object onto the sides of an 
imaginary rectangular glass 
box 

• The projectors in any one view 
are parallel to each other and 
perpendicular (orthographic, 
or orthogonal) to the 
projection planes (the sides of 
the rectangular glass box)   
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Orthographic Projection 

• Six principal views can 
be drawn in 
orthographic projection 

• Imagine a glass box with 
the views projected 
onto its six planes  
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Orthographic Projection 
Opening the box into a single plane (the front plane) 
gives the six views 
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Orthographic Projection 

Canada & US 



• We use third-angle 
projection 

• Three-view drawings 
typically, though not always, 
consist of top, front, and 
right-side views 

• Imagine the object is placed 
in the box and 
orthographically projected 
onto the three planes 

• The box is then opened into 
the frontal plane 

56 

Three-View Drawings 



Three-View Drawings 
Width, Height, and Depth dimensions can be represented, 
giving enough information to construct the object  

57 

Hidden 
line 



Arrangement of Views 
•The three views must be arranged according to the 
projection convention (first-angle or third-angle) 
•Top and side views are projected from and aligned 
with the front view 
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Selection of Views 

• The most descriptive view is 
usually selected to be the 
front view 

• The remaining views are 
selected such that they 
contain the fewest hidden 
lines 

• If a tie occurs (say between 
the left and right-side 
views) use the conventional 
view (top or right-side) 
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Selection of Views 
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Selection of Views 
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Assignment 

 
• Read Chapters 12 & 14  
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ECOR 1010  
Lecture 6 

Engineering Graphics - 2 



Standard Drawing Layout 

• The standard 
arrangement for a 
technical drawing is a 
three-view orthographic 
projection: 
– Top view is located 

above front view 
– Right view is located to 

the right of frontview 
• The views must be 

aligned 
 

5 



Orthographic Projection - Lines 



Extension and Centre Lines 

•  Conventions: 
• Leave a gap between the end of an extension line and 

the object to which it refers (a) 
• The short dashes of crossing perpendicular centre lines 

form a small cross (b) 

7 

Gap 

(a) (b) 



• When two or more lines coincide, there is a 
convention called ‘precedence of lines’ to 
establish which is visible 
– Visible object lines 
– Hidden lines and cutting plane lines 
– Centre lines 
– Extension & leader lines 

8 

Orthographic Projection - Lines 



Line Types 
• Object Lines: indicate all 

visible edges of an object; 
must stand out and be 
apparent to the eye 

• Hidden Lines: shows object 
lines that are hidden from 
view 

• Cutting Plane Lines: indicates 
edge view of an imaginary 
cutting plane 
– Define section views 

• Centre Lines: indicates centres 
of holes and symmetrical 
features of an object 

9 



Line Type Precedence 

10 



Orthographic Projection - Lines 

 When two or more lines 
coincide, there is a convention 
called ‘precedence of lines’ to 
establish which is visible 

– Visible lines 
– Hidden lines and cutting 

plane lines 
– Centre lines 
– Extension & leader lines 

The visible line 
takes precedence 
over the hidden 
edge of the hole 

The hidden line of the 
bottom edge takes 
precedence over the 
centre line of the hole 

The visible line 
takes precedence 
over the centre 
line of the hole An example showing the precedence of lines 



Dimensions 

• Two fundamental rules for dimensioning: 
• Dimensions must describe the complete geometry of 

the part 
• Redundant dimensions should be avoided 

• More specific rules apply to the type of 
geometry and the placement, and style of the 
dimension 
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Dimensions 

• Dimension from visible lines, not hidden 
features 

• Repeated regular identical features may be 
dimensioned once along with a small note 
indicating quantity, etc ... 

• The designer should locate dimensions in a 
way to indicate how tolerances accumulate 
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Dimensions – Example 
• The repeated geometry of the holes is indicated by ‘2x’ 
• Figure (a) is incorrect. 
• Figure (b) shows that the distance between the two holes is important 
• Figure (c) shows that the distance from the centre of the right hole to the 

left edge is important 
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Dimensions  

• Circles and arcs (see previous example): 
– Radii are dimensioned using a leader line with an arrow at 

the end of the line   
• A capital “R” indicates radius 
• Dimension rounds and fillets with their radii  

– Similarly, a diameter has a leader line with an arrow   
• The symbol ∅ indicates diameter 
• Never dimension holes or cylinders with radii … use diameter 

• Angles: 
– Fractional degree measurements can be represented with 

decimals or minutes and seconds 
– Dimension lines are drawn as arcs 

15 



Dimensions 

• Angle dimension example: 

16 



Dimensioning: Rule Zero 

• When dimensioning a 
drawing, set the 
dimensioning variables 
so the text is readable 
when the drawing is 
printed in its final size 
– In IntelliCAD dimscale is 

the most useful 
command for scaling the 
dimension variables (text 
size, arrow head size, 
offsets, etc.) 

17 
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Dimensioning: Rule 1 

• The first dimensions 
should be three times 
the letter height from 
the object 

• Successive dimensions 
should be two times the 
letter height apart 
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Dimensioning: Rule 2 

• Place dimensions 
between the views 
sharing the same 
dimensions 
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Dimensioning: Rule 3 

• Dimension the most 
descriptive view 
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Dimensioning: Rule 4 

• Dimension from visible, 
not hidden features 
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Dimensioning: Rule 5 

• Give an overall 
dimension, omitting the 
last in a chain of 
dimensions 
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Dimensioning: Rule 6 

• Organize the 
dimensions to reduce 
clutter in the drawing 
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Dimensioning: Rule 7 

• To avoid errors and 
confusion, do not 
duplicate dimensions   
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Dimensioning: Rule 8 

• Dimension lines never 
cross any other lines, 
unless absolutely 
necessary 
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Dimensioning: Rule 9 

• Extension lines may 
cross other extension 
lines, or object lines, if 
necessary 

• Leave a small gap from 
the object to the lines 
that extend from them 
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Dimensioning: Rule 9 (Cont) 

• Do not leave gaps 
where extension lines 
cross object lines or 
other extension lines 
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Dimensioning: Rule 10 

• Where possible place 
dimensions outside 
objects 
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Dimensioning: Rule 11 

• Dimension the diameter of 
cylinders in rectangular view 
– External calipers measure the 

diameter of a cylinder 
– Internal calipers measure the 

diameter of holes  

• Radii cannot be measured 
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Dimensioning: Rule 12 

• Dimension circular 
holes in the view where 
they look like holes 
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Dimensioning: Rule 12 (Cont) 

• Dimension circular 
holes in the view where 
they look like holes 
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Dimensioning - Example 



Orthographic Projection 

• Advantages 
– Able to contain a high degree of detail 
– Angle and length measurements can be made on 

all views (exceptions do exist) 

• Disadvantages 
– Effort is needed to interpret the object 
– Many conventions must be followed – not as easy 

as the other three 
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Drawing Layout Conventions 

• Layout possibilities other than three-view exist 
for orthographic drawings 

• Sometimes, only two views are necessary 
• The same rules still apply to these projections 

• For example, the views must be aligned 

• The designer must choose the best layout to 
convey the information in the most effective 
way possible 
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Orthographic – Section Views 



Orthographic – Section Views 
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Orthographic – Section Views 

Corrected 



Orthographic – Section Views 



Orthographic – Auxilary Views 

Corrected 



Drawing Layout Conventions 

• Sometimes, the rules of projection must be 
violated in order to improve clarity 

• EXAMPLE: Symmetrically spaced holes on a 
circular plate: 
– In the front view, the holes are represented by 

hidden lines placed at the maximum radial 
distance from the centre of the plate 

– In the top view, the holes are placed where they 
physically exist 
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Drawing Layout Conventions 

42 



Drawing Layout Conventions 
Applies to other symmetric features such as webs, ribs, and lugs 
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Orthographic – Threads 
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• Contains important 
information about the 
drawing such as the part 
name and number, the 
person who made it and the 
scale used 
– Usually located in the lower 

right corner of the drawing 
– All working drawings have a 

title block! 
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Orthographic – Title Block 



Orthographic – Title Block 



Special Drawing Conventions 
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Special Drawing Conventions 
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Orthographic – Example - 2 



Orthographic – Example - 3 



Orthographic – Example - 4 



Orthographic – Example - 5 



Reading Assignment 

• Have you read Chapters 12 & 14 ? 
• Read Chapter 13 

56 



ECOR 1010  
Lecture 7 

Engineering Graphics - 3 
 



Engineering Graphics 
• Engineering graphics has evolved 

into six major areas, which overlap: 
– Descriptive Geometry (Engineering 

Drawing, as shown previously) 
– Graphical Mathematics 
– Nomography 
– Empirical Equations 
– Technical Illustration  

• in manuals, etc. used to communicate  
   an idea, not necessarily technically exact. 

– Engineering Computer Graphics: CAD 
4 



5 www.maplesoft.com/applications/view.aspx?SID=6850&view=html 

Graphical Mathematics 
We may wish to find the intersection 
of all the possible positions a robot 
arm can have and a space in which it 
will operate. 



Nomographs 

• A nomograph, also called an alignment 
chart, is a calculating chart with scales 
that contain values of three or more 
mathematical variables 

• Widely used in engineering, industry, and 
the natural and physical sciences 
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Nomograph example: 
 Expected Flows in a river (Will it flood?):  

A. It rains 5 inches in 6 hours, the average intensity is 0.83 
in/h; the point on the chart falls closest to the curve for 
22,000 cu ft/s: yellow "Flood Caution" zone 

B. It rains for 4 hours at an intensity of 1.5 in/h (for a total of 
6.0 in). It is expected the rain will continue for another 
hour at the same rate, a flow level of ~23,500 ft3/s can be 
expected: flooding is highly likely! 7 

A 

B 



Parallel Resistor Nomograph 

8 

21

11
1

RR

TR
+

=

• This nomograph determines 
the equivalent resistance of 
two parallel resistors 

• e.g., the equivalent 
resistance of a 50 Ω and a 
75 Ω resistor in parallel is 
30 Ω 

R1(Ω) R2(Ω) RT(Ω) 



Empirical Equations 
• Modeling relations between 

empirical data with 
mathematical equations  

• Example: find an empirical 
equation to describe how 
different parts of a robot 
heat up from ambient 
conditions during the 
course of performing a 
continuous cyclic task   

10 



Empirical Equations 

• Infra-Red Thermogram 
(start) 

• Infra-Red Thermogram 
(end) 

11 
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Empirical Equations 

13 

These data are modeled empirically 
with: 

Average temperature at 
measurement spots on 
lower arm 

( )

( )

/
o

/83

( ) 

30.6 (30.6 23.6) 

t
ss ss

t

T T T T e

e

τ−

−

= − −

= − −

This can be just an equation that fits the 
data, with no physics behind it, if the goal 
is an equation for interpolation … 

Room temperature 

Transient region 

Steady-State region 



Where do these equations come 
from? 

• Three places: 
1. Any equation that reproduces the data in an 

‘acceptable’ way can be used, IF the goal is to 
have an equation for interpolation.   

• This is called “curve fitting”.   

2. A theoretically-based equation that is derived 
from some physical insight.  

• this can be used for interpolation and extrapolation, 
within limits. 

3. Or, a combination of the above 
14 



Where did we get: 

15 

Assume that the rate the temperature changes with time is proportional 
to how far the piece is from i

                                

ts final steady-state temperatur

          

The proportio

e:

SS
dT T T
dt

∝ −

nality constant we will call: 1 / ,  where  is some 'time constant'
that depends on the material properties.  Hence, 

1                                       ( )

We can now integrate this expres

SS
dT T T
dt

τ τ

τ
= −

sion over the limits of the test, and determine 
the parameters for this model equation "empirically" by finding the values that 
make the equation 'fit' the data.  We will learn how this is done when we study
regression later.  
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Empirical Equations 
• Integrated 

optical/robotic 
measurement 
system 

• Application to 
rapid prototyping 

16 



Empirical Equations 
Raw image 

 
 
 
 

 
Reconstructed section 

Wireframe 
 
 
 
 
 
 
Rendered solid model 
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Introduction to CAD 



Evolution of Drafting 

A drafting room in the 1950s Your drafting room in 2011 



Computer Aided Drafting (CAD) 

• Replaced the drafting table 
• Creating electronic drawings 
• Can be used to create pictorial perspective, 

isometric, oblique, and orthographic drawings 
as well as electrical, pneumatic, hydraulic, and 
control system schematics 

• Examples include IntelliCAD and AutoCAD 

20 



Why do we need CAD? 

• CAD is an effective way to communicate your ideas 
and designs 
– Used to produce working drawings 

• Manufacturing is becoming more integrated, more 
global 

• Systems are becoming more complex 
• Working drawings are needed in all disciplines  

– Electrical, civil, mechanical, aerospace, manufacturing, 
architecture  



• 1960s – Lockheed SR-71  
– Supersonic reconnaissance aircraft 
– 30,000 hand-drafted working drawings! 

• Design changes required a lot of time 
• Filing and record keeping were challenging 

Why do we need CAD? 



• 2007 – Airbus A380 
– Modern, 500+ passenger commercial aircraft 
– Designed and manufactured in several countries 

• Approximately 500 suppliers 

– 1 global database 
• Database with solid models 
    and CAD drawings 
• Automatically updated  

 

Why do we need CAD? 



Computer Aided Drafting 
• CAD is crucial in the detailed 

design stage 
• Computer aided drafting enables 

modifications to be made with 
ease 

• Compare this with hand drafting 

24 



A Word On CAD 

• CAD programs are very useful tools because 
most of them automatically follow the 
conventions discussed 

• However, the designer is still responsible for 
ensuring the integrity of the drawing 
– CAD programs make mistakes, and sometimes the 

default options are not the most efficient way to 
convey the information 

25 



CAD Advantages 

• Increased accuracy 
• Increased speed 
• Easy revision 
• Better design analysis 
• Better presentation 
• Libraries of drawing aids 
• Improved filing 

26 



When do we use CAD? 

• When you want to clearly communicate a conceptual 
design 

• When you want to machine a part 
• When someone else is manufacturing or machining 

parts for you  
– Want to get exactly what you had in mind 
– Technologists and machinists need to be able to 

understand and interpret the design 



Engineering Computer Graphics 
• The major areas of computer graphics are: 

– CAD: Computer-Aided Design 
• Used to solve design problems, analyze design data, store and 

disseminate design information 
– CADD: Computer-Aided Design Drafting 

• Using computers to generate engineering drawings and technical 
documents 

– CAD/CAM: Computer-Aided Design/ Computer-Aided 
Manufacturing 

• A computer based system used to design a product, devise the 
production steps, electronically transfer the data to control the 
manufacturing equipment 

– CIM: Computer-Integrated Manufacturing 
• A computer based system that coordinates and operates all stages of 

manufacturing from design to finished product 

28 



Solid Modeling (Visualization) 

• Using a solid modeler, an 
entire prototype can be built 
and tested in a virtual 
environment before 
machining a single part 

• Shows how parts fit together 
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Solid Modeling 

• The software creates 3D virtual objects 
• The virtual objects appear as axonometric 

projections 
• The models can be virtually manipulated, just 

like a physical object 
• Example products include Pro/ENGINEER and 

Solid Edge 

30 



Carleton GeoSurv II UAV Project 

 



CAD in ECOR 1010 

• CAD is one of the many tools that you’re learning this 
semester 
– Lab 2, lab 3, and the design project 

• Won’t become an expert in 4 months, so don’t worry 
– You’ll learn what the tools are and where to find them 
– Will develop a base that you can build on in future years 
– Will have many opportunities to use these skills at Carleton and in 

your careers as engineers 



CAD Software: IntelliCAD 

• IntelliCAD can be used for report sketches, but 
it is really meant for technical drawing 

• You should already be familiar with IntelliCAD 
(Lab 2) 
– The layout of the IntelliCAD environment 
– Basic drawing – lines, circles, etc. 
– Grid and snap features 
– Importing blocks 
– Creating text 
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IntelliCAD and Pro/E Help 

• On your own, go through the IntelliCAD 
primer slides (associated with Lecture 8)  
– on WebCT 

• Read Chapter 15 and Pro/ENGINEER Tutorial 
in Support Material Folder in WebCT 
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Design and CAD 

• As a result of CAD, the design process has 
become much faster 

• Although revolutionary, CAD has not taken 
over every aspect of drawing 

• Freehand sketching is still important 

35 



Freehand Sketching  
• Freehand sketch: drawing created without the 

use of a straightedge or other aids 
• Used in the early stages of design 

– Ideas sketched on a napkin or notepad 

• Outperforms CAD when a fast sketch is needed 
• Not intended to be used as a technical drawing 

for manufacturing a part 
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Visualization 

• Being able to visualize in 3D is key 
• Thought experiment: 

– Close your eyes and picture any object floating in 
mid-air … Now rotate the object in your mind … 
Imagine looking at it from every angle and 
direction 

• This ability is crucial when creating graphical 
representations of real objects 
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Sketching 
• Sketching is freehand drawing 

without the use of instruments such 
as a straightedge, compass, or 
drawing templates 

• Sketching is a key means of 
engineering communication 

• Sketches are used to develop ideas 
and make decisions about how to 
solve a problem 

• Many new projects and products 
begin as sketches made on the back 
of an envelope, or on a napkin in a 
restaurant, hockey game, airplane ... 
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Sketching 
• Sketching is used when “on-

site” problems are encountered 
• These are “back-of-the-

envelope” solutions 
• The ability to communicate by 

any means is a great asset 
• Sketching is the best way to 

communicate engineering ideas 
• Sketching skills must be used 

on-the-job to explain ideas, 
delegate work assignments, or 
to get help 
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Hand Sketching Tips 

• Use one stroke when drawing a line – don’t lift 
pencil off paper 

• For long lines, keep your eyes focused on 
where the line is going to end 

• Use construction lines – very faint lines that 
outline an object 

• For circles, use a square construction square 
and then draw the inscribing circle 
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Sketching Example 
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Orthographic Sketching 

42 



Oblique Sketching 
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Axonometric Sketching 
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Isometric Sketching 
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Isometric Sketch Paper 
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Reading Assignment 

• You should have read Chapters 12 to 14 
already. 

• For next lecture Read Chapters 15 & 16. 
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ECOR 1010   
Lecture 8 

Introduction to Design 
 

“Scientists investigate that which already is; 
engineers create that which has never been” 

 Albert Einstein 



What is Design? 

• Design is a creative process 
• Incorporates all areas of an engineering 

education 
• Design is basically what engineers do 
• Almost always involves a team effort 
• An iterative process 
• Open-ended problems, often with many possible 

solutions 
• Usually only a handful of good solutions 

 
6 



Engineering Design 
• Engineering design 

– Identifying problems, solving them, and implementing the solutions 
• The textbook gives the following definition of design: 

– “Process of developing workable plans for the construction or 
manufacture of devices, equipment, machinery or structure, to satisfy 
some observed need” 

• Canadian Engineering Accreditation Board (CEAB) definition: 
– “Engineering design integrates mathematics, basic sciences, 

engineering sciences and complementary studies in developing 
elements, systems and processes to meet specific needs. It is a 
creative, iterative, and often open-ended process subject to 
constraints which may be governed by standards or legislation to 
varying degrees depending upon the discipline. These constraints may 
relate to economic, health, safety, environmental, social, or other 
pertinent factors.” 
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Design Ingredients 

• Good design requires 
– Organization 
– Teamwork 
– Communication 

8 

• In addition, creativity 
and criticism are 
essential 

 • The key is knowing 
when to be creative 
and when to criticize 



Engineering Design 
• Before a problem can be 

solved, it must first be 
identified! 

• Evaluate the present state and 
determining how it differs 
from the goal state. 

9 

• Needs should be categorized and defined in a 
Statement of Requirements (SoR) 

• Most design problems can be categorized as: 
– Systems design 
– Product design 



Systems Design 

• A commercial tool shed is not a complex 
system, but it still has to be designed; it is a 
product 

11 

• A residential building is a complex system 
consisting of many components and 
products 
– Heating-ventilation and/or air conditioning 

systems (HVAC) 
– Plumbing systems (water and/or natural 

gas) 
– Electrical systems 
– Window, door, floor systems, etc. 

Systems design deals with the arrangement of available 
products into a unique combination that yields the 
desired result 

 
 



• Systems design requires additional professionals 
• Consider designing a highway 

– Lawyers: traffic laws; zoning ordinances; right-of-way; liability, … 
– Historians: past trends and historical data must be reviewed, … 
– Social Scientists: highways bring commercial development, 

shopping centres, gas stations, … 
– Psychologists: driver characteristics and tendencies, other 

human factors affecting safety and function, … 
– Scientific principles developed through research can be applied 

to building more durable driving surfaces, bridges, underpasses 
and overpasses, improving the system in general 

Systems Design 



CU Simulator Project (CUSP) 
• Multi-year project (4th-year) 
• The intention is to design and 

build a full-scale reconfigurable 
simulator facility 

• The full-scale simulator is 
scheduled to be completed at the 
end of the fifth year 

• By nature the project is 
multidisciplinary 
– Mechanical, Aerospace and 

Computer Systems Engineering 
– Department of Psychology  

13 

Systems Design Example #1: 

 



ATLAS Platform 
• The 6 DOF platform is novel architecture 
• 3 AC synchronous motors; 3 dual-action electromagnetic rams 
• Projection, control, and simulation systems are interoperable RTI’s (Run-

Time Infrastructure) that are IEEE (Institute of Electrical and Electronics 
Engineers) HLA (High-Level Architecture) compliant 

14 

Systems Design Example #1 (con’t): 



Formula FSAE 

• Open Wheel Race Car 
– Dynamics 
– Structure 
– Propulsion 
– Electrical 
– Brakes 
– Safety 

 

Systems Design Example #2: 



UAV – Unmanned Aerial Vehicle 

• Designed for Geophysical Survey 
– Structures 
– Aerodynamics 
– Control 
– Payload 
– Safety & Airworthiness 

Systems Design Example #3: 



Product Design 

• Product design deals with design, testing, manufacture 
and sale of (generally) mass-produced goods 
– Appliances, tools, televisions, toys, cars … 

• Product designers must deal with 
– Current market needs, production costs, function, sales, 

distribution, profit expectations … 
• Some products are complex systems 

– High-rise office building, container ship, car, space shuttle, 
robotic devices … 

• Others are not 
– can opener, nail clipper… 

17 



The Design Process 

• Design involves as much art 
as science 

• The process from idea to 
finished product involves a 
series of sequential steps … 

18 
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Method Of Design 

Seven steps: 
1. Recognition of need 
2. Definition of the design 

problem 
3. Definition of the design 

criteria 
4. The design loop 
5. Optimization 
6. Evaluation 
7. Communication 

24 

 



How the 
customer 

explained it 

How the project 
manager 

understood it 

How the 
engineer 

designed it 

How the 
programmer 

wrote it 

How sales & 
marketing  

sold it 

How the project 
was 

documented 

What 
operations 
installed 

How the 
customer was 

billed 

How it was 
supported 

What the 
customer really 

wanted 



Method Of Design 

• Recognition of need 
– A need can be either very obvious 

or hidden 
– Usually very vague 
– The vagueness of the need can 

cause the design process to 
become open-ended 

– Often the need is written in a 
Statement of Requirements (SoR) 
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Method Of Design 

• Definition of the design problem 
– Critical for a good design 
– May require the gathering of 

information on the topic (i.e., 
Research) 

– Must define the problem correctly 
in order to provide a solution 
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Method Of Design 

• Definition of the design criteria 
– Design criteria are performance 

standards to be met by the design 
– Design constraints are limitations 

placed on the designer 
– The design criteria and constraints 

must be quantitative values, 
otherwise it may be impossible to 
agree on whether the final design is 
acceptable 
 38 



Method Of Design 

• The design loop 
– Synthesis 

• Suggesting ideas or methods to solve 
the problem 

– Analysis 
• Calculating the expected result of each 

idea or method 

– Decision-making 
• Deciding which alternative is best 
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Method Of Design 

• Optimization 
– Optimum implies a compromise 

between costs and benefits – the 
best design at a reasonable cost 

– In order to judge whether the design 
is optimum, the design criteria in 
step 3 are used 

– If the design is not optimum, the 
design loop may need to be 
reiterated  
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Method Of Design 

• Evaluation 
– Once the design is completed, it is 

reviewed 
– The senior engineer, and ‘others’, 

must approve the design before it is 
finalized 

– If flaws are detected, the design must 
be iterated, beginning at step 2 if 
necessary 
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Method Of Design 

• Communication 
– Once the design is approved, it can 

be built or manufactured 
– The final design must be 

communicated effectively 
• Reports  
• Technical drawings 

42 



Codes and Standards 

• Code 
– A code is a set of specifications for the analysis, 

design, manufacture, and construction of things 
– The purpose is to achieve a specified degree of safety, 

efficiency, performance, or quality 
• Standard 

– A standard is a set of specifications for parts, 
materials, or processes intended to achieve uniformity 

– Places limits so as to provide reasonable inventory of 
tooling, sizes, shapes, varieties, etc. 
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Codes and Standards 

• Standards Organizations 
– International Standards Organization (ISO) 
– American National Standards Institute (ANSI) 
– Canadian Standards Association (CSA) 
– Canadian Society for Mechanical Engineering (CSME) 
– American Society of Mechanical Engineers (ASME) 
– Institution of Mechanical Engineers (I. Mech. E.) 
– Institute of Electrical and Electronics Engineers (IEEE) 
– Society of Automotive Engineers (SAE) 
– Society of Manufacturing Engineers (SME) 
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Creativity and Innovation 

• Creativity and innovation are very important 
in the design process as a whole 

• They are especially important during the 
design loop stage of synthesis 

• Is it something that can be taught? 
– There are ways to stimulate creativity and 

innovation … 
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Stimulating Creativity and Innovation 

•  Brainstorming 
– A group of people generate a number of solutions 

to a problem 
– Judgment of ideas is prohibited at this point 
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Stimulating Creativity and Innovation 

•  Brainstorming 
– A group of people generate a number of solutions 

to a problem 
– Judgment of ideas is prohibited at this point 
– All ideas are considered equal until evaluation 
– After a set period of time, all ideas are discussed, 

evaluated, and perhaps ranked 
– The best ideas are examined further 

 

48 



Sticky-note 
• Come up with at least one 

idea for a project to design a 
more energy-efficient house  

• Describe it generally in one or 
two words: door, window, 
roof, etc. 

• Describe what we might do: 
design and build a green roof 
with a high thermal 
resistance. 

Brainstorming 
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Sticky-note Brainstorming 

Roof: 
High R 
Design & 
Build 
Bob Builder 

Roof: 
Open-
concept 
trusses 
Design & 
Build 
Wendy 

Wall: 
High R 
Design & 
Build 
Lofty 

Wall: 
Soundproof 
Design & 
Build 
Spud 
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Sticky-note Brainstorming 



Team Ontario 2013 
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Team Ontario 2013 
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- international competition held 
every two years 

- 20 university teams design, build 
and operate solar-powered 
houses that are cost-effective, 
and energy-efficient 

- winning team of the competition 
is the team that best blends 
affordability, consumer appeal, 
and design excellence with 
optimal energy production and 
maximum efficiency 
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Stimulating Creativity and Innovation 

• Brainwriting 
– Similar to brainstorming – instead of sticky notes, 

ideas are written out in more detail 
– After some time, the sheets with the written ideas 

are swapped 
– You then try to expand on the ideas listed on the 

new sheet of paper 
– Forces constructive ideas without negative 

feedback 
– Evaluation of the ideas takes place later 
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Stimulating Creativity and Innovation 

• Tips for overcoming creative blocks 
– Don’t assume there is only one answer 
– Don’t avoid new ideas for fear of making mistakes 
– New ideas don’t have to be hard work – simplicity 

is a good thing 
– Don’t worry about unworkable ideas – having no 

ideas is much worse 
– Say or write anything because your ideas may 

stimulate other people 
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Design Reports 

• There are three primary means of communication 
–  written 
–  oral 
–  graphical 

• To be successful as an engineer you must be not only 
technically competent, but versatile with all three 
forms of communication! 

• All three forms of communication are of critical 
importance in each design step 

• The design process is documented in the design report 
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Written Reports 

61 

• The keys to writing great reports:  
– Organize logically 
– Pay attention to detail 

• Never any spelling errors 
• Never any grammatical errors 

– Proof Read, Proof Red, Proof Read 

– If you don’t know how to write well, get help!   
– Have someone review your report before you 

submit it! 

