
City College of San Francisco 
Distance Education Addendum 

I. GENERAL INFORMATION 
A. Date 
B. Department 
C. Course Identifier 
D. Course Title 
E. Preparer 
F. Department Chair 
G. Dean 

November 2014 
Engineering and Technology 
ENGN45 
Materials Science 
Wendy Kaufmyn 
Hitesh Soneji 
David Yee 

II. DISTANCE EDUCATION mSTIFICATION 
Engineering courses are particularly suited to being offered online as computers and 
the internet are both important tools for any professional engineer. Engineering 
students by necessity must become comfortable with a computer interface and using 
the internet. The online classroom environment will demand that those skills be 
acquired quickly, completely and comprehensively. 

Engineering students are by necessity, motivated students who must do much 
preparation and leaming on their own. The reading assignments, homework and 
quizzes in this online course will guide the student through their leaming process in 
much the same way that a traditional classroom setting does. 

This course will have lecture content delivered via the online interface in the form of 
book resources. The questions that normally come up during face-to-face lectures will 
be accommodated by the discussion forums and email. An advantage to this method 
is that students will be required to articulate their questions in written form which will 
force them to think through the material in a more careful and thoughtful manner than 
would be required of them in a classroom situation. 

This course will have weekly homework problems/short-answer questions which will 
enable the students to assess their own progress. 

This course will have remote bi-weekly quizzes delivered via the online interface 
which will enable the students to get timely feedback on their progress. 

The online version of this course will provide lab content equivalent to the face-to
face version. This will be accomplished by having some of the lab content delivered 
via the online interface (such as lab "briefings", sharing oflab results, and research 
planning and sharing) and some ofthe labs being done in the students' homes. The 
remainder of the labs will be delivered through face-to-face mandatory lab sessions. 

III. INSTRUCTIONAL DELIVERY 
A. Use of Technology. Check the technology(ies) that students will use as an 

alternate to classroom instruction: 
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~ Online Learning Management System 
D Televised Instruction 
D Other 

B. Student-Instructor Contact. 
1. Check the modes that students will be able to use ask the instructor questions 

~ Email 
~ Online discussion boards or other asynchronous communication 
D Online chat or other synchronous communication 
~ Telephone 
~ Face to face meetings 
D Other: 

2. Check the modes the instructor will use to prompt for student contact 
~ Email 
~ Online discussion boards or other asynchronous communication 
D Online chat or other synchronous communication 
D Telephone 
~ Face to face meetings 
~ Other: 

3. Please provide details on 1 and 2 above. Be sure to include the frequency of 
student-instructor contact. 

The students will be strongly encouraged to utilize the discussion forums that 
are set up for each topic in the course. They can post comments and questions 
and use the forums for robust discussion of the complex topics in the course. 
They will also be strongly encouraged to contact the instructor individually 
for personal issues or problems via email, phone or coming into the 
instructor's office. Telephone, US post office mail, and fax transmission 
may also be used as necessary. The encouragement for this communication 
will appear repeatedly in various locations: in the course syllabus, the course 
homepage, discussion forums, and through messages from the instructor 
throughout the course, especially when difficult material is being covered. 

The instructor will check email and discussions at least once every 48 hours 
(excluding weekend.). The frequency of individual student-instructor contact 
will be determined largely by the individual needs of the student. Students' 
participation will be verified by the students taking the online quizzes and by 
attendance at six mandatory face-to-face meetings throughout the semester. 

The instructor will send weekly messages with relevant and timely issues to 
include but not limited to giving encouragement, reminders of imminent due 
dates for assignments or quizzes, highlights of the course content for the 
week, tips and hints for understanding the course content for the week, and 
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prompting those students who do not check-in or complete work after two 
weeks of absence. 

There are six mandatory face-to-face meetings during the semester. There is a 
one-hour orientation meeting at the beginning of the semester, a two-hour 
midterm examination at week 9, a two-hour final examination at week 18, and 
three eight-hour laboratory sessions at weeks 5, 10 and 15. 

IV. INSTRUCTIONAL METHODOLOGY 
A. Assignments 

1. Lab Assignments 
a. Six laboratory experiments to be done in-person using engineering 

methods of data collection and analysis. The students will operate in teams 
for all in-person lab work. 

b. Two laboratory experiments that will be done at home. 
c. One research paper, topic of the student's choice subject to instructor 

approval. 
2. Other assignments such as 

a. Text book readings covering topics in course content. 
b. A resource developed by the instructor that gives a more concise and 

understandable version ofthe textbook content. 
c. Bi-weekly homework problems/short-answer questions covering topics in 

the course content. 
d. Written laboratory reports for each lab experiment performed. 

