
Mechanical Engineering Technical Electives 
Fall 2016 

 
Note: Junior, senior, or graduate level standing in Mechanical Engineering is 
required to enroll in any of the courses listed below.   
 
MCEN4032/5032: Sustainable Energy – Jana Milford 
Examines sustainability of our current energy systems, including transportation, 
using environmental and economic indicators. Uses systems analysis that addresses 
energy supply and demand. Explores the science and technology as well as 
environmental and economic feasibility of efficiency measures and renewable 
energy technologies. Additional emphasis is given to the global nature of the 
challenges and the potential for locally optimal solutions. Approved for 
Environmental Option.  Prerequisites: Thermodynamics, Heat Transfer. Students 
who have not completed Heat Transfer can contact jana.milford@colorado.edu to 
request an exception to the prereq, but would need to be highly motivated. 
 
MCEN4141/5141: Indoor Air Pollution – Shelly Miller 
Describes the impact of indoor air pollutants on human health, including an 
introduction to key pollutants and their sources. Students will estimate emission 
factors, calculate generation/ventilation rates, quantify the impact of deposition and 
chemical reactions and explore relevant control technology. Current issues will also 
be addressed, including climate change, green building design, economic concerns, 
and relevance to the developing world.  Approved for Environmental Option.  
Prerequisites: Thermodynamics, Heat Transfer. 
 
MCEN4151/5151: Flow Visualization – Jean Hertzberg 
Explores techniques for visualizing the physics of fluid flows, including seeding with 
dyes, particles and bubbles, and shadowgraphy and schlieren. Reviews optics and 
fluid physics, focusing specifically on atmospheric clouds. Assignments are student-
driven, including both individual projects and mixed teams of grad, undergrad, 
engineering majors and photography/film majors.   Project examples available at 
http://www.colorado.edu/MCEN/flowvis/.  Prerequisites: Fluids. 
 
MCEN4173/5173: Finite Element Analysis – Jianliang Xiao 
This class serves as an introduction to the finite element method, and its 
application to linear static problems with an emphasis on problems arising in solid 
mechanics/strength of materials. The first half of the course will use the stiffness 
approach to developing the finite element equations as applied to bars and beams. 
Lab sessions will focus on utilizing Ansys to find applications to problems in solid 
mechanics. The second half of the course will focus on developing the finite element 
method as one that is applicable as a general numerical method for solving ordinary 
and partial differential equations that arise in solid mechanics. Topics will include 
strong and weak forms of the differential equations, numerical integration, shape 
functions, and solution strategies. Approved for Biomed Option. Prerequisites: 
Solids, Statics. 
 
MCEN4228/5228-001: Introduction to Polymers – Yifu Ding 
Discusses the most fundamental concepts in polymer science.  Topics include 
synthesis and chemical properties of polymers, statistical properties of chains, 
multiphase polymers including polymer solutions and polymer blends, crystallization 
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and glass transition of polymers, and viscoelastic properties of polymers. 
Prerequisites: Materials. 
 
MCEN4228/5228-003: Materials and Devices in Medicine – Wei Tan 
The main objective of this multidisciplinary course is to provide students with a 
broad survey of biomaterials and their use in medical devices for restoring or 
replacing the functions of injured, diseased, or aged human tissues and organs. The 
topics to be covered include: biomaterials evolution in the medical device industry, 
a broad introduction to the materials used in medicine and their chemical, physical, 
and biological properties, different properties of synthetic and biological materials, 
materials interaction with the human body, basic mechanisms of wound healing, 
biocompatibility issues, testing methods and techniques in accordance with 
standards and relevant regulations, biofunctionalities required for specific 
applications, as well as the state-of-the-art approaches for the development of new 
regenerative materials targeting cellular mechanisms. By the end of the course, 
students should be able to identify material problems related to human medical 
health, understand the selection of replacement materials, design materials for use 
in particular medical applications, and choose proper analysis and testing methods 
for these materials. Approved for Biomedical Option.  Prerequisites: Materials. 
 
MCEN4228/5228-004: Mechanical Failure of Materials – Todd Murray 
This course addresses fundamental concepts regarding failure of engineering 
materials.  The course will utilize important principles from materials science, solid 
mechanics and component design to provide a firm foundation for the application of 
experimental and analytical techniques for failure analysis and prevention.  Case 
studies will be used to integrate a basic understanding of material failure 
mechanisms with analysis techniques and tools.  Prerequisites: Materials, Solids, 
Component Design. 
 