• The keys to writing great reports:  
– Organize logically 
– Pay attention to detail 

• Never any spelling errors 
• Never any grammatical errors 

– Proof Read, Proof Read, Proof Read 



• There are generally three types of written 
report: 
– Proposal 
– Progress Report 
– Final Report 

62 

Written Reports 



Proposals 

• Proposals are written to convince people with 
money that they should pay for the project 

• Proposals should reflect the interests and 
language of the reader (i.e., know your 
audience) 
– Investors are interested in profits and returns 
– Managers are interested in benefits and costs to the 

company 
– Engineers are more concerned with function and feasibility 
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Proposals 

• A typical proposal may contain the following 
fundamental elements 
– Problem statement; benefits of the work 
– Proposed work plan; how are you going to do it 
– Personnel and facilities needed 
– Schedules for milestones and deliverables 
– Budget 
– Summary 
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Progress Reports 

• Periodic reports (i.e., quarterly reports) on the status 
of the project 

• Usually brief letters or memos 
• Tells your customer how things are going: 

– Have you discovered something? 
– What problems are you having? 
– Are you on time? 
– Are you on budget? 
– What are you doing to correct any problems? 

 

66 

Progress reports are usually easier to write if you have 
done some work! Even if you made no progress. 



Final Report 

• The final report is the final step in the project 
• It generally contains: 

– Abstract (Executive Summary, Implications, etc.) 
– Introduction (Problem Statement) 
– Methods Used 
– Body (Results, Findings) 
– Discussion 
– Conclusions 
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Final Report Format 

• A final report typically contains the following 
elements, or variations on them, depending on 
the nature of the particular project and on the 
requirements of the customer 
1. Cover 

• The report should be bound with the title, authors and their 
affiliations on the cover 

2. Letter of Transmittal (optional) 
• Letters of transmittal are simply cover letters sent with 

documents to intended readers summarizing the contents 
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Final Report Format 
3. Title Page 

– Contains the title of the report, the authors names and 
affiliations, and the date (usually the same as the cover) 

4. Abstract and/or the Executive Summary 
– The ‘take-home’ message, and the value and implications of the 

work  what you want the big boss to know 
5. Table of Contents 

– The major sections, sub-sections, and their page numbers are 
listed 

6. List of Figures, List of Tables (optional) 
– Usually required for long formal reports  

7. Acknowledgements 
– Here any help, financial or technical, in completing the project is 

recognized 
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Final Report Format 
7. Introduction 

– The problem statement is discussed 
– Explains importance of and need for a solution 
– Background information is outlined 

8. Method (actual section title may vary) 
– Covers the general methods and approach used to solve 

the problem 
– Experimental methods and apparatus are described 

9. Body (actual section title may vary) 
– This is the main section 
– It describes collected data, analysis, and steps taken to 

solve the problem 
– This section usually contains sub-sections that describe 

distinct components of the solution 
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Final Report Format 
10. Discussion (may be included in the Body) 

– Project findings should relate clearly to the data and  
analysis presented in the Body 

11.  Conclusions 
– The findings are summarised and major results listed 

12.  Recommendations (Suggestions for Further Work) 
– These may also be presented in a sub-section of the 

Conclusions 
13.  Appendix 

– Drawings, sketches, raw data, letters, and any 
supplemental, but extraneous, information related to the 
project but does not need to be in the main body 
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Final Report Format 

14. References (Bibliography) 
– All reference material not developed by the authors 

must be listed according to an accepted bibliography 
style (examples of which you can find in the Library) 

• Reference books 
• Scientific Journal Articles 
• Codes and Standards 
• Magazine Articles 
• Private Communications 
• Theses 

– Always cite your sources, no matter how trivial 
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Reading Assignment 

• For next lecture read Chapters 16 & 17. 



ECOR 1010  
Lecture 9 

Part 1 - 3D Computer-based 
Rendering with Pro/E Wildfire 



Pro/Engineer Wildfire 

• Pro/Engineer® is a set of programs used in the 
design, analysis, and manufacturing of products 
– Developed by Parametric Technologies Corporation 

(PTC), MA, USA 

5 



Pro/Engineer Wildfire 

• Pro/Engineer revolutionized the CAD world in 
the late 1980s 

• PTC was the first vendor to offer a parametric, 
feature-based solid-modeling design platform  

• Pro/E Wildfire includes visual realism with 
real-time photo rendering 
– adds textures, reflections, shadows, and 

backgrounds to your model  
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Parametric 

• The values of the parameters assigned to the 
different attributes/dimensions of the model 
features define the physical shape of the part 

• Important changes can be easily incorporated 
at any point during the design process 

• The changes propagate through the model 
automatically 
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Pro/Engineer Wildfire 

8 

 
 



Who Uses Wildfire?  

• Pro/E is often the software of choice for product 
development because it is ‘relatively’ easy to use 
and you can work with people over the Web 

• Used in aerospace, automotive, consumer 
products and electronics, defence, education, 
heavy equipment, industrial equipment, life 
sciences, plastics, shipbuilding, 
telecommunications, transportation, and more …   
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Pro/E as an Industry Standard 

• Since its first release, PTC has developed an 
assortment of additional software modules for 
just about every product development industry 
– sheet metal operations,  
– piping layout,  
– mold design,  
– wiring harness design,  
– NC (numerical control) machining,  
– etc ...  
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Wide Range of Products designed with 
Pro/E 
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Pro/E as an Industry Standard 

12 

Pro/MECHANICA 
FEM analysis 

stresses deformations 



Pro/E as an Industry Standard 

• Pro/E enables the user to create fully detailed 
standard engineering working drawings 
almost automatically after model generation 
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Pro/E as an Industry Standard 

• 3D visualization and modeling capabilities save 
time during the design phase – you can see 
what you are proposing 

• If a dimension is changed, the solid model will 
be automatically upgraded 

• Prototypes can be produced directly from solid 
models because they are based on highly 
accurate geometric models 
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Solid Modeling 

• Solid models are representations of the part or product 
as it will appear when manufactured 

• Solid models are a collection of elements that act as a 
single object 
– A Pro/E solid has the intelligence to understand that it is a 

single body with volume, and mass (if assigned density)  
• The computer model will contain all the parametric 

information that a real solid object has 
• Wireframe models (as done with 2D CAD systems) are 

inadequate for many design, manufacturing and 
visualization tasks 
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Solid Modeling 
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Solid Modeling 
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Today you can ! 



Feature-Based 

• In Pro/ENGINEER, solid parts (or bodies) are 
constructed with a series of geometric 
operations, much like a sculpting process 

• Each separate operation (or shape) is called a 
“feature”  
– Each feature has its own defining characteristics 

• A model is created by defining a series of 
features which can be added to, or subtracted 
from, the previous set of features 
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Feature-Based 

There are many types of features that you can use… 
• Protrusion is a profile used to add material. 
• Cut is a profile used to remove material from an 

existing body 
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• Rounds and Fillets are added 
to strengthen the part 

 
• Holes can be created using a number of 

different options   



Reading Assignment 

• Read Chapter 16 
– It will help you in your labs and in your project 
– Check out the Pro/E primer slides on WebCT 

20 
Pro/E Video 



Part 2 - Rapid Prototyping 
with 3D Printing  

ECOR 1010  
Lecture 9 



Like the ‘Replicator’ 
in StarTrek 
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What is 3D Printing? 
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See: Lisa Harouni: A primer on 3D printing  
http://www.ted.com/talks/lisa_harouni_a_primer_on_3d_printing.html 
or 
http://www.youtube.com/watch?v=OhYvDS7q_V8 

What is 3D Printing? 

http://www.ted.com/talks/lisa_harouni_a_primer_on_3d_printing.html
http://www.ted.com/talks/lisa_harouni_a_primer_on_3d_printing.html


3D Printing means we can Rapidly 
make Prototypes 

• Ideal complement to CAD 
• Process to build concept and working models 

from 3D CAD data 
– Several different techniques available 

• Used for 
– Communication/collaboration 
– Time reduction 
– Cost reduction 
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Benefits of Rapid Prototyping 

• Real-time prototype design 
• Better communication and collaboration 

– Allows design participants to view design iterations, 
offer firsthand input 

– Allows designers/developers to go from flat screen to 
exact part 

– Participants can make better informed design 
decisions throughout a faster product development 
cycle (reduced costs, fewer engineering changes) 

– Can examine more concepts, check design changes 
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• Time reductions 
– Life spans shorter (6 months) 
– Design cycles, time-to-market shorter 
– Multiple design iterations and immediate 

feedback are possible during the early stages of 
the development process 

– Quickly refine “form, fit, function” 
• Affects production costs and time to market 

28 

Benefits of Rapid Prototyping 



• Cost reductions 
– Design changes 

• proof-of-concept - $100 
• development - $1,000 
• production - $100,000 
• field - $1,000,000 

– You can afford to do numerous design iterations 
– Can explore  more designs more efficiently 

• Can do this without extensive time or tooling expense 
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Benefits of Rapid Prototyping 



The Basic Process of Rapid 
Prototyping with 3D Printing 

• All current rapid prototyping techniques 
employ the same basic five-step process   
1. Create a CAD model of the design  
2. Convert the CAD model to STL format  
3. Slice the STL file into thin cross-sectional layers  
4. Build the model one layer atop another  
5. Clean and finish the model 
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STL Files 

• Stereolithography (STL) files were introduced 
in software by 3D Systems of Valencia, CA, as a 
method for storing info about 3D objects 

• The STL (.stl) file format is an industry 
standard data transmission format  
– Used in Rapid Prototyping to produce physical 3D 

models or replicas  
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STL Files 

• STL files reproduce an object's 3D geometry 
by storing a set number of facets or 3D 
triangles in a complex digital model 

• After storing the outer and/or inner surface of 
a 3D object as facets in an STL file, the digital 
model can be manipulated, and a physical 
representation of a 3D model can be made 
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STL Files 

• The more complex the model, the more 
triangles produced, and the larger the STL file 
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Additive and Subtractive RP 

• There are two main methods of rapid 
prototyping, which are derived from similar 
approaches in sculpture 
–  Additive Rapid Prototyping (ARP) 
–  Subtractive Rapid Prototyping (SRP) 
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Additive and Subtractive RP 

• Subtractive Rapid Prototyping (SRP): 
– The machine starts out with a block of plastic and uses 

a delicate cutting tool to carve away material, layer by 
layer to match the digital object; this is similar to 
numerical controlled (NC) machining 

• Additive Rapid Prototyping (ARP): 
– The machine reads in data from a CAD drawing, and 

lays down successive layers of liquid plastic, or some 
other building material, and in this way builds up the 
model from a long series of planar cross section layers 
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Subtractive Rapid Prototyping 

• Great for testing as the final material can be 
milled 

• Uses a wide variety of inexpensive materials, 
including polyurethane, resin, ABS* plastic, 
aluminum and brass 

• Prototypes take less time to produce and also 
are less expensive 

• When the prototype is done, it requires no 
hand finishing 

38 * (acrylnitrilebutadene styrene)   



Subtractive Rapid Prototyping 

39 

Subtractive Rapid 
Prototyping Machine 

Roland DG  – MDX 540 



Additive Rapid Prototyping Techniques 

• Most commercially available additive rapid 
prototyping machines use one of 6 techniques: 
1.  Stereolithography  
2.  Laminated Object Manufacturing  
3.  Selective Laser Sintering 
4.  Fused Deposition Modeling  
5.  Solid Ground Curing 
6.  3-D Ink-Jet Printing 
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1: Stereolithography (SL) 
• Patented in 1986, 

stereolithography started 
the rapid prototyping 
revolution 

• Uses a light-sensitive 
liquid polymer  

• Builds 3D models from 
liquid photosensitive 
polymers that solidify 
when exposed to 
ultraviolet light 

42 

Schematic diagram of the 
stereolithography process 



1: Stereolithography (SL) 

• Excellent for making complex prototypes with 
fine details 

• Favourite in the aerospace industry 
– the most common application is producing wind 

tunnel models  

• Inexpensive compared to traditional 
machining 
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2: Laminated Object 
Manufacturing  

• Developed by Helisys of 
Torrance, CA 

• Layers of adhesive-coated 
sheet material are 
bonded together to form 
a prototype  

• Low cost as raw material  
is readily available 

• Because there is no 
chemical reaction 
involved, parts can be 
made quite large  
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3: Selective Laser 
Sintering  

• Developed by Carl 
Deckard for his master’s 
thesis at the University 
of Texas and patented in 
1989 

• Uses a laser beam to 
selectively fuse 
powdered materials, 
such as nylon, 
elastomer, and metal, 
into a solid object 
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4: Fused Deposition Modeling 
(FDM) 

• Developed by Scott 
Crump in 1988 

• Stratasys, of Eden Prairie, 
MN makes a variety of 
FDM machines ranging 
from fast concept 
modellers to slower, high-
precision machines 

• Materials include ABS, 
elastomer, polycarbonate, 
polyphenolsulfone, and 
investment casting wax 
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4: Fused Deposition Modeling 
(FDM) 

• Specializes in building small, durable, 
handheld components 

• Although improved in recent years, surface 
finish and accuracy are not among the 
strongest points of FDM 

• The Dimension BST 3D-Printer in 2230  uses 
the FDM Process 
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5: Solid Ground Curing (SGC) 

• Invented and developed 
by Cubital Inc. of Israel 

• Similar to 
stereolithography (SL) in 
that both use ultraviolet 
light to selectively 
harden photosensitive 
polymers 

• Unlike SL, SGC cures an 
entire layer at a time 
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6: 3-D Ink-Jet Printing 

• Ink-Jet Printing refers to an entire class of 
machines that employ ink-jet technology 

• The first was 3D Printing (3DP), developed at MIT 
and licensed to several selected companies 

• Parts are built upon a platform in a bin of powder 
material selectively hardened with binder 
deposited with the print head  
– This process is very fast, but produces brittle parts 

with a slightly grainy surface 
• The 3D-Printer Z-Corp 400 in 2260 is an example 

of this technology 
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3D Printing 

• 3D printing is a variation of rapid prototyping 
• A 3D printer is less expensive, easier to use 

and usually faster than a RP system 
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3D Printing 

• Most importantly a 3D printer can fit in an 
office environment 

• Unlike a big rapid prototyping system a 3D 
printer can be located next to the design 
engineers so they can turn around jobs 
promptly and efficiently 
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The Dimension BST  

• One of the 3D-printers 
available for your use 
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The Dimension BST 

• Dimension is a business unit of Stratasys, Inc., 
located at Eden Prairie, Minnesota 

• The Dimension 3D Printer is a networked, 
desktop modeling system 

• Used in evaluating design concepts, testing 3D 
models for functionality, form and fit 
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The Dimension Process 

• Based on the patented Stratasys FDM process, 
Dimension builds functional 3D models from 
the bottom up, one layer at a time using ABS 
(acrylnitrilebutadene styrene) plastic  

• STL files are imported into Catalyst™ software 
which automatically slices and orients the 
parts and creates any necessary support 
structures  
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The Dimension Process 
• A thin filament of ABS plastic is passed through a 

liquefier 
• An extrusion head deposits the material in layers in a 

semi-molten state and the prototype is produced 
• After completion of the build, support structures are 

simply removed 
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The Dimension Process 

• Two materials are used: one for the prototype 
and one for the breakaway supports 

• The Catalyst software determines where ABS 
plastic should be deposited and where the 
support material should be deposited 
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The Z400 3D-Printer 

• One of the 3D printers 
available for your use 
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The Z400 3D-Printer 

• Developed by Z-Corporation in Burlington, MA 
• This system is fast, convenient and easy to 

operate 
• Used in concept modeling, functional testing, 

model presentation and finite element 
analysis  
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3-D Ink-Jet Process 

• An ink-jet printing head selectively deposits or 
"prints" a binder fluid to fuse the powder 
together in the desired areas and unbound 
powder remains to support the part 

• After each layer is complete the platform is 
lowered, more powder added and levelled, 
and the process repeated  
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3-D Ink-Jet Process 
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3-D Ink-Jet Process 

• When finished, the part is then removed from 
the unbound powder, and excess unbound 
powder is blown off 

• Finished parts can be infiltrated with wax, 
glue, or other sealants to improve durability 
and surface finish 
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Efficient Use of RP 
• Different RP systems yield prototypes best 

suited for different applications. Selecting the 
right one will help you save time and money 
and achieve better results as an engineer 

See:  
http://www.ted.com/talks/anthony_atala_printing_a_human_kidney.html 



Reading Assignment 

• You should have now read Chapters 12 to 17 



Mid-Term Exam Thursday  
Oct. 11 

• All Lecture Material to today 
• All Textbook Reading Assignments 
• Laboratory Assignments 1 to 3 
• Review Class Next Week 



ECOR1010  
 

Engineering Statistics 



Motivation 
• To learn methods of statistical analysis: 

– What is available. 
– How to interpret results. 
– What are the pitfalls and caveats. 
– The necessity of good experimental design, 

technique and data-analysis to achieve high 
quality results. 



Overview of Statistics 
• Statistical Analysis is the science of data 

collection and data interpretation. 
– Uses formal probabilistic methods for drawing 

inferences and making decisions from these 
data. 

• Summarize data 
• Maximize information derived from data 
• Test alternate hypotheses or models 
• Compute probabilities of future occurrences 
• Make rational decisions based on data and information. 

– Quantifies our Ignorance (uncertainty) 
 



• Statistics are about ways to describe our 
previous experience 

• Statistics are useful as guides and motivators 
• Statistics are generally poorly understood and 

often abused 
 

What are Statistics? 

• “Oh, people can come up 
with statistics to prove 
anything, 14% of people 
know that”, Homer Simpson.   



Definition of a Statistic 
x A statistic is a specified, determinable function of a 

set of observations (data set)  
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- Given  measures of some "random" quantity: 
you can calculate various statistics such as these examples:
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Definition of a Statistic 

(  )
2

col ho
a

d
vg

tTT T
 

�

x Statistics are numbers that we use to describe a 
large number of measurements 

x Depending on what is being measured, some 
statistics are better than others, and some statistics 
are of no real value. 
� Just because you can calculate something does not make 

it useful !!   

x An example of a silly statistic:  
� If you have one hand in cold water and the other 

hand in hot water, does the mean (average) 
temperature tell you anything about how 
comfortable you feel?   



Sometimes an arithmetic average 
(Mean) is relevant: 

• because it gives an indication of where the 
‘center’ of the measurement distribution is. 

• Median is another statistic used to indicate 
the ‘center’  

• Mode is a statistic used to indicate the most 
probable measurement 



Mean 

• Mean (or arithmetic average) is the sum of all 
the data divided by the number of data points 
– Notation depends on whether we are computing 

the mean of a population (N) or of a sample (n) 

Recall: 

Marco Law




Median 

• Median is the value of the data point in the 
centre of the data set when arranged in 
ascending (or descending) order 

• E.g., 2.98, 3.18, 3.25, 3.50 and 3.74 
– Median is 3.25 

• If there is an even number of points, the median 
is the mean of the two centre data points 
– E.g., 2, 3, 6, 7, 12, and 15 
– Median is (6 + 7)/2 = 6.5 



Mode 

• Mode is one (or more) sets of numbers that 
occurs with the greatest frequency 

• e.g., 2, 2, 5, 7, 9, 9, 9, 10, 10, 11, 12, and 18 
– Mode is 9 (is unimodal) 

• e.g., 2, 3, 4, 4, 4, 5, 5, 7, 7, 7, 9 
– Modes are 4 and 7 (called bimodal) 

• A data set can have no mode (e.g., uniform) 



How to make a Histogram 
• Start with a data set of 

observations 
• Find the big Range  
 (= max value - min value); 
• Make a ‘number’ of bins 

with smaller equal-size 
ranges that span the big 
Range; 

• Count how many of your 
data fit in the ranges of 
your bins 

Heights of 100 Residents in Anytown, Canada (ft) 
Introduction to Engineering Analysis, 3rd Edition, K. D. Hagen, 2008 



Classification of Height Data 

Marco Law
Horizontal Histogram

Marco Law




Histogram for Heights in Anytown 



Histograms 

• Valuable statistical tool for showing the 
frequency distribution of data 
– Information about location, spread, and shape 

that is portrayed can provide clues about the 
underlying process that generated the data 



Frequency Distributions (Histograms) 

Note that Figure 18.4 in the textbook has left skew defined incorrectly.   

Marco Law


Marco Law
Positive Skewness

Marco Law
Negative Skewness

Marco Law
Found when measurement
cannot go above/beyond a value

Marco Law




Distributions 
• Many types of distributions 
• The distribution that best describes your data 

will depend on the ‘physics’ 
• Many engineering measurements have 

normal (or near normal) distributions  
– Normal distributions are also called Gaussian 

distributions, and sometimes Bell curves 
• Other distributions  

– Bimodal, multimodal, flat, skewed (either right or 
left), etc. 



Aside on Histograms 
• The appearance of histograms is quite dependent on 

the number of bins and how the bin boundaries are 
computed. 

See also: onlinestatbook.com/rvls/index.html  
Go to the ‘Simulations/Demonstrations’ link and then to ‘Histograms’ and then to 
‘Histograms, Bin Widths and Cross Validation’ 

Marco Law




Abuse of Statistics 

• There is a famous expression that you might hear 
when people talk about statistics 

• It is attributed to Mark Twain and/or Disraeli in the 
early 1900’s. 

• “There are three types of falsehoods, each worse 
than the one before – lies, damned lies, and 
statistics.”  

• This is meant to be funny, but it does reflect a feeling 
people have that statistics can be used to prove 
anything, hence, people mistrust statistics.   



Stretching the truth with statistics 

Salaries in Anytown
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Mean:    $71 000 
Median: $56 000 
Mode:    $30 000 

• A politician in power  
says: “My town is 
wealthy: the average 
salary is $71 000.”   

• The leader of the 
opposition replies: “But 
half of our citizens make 
less that $56 000.” 

• The third party leader 
says: “Most of the 
people make $30 000”  

Everyone is correct: the first quotes the 
mean, the second the median and the 
third quotes the mode; but the 
messages are ‘different’. 



Bill Gates moves into 
town ‘for an hour’ Salaries in Anytown
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Salaries in Anytown
after Bill moves in
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Mean:    $71 000 
Median: $56 000 
Mode:    $30 000 

Mean:    $86 000 
Median: $56 000 
Mode:    $50 000 

• A politician in power  
says: “My town is 
wealthy: the average 
salary is $86 000.”   

• The leader of the 
opposition replies: “But 
half of our citizens make 
less that $56 000.” 

• The third party leader 
says: “Most of the 
people make $50 000”  



Bill Gates would be called an outlier 

• An outlying observation, or outlier, is one that 
appears to deviate markedly from other 
members of the sample in which it occurs.  

• Often people make arguments to ‘ignore’ 
outliers 

• You should only eliminate outliers after very, 
very careful consideration: 
– Ignoring Bill Gates might hurt his feelings!  
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Interlude on Outliers and 
Censoring 

• Extreme values (outliers) pose a problem 
– Are they valid extreme values or gross errors of 

measurement? 
– Extreme values should never be deleted (censored) 

without careful investigation. 
• Sometimes the extreme values are the most important data in 

the experiment; don’t delete your Nobel Prize mindlessly! 
• Including erroneous data can seriously bias the results. 

• Censoring of good data always introduces bias and 
always makes the data look better than it really is. 
– Automatic censoring, as is done by some instrument 

software is not generally an acceptable procedure.  
 



Descriptive Statistics 
 When you wish to use a few numbers to 

describe your data set: 
• Mean and Median give an idea of ‘central 

tendency’  
– where is the middle? 

• Mode tells you the most probable ‘bin’ range 
for your data 

• Standard Deviation, and Range give 
indications of width  
– how wide is the distribution? 

Next slide 



Measures of Variation (Width) 
• A measure of variation is a number that 

indicates the extent to which data are spread 
out around the mean 
– Standard deviation 
– Variance 
– Range 

• How far is a given data point from the mean?  
i.e., what is its deviation from the mean? 

Three ways of indicating with a number how far xi 
is from the (population) mean? 

Marco Law
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Absolute distance from mean
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*Argument = Variable Component (inside bracket)
	- Example:
		sin(x), x is argument, sin(x) is function

Marco Law




Standard Deviation (Population) 

Marco Law
Find the sum of EVERY (xi - u)^2
Divide everything by N
Square-root everything



Mean:  $71 000 

Salaries in Anytown

Salary (x1000$) per year
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Mean + 1Std.Dev = $127 000 

Mean - 1Std.Dev = $15 000 

The Standard Deviation (abbreviated Std.Dev below) gives an 
indication of the width of the distribution 

Population Descriptive Statistics 

This is a ‘population’ because we 
have included the entire town 
population.  If we only considered a 
small number of people in the town 
we would calculate statistics for a 
sample, see later slide.   



Salaries in Anytown
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Mean:  $71 000 

Mean + 1Std.Dev = $94 000 

Mean - 1Std.Dev = $48 000 

The Standard Deviation (abbreviated Std.Dev below) gives an 
indication of the width of the distribution 

Population Descriptive Statistics 

This is a ‘population’ because we 
have included the entire town 
population.  If we only considered a 
small number of people in the town 
we would calculate statistics for a 
sample, see next slide.   

If the width of the 
distribution is 
smaller then the 
Std.Dev is smaller 



Standard Deviation (Sample) 

Statisticians have discovered 
that using the sample mean 
underestimates the true 
standard deviation, so nо1 is 
used here rather than n. 



Variance 

• Variance is simply the square of the standard 
deviation (population and sample variance is 
shown below, respectively) 
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Descriptive Data Analysis 
1. Graphics Displays:  

– Dot plots,  
– Box and Whisker Plots 
– Scatter plots, 
– Frequency plots (histograms) 

2. Summary statistics: 
– mean,  
– median,  
– mode,  
– standard deviation,  
– range (and interquartile range) 
 



Descriptive Graphics of Data 
Box & Whisker Plot
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Box & Whisker Plot

 Median = 1177.5
 25%-75% 
= (1147.5, 1217.5)
 Min-Max 
= (1042.5, 1285)
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Descriptive Graphics of Data 



Summary Statistics (samples) 

  Measures of Location 
• Mean: 
 
• Median: middle value when you 

order the values: 
 

• Mode: position or positions of 
maximum probability 
– Not always easy to define in 

experimental data 
• Remember: a statistic is any 

function of the data. 

 Measures of Spread 
• Variance: 
• Standard Deviation 
• Range: R =max(x) – min(x) 
• Interquartile Range: 

 
 
 

• Full Width Half Max (FWHM) 
– Half width half max. (HWHM) 
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The first “Golden Rule” of Data 
Analysis 

• Study the data 
– Use the descriptive methods above to get a ‘feel’ for the 

data. 
– Complicated data sets deserve several hours, days, or 

even weeks of study.  
– ‘Outliers’ must be carefully vetted. 
– Data are not simply numbers but rather measurements or 

counts of real entities.  
– Tentative conclusions should be made in the contexts of 

their meaning in relation to these entities, the real 
background of the data, and how the data were collected. 

• Valid conclusions are unlikely to be obtained from 
poor data. 

 



Aside on Mindlessness 

• Clearly, the use of any of the summary statistics 
described above is meaningless in this instance. 

• Analysis can only be meaningful in the context of the 
purpose of the ‘experiment’, and how the data were 
collected. 



Summary 

• For the descriptive analysis to be valid 
– The data must be independent (exchangeable) 
– Arbitrary inclusion of repeat measurements is 

not allowed. 
– The data cannot be correlated such that 

exchangeability is violated. 

• If these conditions aren’t met, the standard 
interpretation of the results could lead to 
very, very, wrong conclusions. 



What Statistics can’t do 
• Can’t get blood from a stone 

– Can’t rescue you from bad data. 
– Can’t get good results from poorly designed and 

badly executed experiments. 
– Can’t generate information where non exists. 

• Statistics might help you understand and 
quantify just how bad your results are from 
your bad data. 

• In other words, it is not a magic Mr. Fix-it in a 
black box. 



How well do we know the mean value 

(i.e., arithmetic average) we determine 

from our data? 

¾The mean mark on the midterm was 22/30 
¾The mean salary in Anytown, before Bill, was 

$71 000. 
? How many sig figs should we quote for these 

mean values ? 
? Want is the error in these mean values ? 



As an example: 

The goal is to determine the average (mean) 

weight of students on campus 

• You could weigh the entire population of students at Carleton 
and then calculate their average weight, but this takes time, 
and would cost a lot of money. 

• Or, you can choose a sample of students, say 5 students, 
weigh them and calculate an average. 

• How far would this average be from the real average of the 
total population of students? 

• If you chose a second group of 5 students, how different 
would the second group’s average weight be?   
– You would expect that the average weight of each group of 5 students 

would be ‘slightly’ different.   
 

Each group of 5 students must be chosen randomly.  Why? 