B. Evaluation and Modes 
1. Quizzes - 10 quizzes will be taken online approximately every other week or 

more to cover the course topics. Quizzes are worth 10% of the final grade; 
however, their primary purpose is to solidify the knowledge gained in each 
topic, not assessment. 

2. Lab Reports - The laboratory reports will be presented as formal engineering 
reports (including an abstract, conclusion and analysis.) Evaluation is based 
on quality of written, graphic, and symbolic communication. No credit is 
taken away for "bad" results, only for not including a proper analysis of the 
results. These reports will be submitted via the online interface. 

3. Research Report - A research report (5 - 10 pages) on a topic of the student's 
choice, however subject to approval by the instructor. This report will be 
submitted via the online interface. 

4. Midterm - An in-person two-hour exam that includes true-false, multiple 
choice, short answer and essay questions in addition to word calculation 
problems on the specific instructional areas included in the course content. 
Evaluation is based on correctness and accuracy of answers in addition to the 
clearness and completeness of their communication style. 

5. Final- An in-person two-hour comprehensive examination in which the 
student answers true-false, multiple choice, short answer, essay questions 
and word-calculation problems. Evaluation is based on correctness of 
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answer and clearness of communication style. 

C. Articulation 
D This course does not articulate with any courses at a four-year school 
~ This course articulates with one or more courses at a four-year school. The 
department has discussed the impact of a distance education mode with the 
Articulation Officer. 

D. Distance Evaluation Integrity 
The students in this course are required to take the midterm and the final exarns in 
a face-to-face setting. Everything in the course (reading assigmnents, homework 
assigmnents, quizzes, laboratory experiments) is geared towards preparing the 
student for these exams. It is these exams in which the majority of the student's 
grade is based. It is these exams where the majority of the assessment of student 
learning occurs. (60% ofthe final grade is based on these exams - 30% for each.) 
Passing these exams means that that the student has learned the course content 
adequately. 

The requirement to take the midterm and final face-to-face is to ensure that the 
student enrolled in the course is the one actually taking the exam. 

The remaining contribution to the fmal grade for the course (40%) is from the 
quizzes (10%) and the lab reports (24%) and the research paper (6%). 

The quizzes are viewed as interactive learning tools, not tools to assess whether 
the student learning outcomes of the course are met. They do assess the 
professionalism of the student who must actually do the work and submit it on 
time. 

The lab reports will verify the students understanding of the experiments 
performed and additionally verify that the students have learned how to write a 
professional and clearly communicated document. The outlines will be written in
person during the lab sessions. The completed report will be compared to the 
outline to verify consistency of writing style and language. Evaluation of the lab 
reports is based on quality of written, graphic, and symbolic communication. No 
credit is taken away for "bad" results, only for not including a proper analysis. 

Forum posts encourage students to offer thoughtful questions and answers in 
response to other students' postings. The students' forum posts, their lab reports 
and the research paper will be compared for consistency of writing style and 
originality. They will also be pooled and analyzed for collusion and plagiarism. 

E. Textbook and other Instructional Materials 
1. High speed computer with internet access 
2. Shackelford, James F., Introduction to Materials Science for Engineers, any 

edition, Pearson-Prentice Hall Publishers 
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3. Scientific calculator 
4. Laboratory Equipment 
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Course Outliue of Record 

I. GENERAL DESCRIPTION 
A. Approval Date 
B. Department 
C. Course Number 
D. Course Title 
E. Course Outline Preparer(s) 

F. Department Chairperson 

G. Dean 

II. COURSE SPECIFICS 
A. Hours 

B. Units 
C. Prerequisites 

Corequisites 
Advisories 

D. Course Justification 

E. Field Trips 
F. Method of Grading 
G. Repeatability 

III. CATALOG DESCRIPTION 

October 2014 
Engineering and Technology 
ENGN45 
Materials Science for Engineers 

p 
avid Vee ........... 

