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Department of Materials Science and Engineering

University of Maryland 

College Park, MD 
ENMA 301:   Modern Materials Engineering
Objectives: To understand the behavior and properties of advanced materials, and the applications of novel materials in emerging technologies.  
Course Description: This course will be presented as four topical areas, each leading up to specific applications that have recently come to market or are currently experiencing heavy research & development.  The goal of each module will be to introduce the basic materials science principles necessary to understand these constantly-evolving areas. Additionally, one area (Env. Impacts) is assigned as independent study.
Course Goals to Meet ABET Criteria:

(a)  Identify structure-property relationships in engineering materials and how these apply to materials selection in specific engineering problems.

(b)  Understand the challenges associated with the development and application of materials in emerging technologies, including financial and environmental aspects.

(c)  Understand the operation principle of (elect./opt.) devices and their limitations.
Student Outcomes covered by the Course:

ABET Outcome (a): Ability to apply mathematics, science and engineering principles.
ABET Outcome (c): Ability to design a system, component, or process to meet desired needs.
ABET Outcome (h): The broad education necessary to understand the impact of engineering solutions in a global and societal context.
ABET Outcome (i): Recognition of the need for and an ability to engage in life-long learning.
ABET Outcome (j): Knowledge of contemporary issues.
ABET Outcome (k): Ability to use the techniques, skills and modern engineering tools necessary for engineering practice.
Prerequisites: ENMA180, ENMA300 and permission from the Department

Class Schedule:   Tu/Th 9:30 – 10:45, CSI 2107
Textbook: Reading Assignments (textbook segments and journal articles provided through the UMD library) and Callister, William D. Jr., Fundamentals of Materials Science and Engineering: An Integrated Approach 5th Ed., John Wiley and Sons, 2015; or 4th Ed., 2012.
Course Outline:

I. a. Electrical Properties and b. Optical Properties -- Organic Photovoltaics




A. Introduction: Traditional and Organic Photovoltaics

B. Ohm’s law

C. Energy bands and energy gaps
D. Carrier density in metals and semiconductors

E. Optical absorption in semiconductors


F. Excitons — Size, Energy, Dynamics 

G. PN junction


H. Photovoltaics

 I. Materials for electrical and ionic conduction, PVs: ceramics, polymers, molecules.
II. Magnetic Properties of Materials
A. Magnetic field and magnetic moment 

B. Diamagnetism and paramagnetism
C. Ferromagnetism and antiferromagnetism (ferrimagnetism)

D. Temperature dependence of magnetization
E. Magnetic susceptibility 


F. Magnetic hysteresis and magnetic domain walls, Magnetic anisotropy, Soft/hard magnetic materials

G. Applications of Magnetic materials: Memory storage, Magnetic sensors, Superconductivity
III. Thermal Properties


A. Thermal Diffusion Equation, Heat Capacity, Thermal Diffusivity, Thermal Conductivity.

B. Electron Thermal Conductivity


C. Phonons, Lattice Thermal Conductivity

D. Scattering of Phonons, Materials: cage compounds and rattles, The Glass Limit


E. Applications: Aerogels, Thermal insulation tiles, Ablated reentry shields, Thermoelectricity
IV. Project: Environmental aspects of materials

An independent project that will result in a 3-pg document (excluding figures and tables) on the environmental impact of materials and technological approaches to maximize sustainability. Introductory reading material will be provided, and subsequently the students will research the literature (assisted by a librarian) and individually choose a topic of research for this project. It is expected that the report will be guided by quantitative analysis.

The deadlines for the submission of a title for approval, an abstract (title+1paragraph+references) for approval and for the submission of the full project are:

i. 3/13/2020 – Title (latest)
ii. 5/06/2020 – Abstract (latest)
iii. 5/12/2020 – Final report
Instructor:  Prof. Oded Rabin



Grad TA: Eli Fastow
 
Office:  1110B CHE Bldg 090



Office: 2327 CHE Bldg 090
Tel: (301) 405-3382




Tel: N/A
Email: oded@umd.edu 




Email: ejfastow@gmail.com
Office Hours: Friday 2:05-3pm



Office Hours: Tuesday 5-6pm 
or by appointment




or by appointment
Grading: 

Final Exam (cumulative)

40%


Homework (~6)
and Quizzes
20%

Unit Exams (2)


15%+15%
Project
(3pg report)

10%

An exam will be administered in class at the end of each 1 or 2 units. 

Homework is graded and is intended to give students a chance to practice with concepts and critical thinking skills in an environment where mistakes are not "costly".  While general concepts may be discussed with classmates, homework is NOT to be a team effort unless specified. Every semester, disciplinary measures have been enforced against students submitting “similar” homeworks, or submitting solutions copied from the Internet. 

Homework is to be submitted at the beginning of class the day it is due. Homework is to be picked up at the TA’s office. University rules do not allow the instructors to leave graded work unattended.
▪  Academic Accommodations:  If you have a documented disability, you should contact Disability Support Services 0126 Shoemaker Hall.  Each semester students with documented disabilities should apply to DSS for accommodation request forms which you can provide to your professors as proof of your eligibility for accommodations.  The rules for eligibility and the types of accommodations a student may request can be reviewed on the DSS web site at http://www.counseling.umd.edu/DSS/receiving_serv.html.
• Religious Observances:  The University System of Maryland policy provides that students should not be penalized because of observances of their religious beliefs. Students shall be given an opportunity, whenever feasible, to make up within a reasonable time any academic assignment that is missed due to individual participation in religious observances.  It is the responsibility of the student to inform the instructor of any intended absences for religious observances in advance.  Notice should be provided as soon as possible but no later than the end of the schedule adjustment period.  Faculty should further remind students that prior notification is especially important in connection with final exams, since failure to reschedule a final exam before the conclusion of the final examination period may result in loss of credits during the semester.  The problem is especially likely to arise when final exams are scheduled on Saturdays.
• Academic integrity:  The University of Maryland has a nationally recognized Code of Academic Integrity, administered by the Student Honor Council.  This Code sets standards for academic integrity at Maryland for all undergraduate and graduate students.  As a student you are responsible for upholding these standards for this course.  It is very important for you to be aware of the consequences of cheating, fabrication, facilitation, and plagiarism.  For more information on the Code of Academic Integrity or the Student Honor Council, please visit http://www.studenthonorcouncil.umd.edu/whatis.html.
 The University of Maryland is one of a small number of universities with a student-administered Honors Code and an Honors Pledge, available on the web at http://www.jpo.umd.edu/aca/honorpledge.html .  The code prohibits students from cheating on exams, plagiarizing papers, submitting the same paper for credit in two courses without authorization, buying papers, submitting fraudulent documents, and forging signatures.  The University Senate encourages instructors to ask students to write the following signed statement on each examination or assignment:  "I pledge on my honor that I have not given or received any unauthorized assistance on this examination (or assignment).” 