Marco Law
Make sure you ask how someone chose their sample.
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The N5 Student Weighing Machine 

350 kg 

10kg 



Standard Error in the mean value 

¾ Start with any ‘arbitrary’ 
distribution that represents 
your population 

1. Take, for example, n=5 
samples from the starting 
distribution 

2. Take the average of these n=5 
samples 

3. Put a ‘blue’ box in the lower 
histogram showing the 
average value calculated in 2. 

4. Goto 1 until the histogram 
doesn’t change much. 



Standard Error in the mean value 

¾ Start with any ‘arbitrary’ 
distribution that represents 
your population 

1. Take, for example, n=5 
samples from the starting 
distribution 

2. Take the average of these n=5 
samples 

3. Put a ‘blue’ box in the lower 
histogram showing the 
average value calculated in 2. 

4. Goto 1 until the histogram 
doesn’t change much. 
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Standard Error in the mean value 



Standard Error in the mean value 
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Standard Error in the mean value 
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Standard Error in the mean value 



Standard Error in the mean value 



Standard Error in the mean value 



Standard Error in the mean value 



Standard Error in the mean value 

Now we are taking 5 samples and averaging each. 



Standard Error in the mean value 

Now we are taking 5 samples and averaging each. 



Standard Error in the mean value 

Now we are taking 5 samples and averaging each. 



Standard Error in the mean value 

Now we are taking 5 samples and averaging each. 



Standard Error in the mean value 

Now we are taking 1 000 samples and averaging each. 



Standard Error in the mean value 

Now we are taking 10 000 samples and averaging each. 





What if we choose N=20? 

The super-duper N20 Student weighing machine 



What if we choose N=20? 

The super-duper N20 Student weighing machine 
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What if we choose N=20? 

The super-duper N20 Student weighing machine 



What if we choose N=20? 

The super-duper N20 Student weighing machine 



What if we choose N=20? 

The super-duper N20 Student weighing machine 



What if we choose N=20? 

Now we step in 5 samples 

The super-duper N20 Student weighing machine 



What if we choose N=20? 

Now we step in 5 samples 

The super-duper N20 Student weighing machine 



What if we choose N=20? 

Now we step in 5 samples 

The super-duper N20 Student weighing machine 



What if we choose N=20? 

Now we step in 5 samples 

The super-duper N20 Student weighing machine 



What if we choose N=20? 

Now we step in 1 000 samples 

The super-duper N20 Student weighing machine 



What if we choose N=20? 

Now we step in 1 000 samples 

The super-duper N20 Student weighing machine 



What if we choose N=20? 

Now we step in 10 000 samples 

The super-duper N20 Student weighing machine 



The N5 Weighing Machine versus the N20 Weighing Machine 

Averages of 5 samples taken 
from the student population. 

Averages of 20 samples taken 
from the student population. 

Which machine is better? 
Which machine is more precise? 
Which machine is more accurate? 

What number (statistic) would you use to 
quantify the difference in these machines? 

Marco Law
More Precise (Narrower Distribution)

Marco Law
The difference between the machines is the width
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Precision and Accuracy 

• High accuracy 
(low bias) 

• High precision 
(low standard 
deviation) 

Marco Law
N20 Machine
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Precision and Accuracy 

• Low accuracy 
(large bias) 

• High precision 
(low standard 
deviation) 



Precision and Accuracy 

• High accuracy 
(low bias) 

• Low precision 
(high standard 
deviation) 

Marco Law
N5 Machine



The N5 Weighing Machine versus the N20 Weighing Machine 

xs n
V

 

• The standard error is related to the width of the sampled distribution.  The 
standard error is the standard deviation of the distribution of the means, i.e., the 
‘sd’ in the lower plots. 

• The lower plots will always be normal curves (Gaussian curves) regardless of the 
parent population: this is the Central Limit theorem.   

• The standard error indicates how well you know the mean. 
 

Standard Error for the mean of x Æ 

Marco Law
Standard error = error associated with measurement


Marco Law
3 Standard Deviations
- Population
- Sample
- Distribution of Means
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many averages of many samples
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You can do this at home: 

• Go to: 
http://onlinestatbook.com/rvls/index.html  

• Go to the ‘Simulations/Demonstrations’ link 
and then to ‘Central Limit Theorem’ and then 
to ‘Sampling Distribution Simulation’. 

Sampling Distribution Simulation 

http://onlinestatbook.com/stat_sim/sampling_dist/index.html


Standard Error 

• The standard deviation of the means is called 
the standard error 

– Describes the variation of the means about the 
estimated mean 

– We usually do not know the true standard 
deviation, ʍ, of the parent population, so 

– The standard error is estimated as follows 

x
ss

n n
V

 |
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Standard Error 

• Thus, the standard error associated with the 
estimated population mean is 
 
 
 
 
 
¾At 95% confidence, the true mean, ȝ, lies 

within this ± interval. 

95

 confidence level
e.g.   1.96 for 95% confide

where

nce

c x

c

x z s

z
z

P  r
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So, what is the point of all of this? 

• Almost all of our measurements are made with instruments 
that give us ‘average values’. 

• If you take many measurements and plot a histogram of these 
values, then you will get a normal (Gaussian) distribution 

• If we only do one N5, or one N20, measurement then we will 
have an estimate of the true mean, based on a single sample. 

• The single N5, or N20, measurement distribution will also have 
a width, which we calculate as the standard deviation: ‘s’. 

• From the standard deviation, s, we calculate the standard error 
in the estimated mean:   
 

• We can never be 100% confident that the mean of the sample 
is the ‘true mean’, but … 

• We can give the sample mean value, which is our best estimate, 
along with a       range, which is a confidence interval  
¾ depending on the choice of zc. 

 c xz sr

/ nxs s 
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Common Confidence Values 

measured

90

95

99

'true value' = measured mean value  

 confidence level
1.645 for 90% confidence
1.96 for 95% confidence (or 19 times out of 20)
2.58 f

w

o

here

r 99% confidence

c

c

z

z
z
z
z

Vr

 
 
 
 

So, up to now, you simply put error bars on your 
measurements.  Now the size of the error bar depends 
on how confident you are about the measurement.   

Marco Law
**FIXED NUMBERS

Marco Law


Marco Law


Marco Law
Typical, but only because it's easy to multiply by 2

Marco Law




Evolution of Reporting 

Numbers 

What you see on your calculator: 

13.923 

13.9 to 3 sig figs, because of the least 

significant number in your calculation 

13.9 ± 0.05, because of an assumed 

error based on sig figs 

13.9 ± 0.3, (2ʍ, 95% confidence) 

Marco Law
High School
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Year 1 First Half Term
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Year 1 Last Half Term
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Gaussian (normal) Distributions are 

everywhere, so let’s look at them in 

some detail 



Gaussian Distribution 

• Also called Normal 

distribution 
– Named after Carl 

Fredrich Gauss (1777-
1855) 

• Common distribution in 
many engineering 
applications 

• Symmetric about a 
central value 

103 



Compare these numbers with the zc values:  
95

99

1.96 for 95% confidence (or 19 times out of 20)
2.58 for 99% confidence

z
z

 
 

Normal (Gaussian) Bell Curve 



Normal (Gaussian) Distributions 

Section C
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¾68% of the students 
had marks in the 
range:  
 
¾95% of the students 

had marks in the 
range:  
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mean Vr

mean 1.96Vr



How do we know that 1.96 ʍ 

corresponds to 95% of the area? 

• We integrate the equation for the ‘standard’ 
Gaussian curve from -1.96 to +1.96 and we get 
0.95 

• Or, integrate from 0 to 1.96, and multiply by 2, 
because the Gaussian curve is symmetric 
about the mean.   



Continuous Form of the  

Gaussian Distribution 



Standard Normal Distribution 

• To make the calculation easier, we create a 
special table the eliminates the need to 
perform a new integration every time 

• Use a standard form, otherwise you need a 
table for every new mean and standard 
deviation 
– Apply a change of variable: 



Population vs. Sample 
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Standard Normal Distribution 

• In the new variable z, the mean is at z = 0 
• We also set the standard deviation to one (1) 
• We get the standard normal distribution: 

Called z-statistics 



z-statistics:  
use z scale 



Standard Normal (Gaussian) Distribution 

Area under the  
curve is unity 

 The total area under the 
standard normal distribution is 
unity, which means equal to 1. 

 



Source: Introduction to Engineering Practice, 3rdEd., Hagen, 2008. Similar 
tables are in Chapter 10 of your textbook. 

z-Statistics 

(half-areas) 

0.4750 is the area under the 
standard curve from zero, 
which is the mean, to z=1.96 

21
1.96 2

0

1 e 0.475
2

z
dz

S

§ ·�¨ ¸
© ¹  ³

0 1.96 (z-scale) 
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^ percent of curve (area) of HALF
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1.9 + 0.06 = 1.96
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The Usual Values People Know 

Most computer programs, like Excel for example, have 
functions that give you the areas, so tables are ‘old fashion’.   



Random Number Generation 

• We can use a computer to generate “pseudo-random” 
numbers 
– Not actually random, but have approximately random 

statistical properties 
• Random numbers according to a distribution can be 

generated:  
• Normal (Gaussian) 
• Lognormal 
• Poisson 
• Binomial 
• Uniform 
• ChiSq , etc. 
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Estimating with Small Samples 

Introduction to t-Statistics 
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Small Samples 

• Small samples are those with n< 30 elements 
• Our z-statistics are no longer accurate 
• Must use t-statistics 

– The sample variance is weighted 
– Result is a different distribution from the normal 

distribution, but with a similar shape 
– Appropriate for small samples 



Student t-Distribution 

• The distribution for 
small samples is 
generally called the 
student t-distribution 
– Based on a weighting 

described by W. S. 
Gosset (1876-1937) 

– He was interested in 
beer (yes, beer) 

– He worked for a beer 
company (Guiness) 



Student t-Distribution 

• Because of variability in the 
ingredients of beer, samples 
that come from the same 
population are generally 
small 

• Important for Quality 
Control 

• Gosset’s company did not 
allow him to publish, so he 
did so under the pseudonym 
“Student” 



• Gosset showed that small samples 
taken from an essentially normal 
population have a wider confidence 
interval than we would predict with 
z-statistics. 

• For small samples, we must use  
 t-statistics.   

• The t-distribution is shorter and 
fatter than the normal distribution, 
EXW�ZKHQ�'2) ���L�H���IRU�ODUJH�n) 
the t-distribution becomes a normal 
(Gaussian) distribution 

DOF 1
= Degrees of Freedom

nQ  �

Student t-Distribution 

DOF= � 
DOF= 

DOF= 

DOF= 
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1 

http://upload.wikimedia.org/wikipedia/commons/4/41/Student_t_pdf.svg
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Student t-Distribution 
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 t-statistic for  degrees of freedom
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t-Statistics 

124 

See  the EXCEL functions: 
TDIST & TINV  

Marco Law
note how when u = inf, normal gaussian curve
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http://www.tutor-homework.com/statistics_tables/statistics_tables.html 

There are ‘calculators’ on the web.  See, for example: 



Example 

• Consider a sample of eighteen batteries from the 
entire population of batteries (each battery 
should be about 9 V) 

• In order to establish the true mean of the 
voltages, you measure the voltage across each 
battery with a voltmeter   

• Using the collected data, calculate: 
– Mean and standard deviation 
– 95% and 99% confidence interval estimates 
– Population mean with 90% confidence 



¾Do not round yet! 

Meas. # 
Voltage 

(V) 
1 6.51 
2 8.45 
3 11.76 
4 8.36 
5 9.35 
6 9.23 
7 7.85 
8 8.59 
9 9.05 
10 8.08 
11 10.59 
12 9.87 
13 8.04 
14 8.38 
15 10.01 
16 12.84 
17 10.48 
18 7.27 

9-Volt Battery Histogram

Battery Voltage (V)
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1. Histogram
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¾Do not round yet! 

Meas. # 
Voltage 

(V) 
1 6.51 
2 8.45 
3 11.76 
4 8.36 
5 9.35 
6 9.23 
7 7.85 
8 8.59 
9 9.05 
10 8.08 
11 10.59 
12 9.87 
13 8.04 
14 8.38 
15 10.01 
16 12.84 
17 10.48 
18 7.27 

9-Volt Battery Histogram
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6 7 8 9 10 11 12 13

C
ou

nt

0

1

2

3

4

5

6

7

9.1498x  

2 21 ( )
1

n

i
i

s x x
n

 �
� ¦

2 2 21 [(6.51 9.1498) (8.45 9.1498) (7.27 9.1498)
18 1
2.4888

]� � �
�

 

 }� �

Sample Standard Variance 

1.5776s  

Marco Law
3. Sample standard variance
4. Standard deviation (sqrt(sv))



¾Do not round yet! 

Meas. # 
Voltage 

(V) 
1 6.51 
2 8.45 
3 11.76 
4 8.36 
5 9.35 
6 9.23 
7 7.85 
8 8.59 
9 9.05 
10 8.08 
11 10.59 
12 9.87 
13 8.04 
14 8.38 
15 10.01 
16 12.84 
17 10.48 
18 7.27 

9-Volt Battery Histogram

Battery Voltage (V)
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Sample Standard Error 

1.5776 0.3718
18x
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n

   

0.3718xs  

Marco Law
5. Sample standard error



t-Statistics 

17,95  2.110 = Student's 95% confidence for 17 degrees of f
w

r
here

eedomt  

17,95     xx x t s r

Marco Law
u = n - 1 = 18 - 1 = 17



¾ 95% Confidence 

Meas. # 
Voltage 

(V) 
1 6.51 
2 8.45 
3 11.76 
4 8.36 
5 9.35 
6 9.23 
7 7.85 
8 8.59 
9 9.05 
10 8.08 
11 10.59 
12 9.87 
13 8.04 
14 8.38 
15 10.01 
16 12.84 
17 10.48 
18 7.27 

9-Volt Battery Histogram

Battery Voltage (V)
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nt
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7

9.1498 (2.110 0.3718)
9.1498 0.7845
9.15 0.8

x  r u
 r
 r

9.1498x  

1.5776s  
0.3718xs  

9.1498 (2.898 0.3718)
9.1498 1.076
9.1 1

x  r u
 r
 r ¾ 99% Confidence 

17,     c xx x t s r



We were asked for 90% confidence 
estimate of the Population Mean 

• What will be the difference in the calculations 
between what was just done, and what we are 
now being asked to do?  

Marco Law
Previous estimates were also for the population mean

Marco Law
We use tv,90 instead for an estimate.



Comparison of z-statistics  
with t-statistics 

• On the next slide, note that as the sample size 
nears 30, one can see how the results 
obtained using t-statistics get closer to those 
from z-statistics 

• Using z-statistics overestimates confidence 
when the sample size is small:  

• the error bars are too small if you use z-statistics for 
samples of less than 30.   

 



t-Statistics 

17,95

17,95

95

                              

 2.110 = Student's confidence interval for 17 degrees of freedom
Compare this with 1.96, which is for 95% confidence for large samples

where
xx x t s

t
z

 r
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Estimating Proportional  
Mean Values 

136 



Tossing a Coin 

• P(H) = P(T) = 0.5 (we know this is true for a 
‘fair coin’) 

• Try 100 tosses and find: 
– 58/100 are heads in one trial 
– 45/100 are heads in another trial 

• We call these ratios proportions 
 

137 

Marco Law
fair coin = balances on table on edge

Marco Law




Population Mean for Proportions 
• Estimate the proportion p by sampling 

(1 )

5
(1 ) 5

c
p pp z

n

np
n p

�
r

!
� !

• Use z-statistics for n > 30 and t-statistics for smaller n 

Must be satisfied to 
use this method 

Marco Law
average value of probability
(58/100 for first trial)

Marco Law


Marco Law
Below conditions must be true to use the above formula!



Proportion Example 
• Suppose we take n = 150 coin flips 
• 80 of the 150 are ‘heads’ 
• Then p = 80/150 is the sample proportion of heads 
•  p = 80/150 = 53% 
 What error do we put on p? 

In other words: given that we are sampling, how 
well do we think we know the ‘true’ proportion of 
heads? 



Example 
• For our coin-flipping example, find the 90% 

confidence interval for the proportion p 
 

90

150 80 /150 80 5
(1 ) 150 (1 80 /150) 70 5

1.645   (see next slide)

p
n
n

p
z

 u  !
�  u �  !
 

(1 ) 80 /150 1.645 (80 /150) (70 /150) /150

0.53 0.07

c
p pp z

n
�

r  r u

 r From this measurement, we cannot say the coin is unfair. 

Check 



1.645 corresponds to a half 
area of 0.4500.  This means 
that the total area under the 
curve from –z to +z is twice 
this number, which is 0.90.  
So, z90=1.645 

Marco Law
TO CALCULATE zc:
1. Take c, divide by 2.
2. Find closest value in table, and trace back to find z value!

Marco Law
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Polling (e.g., in Politics) 
• A poll is conducted with a sample size of  

n = 200 to test the support for candidate A 
• The sample suggests that A will receive 32% of 

the votes 
• Estimate the population proportion, with 95% 

confidence 
 

Confident to within six percentage 
points, 19 times out of 20 

(1 ) 0.32 1.960 0.32 0.68 / 200

0.32 0.06

200 0.3 60 5
(1 ) 200 0.7 140 5

c
p pp z

n

np
n p

�
r  r u

 r

 u  !
�  u  !

Check 

Marco Law


Marco Law
Estimate what the population will choose, based on the sample of 32% of 200 = A

Marco Law
To lower the error, increase number in the sample

Marco Law




Manufacturing 
• In a manufacturing operation, 200 parts were 

examined and 8/200 were found to be defective  
• Estimate the population proportion, with 95% 

confidence 
 
 
 
 
 
 

• For every 100 parts made, between about 1 and 
7 parts will be defective 95% of the time 
 

(1 ) 0.040 1.960 0.04 0.96 / 200

0.04 0.027 0.04 0.03

200 0.04 8 5
(1 ) 200 0.96 192 5

c
p pp z

n

np
n p

�
r  r u

 r  r

 u  !
�  u  !

Check 

Marco Law




ECOR 1010 
Lecture 14 

 Correlation and Regression I 



In the previous lectures: 
• We looked at how repeated measurements of 

average values of a single variable gave rise to 
normal distributions 

• The peak of the normal distribution we took as our 
‘best estimate’ of the ‘true’ population mean. 

• We then calculated a confidence interval around the 
best estimate:      (if n is large) 

 
– where the standard error is 
– and s is the sample standard deviation, n the number in 

each measurement sample  
– and zc is a number we can find in z-statistics tables that 

depends on the choice of confidence we wish to have. 

 c xz sr

/ nxs s 

If n is less than 30, it is the same idea, but we use t-statistics 



• We only measured one variable for each 
sample, (xi) 
– we just measured the weight of students with the 

N5/N20 machines, nothing else, we did not at the 
same time measure hair length, or height, etc.  

• When we measure only one variable we use 
univariate statistics. 

In the previous lectures: 



• Now we look at the statistics we can use when two 
variables are measured  
– These are called bivariate statistics 

• Bivariate observations come in pairs: (xi, yi) 
 

• We want to know if there is a relationship between the 
variables x and y. 

• We want to know if we can predict one from the other. 
 

Bivariate relationships 



As an Example: 
• We saw before that there was 

variability in the marks on the 
midterm  
– There was a spread in the marks 

• You can imagine that there is 
also variability in class 
attendance  
– Not everyone comes to every 

class, and some miss more 
classes than others 

• Can we relate marks on the  
exam to class attendance? 

Midterm Marks 

Sections A+B+C

Mark out of 30

5 10 15 20 25 30

C
ou

nt

0

20

40

60

80

100

Of course, there are many reasons why people get the marks 
they do, but can we estimate the importance of attending class?  



Showing Up: The Importance of 
Class Attendance for Academic 
Success in Introductory Science 
Courses 
Randy Moore, Murray Jensen, Jay Hatch, Irene 
Duranczyk, Susan Staats, and Laura Koch 
General College, University of Minnesota, Minneapolis, 
MN 

There is lots of variability 
(scatter), but, on average, 
we expect better marks for 
students who come to 
class more frequently. 

The words ‘on average’ are 
underlined in the box above 
because coming to more 
classes does not necessarily 
guarantee a higher mark for 
any individual – there are 
other things that we are not 
including in our analysis.  

But, showing up explains 61% 
of the variability in the marks! 



Bivariate relationships 
� The distribution of bivariate measurements in a sample can 

be represented in a scatterplot (see below) with each point 
representing a pair of measurements (x, y) on some 
participant (i.e., the weight, and length of hair, of a student) 

� There are 2 main questions that can be asked 

 

x 

y 1) How strong is the 
relationship between the 
variables? 

2) Can you predict the y’s from 
the x’s? 

 



Bivariate relationships 
� The answers to the first question are provided by the study 

of correlation 

� The answers to the second question are provided by the 
study of regression 

x 

y 1) How strong is the 
relationship between the 
variables? 

2) Can you predict the y’s from 
the x’s? 

 



Linear Correlation 

• Correlation is a measure of the strength of a 
relationship 
– How well does a “line of best fit” represent a trend 

in a data set? 
– How “correlated” are the two variables? 

 



Linear Correlation 
• How “good” is the assumption that a simple 

straight-line (i.e., linear) relationship exists 
between x and y? 

• We can compute a correlation coefficient (r) 
 
 
– This is a measure of how ‘connected’ x and y are in 

terms of the linear relationship assumption 
– Another way of saying it: r indicates how well a 

line of best fit correlates with the data 

11 r� d d



Some important values of the  
Correlation Coefficient: r 

• When r is close to 1, it means that 
– x is large when y is large, and x is small when y is small 
– The plot of (x, y) is tightly packed 
– We say this is a ‘Good’ Positive Correlation 

• When r is close to -1, it means that 
– x is large when y is small, and x is small when y is large  
– The plot of (x, y) is tightly packed 
– We say this is a ‘Good’ Negative Correlation 

• If r is near zero 
– Little or no (linear) relationship exists between x and y 

11 r� d d



Correlation Coefficient Examples 



Correlation Coefficient Examples 

Several sets of (x, y) points, with the Pearson correlation coefficient of x and y for 
each set. Note that the correlation reflects the noisiness and direction of a linear 
relationship (top row), but not the slope of that relationship (middle), nor many 
aspects of nonlinear relationships (bottom). N.B.: the figure in the center has a 
slope of 0 but in that case the correlation coefficient is undefined because the 
variance of Y is zero. (Wikipedia) 



Correlation Coefficient Examples 



Computing the Correlation Coefficient 

1
( )( )

( 1)

n

i i
i

xy
x y

x x y y
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n s s
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¦

number of data points
mean of 
mean of 
standard deviation of 
standard deviation of 

x

y

x x
y y
s

n

x
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NO UNITS ! 

Marco Law




Correlation Coefficient Examples 



Correlation and Causality  

• Get data on all the fires in Ottawa for 
the last ten years.  

• Correlate the number of fire engines 
at each fire and the damages in 
dollars at each fire.  

• Note the significant correlation 
between number of fire engines and 
the amount of damage.  

• Conclude that fire engines cause the 
damage.  

# fire engines 

Marco Law
Correlation does not equate to Causality!

Marco Law
^^ The above is a wrong conclusion. Misuse of logic of correlation can create wrong conclusions


Marco Law




Correlation and Causality  

• Just because two 
variables are 
correlated does 
not mean there is 
any connection 
between them 



� The correlation coefficient expresses the strength 
of the relationship between x and y without 
worrying about units or directional relationships.  
It is the answer to the first question posed earlier: 
what is the strength of the relationship?  

� However, if x and y are correlated, this implies 
that we can use information about x to predict the 
values of y 

� If we want to predict y based on x we need more 
than rxy…we need to perform a regression 

Regression 



Regression 

 Regression is a process by which a mathematical 
model is fitted to a set of data  

• to test whether the model provides a reasonable 
description of the observations, and 

• to give us confidence that predictions we make 
with the model will be good. 

Marco Law




Father of Regression 

• Sir Francis Galton (cousin of 
Charles Darwin) developed 
techniques for fingerprinting, 
weather forecasting, as well as 
regression and correlation 
– 1822-1911 

• Developed regression by 
performing an experiment using 
five groups of sweet peas 
– Noticed that the average weight of 

sweet pea seedlings “regressed” 
towards the average of all of the 
peas, and not the parental group 
from which they came 

– Applied a similar technique to 
predict human heredity 

Æ “Regression to the Mean” 



� Suppose we want to find the straight line relationship that 
best predicts the values of y, given x…this is called the 
regression line 

Regression 

x 

y 



� Once we figure out what the line should be, for any given 
x we can find a predicted y 

� The predicted value is called  

Regression 

ŷ

ˆiy

xi 

x 

y 



� The straight line is one we have made up to express the 
relationship between x and y that we see in the data 

� The line has an equation 

Regression 

ŷ mx b �

intercept slope 
x 

y 



• Find a “line of best fit” 
– Use a parameterized mathematical model 

ˆ
where
ˆ  predicted dependent variable

 independent variable
slope
  intercept

y mx b

y
x
m
b y

 �

 
 
 
 



� The slope, m, and intercept, b, of the regression line each 
have their own interpretation   

 

 

- intercept: b = value of     when x = 0 

- slope:  m =  difference in     associated with a change of x 
by 1 unit  

Regression 

ŷ mx b �
ŷ

ŷ



� Each different combination of m and b create a different 
regression line 

Regression 

Different m’s Different b’s 

x 

y 

x 

y 



Regression 
� The best regression line is the one that minimizes the sum of 

squared deviations of the data from the line 

Good 
fit 

Poor 
fit x 

y 



Regression 
� For each datapoint connected with an observation xi, the 

appropriate “deviation” is the deviation of the observed yi 
from the value,    , calculated from the regression equation 

�   

 

 

  

ˆiy
The deviations are, therefore, 
given by  

 

and are called the “residuals” 
or “errors” of the fitted line 
for the data 

ˆiy

xi 

ˆii iyye  �
ŷ a bx �

iy Obs 

Calc 



Linear Regression 

• The error, or residual, is the difference 
between the observed point, y, and the 
calculated point on the line,   , at each x 
 ˆ

where
ˆ value of  predicted by the model

the measured data point

i i i

i

th
i

e y y

y y

y i

 �

 

 

ŷ

= Obs - Calc = Measured - Predicted 



• Consider the following Sum of Squared Errors 
 
 
 

• SSE is a measure of how well the model fits the 
data 

• The parameters m and b of the best fitting line 
for a particular sample are determined by finding 
the line that minimizes SSE 

• Called least-squares fit/regression 

What is the “Best Fit”? 

2 2

1 1

ˆSSE ( )
n n

i i i
i i

e y y
  

  �¦ ¦
Obs - Calc 



Regression 
� Try some of the Java applets concerning regression at 

http://onlinestatbook.com/rvls/index.html  

� The link called “Regression by Eye” shows how different 
regression lines have different associated SSE’s (In the applet 
instead of SSE, they use MSE, which stands for mean square 
error.  This is the sum of the squared errors, SSE, divided by 
n-1.) 



Least-squares Fit/Regression  
(without proof) 

2

( )( )
( )

 and 
number of data points

i i

i

x x y y

x x

b

m

y mx
n

� �

�

 �
 

 ¦
¦

ˆFor ,
The 'least-squares' slope 
and intercept are given by:

y mx b �

Marco Law
m = dy/dx (SSE), which is below:

Marco Law


Marco Law
sums are from i to n

Marco Law


Marco Law
x-bar and y-bar = mean of x, mean of y



Which is the dependent variable?   
Which should be plotted on the y axis? 

Eg. Fuel Consumption and Car Weight:  
Is there a relationship? 

Can we predict one from the other? 



Residuals = Observed Values – Calculated Values 

Line of Best Fit 
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Residuals Plot 

2ˆLeast-Squares Regression minimizes SSE = ( )y y�¦
Obs - Calc 

Calculated Line of Best Fit

The line through the data 
is the “calculated data”. 

Obs - Calc 



Residuals 

Residual Plot
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The Residuals are equally (normally) distributed about 0, 
which is what we want to see. 
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 Correlation and Regression II 



Coefficient of Determination 

• Often use r2 to estimate the quality of a fit 
– Represents the proportion of the variation of the 

observed y data that can be explained by the model 
(discussed later) 

– Lies in the range [0,1] 
– Close to 1 means the assumed function (i.e., straight 

line in this example) is a good fit to the observed data 
 

Marco Law


Marco Law


Marco Law


Marco Law


Marco Law




Coefficient of Determination 
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•The cars in the sample have 
Mileage values that vary from 
11 to 36: this is the variability 
in the y-values. 
•89% of the variability in the 
y data can be explained by the 
straight-line relationship 
(why we can say this is 
explained on the next slides) 

Marco Law


Marco Law




Relationship of the ‘Coefficient of 
Determination’ to Explained Variation 
• Only part of the variation in a measurement 

(data point) can be explained by regression. 
• There are two sources of variation: 

– Variation explained by the regression model 
– Variation not explained by the regression model 

• Total variation = Explained + Unexplained  



Accuracy of Prediction 
� Here is what is going on  there are 2 components of 

variation that together make up the total variation in y 

Total         =   Explained    +  Residual  

y

Variation is measured relative to the mean value of all of the y measurements:   y



Accuracy of Prediction 
� You have seen the “residual” variation before, it is the 

variation left over after fitting the regression line to 
the data 

 

 

 

 

� Residual variation is quantified by the SSE and is 
minimized in a regression 

Total         =   Explained    +  Residual  

y
SSE 

SSE = sum of squared errors (residuals), or what is left over (resides) 
that has not been explained after you factor out the linear part. 