Lecture: 2 weekly (35 total) 
Laboratory: 3 weekly (52.5 total) 
3.0 
Completion of ENGN lOB; and CHEM 
lOlA or 103A; and PHYS 4N4AL 
None 
Completion/concurrent enrollment in 
CHEM 101B; and PHYS 4B/4BL 
This course is a core transferable 
engineering course that is a requirement for 
a Mechanical Engineering degree and other 
engineering degrees (such as Civil,) 
depending on the college. 
No 
Letter 
o 

An introductory course in the fundamental science of materials used by engineers. 
Emphasis on structure and properties. Some processing and applications of materials is 
also covered. Finally, a strategy is developed for the selection and use of these materials 
in engineering design. UC, CSU transferable. 

IV. MAJOR LEARNING OUTCOMES 
Upon completion of this course a student will be able to: 

A. Classify the various categories of engineering materials, material properties and 
levels of structure. 

B. Surnrnarize the structure and properties for each class of materials. 
C. Relate the microscopic structure of a material to its macroscopic properties. 
D. Relate the definition of a standard material property to the qualitative property 

that it measures. 
E. Relate the methods of altering a material's microstructure by mechanical, thermal, 

or chemical means to the new or improved macroscopic property obtained. 
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F. Relate the environmental conditions of a material to the adverse effect on its 
properties. 

G. Select a material for an elementary application. 
H. Formulate a test procedure to measure the alteration of a material's macroscopic 

properties as an environmental variable is changed. 
1. Compose a clear and complete presentation, in the manner of modem professional 

engineers, of a materials science engineering problem. 

V. CONTENTS 
A. General overview 

B. 

1. Classes of materials 
2. Classes of structure 
3. Classes of properties 
Atomic Structure 
1. 

2. 

3. 

4. 

Basic chemistry 
a. electrons, neutrons, protons 
b. atomic number, atomic weight, atomic mass unit 
c. moles/gram-atoms 
d. Quantnm-Wave Mechanics 
e. quantum numbers 
£ Heisenberg Uncertainty Principle 
g. Pauli Exclusion Principle 
h. Hund's Rule 
I. periodicity of the elements 
j. electronegativity 
Atomic bonding forces 
a. Covalent 
b. Ionic 
c. Metallic 
d. Secondary 
e. Mixed 
Crystallography 
a. Crystal systems 
h. Bravais Lattices 
c. Crystal structures 
d. Crystallographic positions 
e. Crystallographic directions 
f. Crystallographic planes 
g. Atomic Packing Factor 
h. Mass density 
1. Planar density 
j. Linear density 
k. Empirical determination of crystal structure 

1. X-ray diffraction 
2. Bragg's Law 

Long versus short-range order 
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5. Crystalline Defects 
a. zero dimensional 
b. one dimensional 
c. two dimensional 
d. three dimensional 
e. atomic vibrations 

6. Thermally activated processes 
a. Activation energy 
b. Arrhenius Rate equation 
c. Graphing processes 

7. Diffusion 
a. Ficks laws 
b. Solution for two cases of diffusion 

I. Steady state 
2. Semi-infinite solid with constant surface concentration 

C. Structure and properties of metallic materials 
1. stress-strain curve 
2. mechanical properties 
3. grain structure 
4. ferro-electric domains 
5. ferromagnetic domains 

D. Failure of materials 
I. Failure modes 

a. Simple 
b. Impact 
c. Fatigue 
d. Creep 
e. Corrosion 
f. Wear 

2. Failure analysis 
a. Fracture mechanics (Kl C) 
b. Fatigue analysis (S-N curves) 

E. Plastic Deformation of Metals 
I. Deformation of single crystals 
2. Dislocations, vacancies, Burger's vector 
3. Slip, twinning, and work hardening 
4. Deformation of poly crystalline materials 
5. Microscopic and macroscopic stresses 

F. Binary Equilibrium Phase Diagrams 
I. Constituents and phases 
2. Single versus multiple phases 
3. Microconstituents 
4. Isomorphous Equilibrium Phase Diagrams 
5. Binary Eutectic Equilibrium Phase Diagrams 
6. Invariant points/invariant reactions 
7. Determination of phases present for a given state point 
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8. Determination of the composition of phases (tie line) 
9. Determination of relative amounts of each phase (lever rule) 
10. Microstructure development 
11. Property trends from equilibrimn diagrams 
12. Precipitation hardening as it relates to Equilibrium Phase Diagrams 
13. Solutionizing treatments 
14. Quick quenches 
15. Aging 

G. Annealing processes 
1. Recovery 
2. Recrystallization 
3. Grain growth 
4. Full vs. partial anneals 
5. Annealing process in steels 