MCEN4228/5228-005: Nanomaterials – Xiaobo Yin 
Understand fundamentals of the materials sciences and solid state physics that are 
uniquely associated with nanostructures and nanomaterials. To understand how the 
properties of a nanomaterial, such as mechanic, electronic, optical, and magnetic 
properties, can be affected and even substantially tailored by the size, geometry, 
composition and the structure of the nanomaterial. Understand the fundamental 
concepts in the design, manufacturing, characterization and application of 
functional nano-materials/structures. Develop the skill to be conversant in the 
multiple disciplines that involve nanomaterials and be aware of the social, ethical 
and environmental impacts resulting from the involved nanotechnology.  
Prerequisites: Materials. 
 
MCEN4228-010: Project Based Learning in Rural Schools – Mike Hannigan 
& Daniel Knight 
This is a full-year service learning course that counts as one credit during the fall 
term and two during the spring.  To request a seat, please send a brief email (3-4 
sentences) describing your interest in the course to daniel.knight@colorado.edu.  
Focuses on the use of low cost air quality monitoring tools, dubbed Pods, to 
implement PBL curriculum in high school environmental science classes in rural 
communities in Colorado.  Each student will be paired with a high school class and 
will serve as curriculum and technology advisors as well as science experts.  During 
the fall semester, students will be trained to effectively work in those roles and will 
also travel to their schools to be introduced.  During the spring semester, students 
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will support high school teachers in implementing an existing PBL air quality 
curriculum with the Pods.  This will include monthly visits to schools and reporting 
back to the class.   
 
MCEN5055: Advanced Product Design – Greg Rieker 
This course is required for the BS/MS in Design and enrollment is by application 
only.  Applications (cover letter and resume) are due April 1, 2016 to 
Greg.rieker@colorado.edu.  An email with application instructions will be sent to 
upper level undergraduate and graduate ME students in early March. 
Introduces the processes and methods for designing products. Course content 
includes: need finding and need specification, ideation and idea selection, design 
thinking, user-centered design, human factors, sketching, prototyping, user 
feedback, prototyping, design communication, design for manufacturing, materials 
selection, and intellectual property. Teams of 3-4 students will design and build a 
novel product throughout the semester. 
Prerequisite or Corequisite: Senior Design.   
 
MCEN5228-002: Microscale Heat Transfer – Ronggui Yang - CANCELLED 
 
MCEN5228-006: Mechanobiology – Corey Neu 
Graduate level course that deals with how mechanical forces modulate the 
morphological and structural fitness of biological tissues. Current molecular 
mechanisms by which cells convert mechanical stimuli into chemical activity and 
the literature supporting them will be discussed. Students will acquire an 
understanding and expertise from the analysis of primary literature and completion 
of a synthesis project. This course will serve as the focal point of discourse for 
graduate students with research requiring an in-depth understanding of the 
interface of mechanics and molecular and cellular biology.  Senior undergrads 
should contact the instructor to discuss course difficulty/expectations prior to 
enrolling.   
 
MCEN5228-007: Orthopaedic Tissue Biomechanics – Ginger Ferguson 
Considers the mechanical behavior of orthopaedic (bone, cartilage, etc.) tissues and 
emphasizes the relationship between their structural characteristics and 
macroscopic behavior. Reviews tissue composition and chemistry, cell directed 
maintenance and remodeling, structural hierarchy, and the physics of deformation 
and load transfer. Covers key mechanics concepts and analytical approaches used 
to evaluate orthopaedic tissues. Senior undergrads should contact the instructor to 
discuss course difficulty/expectations prior to enrolling.   
 
MCEN5636: MEMS 1 –Victor Bright 
Addresses micro-electro-mechanical systems (MEMS) modeling, design, and 
fabrication. Focus is on MEMS sensors and actuators due to significance of these 
devices in optics, medical instruments, navigation components, communications, 
and robotics.  Approved for Biomed Option.  Prerequisites: Circuits, System 
Dynamics. Requires graduate or senior level undergraduate standing.   
 
Additional Options: You may use one of the following courses as an ME Tech 
Elective, provided your second ME Tech Elective is completed within Mechanical 
Engineering: APPM4350, ASEN4123, GEEN3400, EMEN4030, EMEN4050, 
EMEN4100, EMEN4200, EMEN4800, EMEN4825, EMEN4830, ENEN4600. 
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