2ˆ( )y y�¦

Marco Law




Accuracy of Prediction 
� “Explained” variation is the variation in y values that 

is explained by the regression line 

 

 

 

 

 

 

� Explained variation is quantified by SSR 

Total         =   Explained    +  Residual  

y
SSR 

SSR = sum of squares of the deviations from 
the regression line to the mean of all the y`s.   

2ˆ( )y y�¦

Marco Law




Accuracy of Prediction 
� “Total” variation is the overall variation in y values 

without regard to any information about the x values 

 

 

 

 

 

 

� The total variation is quantified by TSS 

Total         =   Explained    +  Residual  

y
TSS 

TSS = total sum of squares from the mean of all of the y data 
2( )y y�¦
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Accuracy of Prediction 
� So the ratio of explained variation to total variation 

characterizes how well the regression describes the 
data 

 

 

 

 

 

� Explained variation 

 

SSR
TSS

Total         =   Explained    +  Residual  

y
SSR TSS 

Marco Law


Marco Law
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Accuracy of Prediction 
� Likewise, we get the proportion of unexplained 

variation by dividing SSE by TSS 

 

 

 

 

 

 

� Unexplained variation =  
SSE
TSS

Total         =   Explained    +  Residual  

y
SSE TSS 

Marco Law
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Relationship to Variation 
2 2 2ˆ ˆ( ) ( ) ( )y y y y y y�  � � �¦ ¦ ¦

• TSS = SSR + SSE 
• TSS = total sum of squares 
• SSR = sum of squares from regression 
• SSE = sum of squared errors (residuals), or 

what is left over (the residue) after you factor 
out the part explained by the assumed model. 
– In this case, the assumed model is a straight line. 

Marco Law
SSR

Marco Law
SSE

Marco Law
TSS



Accuracy of Prediction 
� It should not be surprising that the proportion of explained 

variation plus the proportion of unexplained variation equals 1 

� So the proportions of explained and unexplained variation 
work together to account for all the variation in y… 

� You can see this in the simulation, available at the RVLS 
website: 

  http://onlinestatbook.com/rvls/index.html 

� called the “Components of r demonstration”…go there and try 
it out 



Accuracy of Prediction 
� The accuracy of prediction for a regression is quantified by 

the proportion of explained variation 

 

 

� Think of this as the proportion the total variation in y values 
that is explained by the variation in the x values…the 
explanation is due to the correlation between x and y  

SSR
TSS



� There is one last amazing result concerning the proportion of 
variation explained by a regression… 

 

 

� In other words, the proportion of explained variation for the 
straight-line fit equals the square of the linear correlation 
coefficient! 

� This ties together correlation and regression 

2 explained variation SSR =  
total variation TSS

r  

2 is called the Coefficient of Determi nationr

Accuracy of Prediction 

Marco Law




Attendance 
Showing Up: The Importance of 
Class Attendance for Academic 
Success in Introductory Science 
Courses 
Randy Moore, Murray Jensen, Jay Hatch, Irene 
Duranczyk, Susan Staats, and Laura Koch 
General College, University of Minnesota, Minneapolis, 
MN 

The proportion of the total 
variation in marks explained by 
the linear relationship with 
class attendance is r2=(0.78)2 
or 61%.   

Marco Law
shows that attendance is 61% of the problem (as it is 61%
related to the grade)



Closer to home: 
Midterm 2010

Order of leaving the room
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• Marks for the 
midterm versus the 
order that students 
left the room.  
 2 0.0375r  

• Roughly 4% of the variability in the marks can be 
explained by the order students left the room. 

• An Aside: On average, students who stayed till 
the end of the exam got 3 more marks than 
those who left early. 

Marco Law




• The technique we have used so far is called 
“Linear Least Squares”.   

• You might think that the word “Linear” refers to 
the fact that the equation of the straight line is 
linear in x. 

• This is not the reason. 
• The “Linear” refers to the fact that the equation is 

linear in the determinable parameters m and b.   

ŷ mx b �
Linear means raised 
to the power one. 

Linear Least Squares Regressions/Fits 



Linear Least Squares Regressions/Fits 

• The following equations are linear in the 
parameters to be determined (m’s and b’s): 
 
 
 

• These following equations are examples where 
the parameters are not linearly related to the 
dependent variable: 

3
1 2 3

2

ˆ
ˆ

ˆ sine s
x

y
y m x b

y m

mx b
m

m

x m
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 �
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Linear means raised 
to the power one. 

ˆ log
ˆ 3 15sin

x

mx

m
e x

by
y b� 

 

�

�Cannot use 
linear least 
squares 

Can use 
linear least 
squares 



Correlation Coefficient and the 
Coefficient of Determination 

for Linear Least Squares 

• In the top plot r = 0.11, which 
means r2= 0.012, which means 1% 
of the variability in the data can be 
attributed to a linear relationship 
between x and y. 

• In the bottom plot the data are 
fitted to 
 
 

• The Coefficient of Determination 
for the fit was r2 = 0.929   

• Or, 92.9% of the variability in the 
y-data can be attributed to the fitted 
relationship between x and y. 

X Data

-15 -10 -5 0 5 10 15

Y 
D

at
a

-20

0

20

40

60

80

100

X Data

-15 -10 -5 0 5 10 15

Y 
D

at
a

-20

0

20

40

60

80

100

120

2 noisey x �

2
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SSR/TSS

Marco Law
r^2 only for straight lines



Trend Lines 
• Excel and most other plotting programs have a 

‘trend line’ option.   
• When the trend line is a non-linear function, like 

an exponential for example, the program 
`manipulates` the data so that linear least squares 
can be done (See page 612 in the 6th ed of the text 
book: Introduction to Engineering). 

• This is okay for a trend line that is used only as a 
guide for the eye. 

• But, it is absolutely not okay for serious data 
analysis. 



Trend Lines 

Be careful with ‘trend 
lines’; they should not be 
used for anything other 
than producing a guide 
for the eye, unless you 
know that the underlying 
assumptions of least-
squares regressions are 
satisfied by your data!!!!! 



Assumptions 
� Regression lines and tests of regression or correlation don’t 

do you much good if the basic assumptions of linear 
regression are not met 

� The first assumption for regression to a straight line is that 
the relation between x and y can be described by a straight 
line 

 

 

 

x 

y 



Assumptions 
� If this assumption is not met the regression will still produce 

values for the slope and intercept, but these will not be 
interpretable 

� Floor and ceiling effects often cause nonlinear relationships 

 

 

 

ceiling effect floor effect 



Linear and Exponential Trend Lines 

Trend lines are useful as guides for the eye:  
they provide a line showing the `stated` trend in the data, 
but they cannot be relied upon for serious analysis. 

Marco Law
How Excel Creates Trend Lines
log data
fit data to straight line
re-convert back to exponential

Marco Law


Marco Law


Marco Law
EXCEL:
lny -= lna _ mx 
y = b + Mx

Marco Law




MIPS for Selected Intel Processors 
Name Year MIPS 
8080 1974 0.64 

8088 1979 0.33 

80286 1982 1 

80386 1985 5 

80486 1989 20 

Pentium 1993 100 

Pentium II 1997 300 

Pentium III 1999 510 

Pentium IV 2000 1700 

Task: Predict the speed (in MIPS) in 2010 
 
MIPS: Millions of Instructions Per Second 

Marco Law




MIPS increases with time  

68 

Year
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Moore’s Law (Conjecture): computer speeds will 
increase exponentially with a doubling time of 
roughly 18 months.  



Vertical axis is natural log of MIPS  

3UHGLFWHG�§�e10 = 22 000 

3UHGLFWHG�§�e13 = 440 000 

3UHGLFWHG�§�e5.4 = 220 

3UHGLFWHG�§�e30 = 1 x 1013 

Marco Law
Plotted as Logarithmic

Marco Law


Marco Law
Plotted as Quadratic

Marco Law
Plotted as Cubic

Marco Law
Plotted as Quartic

Marco Law
may assume the 0.996 is the best line. engineering
judgement is required to choose best line. The straight line is 
probably the best because it follows physical values. The others
are original data points that have been modified and remodified



The same data, but fitted to an exponential 
directly gives: 

Exponential fit
f = a*exp(b*x)

Time in years since 1974
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3UHGLFWHG�6SHHG�LQ������§���[���8 

Never use Trend Lines for Serious Analysis !!!! 
Bee careful, this analysis is also not sufficient !! 

Marco Law
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Be Careful 
� For this reason, people are often careful when choosing 

their words, for instance,  

 r2 (explained variance) is “the amount of variance in y 
accounted for by a linear relationship between x and y” 

� Often a nonlinear relationship will actually explain more 
of the overall variance than you would estimate by simply 
squaring the linear correlation coefficient.  Recall the 
parabola (y=x2) fit a few slides back.   

 

 

 

Marco Law




Bee Careful 

 





• Bee careful using curve 
fitting programs:  

 – it is easy to make   
  mistakes! 



ECOR 1010 
Lecture 16 

Linear Systems & MATLAB 



Linear Systems 
• Many problems in engineering can be 

approximated by linear relationships 
• For linear systems, solutions to problems are 

often easy 
– Methods for structured data representation, 

management, and analysis 
– Clear, logical, algebraic methods exist for solving 

related engineering problems 
• We will need tools from linear algebra 

 



Taylor Series 
� �

(3)
2 3

0

The Taylor series of a  function ƒ  that is 
infinitely differentiable in the region of a
number ' '  

( ) ( ) ( )( ) ( ) ( ) ( ) ( )
1! 2!

is the power s

3!
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 � � � � � � �

 �¦

"

2
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When  is zero:
( )

a
f x b x xb b� �o �}

This slide is added to give some justification for the linear approximation.  Generally, 
functions can be expanded in a Taylor Series.  If you know the value of a function at some 
point a, you can calculate the value as some different point, x, away from a, with the Taylor 
expansion.  If x is not too far away, then x-a is small (i.e., much less than one), and therefore 
higher powers of x-a are progressively smaller and smaller.  A linear system is one where the 
higher powers of x-a are so small that they can be ignored in the analysis. (Another point: at 
the same time, the higher derivatives must also get ‘smaller’ so that the series converges).  
The Taylor expansion is used to justify fitting to polynomials, such as power series in x.  
Linear systems are ones where we can truncate the series after the linear term.   

Marco Law
1! = 1 * 2
2! = 2 * 3
n! = n * (n+1)

Marco Law
In the limit where (x-a) is very small, the higher order terms are extremely small

Marco Law
If they are so small, we can ignore them!

Marco Law


Marco Law
The series responds in a linear way if you give it a small push is a linear system

Marco Law




Example Linear Model 
(mechanical system) 

• Displacement of a 
spring when a force is 
applied (a linear 
relationship for ‘small’ 
displacements) 

f kx �

Marco Law
(There would be a greater
series of terms, but if x is small
you end up with the equation)

Marco Law




Linear Equation 

• Linear equation in variables xi 
 
 

• The parameters ai and b are usually constants 
• Can you give an example of a nonlinear 

system/relationship? 

Marco Law
if someone pushes a guy, he can move back to his original position if he wasn't pushed a lot. If he was pushed
very hard, he'll fall over. 



Marco Law




Linear System of Equations 
• A linear system can be described with a set of m 

linear equations in the independent variables xi 

 



Vector and Matrix 
Representation 

• We can represent linear systems in vector and 
matrix form 

A                     x       =    b



1 2 3

1 2 3

1 2 3

   5   x   7
2 6 9  0
7 5 3 7

x x
x x x
x x x

� �  
� � �  
� � �  �

1

2

3

5 1 1  7
2 6 9  0
7 5 3 7

x
x
x

� ª ºª º ª º
« »« » « »�  « »« » « »
« »� � �« » « »¬ ¼ ¬ ¼¬ ¼

A            x    =  b
3 x 3              3 x 1        3 x 1 

Vector and Matrix 
Representation 

Inner dimensions must be equal. Dimension of result, b, is the outer dimensions 



Matrix Form 
Rows 

Columns 



Vector and Matrix Operations 
• Asian mathematicians had 

already developed 
algorithms for solving 
linear systems by 250 BC 

• Linear algebra as we 
know it was first 
formalized by German 
mathematician Hermann 
Grassmann(1809-77) 
– This new algebra was 

presented in his book Die 
Ausdehnungslehre(1844) 

– Grassmann algebra 



Linear Algebra 
• Deals with systems of linear equations and their 

solutions, and 
• linear transformations and their properties. 



 Solving a set of a linear equations means we determine 
values for the n variables, x1, x2, ..., xn, such that each 
of the m equations is satisfied.  

¾There are three possibilities: 
• The system has a single unique solution.  

– e.g. Two lines meet at a point, if they are not parallel  
• The system has infinitely many solutions.  

– e.g. Two planes meet in a line, if the planes are not parallel 
• The system has no solution.  

– e.g. Two planes, or two lines, never meet if they are parallel 
 
 

Solutions to Linear Systems 



Solutions to Linear Systems 
Under-determined (m<n) 
• Fewer equations than 

unknowns 
• If a finite solution exists, it 

is not unique 
• If a solution exists there are 

an infinite number of 
solutions 

Over-determined (m>n) 
• More equations than 

unknowns 
• A finite solution may exist 

– It may, or may not, be unique 

¾ The equations must be independent.  This means that if you 
have two equations, you cannot simply add them to get a third 
equation.  You cannot simply multiply both sides of one 
equation by some number, say 6, to get another equation.  
Each equation must have new information, it cannot be a linear 
combination of other equations. 



Determined System (m = n) 

• The number of equations equals the number of 
unknowns 

• If the equations are independent, then we can 
solve for the unknowns. 
– Unless the equations are inconsistent, like 

 
– Both of the equations cannot be true simultaneously 

 
• Consider first systems with m = n = 2 

1 2 1 21  and  2x x xx �  �  



Recall: Two equations – Two unknowns 

1 ( 13 / 31) /5 2 3
1.3871

x u
 
 �

1 2

1 2

15 10 25
15 21 12

x x
x x
�  
�  

1 2

1 2

3 2 5
5 7 4

x x
x x
�  
�  

• Solve for x1 and x2 :  
 

• Multiply the top equ 
by 5, and the bottom 
equ by 3: 

• Subtract the bottom 
from the top: 

• Solve for x2 
• Sub x2 into either 

starting equ to get x1:  

1 20 31 13x x�  

2 13 / 31 0.4191x  �  �



x1

-4 -2 0 2 4

x 2

-4

-2

0

2

4

1 2

1 2

3 2 5
5 7 4

x x
x x
�  
�  

x1 

x2 

1

2

1.3871
Solution:

0.4194
x
x
 
 �



With Matrices: 
¾ Starting equations: 

1

2

3 2 5
5 7 4

x
x

� ª ºª º ª º
 « »« » « »

¬ ¼ ¬ ¼¬ ¼

1 2

1 2

3 2 5
5 7 4

x x
x x
�  
�  

Ax=b
-1 -1A Ax=A b

-1x=A b

¾Write as Matrix, A, times a 
vector, x, equal to a vector b: 

¾Matrix multiply on the left 
by the inverse of A: 

-1 1 0
A A=  Unit Matrix

0 1
ª º

 « »
¬ ¼

• The trick is to calculate A-1: the matrix 
that is the inverse of the A matrix. 



Aside: 

• Do this calculation: 
• Later, once you 

know MATLAB, 
calculate A-1. 

-1

-1

3 2
if A

5 7

0.2258 0.0645
then A

0.1613 0.0968

1 0
Show A A

0 1

�ª º
 « »
¬ ¼
ª º

 « »�¬ ¼

ª º
 « »
¬ ¼

-1 1

2

0.2258 0.0645 5 1.3871
 =A b

0.1613 0.0968 4 0.4194
x
x
ª º ª º ª º ª º

  « » « » « » « »� �¬ ¼ ¬ ¼ ¬ ¼¬ ¼



In 3-Dimensions 

• One linear equation (in three unknowns) 
describes a plane in x-space 
 

• Three equations gives us three planes 
1 2 3 75 xx x� �  

1 2 3

1 2 3

1 2 3

   5   x   7
2 6 9  0
7 5 3 7

x x
x x x
x x x

� �  
� � �  
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x2 data (y)

Three Planes Intersecting at a Point



Example: System of Linear Equations 

1 2 3

1 2 3

1 2 3

   5   x   7
2 6 9  0
7 5 3 7

x x
x x x
x x x

� �  
� � �  
� � �  �

1

2

3

5 1 1  7
2 6 9  0
7 5 3 7

x
x
x

� ª ºª º ª º
« »« » « »�  « »« » « »
« »� � �« » « »¬ ¼ ¬ ¼¬ ¼

A            x    =   b
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x2 data (y)

Three Planes Intersecting at a Point

Typical Engineering Application 

• Find     that satisfies  

1

2

3

 1.5701
 0.7196
0.1308

x
x
x

ª º ª º
« » « » « » « »
« » « »�¬ ¼¬ ¼

•This is the intersection point of 
the three planes. 
 

•Show this yourself later using           
MATLAB and Maple 

-1x=A b







Mesh Current Network Analysis  

1 2 3

1 2 3

1 2 3

Loop 1:  
Loop 2

(6
:  - (

5) 5 0 50
(5) 5 18 4) 4 0

(Loop 3:  40) (4 4) 0

i i
i

i
i

i
i

i i

� � � u  
� � � � u  
� �  �

1i 2i 3i

• Kirchhoff’s voltage law: the sum of the voltage 
drops around any closed loop is equal to the 
sum of the voltage rises. (Recall Ohm's Law: V =  R)i



Mesh Current Network Analysis  

1i 2i 3i

• Kirchhoff’s voltage law: the sum of the voltage 
drops around any closed loop is equal to the 
sum of the voltage rises. 

1

2

3

11 5 0 50
5 27 4 0

0 4 8 0

i
i
i

� ª ºª º ª º
« »« » « »� �  « »« » « »
« »« » « »�¬ ¼ ¬ ¼¬ ¼

A          x   =   b



First, solve the slow way by hand ... 

1

2

3

11 5 0 50
5 27 4 0

0 4 8 0

i
i
i

� ª ºª º ª º
« »« » « »� �  « »« » « »
« »« » « »�¬ ¼ ¬ ¼¬ ¼

11 5 0 50
5 27 4   0   

0 4 8  0

�
� �

�

Marco Law




Row Reduction to Row Echelon Form 

– Type 1: Swap the positions of two rows.  
– Type 2: Multiply a row by a nonzero scalar.  
– Type 3: Add to one row a scalar multiple of another.  

• The system of equations 
is written in this form: 

11 5 0 50
5 27 4   0   

0 4 8  0

�
� �

�

• This form is then modified using 
elementary row operations until it 
reaches reduced “row echelon form”: 

• There are three types of elementary 
row operations:  

1 0 0 5
0 1 0  1
0 0 1 0.5



11 5 0 50
5 27 4   0   

0 4 8  0

�
� �

�

Take 4/25ths of the second row 
and add it to the third row
10 0 0 50
0 25 0  25
0 0 8 4
Divide the first row by 10,
the second row by 25
and the third row by 8.

MATLAB code: 
 
>> A=[11 -5 0;-5 27 -4;0 -4 8] 
A = 
    11    -5     0 
    -5    27    -4 
     0    -4     8 
>> b=[50;0;0] 
b = 
    50 
     0 
     0 
>> x=inv(A)*b 
x = 
    5.0000 
    1.0000 
    0.5000 
>> x=A\b 
x = 
    5.0000 
    1.0000 
    0.5000 

Different 
ways of 
getting the 
answer 

 ------- 
A\b is  
faster 

Take 1/2 of the third row 
and add it to the second row
11 5 0 50

5 25 0  0
0 4 8 0

�
�

�
Take 1/5 of the second row 
and add it to the first row
10 0 0 50

5 25 0  0
0 4 8 0
�

�

Take 1/2 of the first row 
and add it to the second row
10 0 0 50
0 25 0  25
0 4 8 0�

Unit Matrix in 3D 

1 0 0 5
0 1 0  1
0 0 1 0.5

1

2

3

1 0 0 5
0 1 0 1
0 0 1 0.5

i
i
i

ª ºª º ª º
« »« » « » « »« » « »
« »« » « »¬ ¼ ¬ ¼¬ ¼



Another Linear Circuit Example 

1

2

3

4

5

4015 5 0 5 1
405 15 5 0 2

400 5 15 5 3
505 0 5 15 4
01 2 3 4 10

i
i
i
i
i

� � � ª º ª ºª º
« » « »« » �� � � « » « »« »
« » « »« »  � � �
« » « »« » �� � � « » « »« »
« » « »« »� � � �¬ ¼ ¬ ¼¬ ¼

Difficult to solve by hand!! 

Marco Law
Loop1


Loop 2


Loop 3


Loop 4

Loop 5

Marco Law


Marco Law
L1

Marco Law
L2

Marco Law
L3

Marco Law
L4

Marco Law
L5

Marco Law
If Loop is Positive to Negative: Voltage = Positive
If Loop is Negative to Positive: Voltage = Negative
	** Look at Loop 1 Total, and Loop 2 Total



This MATLAB m-file 
example is called: 
circuit.m 
This is the script file. It is 
the computer program. 

To run the script: 
•Click the run icon in the 
editor 
or 
•Type ‘circuit’ in the 
command window 
 

Click on the yellow icon by A and the 
window in the next slide pops up 



This spreadsheet can be edited 



Example from Mechanics 



Three Equations, Three 
Unknowns 

Marco Law
Sum of forces in x and y must be zero

Marco Law
Torque must be zero (Force * distance)



Linear System of Equations 

sin10 sin 30 sin10
cos10 cos30 cos10
cos10 cos

0
850

0 2 41 250

A

B

C

F
F
F

� �ª º ª º ª º
« » « » « » « » « » « »

� �« » « » « »¬ ¼ ¬ ¼ ¬ ¼



Example: Trusses 

Marco Law


Marco Law




Example: Trusses 

• For each joint, the sum 
of the forces in each 
direction (x and y) must 
be zero (static) 
 



In Matrix Form 

3 
4 

5 �¥� 

4 

Marco Law




Another Truss 
Example 



Solve this by hand? 



Solving Systems of Linear Equations 

• We can solve these linear equations either by 
hand, or with software 
– MATLAB and Maple in this course (… and Excel) 

• MATLAB is good for numerical calculations 
and solving systems with unique solutions 

• Maple can be useful for finding algebraic 
solutions when the solution is not unique 



Brief Introduction to MATLAB 



What is MATLAB? 

• MATrixLABoratory (MATLAB) 
• Designed for matrix computations 
• Used extensively in mathematics, engineering, 

and computer science 
• Usually used for numerical purposes 
• Has some symbolic capabilities (but Maple is 

better for symbolic manipulations) 
• Handles large data sets quite well 



What can MATLAB do? 
• Basic mathematics 
• Matrix manipulation 
• 2D graphing 
• 3D graphing  
• Surface plotting 
• Sound Visualization 
• Data Analysis  
• Computer Programming 
• Much more 

– There are many specialized “toolboxes” 



• Editor Window 
– Used primarily for programming, 

and developing reusable code 

Three Basic Windows 

• Command Window 
– Opens immediately when you start 

MATLAB 
– Used primarily for mathematical 

operations, testing/development, 
and for creating throw away 
programs 

 
• Figure Window 

– Appears whenever a plot is 
created 

 



Getting Started With MATLAB 



Working in the Development Environment 



Video Time 
1. http://www.mathworks.com/demos/matlab/getting-

started-with-matlab-video-tutorial.html 
2. http://www.mathworks.com/demos/matlab/working-

in-the-development-environment-matlab-video-
tutorial.html 

3. http://www.mathworks.com/demos/matlab/writing-
a-matlab-program-matlab-video-tutorial.html 

4. http://www.mathworks.com/demos/matlab/analyzin
g-data-overview-matlab-video-demonstration.html 

5. http://www.mathworks.com/demos/matlab/visualizi
ng-data-overview-matlab-video-demonstration.html 
 

http://www.mathworks.com/demos/matlab/getting-started-with-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/getting-started-with-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/working-in-the-development-environment-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/working-in-the-development-environment-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/working-in-the-development-environment-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/analyzing-data-overview-matlab-video-demonstration.html
http://www.mathworks.com/demos/matlab/analyzing-data-overview-matlab-video-demonstration.html
http://www.mathworks.com/demos/matlab/visualizing-data-overview-matlab-video-demonstration.html
http://www.mathworks.com/demos/matlab/visualizing-data-overview-matlab-video-demonstration.html


Semicolons ; 

• Follow commands when you do not want the 
output to be printed/echoed to the screen 

• Can be used in the command window or in 
your m-files (so you see only what you want) 

» 1+1 

ans = 

     2 

» 2*18; 

»  



Parentheses and Brackets 

• ( ) used to denote order of operations or 
standard functions 
2*(3 + 4) or sin(3.145)  

• [ ] used to declare matrices and vectors 
A = [1, 2; 3, 4] 

• ( ) used to denote elements of a matrix/vector 
A(1,2) 

 



Variables 

• You do not need to initialize variables (i.e., no 
need to assign data types) 
– MATLAB does it automatically 

• Can have different types 
– Double Precision (default) 
– Integers 
– Boolean 
– Strings 

• Can be multidimensional (vectors, matrices) 



Variables 

• Use the = sign to define variables 

Number1 = 412;  

% Value 412 is assigned to the variable Number1 

Number_1 = -18; 

% Note that Number1 and Number_1 are different 

Number 2 = 15;% Invalid -> Names cannot have spaces 

A1 = [1 2 3; 4 5 6; 7 8 9];% Assigns a matrix A1 

AVector = [-1; 0; 1; 0; -1; 0]; 

2V = [34; 52]; % Invalid: Names must begin with a letter 



Displaying Variables in Scripts 

disp(Number) 

% Will display the contents of the variable Number 
in the command window 

disp('At dawn, my father and I picked carrots off 
of the trees') 

% Display the message in between quotations in the 
command window 

% If you want an apostrophe in the message, you 
have to use 2 single quotes: '' 



MATLAB Workspace 

• When you create a variable it is stored in the 
MATLAB workspace 
– You can access it in later calculations 

• If you want to clear the workspace 
– clear all; % clears all variables 
– clear A1; % clears variable A1 



Cleaning Up 

• You can clear the command window with the 
command clc 

• You can close all open figure windows with 
the command close all 



m-files 

• m-files are script files that execute a sequence 
of MATLAB commands (a program) 
– including object-oriented programming 
– MATLAB comes with many preprogrammed 

scripts 
• Functions are a special type of m-file 



Running m-Files 

• You can run m-file scripts in a number of ways 
– If they exist in your current path, just type the 

name of the m-file in the command window 
– You can use Tools > Run  
– There is a button on the toolbar  



MATLAB Help 

• There is an extensive Help feature 
• If you know the command (e.g., inv) 

help inv 

doc inv 

• Section 7 in your textbook 
• Visit www.mathworks.com 

– Lots of tutorials 
• Support material on WebCT 



Vector Operations in MATLAB 



Vector Operations in MATLAB 

• Use square brackets to denote a vector: [  ] 

• For row vectors, use a space or comma 

between elements 

a = [1,2,3] or  a = [1 2 3] 
 

 

• For a column vector, use a semicolon (;) 

between elements 

a = [1;2;3] 



Addition and Subtraction 

>> A = [5;1;3;4]; 
>> B = [0;2;4;11]; 
>> C = A-B 
 
C = 
 
     5 
    -1 
    -1 
    -7 



Scalar-Vector Operations 

>> a = [-1,-5,0,3,7,8]; 
>> 3*a 
 
ans = 
 
    -3   -15     0     9    21    24 
 
>> 1 + a 
 
ans = 
 
     0    -4     1     4     8     9 



Norm of a Vector 

• Use the norm 
command 

>> a = [-1;-5;0;3;7;8] 
 
a = 
 
    -1 
    -5 
     0 
     3 
     7 
     8 
 
>>norm(a) 
 
ans = 
 
   12.1655 

2 2 2 2
1 2 3

norm of vector a  a

na a a a � � }�

{

Marco Law
Length of a vector



Cross Product 
>> J = [2;1;-3]; 
>> K = [0;-2;4]; 
>>cross(J,K) 
 
ans = 
 
    -2 
    -8 
    -4 
 
>>cross(K,J) 
 
ans = 
 
     2 
     8 
     4 

Force on a moving charged particle in a magnetic field is:  B qv BF  u
GG

b

a ab b

Moment of a force  applied at point 'b' 

around point 'a' is give s : .n a  u

F

M r F
G GG



T

Dot Product (Inner Product) 
• The dot product of two vectors is a scalar 

• The vectors must have exactly the same 

number of elements 

 

 

• For vectors in 2D and 3D 

e.g. Mechanical Work, ·  cosW F d T  F d
G G

F 



Dot Product Example 
¾Check the following dot product result 

x y (7)( 1) (4)(5) (1)(9)
22

�  � � �
 

MATLAB m-file code in 
the top “Editor” window 

The Command Window 
shows the results of 
running the m-file 

The next slide 
has a magnified 
view of the code. 