H. Alloy Systems and Applications 
1. Carbon steels 

a. Fe-Fe3C equilibrium phase diagram 
b. Fe-Fe3C non-equilibrium phase diagram 
c. Hardening 
d. Annealing 
e. T-T-T curves 
f. Martensite and its formation 
g. Tempering 
h. Hardenability 
1. SAE designations 
j. Alloy steels 

2. Brasses and bronzes alloy systems 
3. Aluminum and magnesium alloy systems 
4. Cast iron 

a. Gray 
b. White 
c. Malleable 
d. Nodular 

1. Strengthening Mechanisms 
1. Cold working 
2. Grain refinement 
3. Impurities 
4. Precipitation Hardening 
5. Heat treatments 

J. Structure and properties of Engineering Polymers 
1. Chemistry 

a. Common mers 
b. Atomic bonding 
c. Chain structures vs. Network structures 
d. Polymerization Reactions 
e. Addition polymerization 
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f. Condensation polymerization 
2. Categories 

a. Thennosetting Polymers 
b. Thennoplastic Polymers 
c. Elastomers 

K. Structure and properties of Composite Materials 
1. Fiber reinforced materials 

a. Fiberglass 
b. Wood 

2. Particulate reinforces materials 
a. Large particulate 
b. Small particulate 
c. Concrete 

3. Sandwich Structures 
4. Laminate structures 
5. Property Averaging 

L. Structure and properties of Electrical Materials 
1. Conductors 
2. Insulators 
3. Semiconductors 

a. intrinsic 
b. extrinsic 

1. n-type doping 
2. p-type doping 

4. Superconductivity 
M. Structure and properties of Ceramic and Glass Materials 

1. Crystal Structures 
2. Silicates 
3. Glasses 
4. Electrical properties 
5. Mechanical properties 
6. Improving properties 

N. Laboratory 
1. Tension test 
2. Microstructural study of copper 
3 . Work hardening study of copper 
4. Hardness test 
5. Recrystallization study of copper 
6. Concrete compressive strength 
7. Compression test 
8. Pb-Sn cooling curves 
9. Corrosion 
10. Semi-conduction 
11. Crystallography 
12. Hardenability 
13. A project of the student's design 
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VI. INSTRUCTIONAL METHODOLOGY 
A. Assignments 

1. In-class lab assignments such as 
a. Eight laboratory experiments performed using engineering methods of 

data collection and analysis. The students will operate in teams for all lab 
work. 

b. Laboratory project of the students' design and choice, subject to instructor 
approval. 

c. In-class oral presentation on the lab project. 
2. Out-of·class assignments such as 

a. Text book readings covering topics in course content. 
b. A resource developed by the instructor that gives a more concise and 

understandable version of the textbook content. 
c. Bi-weekly homework problems/short-answer questions covering topics in the 

course content. 
d. Written laboratory reports for each lab experiment performed. 

B. Evaluation 
1. Quizzes 

10 quizzes will be taken online approximately every other week or more to cover 
the course topics. Quizzes are only worth a small fraction of the final grade; 
however, their primary purpose is to solidify the knowledge gained in each topic, 
not assessment. 

2. Lab Reports 
The laboratory reports will be presented as formal engineering reports (including 
an abstract, conclusion and analysis.) Evaluation is based on quality of written, 
graphic, and symbolic communication. No credit is taken away for "bad" results, 
only for not including a proper analysis of the results. 

3. Lab Project Presentation 
A lab project on a topic of the student's choice, however subject to approval by 
the instructor. An oral presentation is required from each team on the project 
done. Evaluation is based on quality of oral, graphic, and symbolic 
communication. 

4. Midterm 
A one-hour exam that includes true-false, multiple choice, short answer and essay 
questions in addition to word calculation problems on the specific instructional 
areas included in the course content. Evaluation is based on correctness and 
accuracy of answers in addition to the clearness and completeness of their 
communication style. 

S. Final 
An two-hour comprehensive examination in which the student answers true-false, 
multiple choice, short answer, essay questions and word-calculation problems. 
Evaluation is based on correctness of answer and clearness of communication 
style. 

C. Texts and other Instructional Materials 
l. Shackelford, James F., Introduction to Materials Sciencefor Engineers, any 

edition, Pearson-Prentice Hall Publishers 
2. Scientific calculator 
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3. Laboratory Equipment 

VII. TITLE 5 CLASSIFICATION 
CREDIT/DEGREE APPLICABLE (meets all standards ofTitle 5. Section 55002(a)). 
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