Dot Product Example 
MATLAB m-file code in 
the top “Editor” window 

The Command Window shows the 
results of running the m-file 



Calculate the Cosine 
of the Angle 
between the 

vectors x and y 

c
y

s( )
 

o
x

x y
T �

 

The next slide 
has a magnified 
view of the code. 
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The Dot Product and the Correlation Coefficient 
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Correlation Coefficient and the Dot Product 

• The correlation coefficient is the cosine of the 

‘angle’ between the vectors: 

      x-mean(x) and y-mean(y).   

r = 1 

r = 0 

r = -1 
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Car Weight - Average Car Weight (x 100 lbf)
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Matrix Operations in MATLAB 



Assigning Matrices 

• ( ) used to denote elements 

of a matrix/vector 

A(1,2)=2 

1 2
A

3 4

1 3
A'

2 4

ª º
 « »
¬ ¼
ª º

 « »
¬ ¼

• [ ] used to declare matrices 

and vectors 

A = [1, 2; 3, 4] 

• Matrix transpose 

A’ 
 



Full-Colon Operator 

• Use a full colon to pick out rows or columns 

 
>> A(:,2) 
 
ans = 
 
     2 
     5 
     9 
 
>> A(3,:) 
 
ans = 
 
     8     9    10 
 

>> A = [1, 2, 3; 4, 5, 7; 8, 9, 10] 
 
A = 
 
     1     2     3 
     4     5     7 
     8     9    10 
 



• Use a full colon to indicate a range 

>> A = [1, 2, 3; 4, 5, 7; 8, 9, 10] 
 
A = 
 
     1     2     3 
     4     5     7 
     8     9    10 
 
>> A(1:2,2:3) 
 
ans = 
 
     2     3 
     5     7 

Full-Colon Operator 



• Easily create arrays with a fixed step size 

>> [1:2:10] 
 
ans = 
 
     1     3     5     7     9 
 
>> [0:0.5:2.5] 
 
ans = 
 
         0    0.5000    1.0000    1.5000    2.0000    2.5000 

Full-Colon Operator 



Operations on Matrices 

• Addition and subtraction 

>> A + B 

• Multiplication 

>> A*B 

• Inversion 

>>inv(A) 

• Powers (works for what kind of matrices?) 

>> A^4 



Special Matrices 

• Identity matrix 

>> eye(4) 
ans = 
     1     0     0     0 
     0     1     0     0 
     0     0     1     0 
     0     0     0     1 
 



Special Matrices 

• Zeros (a matrix of all zeros) 

>> zeros(3,2) 
ans = 
     0     0 
     0     0 
     0     0 

• Ones (a matrix of all ones) 

>> ones(4,19) 

 



Element-Wise Operations on Matrices 

• You can perform element-wise operations 

rather than standard matrix operations 

  Matrices must have the same dimension 

• Multiply element-by-element 

>> A.*B 
• Raise each element of the matrix to a Power 

>> A.^4 
• Divide element-by-element 

>> A./B 



Practice 

• In a previous lecture we found the matrix 

equations for some large systems (e.g., 

trusses) 

– Use MATLAB to solve these 

• See the support material on WebCT 

Marco Law
Programming in MATLAB
- Powerful yet simple programming language with very little syntax
- Many built-in functions, saves you having to code your own but can be slow in some cases
- Able to do matrix manipulations
- Can develop two types of m-files (programs)
	- Scripts for running a sequence of commands
	- Functions for creating new tools (functions)

Marco Law


Marco Law
Script m-files
- A sequence of commands (ex. you woult type them at a prompt)
- Cannot accept arguments (functions can have arguments)
- Uses the MATLAB workspace as its working environment (Global Variables)


Marco Law


Marco Law


Marco Law
Function m-files
- Can accept arguments (inputs) and return outputs
- Uses local variables that do not appear in the MATLAB Workspace
- What happens in the function file stays in the function file.


Marco Law


Marco Law


Marco Law
For Loops:
- Repeat a set of commands a specified number of times
- Example
	for variable = expression
		statements
	end
		
%create a horizontal vector with 5 components
	for i=1:5 
		x(i) = i/5;
	end
%create a transpose
	x'



Programming in MATLAB 

• Powerful, yet simple programming language 

– Very little syntax 

• Many built-in functions 

– Saves you having to code your own 

– Can be slow, in some cases … 

• Able to do matrix manipulations 

• Can develop two types of m-files (programs) 

– Scripts for running a sequence of commands 

– Functions for creating new tools (functions) 



Script m-Files 

• A sequence of commands 

– For example, as you would type them at a prompt 

• Cannot accept arguments 

– Functions can have arguments 

• Uses the MATLAB Workspace as its working 

environment 

– Global variables 

• We have seen examples already 



Function m-Files 

• Creates a new MATLAB function 

• Can accept arguments (inputs) and return 

outputs 

• Uses local variables that do not appear in the 

MATLAB Workspace 

• We will look at function files later 

 



For Loops 

• Repeat a set of 

commands a 

specified number 

of times: 

for variable = expression  

   statements 

end 

 



Writing a MATLAB Program 
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html 

 

http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html
http://www.mathworks.com/demos/matlab/writing-a-matlab-program-matlab-video-tutorial.html


For Loops 

• Repeat a set of 

commands a 

specified number 

of times: 

for variable = expression  

   statements 

end 

 



Taylor Expansion for ex 

2 3 4

1
1! 2! 3! 4!

x x xe x x
 � � � � �}

1 1 1 1 11
1! 2! 3! 4!

e  � � � � �}

Marco Law
4! = (4)(3)(2)(1)
x! = x factorial
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Nested Loops 

• You can also create 
nested loops 



< 

<= 

> 

>= 

== 

~= 

 

~ 

& 

| 

Less than 

Less than or equal to 

Greater than 

Greater than or equal to 

Equal to 

Not equal to 

 

Not 

And 

Or 

Relational and Logical Operators 

Boolean 
Logical 
Operators 

Relational 
Operators 



Relational and Logical Operators 

• Used when comparing and selecting values 

• Used to determine if an expression will 

evaluate to true or false 
• Used in if statements and while loops 

• Used whenever a logical decision must be 

made 



If Statements 

• Executes the 

statements if the 

expression is true 
– Use the relational or 

logical operators 

• Otherwise, skips the 

statements 

• Statements can be any 

code or function  

– Can have multiple 

statements 

 

if (expression) 

   statements 

end 



In the second example, when you type 11 for Your_Age, 

the program simply ends with no output. 

Notice how you 
need to double 
apostrophes (‘’) 



Comments 

• Use comments to clarify your code 

– VERY important for communicating your work 

• Comments preceded by a % 



If-Else Statements 

• One of the two statements is always executed 

if (expression) 

   statements 

else 

   statements 

end 





Always Include Error Messages! 





Formatted Printing: In a string of text written within single quotation marks:   
 % followed immediately with a formatting code means place the corresponding 
 value listed at the end of the command in this location in the string using the 
 specified format. 
Format for output: ‘i’ for integer; ‘5.2f’  for floating point number of five characters with 2 
 digits to the right of the decimal point. 
(\r means carriage return, and is the same as \n which means new line) 



Elseif (and MATLAB Help) 
>> help elseif 
 ELSEIF IF statement condition. 
    ELSEIF is used with IF. The statements after the ELSEIF are 
    executed if the expression is true and all the preceding IF and 
    ELSEIF expressions are false. An expression is considered true 
 if the real part has all non-zero elements.   

 

    ELSEIF does not need a matching END, while ELSE IF does. 

 

    The general form of the IF statement is 
       IF expression 
         statements 
       ELSEIF expression 
         statements 
       ELSE 
         statements 
       END 

 

    See also if, else, end. 
 
    Reference page in Help browser 
       doc elseif 





You could write the 
program on the previous 
slide with ‘else’ and ‘if’ 
statements instead of 
‘elseif’, but you would 
need another ‘end’ 
statement 





While Loops 
• Repeat a set of 

commands while a 

condition holds true (1) 
– Tests the condition before 

action is taken 

• Exits when the condition 

is found false (0) 

while expression  

   statements 

end 

• Used when you do not know how many times 

you will loop 

• While loops carry an implicit danger: there is no 

guarantee, in general, that you will exit a while 

loop. 



While Loops 
• Loop while the square 

of a number is less than 

a value of 2000 

• Find the largest even 

integer with a square 

less than 2000 

a = 2; 

b = a^2; 

while b< 2000 

   a = a + 2; 

   b = a^2; 

end 

a = a - 2; 

disp(a) 



Changed to 
largest odd 
integer whose 
square is less 
than 2000. 



The example codes so far were all 
written as script m-files 

• Now we will look at function files 
• In this case we create out own functions: 

– for instance, the computer has built-in 
functions like sin(x), cos(x), tan(x), log(x), 
which take an input, x, and return a value 
depending on what the function does. 

• Our functions will be similar.  They will 
have input(s), do something with the 
input(s), and output some value(s).   



Function m-Files 
• Syntax is given by: 

function [out1, out2, ...] 
=funname(input1, input2, ...) 

• The function name must be the same as the 
file name (funname.m) 
– The m-file begins with the function declaration 

• Output arguments are specified in square 
brackets 

• Use the function from the command prompt 
or in a script file, just like any other MATLAB 
function 



Notice the use of the 
dot in the formula 

Notice that there is no 
clear command on the first 
line, as there was in the 
previous script files.  This 
is because all variables 
inside functions are local 
to that function.  It doesn’t 
matter what symbols you 
use inside a function; for 
instance, they can be the 
same symbols you used in 
the program that called the 
function.   



• On the next slide is a function that has a 
vector output: stats.m 

• You read a vector in of any length, called 
‘data’ in this example 

• The function returns a 1x3 vector with the 
mean, standard deviation, and the number 
of data points in the vector called ‘data’.   





Things to Remember when Writing 
Computer Programs 

• Use the indented style that you have seen in the 
previous programs. It makes the programs easier to 
read, the syntax is easier to check, and it forces you to 
think in terms of building your programs in blocks.  

• Put lots of comments in your program to tell the reader in 
plain English what is going on. Some day that reader will 
be you, and you will wonder what you did.  

• Put error messages in your programs, like the test for 
when the denominator was zero. As you go through your 
career, your programs will build on each other. Error 
messages will help you debug future programs.  

• If you are having trouble writing a program, get a small 
part of it running and try to build on that.  



MATLAB Plotting Tools 

• MATLAB has very extensive plotting 

(graphing) tools, for many types of 

information 

• Basic command is plot 
– plot(x,y) plots a y versus x graph 

– You can plot multiple data sets on one graph 

• plot(x1,y1,’b’,x2,y2,’r’) 
• One in blue (b), one in red (r) 



Plotting Example 
>>x = [1;2;3;4;5;6;7;8;9;10]; 
>>y = [10;7;5;4;3.5;3;2.75;2.5;2.25;2]; 
>>plot(x,y) 
>>xlabel('x') 
>>ylabel('y') 
>>title('An Example Plot for ECOR 1010') 



Another Plotting Example 
>>x = [1;2;3;4;5;6;7;8;9;10]; 
>> y1 = [2;4;9;6;7;6;5;4;3;2]; 
>> y2 = [3;7;10;5;3;6;5;1;0;0]; 
>> plot(x,y1,'b',x,y2,'g--') 
>>xlabel('x') 
>>ylabel('y') 











MATLAB Support 

• Check out the support material on WebCT 

• The Mathworks website has many tutorials 

and many interesting examples 

– www.mathworks.com 



MATLAB for Simulation 

• MATLAB is a powerful tool for creating 

simulations of physical systems 

– Can be used to efficiently solve differential 

equations (e.g., equations of motion) 

– Simulations can be used to check anticipated 

results before building real systems 

• Simulink is a powerful graphical tool in 

MATLAB for creating simulations 



Simulation Example (MobotSim) 

• Simulate the motion of 

a mobile robot 

• Simulate the sensors on 

a mobile robot 

– Wheel rotations 

– Laser rangefinder 

readings 

• Save the data to test 

algorithms without 

needing a real robot 



Introduction to Maple 

ECOR 1010 
Lecture 19 



Maple 

• Maple is computer algebra software 
• Great for symbolic computations 

– Historically, MATLAB has been used for numerical 
calculations and MAPLE for symbolic, but both 
now do both 

• Originally developed at the University of 
Waterloo (now Maplesoft) 
– www.maplesoft.com 



What Can Maple Do? 

• 2D Plotting 
• Great for 3D plotting 
• Symbolic and numerical computations 
• Differential and integral calculus  
• Matrix manipulation 
• Statistics and data management 
• Algebraic geometry 
• Differential geometry 
• Much more, … 

 

















































User controlled update 

• We can go back and change the function 
and everything is updated if we click !!!  

• If you only want to update a small 
‘selected’ portion of the work then click ! 

 see the icons circled in red at the top of the next slide  
 









You can output your Maple file to: 

• Rich text format (Word) 
• LaTeX 
• Adobe pdf 
• .txt Text file 
• .zip 
• html, htm 



• Hitting ‹ENTER› executes the input given. In 
“document” mode  

• Hitting ‹CNTR›+‹=› executes an inline expression and 
displays the result inline (without linebreak).  

• You can hit ‹SHIFT›+‹ENTER› for a new line while 
postponing the execution of the input. (Don’t forget 
the semicolon in this case.) 

• In a “worksheet” or “document” you can go back, 
change lines and re-execute them by hitting enter. 



• In a “worksheet” or “document” you can enter 
normal (formated) text which is not executed. ‹F5› 
switches between entering text and math. 

• ‹ESC› shows a list of possible completions. The right 
mouse button displays a list of sensible operations 
on the object. Executing such might write something 
in text and math mode. 

• Everything following # is a comment and will not be 
interpreted. 

• % is a placeholder for the previous expression 
entered. %% and %%% are placeholders for the 
second and third last expression. 



There are two basic ways of displaying 
and entering math in Maple.  

 
• “1-D Math” (also called “Maple Notation”) is in plain 

ascii text form. Input must be terminated by either ; 
(displays the result) or : (does not display the result).  

• “2-D Math” is a more graphical way of entering and 
displaying math notation. 
– Everything so far has been 2-D Math  

ASCII stands for American Standard Code for Information Interchange. ASCII code is the 
numerical representation of a character such as 'a' or '@' or an action of some sort.  





Basic Operations 

• Maple uses the same basic operations as in 
MATLAB (+, −, *, /) 

• Also, factorial ! and exponents ^ 

In 1-D Math mode: 



Some Basic Maple Functions 



Special Characters 

• Spell out Greek letters 
to use them in Maple 
– To get θ type theta 
– To get π type pi 
– To use the numerical 

value of π type Pi 
– Use evalf to find the 

numerical value 



Assignment Operator 
• Assign equations and 

values to a variable, use 
the := operator 

• Value on the left of := is 
assigned to the value on 
the right 

• The = and := operators are 
not the same 

• You cannot perform 
recursive assignments 
 a := a + 1; 



Using the % Operator 
• Allows you to use the output from the last 

command % in the next command 



Evaluating Expressions 
• Maple does not automatically evaluate the 

numerical value of results 
• Use the eval and evalf commands: 

– Expression goes in the argument: see below 
– Or use evalf(expression,n) for evaluation to n 

significant digits 



What can Maple do with 
Equations? 

• Factor 
• Expand 
• Differentiate 
• Integrate 
• Limits  
• Solve 
• Plot 

 



Factoring 

• Maple can factor 
• Use the factor(expression) command 

– If it can’t factor it, it will just return the expression 

• Use expand(expression) to expand a 
factored expression 



Factor & Expand Examples 



Solving an Equation 

• Use solve(expr,var) 
• If you do not specifiy an equation, it sets the 

expression to zero and solves 



Solving a System of Equations 

• Use the following syntax 
> solve({expr1,expr2,..},{var1,var2,…}) 

• Can return parametric solutions for the case 
where infinite solutions exist 
 



Solve Examples 



Three Equations, Three Unknowns 



Solve Using Maple 



Mesh Current Network Analysis  

1i 2i 3i

• Kirchhoff’s voltage law: the sum of the voltage 
drops around any closed loop is equal to the 
sum of the voltage rises. (Recall Ohm's Law: V =  R)i

R1 

R2 

R3 

R4 

R5 
V1 

1 2 3

1 2 3

1 2 3

Loop 1:  
Loop 2

(6
:  - (

5) 5 0 50
(5) 5 18 4) 4 0

(Loop 3:  40) (4 4) 0

i i
i

i
i

i
i

i i

+ − + × =
+ + + − × =
− + =+

R1 + R2 

R4 + R5 -R4 

-R4 -R2 

-R2 

R2 + R3 + R4 





Now fill in the numbers 



Now fill in the numbers 







Symbolic Answer 







Harmonic Oscillator 
• For a mass moving in 

the y direction with a 
linear restoring force: 

F ky= −



Harmonic Oscillator 
• For a mass moving in 

the y direction with a 
linear restoring force: 

2

2

d
d

yF ma m ky
t

= = = −

• The solution is: 

sin(( ) )ty t A ω φ+=
2k

m T
πω = =



Damped Harmonic Oscillator 
• Friction can often be modelled with an 

additional term proportional to the velocity:  

2

2

d
d

y dyF ma m ky c
t dt

= = = − −



Driven Damped Harmonic 
Oscillator 

• We can drive the damped oscillator with an 
external force, F(t):  

• This is a driven damped harmonic oscillator 
and the solution is more complicated. 

2

2

d ( )
d

y dyF ma m ky c F t
t dt

= = = − − +





Professional Engineering 

ECOR 1010  

Lecture 22 



Licensed Professions: 

Health Care 

• Medicine 

• Nursing 

• Dentistry 

• Pharmacy 

• Midwifery 

• Social Work 

• Psychology 

• Veterinarians 

• Medical Physics 

• ... 

Business 

• Law 

• Accounting 

 

Design & Technology 

• Engineering 

• Geo Science 

• Architecture 

 

 



Where else do we see licences? 

• We need licences to 

operate cars,  trucks, 

and airplanes 

• What distinguishes 
people with these 
licences from licensed 
professionals? 



What is a Profession? 

• “A self-selected, self-disciplined group of 

individuals who hold themselves out to the 

public as possessing a special skill derived 

from training and education and are prepared 

to exercise that skill in the interests of others” 



Why do we Licence People? 

• To tell clients and customers that these individuals 
have met standards of education and competence 
that we as a society deem sufficient to do the job.  

– If you need brain surgery, you want someone who has the 
right training, and is an honourable person; not some 
quack who thinks he knows what to do. 

– If you want to build a bridge, you want someone who has 
mastered the art of bridge building, and is a trustworthy 
person of good character.    

• Licensed Professionals have an  

 exclusive legal right to practice 

– No one else can do the job, by law. 
Has nothing to do with  

“looking professional” 



                                                                                                                                            

Remains after the southern span fell in 1907, killing 75 (courtesy NAC/PA-109498).  
 

                                                      

           
The twisted steel wreckage of the Quebec Bridge after its collapse 29 
August 1907 (courtesy National Archives of Canada).  

Reasons why you might want a professional 

• On the right 
are pictures 
of the 
collapse of 
1907 

• Above is a 
picture from 
the collapse 
of 1916 

• To the right is 
the bridge 
today.   



Theodore Cooper’s design and the 

current bridge … 

9 



Professional Organizations 

• All recognized professional bodies organize 
themselves into self-governing professional 
societies or associations 

– e.g., College of Physicians and Surgeons 

– Professional Engineers Ontario (PEO) 

• Major function is to define the duties and 
responsibilities of their members 

– Code of Ethics 

– Guidelines for Practice 

– Disciplinary Procedures 

 



Legislative Mandate 

• Provincial jurisdiction in Canada 

– Professional Engineers Act 

– By state in the USA 

• Professional Engineering is defined in the Act 

– “practice of professional engineering” means any act of 

planning, designing, composing, evaluating, advising, 

reporting, directing or supervising that requires the 

application of engineering principles and concerns the 

safeguarding of life, health, property, economic interests, 

the public welfare or the environment, or the managing of 

any such act;  

 

Marco Law
New


Marco Law




Legislative Mandate 

• Provincial jurisdiction in Canada 

– Professional Engineers Act 

– By state in the USA 

• Professional Engineering is defined in the Act 

– “Any act of designing, composing, evaluating, advising, 

reporting, directing or supervising; wherein the 

safeguarding of life, health, property or the public 

welfare is concerned, and that requires the 

application of engineering principles, but does not 

include practising as a natural scientist”  

Marco Law
Old



Professional Engineers Act 

• Professional Engineers Ontario (PEO) 
– www.peo.on.ca 

– http://www.e-laws.gov.on.ca/html/statutes/english/elaws_statutes_90p28_e.htm 

– http://www.e-laws.gov.on.ca/html/regs/english/elaws_regs_900941_ev004.htm 

 

13 

Brand New (Passed into Law October 25, 2010): 

http://www.e-laws.gov.on.ca/html/source/statutes/english/2010/elaws_src_s10016_e.htm 

 

http://www.peo.on.ca/
http://www.e-laws.gov.on.ca/html/statutes/english/elaws_statutes_90p28_e.htm
http://www.e-laws.gov.on.ca/html/regs/english/elaws_regs_900941_ev004.htm
http://www.e-laws.gov.on.ca/html/source/statutes/english/2010/elaws_src_s10016_e.htm
http://www.e-laws.gov.on.ca/html/source/statutes/english/2010/elaws_src_s10016_e.htm
http://www.e-laws.gov.on.ca/html/source/statutes/english/2010/elaws_src_s10016_e.htm
http://www.e-laws.gov.on.ca/html/source/statutes/english/2010/elaws_src_s10016_e.htm
http://www.e-laws.gov.on.ca/html/source/statutes/english/2010/elaws_src_s10016_e.htm


Professional Engineering 

• Unifying theme is public safety 

– Bridges and buildings 

– Designing vehicles that carry people 

• Planes, trains, and automobiles 

– Software to operate a nuclear reactor 

– Electrical and electronic components 

– Control systems 

– Environmental engineering 

–  … 



Responsible and Accountable 

• Society has granted Professional Engineers the 

exclusive legal right to practice engineering 

• In return, Society has expectations: 

– Responsibility 

– Accountability 

– No unreasonable errors or omissions that involve 

public safety 

– Liability and liability insurance 



Professional Engineers Ontario (PEO) 

• Licensing and enforcement body in Ontario 

• Enforces Professional Engineers Act 

• Enforces standards of competence 

• Enforces use of the title “Professional 
Engineer” and “P.Eng.” 

• Responsible for public safety 

 

• Does not protect engineers 

• Has nothing to do with the “Iron Ring” 



Code of Ethics 

• All Professional Engineers must follow the 

“Code of Ethics”  

• Part of Regulation 941 of the Professional 

Engineers Act in Ontario 
– http://www.e-laws.gov.on.ca/html/regs/english/elaws_regs_900941_ev004.htm 

• The Code of Ethics spells out the duties and 

responsibilities of a Professional Engineer 

http://www.e-laws.gov.on.ca/html/regs/english/elaws_regs_900941_ev004.htm


Code of Ethics 

• Defines the professional engineer’s  

responsibilities to: 

– Society and the environment 

– The engineer’s employer and/or clients 

– Fellow engineers 

• Other professional obligations arise from: 

– Technical standards and protocols 

– Business and corporate practice  

– International treaties 



Code of Ethics 

 It is your professional duty to 

understand and abide by the code of 

ethics to the very best of your ability 



Tenets of the Code of Ethics 

• #1: Safety: Health and Welfare of the Public 

• Practitioners are to do work only within their 
competence 

• Practitioners are to conduct themselves with 
honesty, integrity, fairness and objectivity 

• Comply with applicable codes, statutes, 
regulations, etc. 

• Uphold and enhance the honour and dignity of 
the profession 

 



Code of Ethics and Misconduct 
• Definition of Professional Misconduct: Section 72 

of Regulations, R.R.O. 1990, Reg. 941, s. 72 (1); O. 
Reg. 657/00, s. 1 (1): 

 

 
http://www.peo.on.ca/complaints/definition_misconduct.htm 

 

 

http://www.peo.on.ca/complaints/definition_misconduct.htm


Definition of Professional Misconduct:  Section 72 of Regulations RRO. 941  
72.  (1)  In this section,  
"harassment" means engaging in a course of vexatious comment or conduct that is known or ought reasonably to be known 
as unwelcome and that might reasonably be regarded as interfering in a professional engineering relationship; 
"negligence" means an act or an omission in the carrying out of the work of a practitioner that constitutes a failure to 
maintain the standards that a reasonable and prudent practitioner would maintain in the circumstances. R.R.O. 1990, Reg. 
941, s. 72 (1); O. Reg. 657/00, s. 1 (1).  
(2)  For the purposes of the Act and this Regulation, 
 
"professional misconduct" means,  
 
(a) negligence,  
(b) failure to make reasonable provision for the safeguarding of life, health or property of a person who may be affected by 
the work for which the practitioner is responsible,  
(c) failure to act to correct or report a situation that the practitioner believes may endanger the safety or the welfare of the 
public,  
(d) failure to make responsible provision for complying with applicable statutes, regulations, standards, codes, by-laws and 
rules in connection with work being undertaken by or under the responsibility of the practitioner,  
(e) signing or sealing a final drawing, specification, plan, report or other document not actually prepared or checked by the 
practitioner,  
(f) failure of a practitioner to present clearly to the practitioner's employer the consequences to be expected from a 
deviation proposed in work, if the professional engineering judgment of the practitioner is overruled by non-technical 
authority in cases where the practitioner is responsible for the technical adequacy of professional engineering work,  
(g) breach of the Act or regulations, other than an action that is solely a breach of the code of ethics,  
(h) undertaking work the practitioner is not competent to perform by virtue of the practitioner's training and experience,  
(i) failure to make prompt, voluntary and complete disclosure of an interest, direct or indirect, that might in any way be, or 
be construed as, prejudicial to the professional judgment of the practitioner in rendering service to the public, to an 
employer or to a client, and in particular, without limiting the generality of the foregoing, carrying out any of the following 
acts without making such a prior disclosure:  
1. Accepting compensation in any form for a particular service from more than one party.  
2. Submitting a tender or acting as a contractor in respect of work upon which the practitioner may be performing as a 
professional engineer.  
3. Participating in the supply of material or equipment to be used by the employer or client of the practitioner.  
4. Contracting in the practitioner's own right to perform professional engineering services for other than the practitioner's 
employer.  
 



 
5. Expressing opinions or making statements concerning matters within the practice of professional engineering of public 
interest where the opinions or statements are inspired or paid for by other interests, 
 
(j) conduct or an act relevant to the practice of professional engineering that, having regard to all the circumstances, would 
reasonably be regarded by the engineering profession as disgraceful, dishonourable or unprofessional, 
(k) failure by a practitioner to abide by the terms, conditions or limitations of the practitioner's licence, limited licence, 
temporary licence or certificate, 
(l) failure to supply documents or information requested by an investigator acting under section 34 of the Act, 
(m) permitting, counselling or assisting a person who is not a practitioner to engage in the practice of professional 
engineering except as provided for in the Act or the regulations, 
(n) harassment. R.R.O. 1990, Reg. 941, s. 72 (2); O. Reg. 657/00, s. 1 (2). 



Misconduct 

• Negligence 
– “negligence” means an act or an omission in the 

carrying out of the work of a practitioner that 
constitutes a failure to maintain the standards that a 
reasonable and prudent practitioner would maintain 
in the circumstances 

• Failure to safeguard life, health and property 

• Failure to report or correct something that 

endangers public safety 

• Failure to comply with codes, statutes, etc. 

• Failure to disclose conflicts of interest clearly 

to employer 



• Breach of the Act 

• Undertaking work for which the Practitioner is 

not qualified 

• Disgraceful, dishonorable or unprofessional 

conduct 

• Failure to abide by license 

 

Misconduct 



• Failure to cooperate with PEO investigators 

• Permitting or assisting a person who is not a 

practitioner to engage in professional 

activities 

• Harassment 
– “harassment” means engaging in a course of 

vexatious comment or conduct that is known or ought 
reasonably to be known as unwelcome and that might 
reasonably be regarded as interfering in a professional 
engineering relationship 

 

 

Misconduct 



Designation and Seal 

• Your ECOR 1010 professor: 

– G. McRae, P.Eng. 



Requirements for Licensing 

• Be at least 18 years old 

• Be a citizen or permanent resident of Canada 

• Be of good character 

• Meet education standards established by PEO  

• Pass the professional practice exam (PPE) on 

engineering law and ethics 

• Meet engineering experience requirements 

– Four years of engineering practical experience in 

Ontario 



Steps to 

becoming a 

Professional 

Engineer from 

an accredited 

university 

program 



Acceptable Engineering Experience 

• Based on five quality-based criteria 

1. Application of Theory 

2. Practical Experience 

3. Management of Engineering 

4. Communication Skills 

5. Social Implications of Engineering 

 



Pre-Graduation Experience 

• You can count up to 12 months of experience 

prior to graduation 

• Experience counts only after you have 

completed 50% of your coursework  

– e.g., after second year 

• Assessed on the five criteria in the previous 

slide 



Experience Credit 

• Graduate degrees (e.g., M.Eng., M.A.Sc.) can 

give you up to 12 months of experience credit 

– They must be in the same discipline as your 

undergraduate engineering degree 

• Thesis research can count if it is: 

– Applied engineering in nature 

– Is funded externally 

• Total time credit cannot exceed the time 

required for the degree and thesis research 



Academic Requirements 

• Mathematics  
– Minimum 1/8 of the program 

• Basic sciences 
– About 1/8 of the program 

• Engineering sciences (ES) 
– Minimum 1/8 of the program 

• Engineering design (ED) 
– Minimum 1/8 of the program 

• ES plus ED must be minimum 1/2 of the program 

• Complementary studies 
– Minimum 1/8 of the program 

 
Your Engineering Degree at Carleton satisfies these requirements 



Additional Academic Requirements 

• Complementary studies must include 

engineering economics 

• Environment and sustainable development 

• Health and safety 

• Ethics and professional practice 

 

34 
Your Engineering Degree at Carleton satisfies these requirements 



Example Professional Practice Exam 

(PPE) Question: Conflict of Interest 
You are a Professional Engineer in the mechanical 
department of a large general contracting firm. You 
have recently inherited shares of stock in a company 
that manufactures air handling equipment. You hold 
this company's products in very high regard and often 
specify them on projects that your company is 
building.  

Now that you are a shareholder of this company can 
you ethically continue to specify its products? If you 
feel that you can, is there any action that you should 
take to do so ethically? 



Conflicts of Interest 

• Individual engineers should be aware of the 

potential for conflicts of interest 

• Must be clearly and unambiguously disclosed 

to the employer and/or client 

 



Other Conflicts 

• Can arise from differences of ‘technical’ 

opinion between engineers, or between an 

engineer and his/her company 

• In such circumstances, engineers are advised 

to maintain written records, kept in a safe 

place, of any disagreement and the course of 

action that was taken 

 



Enforcement of the Act 

• Usually starts with complaint  

– PEO also does pro-active investigations 

– Based on Code of Ethics, e.g. a person practicing 

without a license 

• Complaint lodged with Discipline Committee 

– Enacted through PEO Act 

• Discipline Committee decides whether formal 

hearing is warranted 

 



Hearing 

• PEO is the prosecutor 

• Engineer is defendant 

• Complaints committee is judge and jury 

• Fines, lifting of license, etc. 

• Name and details published for all to see 

– e.g., in the “Engineering Dimensions” publication 

 
You do not want your name in the “blue pages”. 



Your name ? 
You 

Your company  

You are 

Your company was 

You 

Your company ? 



Non-Engineers 

• Practicing without a license 

– PEO goes to public court 

• If found guilty:  

– $10,000 fine 

– $50,000 fine for repeat offenders 

• Enforcement on www.peo.on.ca 

 



Certificate of Authorization 

• If you want to offer services to the public, you 

need a Certificate of Authorization 

“No person shall offer to the public or engage 

in the business of providing to the public 

services that are within the practice of 

professional engineering except under and in 

accordance with a certificate of authorization.” 

Marco Law




Certificate of Authorization 

• Required anytime a firm or individual offers 
professional engineering services to the public 

• Individual 

– Must be licensed professional engineer 

– Must have five years of licensed practice 

– Must demonstrate competency in C of A area 

– Must be insured 

• Engineering Firm 

– Designates an individual P.Eng. as Chief Engineer 

 



PEO Act 

• Public safety is central to PEO Act and practice 

• The act 

– Regulates behavior of Engineers as employers and 

employees 

– Regulates Engineers who act as consultants and 

report on matters of safety 



Professional Engineers 

• Designs are to be safe (first priority) 

– Central focus of the profession 

• Engineers violate the Act (i.e., the Law) if they 

give advice that put workers in harm’s way 

– Engineers have a special obligation because they 

have been given the responsibility for public 

safety 

 



Example: Pre-Start Health & Safety Reviews 

• Required by Section 7 of Regulation 941 for 

Industrial Establishments 

• For installation of new equipment or 

hazardous processes 

• Consists of report from P. Eng. stating what is 

required to comply with Regulation 

 



Engineering Safety Reviews 

• Safety reviews are required before a piece of 
equipment, machine or device is: 

– Reconstructed 

– Altered in some way 

– or installed in some way  

• Situations where there is toxicity, flammability, 
temperature, pressure changes, etc. 

• Situations where there is the requirement for 
guards, shields, control devices for safety, etc. 

 



Types of Certification 

• Detailed reports stating, for examples: 

– Equipment safe to operate, will not endanger a 

worker 

– Floor capable of supporting or withstanding 

applied loads 

– Stresses do not exceed material limits with 

appropriate safety factor 



Letter of Confirmation 

• P.Eng. investigates, reports to the owner, and 

generates a letter of confirmation 

– Certifying that equipment is safe 

• Owner uses this in case of legal problems at 

some point in the future 

 



Professional Engineers are legally 

responsible for: 

• Design work 

• Producing reports 

• Certifying equipment 

• Certifying structures 

• Performing Pre-Start Health and Safety 

Reviews 

 



Bottom Line 

• Provide certification/reports under the 

Occupational Health and Safety Act (OHSA) 

• Liable under both OHSA and PEO Act 

• Must understand and correctly apply all 

applicable legislation and standards 

• Must not work outside experience/training 



Protect the Public and Yourself 

Do 
• Work within your 

competence 

• Understand and 

document scope of 

work 

• Understand and apply 

national and 

international standards 

• Document all 

references and 

assumptions 

Do Not 
• Work outside of your 

field of knowledge 

• Assume that things are 

“understood” without 

being documented 

• Become overconfident 

• Be pressured by 

employer, client or 

peers 

 



PEO Online (www.peo.on.ca) 



How Does the PEO Work? 



PEO Chapters 

• Geographically based, chapters are local 

branches of PEO 

– Activities are organized by volunteer professional 

engineers living within the chapter 

• Chapter boundaries are defined mainly by 

postal code 

• PEO licensees are assigned to the chapter in 

which they reside 

 



PEO Chapters 

• Facilitates the participation of licensees 

(Professional Engineers) in governing and 

advancing the engineering profession 

• Maintains a local presence for PEO through 

activities of interest to engineers and of 

benefit to their communities 

 



PEO Chapters 



Canadian Council of Professional 

Engineers (CCPE) 

• A federation of the 13 provincial and 

territorial licensing bodies 

• Consists of over 160,000 licensed engineers 

• Coordinates high national standards in 

engineering education, practice, professional 

qualifications and ethics 

 



Canadian Engineering 

Accreditation Board (CEAB) 

• A committee of the CCPE 

• Accredits Canadian undergraduate 

engineering programs 

• Programs approved by CEAB fulfill PEO’s 

educational requirement for licensing 

• All engineering programs in Carleton are fully 

accredited by CEAB 

 



www.peng.ca 



PEO Student Membership Program 

(www.engineeringstudents.peo.on.ca) 



SMP Objectives 

• Raise your level of professional knowledge 

• Promote better communication between 
students and the engineering community 

• Standardize the delivery of PEO’s programs 
and activities to students 

• Seamless transition from student to P.Eng. 

 



Useful Websites 

• SMP (Student Membership Program) 

– www.engineeringstudents.peo.on.ca 

• PEO (Professional Engineers Ontario) 

– www.peo.on.ca 

• OSPE (Ontario Society of Professional Engineers) 

– www.ospe.on.ca 

• CCPE (Canadian Council of Professional Engineers) 

– www.ccpe.ca / www.peng.ca 

• ESSCO (Engineering Student Socities Council of 

Ontario) 

– www.essco.ca 



Reading Assignment 

• Chapters 4 and 5 



Occupational Heath and Safety 

ECOR 1010 
Lecture 23 

The acronym is pronounced like gosh, but without the g, so people say: “osh” 



Safety and Professional 
Engineering 

• Safety is the unifying theme of professional 
engineering 
– You will become a leader in your organization 
– You have professional obligations 

• Occupational Heath and Safety Act (OHSA) 
• Ministry of Labour (Ontario) 

– Enforces the OHSA 
– Audits workplaces for compliance 
– Investigates accident and prosecutes for 

contravention 

Marco Law


Marco Law




Occupational Heath and Safety Act 

• Intended for the protection of workers against 
health and safety hazards on the job 

• Sets out the framework for making Ontario's 
workplaces healthy and safe 
– Similar acts in all provinces of Canada 

• Defines the rights and duties of all parties in 
the workplace 

• Establishes procedures for dealing with 
workplace hazards 
 
 

Marco Law


Marco Law


Marco Law


Marco Law




OHSA Online 
• http://www.e-laws.gov.on.ca/html/statutes/english/elaws_statutes_90o01_e.htm 

http://www.e-laws.gov.on.ca/html/statutes/english/elaws_statutes_90o01_e.htm


Workplace Responsibilities 

• Workers, supervisors, employers, engineers 
are all responsible for OHSA implementation 
– Called the Internal Responsibility System (IRS) 
– Often a company committee is formed to do so, 

called a Joint Heath and Safety Committee 
• Organizations with more than 20 employees 
• Composition split between workers and management 

– Identify, discuss, investigate, educate, and 
recommend changes to workplace practices 

Marco Law


Marco Law


Marco Law


Marco Law


Marco Law




Duties of Workers 

• Work in compliance with OHS Act and regulations 
• Use protective equipment, devices or clothing that is 

required by the employer 
• Report any defects in equipment 
• Report contraventions and hazards 
• Do not bypass any safety device 
• Do not operate equipment that may endanger the 

safety of any worker 
• Do not remove or make ineffective any protective 

device required by the employer or by the regulations 
 
 



Rights of Workers 

• There are four basic rights under the OHSA 
1. Right to participate 
2. Right to know 
3. Right to refuse work 
4. Right to stop work 



Rights of Workers 

Right to Participate 
• Right to be part of the 

process of identifying and 
resolving workplace health 
and safety concerns 

Right to Know 

• Right to know about any 
potential dangers to which 
the they may be exposed 

• Right to be trained and to 
have information on 
machinery, equipment and 
hazardous substances 
– e.g., WHIMIS 



Rights of Workers 

Right to Refuse Work 
• Can refuse any work where 

unreasonable safety risks 
are apparent 
– There are exceptions: police 

officers, for example 

• Must report refusal to 
employer/supervisor 

• Refusal must be 
investigated 

• Worker must remain at 
workstation if safe to do so 

Right to Stop Work 
• In certain circumstances, 

certified members of a joint 
health and safety 
committee have the right to 
stop work that is dangerous 
to any worker 



Duties of the Supervisor 

• Ensure workers follow 
safe procedures 

• Ensure workers wear 
appropriate safety 
clothing or devices 

• Must advise workers of 
hazardous situations 

• Must take every 
reasonable precaution 
to ensure worker safety 
 

http://upload.wikimedia.org/wikipedia/en/f/fb/Pointy-Haired_Boss.jpg


Duties of the Employer 

• Ensure OHSA provisions followed 
– Develop and implement a health and safety 

program and policy 
– Post a copy of OHSA in the workplace 

• Provide training 
• Supply and maintain protective equipment 
• Must take every reasonable precaution to 

ensure safe workplace 



Your Duties as an Engineer 

• Ensure safety of public 
• Report or correct any hazardous situation 
• Maintain competence 
• Do not perform work outside area of expertise 

(gained by training and experience) 
• Apply applicable national and international 

codes and standards 
 



WHIMIS 

• Workplace Hazardous 
Materials Information 
System (WHMIS)  
– Cautionary labelling of 

containers of WHMIS 
“controlled products” 

– Provision of material 
safety data sheets 
(MSDS)  

– Worker education 
programs 
 



Enforcement and Penalties 

• Enforced internally and by the Ministry of 
Labour (authority to enforce the law) 

• Section 31(2) of the OHSA: 
– “… a professional engineer as defined in the 

Professional Engineers Act contravenes this Act if, 
as a result of his or her advice that is given or his 
or her certification required under this Act that is 
made negligently or incompetently, a worker is 
endangered”  



Penalties 

• Section 66. (1) of the OHSA: 
– “Every person who contravenes or fails to comply 

with, (a) a provision of this Act or the regulations 
;(b) an order or requirement of an inspector or a 
Director; or (c) an order of the Minister, is guilty of 
an offence …” 

– OHSA refers to the person not the employer! 
– Offenders are personally liable 
– Fines from $25,000 to $500,000 

 



Engineering Successes  
and Disasters 



Some Major Engineering Successes 

• Pyramids in Egypt, Mexico, and South America 
• Ancient Roman aqua ducts (some still in use) 
• Magnetic compass 
• Steam engine 
• Powered flight 
• Space travel 
• Nuclear energy 
• Wired and wireless communications 
• Transistors and the microcomputer 
• The Internet 



Engineering Disasters 

• Major Process Plant Accidents 

• Management Controls and Major 
Accident Root Causes 



Quebec Bridge (1907) 
88 Deaths Titanic (1912) 

1500 Deaths 

Hindenburg (1937) 
37 Deaths 

Apollo 1 (1967) 
3 Deaths Challenger (1986) 

7 Deaths 

Chernobyl (1986) 
29 Deaths 
2500+ Affected 

Columbia (2003) 
7 Deaths 



Bhopal, India 1984 
• Union Carbide pesticide manufacture. 
• Release of 40 tonnes of heavier-than-air very toxic  

 methyl isocyanate (MIC). 
• Possibly the greatest  industrial disaster in history.  
• 15,000 killed, 500,000 severely injured. 
• Maintenance management problems. 
• No safety analysis report on facility. 
• Staff not qualified or knowledgeable with hazards. 
• No operational safety review process. 
• Poorly-defined line management responsibilities. 

Major Process Plant Accidents 

On June 7, 2010 eight UCIL executives including former chairman Keshub 
Mahindra were convicted of criminal negligence and sentenced to two years in 
jail. The sentences are under appeal. 

http://en.wikipedia.org/wiki/File:Methyl-isocyanate.png


Marco Law










 
• Vapour-cloud explosion.  
• Largest-ever peacetime explosion in the UK. 
• Plant Destroyed, 28 fatalities, 36 injuries on site, 53 offsite. 
• Resources lacked a qualified Mechanical Engineer. 
• Production pressures. 
• Lack of safety review process for design changes. 

Flixborough, Cyclohexane Oxidation Plant,  
UK 1974 

http://en.wikipedia.org/wiki/File:Cyclohexane-chair-3D-balls.png


Flixborough Explosion 
REACTOR CONFIGURATION 



• Two months prior to the explosion, a crack was 
discovered in the number 5 reactor.  

 
• It was decided to install a temporary 20” pipe to 

bypass the leaking reactor to allow continued 
operation of the plant while repairs were made. 

Marco Law




The bypass pipe failed because of lateral stresses 
in the pipe during a pressure surge 

¾The bypass had been designed by personnel who were not 
experienced in high-pressure pipework,  

¾no plans or calculations had been produced,  
¾ the pipe was not pressure-tested, was mounted on 

temporary scaffolding poles that allowed the pipe to twist 
under pressure 

¾The by-pass pipe was a smaller diameter (20") than the 
reactor flanges (24").  To align the flanges, short sections 
of steel bellows were added at each end of the by-pass 
Æunder pressure such bellows tend to squirm or twist.  

¾The bypass had not been reviewed by appropriate 
chartered engineers.  







Management and Organizational 
Systems Controls 
Purpose: 
• To provide and maintain protection in particular for 

institutions which use technology with potential for high 
consequence, low frequency accidents and also to achieve 
process loss prevention. 

 

Features: 
• Do not belong exclusively to engineered systems or human 

factors regimes but are a complex interaction between 
technical and social aspects of an organization. 



Why The Interest? 
• Analysis of major accidents demonstrates that 

inadequate organization and management systems 
performance can usually be  traced to management 
practices and policies. 

 
• Organizations have no memory 



We Can Classify Major Accident Causes 
into 5 Categories of "Failure“: 

1. Dominating production imperatives. 

2. Failure to allocate appropriate or adequate 
resources. 

3. Failure to recognize deteriorating safety situation. 

4. Lack of appreciation of the safety envelope. 

5. Failure to define / assign safety responsibility 
clearly. 



Improving the Corporate Memory 
 
 
 
 

• Include past accidents / near misses for education 
of undergraduates, new employees. 

• Explain reasons for standards, rules & instructions. 
• Lecture and discuss old accidents and incidents for 

employee training, at all levels. 
• Implement a system to document and review 

incidents and feedback lessons learned. 



Learning from the Past 

“Decay is inherent in all component things.” 
The Pali Canon, Suttapitaka, Mahaparinibbana, Ch2, c. 500-250 B.C. 

 
“History repeats itself.” 

from Thucydides:  History I, c. 410 B.C. 
 
“I am not one who is born with the possession of knowledge; I am one who is 
fond of antiquity, and earnest in seeking it there.”   

The Confucian Analects, c. 400 B.C. 
 
“Peoples and government have never learned anything from history, or acted 
on principles deducible from it.” 

G.W.F. Hegel, The Philosophy of History, 1832 
 
“We cannot escape history.” 

Lincoln, 2nd Annual Message to the Congress, 1862 
 
“If you do not learn from history you are doomed to repeat it.” 

George Santayana reference to US involvement in Viet Nam War 
 
“The only thing new in the world is the history you don’t know.” 

H.S. Truman, c. 1970. 
 
“The four most expensive words in any language are ‘This time it’s different’.”   

Sir John Templeton, contemporary investor. 



Incentives: 
• The desired lifetime of bridges, sewer systems, buildings, 

nuclear plants is being extended to longer than their 
original design lifetime.   

 
• Decreasing the costs of inspection is now a priority for 

owners.  This objective is being supported by questionable 
probabilistic methods and by unproven assumptions of 
material properties. 

 
• Excessive reliance of present engineers on handbooks and 

computer models with no insight into the reasons for past 
failures. 

 
• New designs, as used in advanced plants now being 

proposed, are always prone to failures owing to lack of 
prior testing. 



Incentives: 

• Assertions by suppliers that problems of the past 
have been solved despite the lack of adequate 
longer term data. 

• Laboratory studies have identified modes of failure 
of advanced materials that have not been 
observed in service but should be expected. 

• Most of the experienced people who built the 
present infrastructure have retired or have passed 
away. 

• New engineers, while well educated, are unfamiliar 
with the mechanical and chemical fragilities of 
materials. 



Major Failures to date have 
been knowable and predictable 

Nominally responsible people: 
• Do not study and analyze the literature 
• Assume that failure will happen on 

someone else’s watch 
• Do not involve knowledgeable experts 
• Are unaware of the fragility of materials 

 



The difference between cause and mode 

Inter granular stress corrosion cracking 



Root Cause 
• Failures are not caused by physical 

atomistic processes; in the example SCC 
is the path – the mode – of the failure 

• Failures are caused by the decisions 
(actions) of managers – or the lack of 
decisions (actions) of managers 

• Generally, there are no surprises; only 
people who have not studied the 
background; managers in perpetual denial 



An opinion: Disconnect   
• Major Failures are associated with Major Projects & 

Companies, which have lots of details, which usually 
means many levels of managers 

• The people at the top are not always the most technically 
savvy, but even if they are, you cannot expect senior 
management to understand all the details 

• Top-level managers have many conflicting constraints all 
demanding their attention: profits, shareholders, 
marketing,  , safety. 

• When you have many levels of management there 
comes a point where the top levels becomes 
disconnected with lower levels, 

• Yet, the top level managers make the decisions 



How do we deal with this? 

• Failures are minimized with a management 
strategy to re-connect top-level managers with 
those at the “human-machine interface”.    

• Failure Modes are studied to give Managers 
RSWLRQV�ĺ�5HVHDUFK 

• Tools, such as Non-Destructive Evaluation / 
Testing (NDE, NDT), are used to identify 
premature failure modes and careless oversights.   
 



Reading Assignment 

• Chapters 7 and 8 



Technology, Society & Environment 
Lecture 1 

 
What Will You Do to Help Society ? 

ECOR 1010 – ELEC 1908 



• First rate technical knowledge      engineering, science & math 

• Create what has not been       innovation & design skills 

• Not only do things right, but know what to do   critical thinking & problem solving 

• Connect ethical, political, international    humanities / complementary studies 
      environmental, economic factors     

Why Technology, Society & Environment ? 

Engineer’s Attributes: Curriculum Component: 

Allows Engineers To: 
•    Put technical knowledge to work for society 

•    Catalyze private sector to create wealth 

Aim of Engineering 
Profession 



With Respect for  
Environmental 
Sustainability 

Environment 

Society Economy 

Engineer & 
Technology 

Interface between Society-Economy-Environment 
Difficult task to balance all three 

Requires Substantial ‘Engineering Skill & Judgement’ 

Application of Engineer’s Technical Knowledge 



Are Engineers & Technology Making a Difference ? - 1 
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Are Engineers & Technology Making a Difference ? - 2 



Are Engineers & Technology Making a Difference ? - 3 
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How Are You Going to Make a Difference ?  
 

How Do You Plan to 
Contribute to Aims of Engineering Profession ? 

•  What is your plan ? 
 

•  No plan yet ? … That's Okay … It's only the first few days of 1st Year !! 
 

•  But watch this TED talk:  
http://www.ted.com/talks/bertrand_piccard_s_solar_powered_adventure.html 

•    Put technical knowledge to work for society 

•    Catalyze economy to create wealth for the benefit of society 



Time Management 

The Key to Success in C Eng  
and 

Beyond 

http://cses.carleton.ca/index.php
http://carleton.ca/


Who I Am 

• Brian Laughton 
– Academic Support Officer 
– Mechanical Engineer 7T8 
– B Ed 96 
– Retired Lieutenant-Colonel Military Engineer 
– Husband 
– Father 
– Coach, Scout Leader, Church Worker, Landlord, 

Tourist ….. 
 

















Here are six terrific truths about time: 
 
First: Nobody can manage time. But you can manage those things that 
take up your time. 
 
Second: Time is expensive. As a matter of fact, 80 percent of our day is 
spent on those things or those people that only bring us two percent of 
our results. 
 
Third: Time is perishable. It cannot be saved for later use. 
 
Fourth: Time is measurable. Everybody has the same amount of 
time...pauper or king. It is not how much time you have; it is how much 
you use. 
 
Fifth: Time is irreplaceable. We never make back time once it is gone. 
 
Sixth: Time is a priority. You have enough time for anything in the world, 
so long as it ranks high enough among your priorities. 





Section 3.3 Managing Your Time 
• Term calendar: First, you need a general plan of the term.  

This is simply a calendar showing the dates of key events 
during your academic term. 

• Weekly timetable: Second, you need a weekly timetable.  
Your classes are usually scheduled weekly, so this is a key 
document.  Most importantly, it can be used to calculate 
your free time. 

• “To do” list: Third, you need a master “to do” list of tasks to 
be done, and their deadlines, so that you can set priorities 
for your work. 

• Synchronizing: Finally, you must synchronize these 
documents, usually every few days, to avoid conflicts, to set 
priorities, and to allocate your free time effectively. 



10 Common Time Management Mistakes 
 http://www.mindtools.com/pages/article/time-management-mistakes.htm  

 

• Mistake #1. Failing to Keep a To-Do List 
• Mistake #2. Not Setting Personal Goals 
• Mistake #3. Not Prioritizing 
• Mistake #4. Failing to Manage Distractions 
• Mistake #5. Procrastination 
• Mistake #6. Taking on too Much 
• Mistake #7. Thriving on "Busy“ 
• Mistake #8. Multitasking 
• Mistake #9. Not Taking Breaks 
• Mistake #10. Ineffectively Scheduling Tasks 



Top 10 Ways of Wasting Time in University 
 

 http://collegelife.about.com/od/TimeManagement/a/Top-10-Ways-Of-Wasting-Time-In-College.htm  

 • 1. Social media (think Facebook, Twitter, etc.). 
• 2. People. 
• 3. The World Wide Web. 
• 4. The Party Scene. 
• 5. Drama. 
• 6. Email. 
• 7. Cell Phone. 
• 8. Movies and You Tube. 
• 9. Video games. 
• 10. Not getting enough sleep. 

 



Effective Scheduling 
Planning to Make the Best Use of Your Time 

 http://www.mindtools.com/pages/article/newHTE_07.htm  

• Scheduling is the process by which you look at 
the time available to you, and plan how you will 
use it to achieve the goals you have identified.   
By using a schedule properly, you can: 
– Understand what you realistically can achieve with 

your time. 
– Plan to make the best use of the time available. 
– Leave enough time for things you absolutely must do. 
– Preserve contingency time to handle 'the unexpected'. 
– Minimize stress by avoiding over-commitment to 

yourself and others. 



Five Step Scheduling Process 
 http://www.mindtools.com/pages/article/newHTE_07.htm 

Scheduling is then a five-step process: 
– Step 1.  Identify the time you have available. 
– Step 2. Block in the essential tasks you must carry out to 

succeed in your job. 
– Step 3. Schedule in high priority urgent tasks and vital 

"house-keeping" activities. 
– Step 4. Block in appropriate contingency time to handle 

unpredictable interruptions. 
– Step 5. In the time that remains, schedule the activities 

that address your priorities and personal goals. 
If you have little or no discretionary time left by the time 

you reach step five, then revisit the assumptions you 
have made in steps one to four. 
 



Some Time Management Web-Pages 

• http://www.mindtools.com/pages/main/newMN
_HTE.htm 

• http://collegelife.about.com/od/academiclife/a/ti
memanagement.htm 

• http://collegelife.about.com/od/TimeManageme
nt/a/Guide-To-Time-Management-For-
Students.htm 

• http://collegelife.about.com/lr/time_managemen
t_skills/1438236/1/ 

• http://www.effective-time-management-
strategies.com/student-time-management.html 

 

http://www.mindtools.com/pages/main/newMN_HTE.htm
http://www.mindtools.com/pages/main/newMN_HTE.htm
http://collegelife.about.com/od/academiclife/a/timemanagement.htm
http://collegelife.about.com/od/academiclife/a/timemanagement.htm
http://collegelife.about.com/od/TimeManagement/a/Guide-To-Time-Management-For-Students.htm
http://collegelife.about.com/od/TimeManagement/a/Guide-To-Time-Management-For-Students.htm
http://collegelife.about.com/od/TimeManagement/a/Guide-To-Time-Management-For-Students.htm
http://collegelife.about.com/lr/time_management_skills/1438236/1/
http://collegelife.about.com/lr/time_management_skills/1438236/1/
http://www.effective-time-management-strategies.com/student-time-management.html
http://www.effective-time-management-strategies.com/student-time-management.html


Good Luck to You All!! 



Technology, Society & Environment 
Lecture 2 

 
Energy & Sustainability 

ECOR 1010 – ELEC 1908 



The Unique Role of Exo-Somatic* 
Energy in Modern Civilization 

• Energy is the key to everything else. Without 
energy, nothing can happen. 

• No factor has played a greater role in the recent 
explosive growth of the human enterprise than 
abundant cheap energy (fossil fuels). 

• In addition, no other resource has changed the 
structure of economies, the nature of 
technologies, the balance of geopolitics, and the 
quality of human life as much as petroleum.  
 * Outside the body; extragenetic 



Technology Rules: Two Great 
(Energetic) Leaps Forward  

• The adoption of agriculture ten 
millennia ago led to a 13-fold 
increase in average human 
population growth compared to 
the previous 10 millennia. 

 
 
• The discovery and widespread 

use of fossil fuels, particularly 
petroleum, is the major physical 
factor behind the four-fold 
expansion of the human 
population (and every other 
measure of humanity) in just the 
past 150 years. 

A lot of people depend on ‘cheap’ energy. 



• Most people know that 
we may be forced to use 
less fossil fuel to avoid 
risk of serious climate 
change. Indeed, that’s 
what the Kyoto debate is 
all about. However…  

• Fewer people are aware 
that we may soon have 
less fossil fuel to burn 
because the inexpensive, 
easily accessible stocks 
are being depleted.  
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Peak Oil 

Two Reasons for Moving 
Beyond Fire and Fossil Fuels: 



Sustainable Energy Consumption – Oil ? 



Oil & Gas Consumption Not Sustainable 

Is This Good or Bad ? 



The Problem with Accessibly: 
Coal resources are available in almost every country worldwide. 
At current production levels, proven coal reserves are estimated to 
last 164 years (World Coal Institute). In contrast, proven oil and 
gas reserves will be depleted this century. Over 68% of oil and 
67% of gas reserves are concentrated in the Middle East and 
Russia. 

Oil is gone before 2030 and gas is 
just 20 years behind (Laherrere 2003) 



Year 2000 2050 2100 
Population (POP) billions 6 9.5 10.5 
GDP (in 2000 $) $US trillion 32 80 230 
GDP/POP $US/capita 5,300 8,400 22,000 
Energy (E) 
  Coal 
  Oil 
  Natural Gas 
  Nuclear 
  Hydropower 
  Trad. Biomass 
  Modern Biomass 
  Wind 
  Other Renewables 

EJ* 429 
100 
163 
95 
9 
9 

45 
7 

<<1 
<<1 

770 
220 
160 
200 
20 
20 
70 
50 
20 
10 

1,390 
650 
110 
160 
90 
30 
90 
120 
90 
50 

E/GDP MJ/$US 13.6 9.6 6 
E/POP GJ/capita 71.4 81 132 

The Next 100 Years ? 

(from: Jaccard, Sustainable Fossil Fuels) *1 EJ = 1018 Joules 



The Next 100 Years ? 
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GDP (in 2000 $) $US trillion 32 80 230 
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Population ×1.75 
per capita wealth ×4.15 

Population ×1.75 
Energy Use ×3.24 

from <¼ to nearly ½ 
reduced oil 

Increases ×10 
|6% of total 

Increases ×100 
|6% of total 

What will this mean for the environment? 



Global History 
Energy Consumption / Wealth (GDP) 

Increasing widespread electrification 
Availability of high energy content fossil fuels 

Increasing cost of 
fossil fuels 

(from: Jaccard, Sustainable Fossil Fuels) 

More Energy Efficient Wealth Creation Æ 
 



Global Energy Consumption 

11% renewables 



Global CO2 Emissions 

(from: Jaccard, Sustainable Fossil Fuels) 



Canada’s GDP, Energy Consumption 
and CO2 Emissions 

OPEC Oil Embargo More efficient energy use  
as result of energy crisis. 

We can cut emissions and still grow the economy! 



Process of Global Warming 
and Climate Change - 1 

• Fossil Fuel emissions 
– Combustion of fossil fuels produces waste gas which is 

released into atmosphere. 
• Mainly carbon dioxide (CO2). 
• Human activity produces more CO2 than can be 

absorbed by plant life. 
• Greenhouse effect 

– Sun’s radiation passes through atmosphere and warms 
Earth’s surface.  

– Absorbed energy is eventually re-emitted as thermal 
radiation, which is partially blocked by carbon dioxide 
(CO2), methane (CH4), etc in atmosphere. 

– CO2 can stay in atmosphere for many decades. 
 

 



Process of Global Warming 
and Climate Change - 2 

• Global Warming 
– Greenhouse effect is essential since it cushions Earth 

from stark temperature extremes that exist on planets 
without an atmosphere.   

– BUT, small deviations in Earth’s solar energy balance 
can produce large effects leading to global warming or 
cooling. 

• Climate Change 
– Severe storms, droughts, floods, increase in sea level 

caused by small deviations in solar energy balance. 
 
 



Consequences of Climate Change - 1 

• Intergovernmental Panel on Climate 
Change (IPCC) issued Fourth Assessment 
Report (AR4) in 2007. 
– Shows with great certainty that climate change 

directly linked to global warming. 
• Caused by GHGs that result mainly from human 

burning of fossil fuels. 
• Human cause 

– Worldwide atmospheric concentrations GHGs 
at levels which greatly exceed pre-industrial 
values. 



Consequences of Climate Change - 2 

• Temperature rise 
– Will rise 1.8 oC to 4 oC over next century. 

• Even if 2000 levels of GHGs maintained, 
temperature rise of 1 oC due to GHGs already in 
atmosphere. 

• Greatest temperature rise will be in Arctic and 
Antarctic. 

• Sea level rise 
– Decline in ice volume may lead to increase in 

sea level of 18 cm to 59 cm or more. 
• Risk of floods in vulnerable coastal cities. 

 

Marco Law




Your view of the effects of climate 
change may depend on where you live… 

Arctic Sea Ice melts as 
temperature increases 

Marco Law




Sea ice is thinning 
and may 
Disappear during 
Summer & Fall 



Consequences of Climate Change - 3 
• Present observations 

– Changes in arctic temperatures, ocean salinity, wind 
patterns, extreme weather conditions. 

– 11 of 12 warmest years since 1850 occurred in 12 year 
span between 1995-2006. 

• Other consequences 
– Inland flooding, drought, insect plagues, species 

extinction. 
• Irreversibility 

– Vast peat bogs exist under permafrost in subarctic. 
• Increase of 2 oC may cause these bogs to decay, 

releasing huge amounts of GHGs. 



Defining Sustainability 

• Brundtland Commission of United Nations: 
– “Sustainable development is development that 

meets the needs of the present, without 
compromising the ability of future generations 
to meet their own needs.” 

• Paul Hawken, in The Ecology of Commerce: 
– “leave the world better than you found it, take 

no more than you need, try not to harm life or 
the environment, make amends if you do.” 

 



1962 - Rachel Carson publishes "Silent Spring".  
– This book brought together research on toxicology, ecology and epidemology to suggest 

that agricultural pesticides were building to catastrophic levels.  
– This was linked to damage to animal species and to human health.  
– It shattered the assumption that the environment had an infinite capacity to absorb 

pollutants.  
 1968 - The Club of Rome, is established by 36 European economists and scientists. Its goal is to 

pursue a holistic understanding of the 'world problematique'. It commissions a study on global 
proportions to model and analyse the dynamic interactions between industrial production, population, 
environmental damage, food consumption and natural resource usage.  
 
1969 - Friends of the Earth forms as a non-profit organization dedicated to protecting the planet from 
environmental degradation; preserving biological, cultural, and ethnic diversity; and empowering 
citizens to have an influential voice in decisions affecting the quality of their environment -- and their 
lives.   
 
1971 - Greenpeace starts up in Canada and launches an aggressive agenda to stop environmental 
damage through civil protests and non-violent interference. 

History of Sustainable Development - 1 



• 1971 International Institute for Environment and Development (IIED) established to seek 
ways to make economic progress without destroying the environmental resource base. 

 
• 1972 Club of Rome publishes "Limits to Growth" (Meadows et.al) report  

– Best seller in several languages.  
– It described the use of a computer model – World 3 - to study the implications of 

continuing exponential growth in five interconnected trends of global concern: 
industrialisation, population, growth, widespread malnutrition, depletion of non-renewable 
resources and ecological damage. 

– The report adopts a pessimistic view of development, warning of severe resource 
shortages if development were to maintain its current momentum.  

– Extremely controversial -  Northern countries criticising it for not including technological 
solutions and Southern countries criticising it because because it advocates 
abandonment of economic development.  

• 1972 United Nations Conference on the Human Environment, Stockholm. ‘Only one Earth’ - 
led to the development of The United Nations Environment programme (UNEP) 

History of Sustainable Development - 2 



• 1974 Rowland and Molina release seminal work on CFCs (chlorofluorocarbons) in Nature.  
– They calculated that if human use of CFC gases was to continue at an unaltered rate the 

ozone layer would be depleted by many percent after some decades. 1995 Nobel Prize for 
Chemistry. 

 
• 1983  World Commission on Environment and Development forms. The commission works for 3 

years to weave together a report on social, economic, cultural, and environmental issues. 
  

• 1984 Worldwatch Institute publishes its first State of the World Report.  
– The report monitors changes in the global resource base, focusing particularly on how 

changes there affect the economy.  
– It concludes that "we are living beyond our means, largely by borrowing against the future."  

 
• 1985 Antarctic ozone hole discovered. 

• 1987 World Commission on Environment and Development publish - Our Common Future 
(The Bruntland Report) – in response to the request from the UN general assembly to 
propose long-term environmental strategies for achieving sustainable development by the 
year 2000. 

History of Sustainable Development - 3 



• 1987 Montreal Protocol – focused on the depletion of the stratospheric ozone layer and 
eliminating substances that cause this (HCFCs).  

– Has since been strengthened twice - London and Copenhagen.  
– Production of CFCs in North stopped by 1996, countries in the South (China and India) 

to end production by 2006.  
– One of the most successful international environmental agreements.  

• 1988 Inter-Governmental panel on Climate Change (IPCC) 
– Resulted in the framework convention on climate change signed by 153 countries + the 

then EU, dealing with the threat of global warming 
– Lacked firm agreements on targets, did aim to stabilise 1990 levels of CO2 and other 

greenhouse gases 
 

 
 

• 1992 Meadows, D. B., Meadows, D. L. and Randers, J., Beyond the Limits, London: 
Earthscan. 

– Using a computer model to map patterns of growth, the report concluded that 
environmental collapse was inevitable. 

– 'If the present growth trends on world population, industrialisation, pollution, food 
production and resource depletion remain unchanged, the limits to growth on this planet 
will be reached some time within the next 100 years‘. 

History of Sustainable Development - 4 



• 1992 United Nations Conference on Environment and Development (UNCED) held in Rio de 
Janeiro, Brazil – The Earth Summit. 179 countries participated in this conference working 
towards reconciling the impact of human socio-economic activities on the environment. 
Outcomes: 

– Convention on biological diversity 
– Framework convention on climatic change 
– Principles of forest management 
– Agenda 21 
– The Rio declaration on environment and development  

History of Sustainable Development - 5 

The girl who silenced the world for 5 minutes 



 
• 1994 Law of the Sea – national sovereignty of off-shore waters and the national 

responsibility for the ecosystems within these waters (re. dumping waste, & fish stocks 
etc.) 

• 1997 - Earth Summit+5 - A five year review of Earth Summit progress was made by the 
United Nations General Assembly.  

– The final document adopted by delegates from over 165 countries -- while taking 
small steps forward on a number of issues, including preventing climate change, 
forest loss and freshwater scarcity - disappointed many in that it contained few new 
concrete commitments on action needed. 

History of Sustainable Development - 6 



• 1997 – Kyoto Protocol 
– More than 160 countries met to negotiate new GHG emission targets. 
– reduce emissions of serious greenhouse gases – CO2, CH4, NO & 3 types of 

fluorinated gases 
– More than 80 countries agreed to reduce emissions to an average of 5.2 

percent below 1990 levels by 2010. 
– Canada and US not successful in attaining their targets. 

 

 

• 2001 – Climate Summit, Bonn – 178 countries developed a framework of how to 
implement the 1997 Kyoto Protocol  
  

• 2002 - Earth Summit 2002, Johannesburg, South Africa. Rio+10 - World Summit on 
Sustainable Development -‘people, planet, prosperity’. 

History of Sustainable Development - 7 



• 2007 – Bali Roadmap, 2007 
United Nations Framework Convention on Climate Change (UNFCCC) adopted this 
process for negotiating an international agreement on climate change, to follow Kyoto 
agreement which ends in 2012. 

 

• 2007 – IPCC Fourth Assessment Report - Climate Change 2007 
The UN Intergovernmental Panel on Climate Change assesses scientific, technical 
and socio-economic information concerning climate change, its potential effects, 
and options for adaptation and mitigation.  
The largest and most detailed summary of the climate change situation ever 
undertaken, involving thousands of authors from dozens of countries (including from 
Carleton) 
• "Warming of the climate system is unequivocal."  
• "Most of the observed increase in global average temperatures since the mid-20th 
century is very likely due to the observed increase in anthropogenic greenhouse gas 
concentrations."  

 

History of Sustainable Development - 8 



http://www.un.org/en/sustainablefuture/index.shtml 

•  2012 – Rio+20 United 
Nations Conference on 
Sustainable Development 
 

     7 Critical Issues at Rio+20  

History of Sustainable Development - 9 



http://www.un.org/en/sustainablefuture/index.shtml 



What is Sustainability? 
The world’s population of 7 billion is likely to increase to 9 billion by 2050. The 
demand for diminishing natural resources is growing. Income gaps are widening. 
Sustainability calls for a decent standard of living for everyone today without 
compromising the needs of future generations.  
This means finding better ways of doing things. Such as: 
• How can we help people move out of poverty and get good jobs, while protecting 

the environment? 
• How can we provide access to clean energy for everyone, and make sure that the 

energy we produce doesn’t contribute to climate change? 
• How can we make sure that everyone can get the water, food and nutrition they 

need? 
• How can we shape our cities so that everyone can enjoy a decent quality of life? 
• How can we build better transportation systems that allow us all to get where we 

want to go, without causing too much congestion and pollution? 
• How can we make sure that our oceans are healthy and that marine life is not 

threatened by pollution and climate change? 
• How can we make sure that our communities are resilient in the face of natural 

disasters? 
 http://www.un.org/en/sustainablefuture/index.shtml 

http://www.un.org/en/sustainablefuture/jobs.shtml
http://www.un.org/en/sustainablefuture/energy.shtml
http://www.un.org/en/sustainablefuture/water.shtml
http://www.un.org/en/sustainablefuture/food.shtml
http://www.un.org/en/sustainablefuture/cities.shtml
http://www.un.org/en/sustainablefuture/oceans.shtml
http://www.un.org/en/sustainablefuture/disasters.shtml


The little girl 20 years later … 



Achieving Sustainability 

• Two questions: 
– What kind of planet do we want for our children? 

• Question has ethical implications. 
– What kind of planet can we get? 

• Technical and societal implications. 

• Engineers, scientists, and economists can solve 
technical problems, but …  
– Not all problems have technical solution. 
– Society must be willing to accept major lifestyle 

changes. 
 



Ethical Questions - Climate Change 
• Economic loss caused by climate change will affect 

poorest nations the most. 
– Increases disparities between societies. 

• Is it ethical or fair 
– for richer countries to burn fossil fuels indiscriminately, while 

imposing climate change on poorer countries? 
– to require third-world countries to meet same emissions standards 

as western countries, which have emitted about 20 times as much 
GHG per capita in past century? 

• How will industrialized nations respond to the millions of 
“climate” refugees? 

 



Ethical Implications - Sustainability 

• Is it ethical or fair  
– For current generation to consume non-renewable 

resources inefficiently and thoughtlessly, thus 
depriving future generations who may need these 
resources? 

– For a government to restrict population growth?  
• China, introduced a “one child” policy many decades ago.  

– Better to restrict population in an orderly way? 
– Or let wars, disease, and famine control population? 

 





A FRAGILE PREDICAMENT 
OUR PLANET AT A GLANCE 

Global Energy & Wealth Disparity 

The richest fifth of the world’s 
population receives 82.7% of 
the total world income 

The poorest fifth 
of the world’s 
population 
receives 1.4% of 
the total world 
income 

UNDP, Human Development Report 1992 (New York, Oxford University Press, 1992) 



Developed countries have 20% of the global population but 
are responsible f countries have 20% of the global 
population but are responsible for: 
 

GLOBAL CONSUMPTION DISPARITY 
IT’S ABOUT RESOURCES 

Developed countries have 20% of the global 
population but are responsible for 

consuming: 

85% of aluminium and synthetic 
chemicals 

80% of paper, 
iron and steel 

75% of timber 65% of meat, fertilisers and 
cement 

 

50% of fish 
and grain 

 



Developed countries have 20% of the global population but 
are responsible f countries have 20% of the global 
population but are responsible for: 
 

GLOBAL CONSUMPTION DISPARITY 
IT’S ABOUT RESOURCES 

Developed countries have 20% of the global 
population but are responsible for: 

and consuming 80% of 
commercial energy. 

consuming 
40% of 

fresh water 
 

producing 
90% of all ozone-
depleting CFCs 

producing 
96% of 

radioactive 
waste 



CONSUMING THE FUTURE 
ON A FINITE EARTH 

 
Known copper reserves would last only 9.6 more years;  
 
Lead reserves 3.4 years;  
 
Aluminium reserves 341 more years;  
 
And 16 million hectares of arable land would be lost every year. 
 

If consumption in developing countries were 
to grow as fast as in developed countries: 

6 



GIVE AND TAKE 
AN INTRICATE RELATIONSHIP BETWEEN PEOPLE AND 
PLACE 



V 

DO AS WE SAY, NOT AS WE DO 
DO WE HAVE THE RIGHT TO LIMIT THEIR DEVELOPMENT? 

  Sound familiar? 

“China is racing to replace its 
bamboo past with a plastic future, 

bulldozing land and building its 21st 
century infrastructure around the private 

car, rather than public transit.” 

Is it fair to 
paint their 

country 
green? 



V 

WHAT ARE WE WILLING TO DO TO 
CLOSE THE GAP? 

BEFORE 
YOU ANSWER, 

THINK 
ABOUT 

IT, 
REMEMBER 

THERE’S 
NO 

BLACKBERRY 
OR 

STARBUCKS 
AT 

THE 
BOTTOM. 



V 

9 

THINK ABOUT IT 
SHOULDN’T AMERICA’S RICHEST 1% SHARE WITH THE OTHER 
99%? 

OCCUPY 



V 

THINK AGAIN 
WE ARE THE 1%. 

OCCUPY 

If you make $55,000/year when you graduate, you will be a 
member of the exclusive top 1% richest people in the world. 

If you sacrificed 10% of your income, you would still be in the top 
1%. 

Source: CBC & Global Rich List 





Can Ethical Questions Be Avoided ? 
• Only if: 

–  Enormous Reductions in Fossil Fuel Use 
–  Enormous Reduction in Consumption of Energy Intensive Products, 

Materials & Processes 
 
 

• To maintain environmental impacts at their current level, the desired 
size of impact reduction over the next 100 years (when world population 
will roughly double) is between a factor of 4 & 20.  

• Environmental impact of all products & processes to be reduced by up 
to 95%. 
 • But – Factor 20 only maintains current environmental impact  

     ª global warming continues ? 
• Somehow Society needs to answer Ethical Questions 

• The Good News ?  
   

   

  Lots of Excellent Opportunities for Engineers ! 
  Without Engineers – Impossible Challenge 
   



Engineering for Sustainability 

• Engineers can assist society by  
– innovative design for energy efficiency,  
– encouraging research into alternative energy sources,  
– modelling alternatives,  
– highlighting environmental consequences of design / process decisions. 

• Modelling 
– model atmosphere and possible effects of climate change. 

• Multi-disciplinary engineering and systems thinking 
– bridge gap between science & economics to arrive at good solutions 

 
 
 



Engineering for Sustainability 

• Life Cycle Analysis (LCA) 
– Evaluates environmental impact of a product from source material 

to disposal. 
– Cradle-to-Grave analysis & design 
– Cradle-to-Cradle analysis, design & application 

Raw Material For 
Another Product 



The design / engineering stages of product development have a direct 
influence over about 70% of the final product – this brings with it 
responsibility…  
Designers / engineers play an important role because they are the 
industry’s connection with the marketplace, interacting between 
people and products 

Engineering Opportunities 



"There are few professions more harmful than … design, but only a very 
few… by creating whole new species of permanent garbage to clutter up 
the landscape, and by choosing materials and processes that pollute the 

air we breath, designers have become a dangerous breed…  
 

In this age of mass production when everything must be planned and 
designed, design has become the most powerful tool with which man 
shapes his tools and environments (and, by extension, society and 

himself).  This demands high social and moral responsibility from the 
designer.” 

 
Victor Papanek, 1927-1988 

Designer & Educator 



• The Brundtland Report made recommendations for a new 
approach to design and production, setting out terms for: 
– 'a production system that respects... the ecological base' and,  
– 'a technological system that searches continuously for new 

solutions'.  
 

Why Focus on Design & Engineering? 

• Environmental impact occurs at every stage of the life cycle 
• Different products have different impacts at different stages… 

– furniture = raw materials 
– household appliances = use; energy consumption 

• Impacts are often ‘locked in’ at the design stage when decisions about 
materials, function, performance, energy source, aesthetic, purpose etc. 
are made 

• Only careful consideration at these early stages can make sure that 
negative effects excluded  and positive features are included. 

• Trying to retro fit solutions is often very costly and less beneficial – 
involving additional equipment, rather than solving the problem from 
first principles. 



What Can We Do? 

• Reduce, Reuse, Recycle 
• Efficiency Paradox 

– Technology improves energy efficiency, but those 
savings are often lost to greater consumption.  

• Efficiency of air conditioner has risen 17% since 
1990, but use of these units increased by 36% over 
that time. 

• Rethink 
– As a society, we must develop new ways to avoid 

inefficient or excessive consumption of energy. 
 



Guidelines for Engineers - 1 

• In Alberta, the APEGGA Guideline for 
Environmental Practice explains engineer’s duty 
to environment. 
– Encourages licensed professionals to be involved 

actively with environmental issues. 
1. Understand / monitor environmental and sustainability 

issues; 
2. Use specialists in environmental and sustainability 

when needed; 
3. Apply professional and responsible judgment; 
4. Environmental planning and management should be 

integrated into all activities likely to have any adverse 
effects; 
 



5. Include costs of environmental protection when 
evaluating the economic viability of projects; 

6. Recognize value of environmental efficiency and 
sustainability; consider full lifecycle assessment and 
endeavour to implement efficient, sustainable 
solutions; 

7. Solicit input from stakeholders and strive to respond 
to environmental concerns in a timely fashion; 

8. Comply with regulatory requirements and endeavour 
to exceed or better them; disclose information 
necessary to protect public safety to appropriate 
authorities; 

9. Work actively to improve environmental 
understanding and sustainability practices. 

 

Guidelines for Engineers - 2 

But, these are only guidelines that are not binding, and only in Alberta. 



Reading Assignment 

• Read Chapter 9 
 



Technology, Society & Environment 
Lecture 3 

 
 

Engineers & Sustainability 

ECOR 1010 – ELEC 1908 

Adapted from:  Technology & Sustainable Development,  
   J. Segalas, Polytechnic University of Catalonia 



What Role for Engineers in  
Sustainable Development ? 



What Role for Engineers in  
Sustainable Development ? 



One Current World View ? 

Economy 
Inevitable economic laws ≡ Market Forces 

Society:  
Adapts to inevitable 

economic laws – as much money 
as soon as possible 

Environment: 
Used to fulfil demands of economic laws 

(Resources, Waste, Pollution) Technology to "Fix" It 



But we all depend on this … So … 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Environment 
- inevitable laws 

Engineers Are the Interface – 
An Alternate Current World View ? 

 
 
 
 
 
 
 
 
 
 

Society: 
- the infrastructure 

 

Economy 
- products 
(invented) 

Environment: inevitable 
laws  Laws of Nature 

Environment nurtures,  
Supports and makes 

possible … 
Society – mixture of 
instinctive & learned/ 

cultural laws 

Society has invented, to 
serve society’s purposes…. 
Economy - whose rules and 
practices are totally ‘invented’ 

by society 

SO … why do so many regard 
Economic laws as ‘inevitable’ (growth, 

globalisation, recessions, etc); but 
Environmental laws, and limits, as 

manipulable ? 



Engineers:  
Serving Needs (Quality of Life) or Wants? 

• “Traditional cultures, having more limited means to satisfy human 
needs, tend to meet as many needs as possible with as few resources 
as possible. 
 

• In contrast, industrial capitalism emphasises the creation of specialised 
products that fight for market niches to fill ‘needs’ that, as often as not, 
cannot be satisfied by material goods. 

From: "Natural Capitalism: The Next Industrial Revolution", 
Jawkin, Lovins, Lovins. 



Engineers:  
Serving Needs (Quality of Life) or Wants? 

•"What better way to get your kids to brush 
twice daily than by pumping two minutes of 
Raffi through their bicuspids? …  
•At the push of a button, the brush starts to 
play back the recording stored in it through 
a built-in transducer.  
•The sound flows from the front teeth to the 
jawbone and then to the inner ear.  
•Hasbro is talking to various artists about 
getting rights to their recordings."  

•Thousands of refugee deaths from hypothermia 
could be prevented every year by a new design for 
refugee tents. The tents will pay for themselves in 
saved heating costs in one winter.  
 

•They are made of 'sandwich' lining of: polyester 
wadding similar to a winter coat and a cheap 
breathable waterproof membrane. 



Choose What You Engineer:  
You Can't Be Neutral 

?? 



Engineers:  
Professionals or Mercenaries ?  

 



What is a 'Socially Sustainable Product' ?    
• Is being “manufactured sustainably” enough, regardless of 
the product’s social impact ? 

 
• Or, should engineers push for socially sustainable features in 
the products: for example … affordability and accessibility for 
the ‘excluded’ - the poorest 10%? 

 
• Or, should we put our energy and interest into products and 
projects that serve ‘needs’ rather than artificially created 
‘wants’? 

These are questions you need to answer individually as part of your 
engineering career. 



http://www.ted.com/talks/ray_anderson_on_the_business_logic_of_sustainability.html 

At his carpet company, Ray Anderson has increased sales and doubled profits while 
turning the traditional "take / make / waste" industrial system on its head. In a gentle, 
understated way, he shares a powerful vision for sustainable commerce. 



http://www.ted.com/talks/ray_anderson_on_the_business_logic_of_sustainability.html 

At his carpet company, Ray Anderson has increased sales and doubled profits while 
turning the traditional "take / make / waste" industrial system on its head. In a gentle, 
understated way, he shares a powerful vision for sustainable commerce. 



The Company 

• Company part of a supply chain, with suppliers, customers and a 
market 
 

• Hopes to increase market share 
 

• Products flow through that supply chain in one direction; money 
flows in the other direction. 



The 'Traditional' Company Operation 



 Attack Waste 

Against ideal operational 
standards identified $70 million 

in waste, based on 1994 
Operations – 10% of sales 



 Attack Emissions 

Identified and inventoried 247 air 
emissions stacks and 19 waste water 

effluent pipes at manufacturing locations. 

Reduced: 
 number of stacks by 35%   

Number of effluent pipes by 53% 



 Renewable Energies 

Renewable energy will 
attack numerous unwanted 

linkages, both to the lithosphere 
& biosphere. 

13% Renewable Energy Use 
Reduced Total Energy 



 Close Cycles 

Natural, organic cycle, 
emphasizing natural raw 

materials and compostable 
products ("dust to dust") 

 
Technical cycle, giving manmade 

materials and precious 
organic molecules life after life, 
through closed loop recycling. 



 Close Cycles 



 Resources / Good Transportation 

• videoconference to avoid 
unnecessary trips for meetings. 

• drive the most efficient automobiles 
available. 

• site our factories near the markets 
they serve 

• plan logistics for maximum efficiency 



 Redesign Commerce 

• acceptance of entirely new notions of 
economics 
 

•  prices that reflect full costs 
 

•  shifting emphasis from simply selling 
products to providing services 
 

• relationships based on delivering, via 
leasing agreements, the services our 
products provide, in lieu of the products 
themselves 



 Redesign Commerce 

Examples: 
 
•  Xerox – sells copy services rather than copies 
 

•  Aircraft Engines – 'power by the hour', supplier does maintenance, charges 
by number of flight hours 
 

•  Beverage Cans – You don't buy the can, you just get to drink out of it once, 
then must return it for recycling 
 

• Word Processing – Do not buy software, use it online for an hourly fee. 
 

 



Emerging 21st Century Company ? 

• service oriented 
 
• resource-efficient 
 
• wasting nothing 
 
• maximize renewable energy 
 
• no 'once through' operations but 

cyclical operations 
 
• connected to stakeholders: 
  - communities 
 - customers 
 - suppliers 
 



Redirect Engineering: 
from ‘Building things’  

to ‘meeting needs sustainably’? 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Environment 
- inevitable laws 

Engineers Are the Interface 

 
 
 
 
 
 
 
 
 
 

Society: 
- the infrastructure 

 

Economy 
- products 

   (invented) 

Becoming Sustainable requires leaders who 
recognize this world view, and act accordingly. 



What Role for Engineers in  
Sustainable Development ? 



Technology, Society & Environment 
Lecture 4 

 
 

Common Pool Resources: 
A Problem with No Technical Solution? 

ECOR 1010 – ELEC 1908 



Common Pool Resources (CPR) 
• A natural or human-made resource system that ‘belongs’ 

to everyone, but because of its size, and characteristics, 
it is difficult to control how people use it.  
– Examples of common-pool resources include irrigation systems, 

fishing grounds, pastures, forests, water or the atmosphere.  

  
 • A ‘common’ pasture allows for a 
certain amount of grazing to 
occur each year without the 
pasture being harmed. But, if 
one herder allows his/her sheep 
to overgraze, then the common 
pasture may become more 
prone to erosion and then no 
one can use it.  
 



Example – Commuting to work. 
– Common Pool Resource (CPR): Finite road capacity 

• Two choices 1. take the bus, or 2. drive your car 
 Everyone takes the bus: 

– 20 min on bus plus 10 min walk/wait for bus 
 You drive, everyone else takes the bus: 

– 20 min commute, you save 10 min 
 Everyone drives: 

– traffic jams, commute takes 40 min 
 Everyone drives, but you take the bus: 

– commute takes 40 min (bus stuck in traffic) plus 10 min walk/wait 

Sustainability of Common Pool Resources 

You want to do what is good for you individually (selfish?) 
You want everyone else to do what is good for whole group (socially responsible?) 



CPR Management Options - 1 

• Add Incentive to take bus: 
– Add bus lane  bus+walk/wait time = drive time 

• Add Deterrent to Driving: 
– Convert driving lane to bus lane  bus+walk/wait time < drive 

time 
 

• The “Invisible Hand” solutions: 
 An economic principle, first postulated by Adam Smith, 

holding that the greatest benefit to a society is brought 
about by individuals acting freely in a competitive 
marketplace in the pursuit of their own self-interest. 

 But still, some individuals will make choices that are unfavourable for 
the whole group 



CPR Management Options - 2 

• Introduce Public Awareness Campaign 
– Cajole (convince) individuals to take the bus 

• The “Education” solution 
– But some individuals cannot learn  

(of course: not you & me – the other guy or girl, they are the problem) 



CPR Management Options - 3 

• Appeal to Conscience of Individuals 
– “Don’t be a selfish jerk !” 

• The “Public Shame” solution 
– But some individuals like to be selfish jerks, have no conscience 

and do not care  
(really & truly: not you & me – the other guy or girl, they’re the jerk) 



CPR Management Options - 4 

• Take the bus or else ! 
– Take the bus or Big Tony (Bertha, Al …) will break your knees 

• The “Vigilante” solution 
– But, do we really want Big ??? really running things ? 
– and, what happened to democracy, freedom & all those things we 

like? 
(of course, we want our freedom and democracy,  
but might be less concerned about this for others) 



CPR Management Options - 5 

• $500 fine if you drive your car 
– Take the bus or Officer Tony (Bertha, Al …) will give you a fine 

• The “Mutually Agreed On Mutual Coercion” solution 
– But, what about my individual freedom ? 
– “Freedom is the recognition of necessity.” 

  Friedrich Engels (1820–1895) was a German social scientist & philosopher  
– Rights & Freedoms must be restricted for good of everyone 

 

Your right to swing your fist ends at my nose 



• The tragedy of the commons is when 
multiple individuals, acting independently 
and rationally in their own self-interest, 
deplete a shared limited resource, even 
when it is clear that it is not in anyone's 
long-term interest for this to happen. 

“The Tragedy of the Commons” 



“The Tragedy of the Commons” 

• G. Hardin, “The Tragedy of the Commons” Science 1968 
– See the last slide for how to get this reference … Read It! 

 Deals with problems that have no technical solution 
 

• Better for group as a whole if everyone makes choice A 
rather than choice B 

• But each person individually prefers to make choice B 
 

• When I choose B, it hurts you, and when you choose B, it 
hurts me – negative externality 

• Commute example: My driving creates an external cost 
by creating congestion that slows down everyone behind 
me. 



Externality Definition 
• By definition, an externality is an activity of 

one group/person that affects the welfare 
of another group/person in a way that is 
outside the ‘money’ market mechanism.  

• Pollution is a good example of a negative 
externality.  
– There are many different ways to address 

negative externalities like pollution including: 
emissions fees, cap-and-trade, and 
command-and-control regulation. 



Common Pool Resource - Examples 

• Residence Common Areas: 
– It is better for the group as a whole if everyone cleans up after 

themselves. 
– But, each person individually prefers to leave their dishes in the 

sink. 
• Negative externality: I create external costs by leaving dirty dishes 

for my housemates. 

• Splitting the bill at a Restaurant  
– Better for group as a whole if everyone orders a moderately 

priced dish 
– I prefer to order something very expensive: filet mignon. 

• Negative externality: I create external cost because I only pay 1/n 
of the cost of my more expensive meal. 

 
The individual incremental benefit > individual incremental hardship,  
but the group incremental benefit ≤ the group incremental hardship. 



Common Pool Resource - Examples 

• Voting: 
– It is better for the group as a whole if everyone pays attention to 

politics and votes responsibly.  
– But, each person individually prefers to watch Hockey Night in 

Canada 
• Negative externality: ? 
 



Common Pool Resource  
Sustainability Examples 

• Electricity from Coal Fired Generating Facilities: 
– Globally it is better if everyone avoids coal to generate 

electricity (because it is high in GHG, sulfur) in favour of wind, 
solar, natural gas, etc. 

– But, my/each region prefers coal since it is the cheapest of the 
available fuels.  

• Negative externality: My pollution contributes to global warming for 
everyone – we have a shared and finite atmosphere. 

 



Common Pool Resource  
Sustainability Examples 

• Overfishing: 
– Better for the group as a 

whole if everyone limits 
how much they fish so 
that there will be enough 
fish next year and fish 
stock is managed in a 
sustainable manner. 

– Each person maximizes 
his/her profit by fishing 
like crazy.  

• Negative externality: 
When I catch fish I 
cause external cost to 
you by reducing your 
ability to catch fish next 
year. 

 



•  Advantage: It works!  
  (Whale populations have rebounded) 

•  Disadvantage #1: Not economically efficient or 
equitable for most fisheries. 

•  Disadvantage #2: What about tribal rights to fish? 

CPR – What Extent of Mutually Agreed  
On Mutual Coercion ? 

Ban Fishing ! 



• Restrict types of boats, types of gear, etc. 

• Limit annual catch (TAC - Total Allowable Catch)  

• Advantage #1: These can help limit overfishing 

• Disadvantage #1: Economically inefficient. 

• Disadvantage #2: There’s still a race for fish 
 that can be dangerous and inefficient. 

CPR – What Extent of Mutually Agreed  
On Mutual Coercion ? 

Limit Fishing ! 



The race for fish 
• Fish today—while you still can—before the TAC 
 limit is reached for the season! 

• Example: the 2005-2006  Alaska king crab season 
lasted just 4 days (250 boats caught 14M pounds?) 

• Dangerous for workers, consumers get frozen fish 

upload.wikimedia.org/.../220px-Redkingcrab.jpg 

www-rohan.sdsu.edu/.../Ocn_books.htm 



Solution ? “Privatize the commons” 
• Combine a TAC limit with private property rights 
 over that catch. 

• Individual Tradeable Quotas (ITQs) makes it 
 possible to “own” part of this year’s catch. 

• Advantage #1: The TAC limits overfishing. 

• Advantage #2: No race for fish (b/c of ITQs). 

• Disadvantage #1: Equity? (Who gets ITQs?) 

• Note: This is just like carbon cap-and-trade!!! 



Carbon Cap and Trade 
• Emissions trading is a market-based approach used to control pollution by 

providing economic incentives for achieving reductions in the emissions of 
pollutants. 

• A central authority (usually a governmental body) sets a limit, or cap, on the 
amount of a pollutant that can be emitted.  

• The cap is sold to companies in the form of emissions permits, which 
represent the right to emit a specific volume of the specified pollutant.  

• Companies are required to hold a number of permits (or carbon credits) 
equal to their emissions. The total number of permits cannot exceed the 
cap, limiting total emissions to that level. Companies who need to increase 
their emissions must buy permits from those who require fewer permits. 

• The buying of permits is referred to as a trade. In effect, the buyer is paying 
a charge for polluting, while the seller is being rewarded for having reduced 
emissions.  

• In theory, those who can reduce emissions for the least amount of money 
will do so, achieving the pollution reduction at the lowest cost to society. 
 

See Wikipedia 



Common Pool Resource  
Sustainability Examples 

• Other CPR’s to think about … 

• Emissions into water 

• Use of arable land 

• Management of natural areas  

• Global population 



Reading Assignment  

• Read  - “The Tragedy of the Commons” 
• Google Tragedy of the Commons or go to: 
http://en.wikipedia.org/wiki/Tragedy_of_the_commons 
 
Links to the original article by Hardin can be 

found at the end of the wikipedia page under 
note 1, or at: 

"The Tragedy of the Commons". Science 162 
(3859): 1243–1248. 1968 

http://en.wikipedia.org/wiki/Tragedy_of_the_commons


 
Nuclear Energy 

 
 



The importance of electricity 

 electricity is 
easily 
transported 

 easy to 
manage 

 



How do you make electricity? 



How do you heat the water? 

Oil Coal 

Natural gas Nuclear fission 



Fossil 

Hydro Nuclear 

Ontario in 2004 



Fossil 

Hydro Nuclear 

Nuclear 

IESO 
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Trends Going Forward in Ontario’s Electricity 
Delivery System 

Coal is almost non-existent in Ontario’s Energy Supply 
 

• The Greenhouse gas footprint of Ontario’s electricity 
generation system, which 8 years ago was about  
290 g/kWh, is down today to about 90 g/kWh.  One of 
the cleanest in North America.  Germany’s electricity 
generating system, for example, has a GHG footprint 
of about 500 g/kWh 

• Where Coal was once used for load following and for 
providing peaking power, natural gas will be used 
going forward. 

• As more intermittent renewable energy is added to 
the system, there will be much greater challenges in 
balancing supply and demand because natural gas 
generation is not as flexible as coal. 



Residential 
      28% 

Commercial 
      34% 

Industrial 
    38% 

Who uses electricity in 
Ontario? 



What happens when you strike a match ? 



H 
O O 

H H 

H H 

H H 



H O 

O 
H 

H 

H 

H 
H 

 

 
This is known as a branching chain reaction.  

H 



Fire is useful because we can 
control it by …. 

• taking away the fuel, and/or the oxygen; 
• lowering the temperature below the critical ignition 

temperature … taking the heat away faster than it 
can be produced;   

• moderating the chain reaction with inert gases, and 
extinguishing with H-atom scavengers.   



• Global warming 
 
 
 
 
 

• Peak Oil  
1
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Two Reasons for Moving 
Beyond Fossil Fuels: 



The Problem with Emissions: 
it is more than just CO2 

“A cost benefit analysis released in April [2005] 
uncovered massive health and environmental costs 
from coal-fired generation. The study found 
emissions from all coal-fired stations were 
responsible for up to 668 premature deaths, 928 
hospital admissions and 1,100 emergency room visits 
in Ontario per year.” 
   (Ontario Ministry of Energy June 15, 2005) 



Nuclear power 
 

Is it environmental friendly? 
No pollutants that cause smog and 
acid rain 
No greenhouse gases that contribute 
to global warming 
No fuel supply issues, potentially … 

 



Let’s talk about nuclear power 

Pickering 

 use uranium to generate heat through a 
reaction called fission 
 



 Atomic number 92  
(92 protons), symbol U 

 Heaviest naturally 
occurring element in 
nature: composed of 
U235 (0.7%) and U238 
(99.3%) 

 Silvery white metal, 
found in hard rock or 
sandstone 

 48th most abundant 
element 

 Largest deposits found 
in Canada and Australia 

Source: strategic resources ltd. 

U235 = 92p+143n 



 

 

 

 

 

Canada’s Uranium 

World’s largest supplier (34%) 
 
All from Saskatchewan 
 
85% exported  
           $500 million annually 

Saskatchewan 



 
 

Nuclear fuel cycle 

Mining and Milling 
Refining Conversion 

Fuel Fabrication 

Power Generation 



   
 

Preparation of yellow cake, purified U3O8(s) 
(Courtesy of the Uranium Information Center)  

Preparation of yellow cake, purified U3O8(s) 
(Courtesy of the Uranium Information Center) 



Yellowcake, U3O8, is a fine powder that is 
packaged in steel drums for shipping 

A drum of yellowcake 



 
 

Nuclear fuel cycle 

Mining and Milling 
Refining Conversion 

Fuel Fabrication 

Power Generation 



Fuel fabrication 

 fuel rods are 
arranged in 
bundles and 
inserted into a 
nuclear reactor 
 
 
 

 UO2 pressed into 
small pellets and 
placed in zirconium 
tubes to form fuel 
rods  
 
 
 
 



UO2 Fuel Pellets 

Fuel Pellet:  10 of these provide  
one home’s electricity for a year 



Fuel fabrication 

Zircatec 
Precision 
Industries 

(Port Hope) 
 & 

GE-Hitachi  
(Arnprior and 
Peterborough) 

 
  



 
 

Nuclear fuel cycle 

Mining and Milling 
Refining Conversion 

Fuel Fabrication 

Power Generation 
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Products 
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Heat 

Nuclear fission 

<1 eV 
~103 m/s 

>1 MeV 
~107 m/s 



What does heavy water do? 

Fission 
Products 

Uranium 
235 

Heavy Water 
Slow 

Neutrons 
Fast 
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What is Heavy Water? 

What is H and D? 

O O 



What is Heavy Water? 

• Heavy water ice cubes 
sink in ordinary water 

Same mass different volume 

Same volume different mass 



Nuclear power 
 

 

 
 In nuclear power plants, the back-up safety 

systems have back-ups  
 Canadian nuclear power plants have operated 

safely for more than 40 years!! 

Is it safe? 



Nuclear Fission is useful because 
we can control it by ... 

• adding neutron scavengers; 
• keeping below critical mass;   
• moderating the chain reaction; 
• ‘delayed neutrons’ …  

 



So how do we  
harness this  
“nuclear energy”? 



Let’s look under the hood … 





“Calandria” 
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CANDU Spent-Fuel On-Site Storage: 
water-filled bays (short term) 



Transfer Canal 



Reception Bay 



OPG Dry Storage Container (DSC) 

 2 steel shells with concrete 

 Welded lid 

 2.1 m x 2.4 m x 3.6 m 

 384 CANDU fuel bundle capacity 

 75 tonnes (loaded) 

 50+ year design life 



Dry Used Fuel Storage at Reactor Sites  

Dry Storage Facility, Kincardine Ontario Dry Storage Containers, Kincardine Ontario 



Permanent Disposal of Used Nuclear Fuel 

The Canadian 
Shield 

500 -  
1000 m 500 - 

1000 m 

Backfill 
and Other 
Vault Seals 

Shaft 

Rooms 



Deep Geological Repository Concept 
Multi-barrier System 
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Deep and low-permeability rock mass 

Used nuclear fuel 

Long-lived container 

Clay seals 



 

Natural Analogue - Cigar Lake Uranium Ore Deposit 

 Uranium deposit is about 100,000 tonnes at depth of about 400 metres 



 
Nuclear power 

 All used fuel from 40 years of nuclear 
electricity generation in  Canada could be 
stored in five hockey rinks up to the height 
of the boards 



1 CANDU 
fuel bundle 
(50 cm long, 

23 kg) 

= Electricity for 100 
homes for 1 year 



400 tonnes 
coal 

60,000 gal 
oil 

= 10 million ft3 
natural gas 

= 

1000 tonnes CO2 
1 tonne particulates 
8 tonnes acid gas 

= 1 CANDU 
fuel bundle 
(50 cm long, 

23 kg) 600 tonnes CO2 
1 tonne acid gas 

• Each year nuclear power in Canada avoids over 60 million tonnes CO2, 
   0.5 million tonnes acid gases, 100,000 tonnes particulates,  
   and up to 1000 deaths from respiratory illness 



Current Situation
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Nuclear power 
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Is it economic? 



Canadian Nuclear Industry: 

150 private companies 

1 gov’t R&D company 

4 electricity producers 

26,000 jobs 

$4 billion/year electricity 
                        sales 

  $1 billion/year savings 
from foreign exchange 

$1 billion/year exports 



 
Opportunity 

 We need smart, skilled people 
 



Not! 



 
Nuclear power 

 

 Good opportunities 
 

 Many different 
kinds of jobs 
 

 Good paying jobs 

This is who we’re looking for! 



Clean  
Safe 
Reliable 
Sustainable 

 

nuclear power is… 



Climate Change 

You’re dealing with long-term data sets when you’re dealing with climate change. 
The increasing slope of the graph demonstrates the worry about the undeniable 
increase in global temperature, as we get closer to present day. It is telling us that in 
fact climate change is accelerating. 
 
The concentrations (ppm) of greenhouse gases are gradually increasing. Not totally 
smoothly but undeniably getting higher. The graph of green house gas 
concentrations over a period of time will be zigzag with highs and lows. Maximum 
green house gas is during the winter whereas the dip is during the summer when 
the trees absorb carbon dioxide, etc. 
 
IPCC was created to control the global debate about climate change, and to provide 
governments with easily accessible information about climate change. So far there 
are 4 IPCC reports, and there have been many legal documents and agreements 
from governments. Despite these efforts, problems continue to grow. 
 
Why is it a problem? We have understood for many years something called the 
greenhouse effect. The fact that our atmosphere contains greenhouse gases, act like 
a blanket around the earth. It absorbs the radiation from the earth and keeps it 
within our terrestrial system. This leads to a warming of the atmosphere and 
eventually the ocean. If it weren’t for these greenhouse gases, the earth would be 
30-32 ˚C colder. The greenhouse effect is useful.  
 
The fact that these gases warm the atmosphere lead you to understand, the more 
gases there are, the warmer the atmosphere. The more you warm the atmosphere, 
the more you change climate as a whole. The fact that we’ve increased the amount of 
CO2 in the atmosphere and the fact given by physics, tells us that climate will change. 
It will change because of deforestation and fossil fuel burning. 
 
The trend over the last 15 years or so of our greenhouse gas production as a result 
of burning fossil fuels is increasing. In the year 2000, issued a special report on 
emission scenarios. It was to look into the future to see what would happen to the 
planet. What will happen to emissions? What drives those emissions is population, 
energy use, technology, equity, etc. Projected emission levels all lie very close to the 
most extreme conditions that have been predicted. It may reach up to 900 ppm, and 
an increase of global temperature of 4 ˚C.  
 
2008-2009, the economic recession caused a dip in carbon dioxide emissions. The 
next year, they started increasing again.  
 
Climate change is not just global warming. Artic sea ice is has also been declining, 
and for 20 odd years already. We can see that there has been a decline of the 



summer extent of sea ice. What happens is that when you melt the ice and expose it 
to the ocean, you’re replacing what was a white reflective surface with a dark 
absorptive surface. Ocean warms when ice melts, and creates a positive feed back 
and is non-linear relation. The actual levels of sea ice are lower than the projected 
model.  
 
Expect an increase of the frequency and the extent and severity of extremes such as 
hurricanes, droughts, precipitation and winds. There are many reasons. Statistically, 
imagine you’ve fit the temperatures under a normal-distribution curve. When you 
increase the temperature, you move the curve. The area under the new curve 
increases, and shows that the population of these events increase at a much faster 
rate. 
 
Imagine a pot of water on the stove. For a long time nothing happens, then a few 
more bubbles. Then the bubbles get bigger. The higher you put the heat, the bigger 
the bubbles. You can see that as you go in time from 1950s to 2001s, there is a shift 
of the curve to higher temperatures. In addition, the curve gets broader. 
 
The European heat wave in 2003 mainly affected France, but also affected many 
neighbouring countries. Another devastating heat wave was in 2010 in Russia. This 
was more destructive in Moscow than during the European heat wave. The heat 
waves lead to a lot of forest fires. Lots of air pollution problems were caused. In fact, 
it devastated the grain growth such that they banned grain exports. North America 
experienced a heat wave in 2012.  
 
An extreme such as hurricanes, are changing too. We don’t understand how they 
form and sustained, but have to do with sea surface temperatures. When you warm 
the sea surface, there is more heat to drive the hurricane. There are lots of other 
things we have predicted but do not know.  
 
Before satellites, if a hurricane did not hit land it did not happen. With satellites, we 
have better record of hurricane occurrences. We can see that the strength of the 
hurricane (measured by central pressure drop). There should be more weak 
hurricanes under normal CO2, but with higher CO2, the hurricanes are stronger. 
 
Temperatures are projected to rise. The observed temperature is demonstrating an 
order of 0.8 in the increase in temperature. According to IPCC, we can see that we 
are getting close and closer to the IPCC extreme scenarios. There is a scenario where 
at year 2000, all emissions stop. Despite the stop, temperature still increases due to 
inertia of the planet system. Since changes are inevitable, we must adapt. Although 
adaptation is necessary, we must lower the emissions. 
 
There are four factors that determine carbon dioxide emissions, and we must lower 
all four of them. So far, our carbon intensity has decreased dramatically, but per 
capita GDP and population and wealth are increasing, and carbon emissions are still 
increasing. The IPCC projects that wealth and population will continue to grow. 



We are not all equal in terms of per capita carbon emissions. Our energy intensity 
has been dropping. We are using less energy per unit of GDP, but there is a paradox. 
When our efficiency increases, we use energy more. Although refrigerators became 
more efficient, their size increases. We have been substituting new energy sources 
for old ones, and switched over time from one to another. What does it mean for 
emissions? As emissions increase, so do the concentrations. 
 
You can see the effects of geographical events and their effects on carbon intensity 
and carbon dioxide emissions. Economic problems affect the emissions, but not the 
intensity. We must eventually stabilize concentrations (we must stabilize 
emissions). It is a matter of value that science can tell you about. But it can tell you 
that if we need to stabilize concentrations, we must lower emissions. The leave of 
stability is a political choice.  
 
Climate-Engineering (a.k.a. Geo-Engineering) has two classes of approach. One is to 
remove greenhouse gases from the atmosphere. The second is to change the solar-
radiation management. 
 
To change solar radiation management is almost like putting mirrors up in the sky 
to reflect the radiation. We can also use aerosols to do that. There are some 
problems with that. A practical one is that they don’t stay up very long meaning we 
must replenish them all the time. It may also change the temperature profile AND 
precipitation profile!  
 
To remove the gasses from the atmosphere, you would either use big fans to 
reverse-suck the greenhouse gases. The other idea is to suck it out when it leaves 
the source, condense it and convert to a liquid and dump it back into the well. 
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Sustainability at Carleton University 

Imagine a Carleton where 
- Energy is provided by clean and renewable sources and is consume 

deficiently 
- Every building is designed to emit zero carbon and emit low impact material 
- People can leave their cars at home 
- Students are prepared to respond and contribute to the unprecedented 

circumstances as professionals and citizens  

Sustainability… Why? 
- “Don’t think of it as saving the fish, think of it as saving humanity, your kids, 

you” 
o In the past, its always been about saving specific things (animals, 

rainforest, etc.) 
o Nowadays, things such as climate change, etc. its about saving 

ourselves 

Sustainability Defined 
- 1987 Brundtland Report 
- Sustainable development is development that meets the needs of the present 

without compromising the ability of future generations to meet their own 
needs 

- Three major parts to sustainability 
o Environment 
o Economic 
o Society 

Recycling Program Tune Up 
- Numbers for 2011/2012 

o Diversion rate has increased to 56% 
o Waste contract means that we do not pay for collection of any 

recyclables 
o We get money back for large scrap metal 
o Large wood as well in the maintenance yard is recycled 
o Yard-type waste is composted on site 
o Collect organics in UC from kitchen areas 

Special Waste Depots 
- Objective is to divert various special wastes from the landfill 

o Established 4 depots around campus 
o More depots will be added 



o Collects batteries, printer toner cartridges and cell phones 
o Can bring from home as well 

Vending Misers 
- Objective is to reduce energy used by vending machines on campus 

o Working with Dining services installing misers on 195 machines 
o Average saving of 35-45% 
o Will save approximately $22700 a year in electricity costs 
o Pay back within 2 years 

Benchmarking 
- Objective is to establish a benchmark for all buildings on campus. Use it to 

identify possible improvements and measure the change 
- Working with Green Globes (building assessment tool) to develop a tool for 

rating buildings in a campus environment 
- First report produced January 2010 
- Evaluation tool now to be used by universities across Canada (through 

APPA) 

Waste Audits 
- Objective: Waste audits were conducted of all academic buildings on campus 

o Conducted waste audits and education around campus this last 
summer 

o Dumpsters contained 68% waste and 32% recyclables 
o Working with stakeholders to improve and implement 

recommendations 

Waste Reduction at Special Events 
- Objective: to reduce the waste going to landfill at special events 

o CU invested in special recycling and composting containers for events 
o There are now available to be used for outdoor events such as 

Employee Appreciation Day 
o EAD with 1600 people produced one bag of waste 

Water Audits 
- Objective: A water audit was conducted of campus to identify areas we could 

reduce water consumption 
o Add aerators, changing urinals and toilets as renovations are done 

 Russell/Grenville set a new level for water conservation. Now 
implemented in the new residence as well 

Green Construction 
- All new construction and major renovations must achieve at least 3/5 globes 

using Green Globes. 
- River Building achieved 4/5 and Canal Building 5/5. 
- Both have green roofs, lots of daylight, sensor controlled lighting, etc. 

o Canal has a 10 kW solar array 



2012-2013 in the Sustainability Office 
- Ensure long term funding for Sustainability at Carleton U 
- Begin implementing a strategic plan for operations at Carleton 
- Continue work on waste reduction, as it is such a visible part of 

sustainability. Currently working with Dining Services to improve dining 
areas. 

What Can You Do 
- Make good personal choices – be conscious 
- Learn more about climate change and act now 
- Share what you learn but don’t preach 
- Get involved with sustainability – here at Carleton, at home, with ENGO’s, etc. 
- Consider working specifically on a Carleton focused sustainability project for 

your course work in a later year 
- Make your job a “green” job 
- Have fun and laugh 

 

“Never doubt that a small group of thoughtful, committed 
citizens can change the world. Indeed it’s the only thing that 
ever has.” – Margaret Mead 



Sustainable Buildings and the Engineers 
Who Build Them 

What is a sustainable building? 
- A building that uses the least amount of resources to fulfill its intended need 

 
What is LEED? 

- Leadership in Environmental and Energy Design: A certification program 
o Sustainable sites 
o Water efficiency 
o Materials Resources 
o Energy and atmosphere 
o Interior Environmental Quality 

- Not a guarantee of sustainability 
o You get something that is more sustainable than other buildings 

- Not the same as high performance 
o Does not indicate a buildings’ efficiency 

 
What is a High Performance Building? 

- It can be described as a building approaching a Net Zero Energy Building 
- It goes way behind the minimum requirements of code 

o ASHRAE 90.1-#### (#### is the year) 
- It is very, very efficient AND does not compromise on indoor air quality and 

comfort 
 
Why aren’t all buildings HP? 

- Money 
o A capital dollar is always worth more than an operations dollar 

 Life cycle cost analysis 
- Owners don’t understand what they want 
- Engineers and architects are not good enough 

o Not a technical competency issue 
 We are not good at selling our services and ideas 

- Not a technology problem 
o Technology for HP have existed for long time  

 
We need better engineers 

- “Super engineers” 
o Not just those who are better at calculating stuff 

 
Why a super-engineer today? 



- Because projects don’t fail (or achieve its right level of 
sustainability/performance) from a lack of technical knowledge by the 
engineer… 

o The engineers fail because of a lack of project management or 
communication skills 

 
A quick anecdote… 

- Big construction project 
- LEED gold target 
- Was sustainability consultant 
- A LEED Charette was organized (all engineers and owners and architects 

were invited) 
o Engineer had nothing to say. They didn’t want to comment until they 

see completed architectural drawings. 
 
Today’s projects depend on Integrated Building Design 

- To work… IBD requires 
o Active participation by ALL 
o Accurate, competent, comments that are timely 
o An understanding of the entire process  

 
A building simply cannot be sustainable without IBD 
 
Without IBD 

- No HP building 
- No HP building systems 
- No on-site renewables 

 
Who is the super-engineer? 

- Technically competent 
- Environmentally Conscious 
- Client-focused 
- Driven/Ambitious 
- Intellectually curious… seeks perfection 

 
The Super-Engineer 

- Follows a rigorous design process to get there 
 
How to become a super-engineer 

- Graduate 
- Get involved in technical societies and other professional associations 

(ASHRAE, ASPE, USGBC, ASME, IEEE, …) AND volunteer actively 
- Develop your soft skills 

o Read books 
o Teach/Coach 

- Pick an employer that share your values 



Aligned Values 
- General Y employees really need to work for a firm whose values match their 

own 
- Brand = Culture 

 
In Summary… 

- The super engineer is needed now to be an effective contributor to the new 
reality of the greener built environment 

- The super engineer is the total package: knowledgeable good communicator 
and disciplined 

- You can be a super engineer… read, volunteer and pick your employer well 
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