Special Topics in Relaxation in Glass and Polymers
Spring 2010

Meeting times:

T, Th 3:00PM – 4:15PM, (local class room to be provided by each university instructor)
Class is VIRTUAL – connect via your own computer to Adobe Connect

Classroom link:   https://connect.clemson.edu/vgc/
IMI-NFG will provide internet access to the material. Individual locations may choose to provide separate access to course materials and grades on BlackBoard.

Instructor:  
Profs. Ulrich Fotheringham and Kathleen Richardson (local)
Email: ufother@clemson.edu; richar3@clemson.edu 
Office Hours:  by appointment via email/Adobe Connect
Lecturers: 
Prof. Dr. Reinhardt Conradt, RWTH Aachen, Germany



Prof. Dr. Chris Cox, Clemson University, US

Dr. Ulrich Fotheringham, Schott AG, Germany (Adj. Prof. CU)

Prof. Dr. Prabhat Gupta, Ohio State University, US
Prof. Dr. Roger Loucks, Alfred University, US



Prof. Dr. Steve Martin, Iowa State University, US
E-mails:
Reinhard Conradt conradt@ghi.rwth-aachen.de
Chris Cox clcox@clemson.edu
Ulrich Fotheringham ufother@clemson.edu
Prabhat K. Gupta gupta.3@osu.edu
Loucks, Roger J. loucks@alfred.edu
Martin, Steve W. swmartin@iastate.edu
Course objectives

1. To give an introduction into relaxation phenomena in glass, in particular viscoelasticity, glass transition, and physical aging
2. To provide a thermodynamic understanding of said phenomena as well as the mathematical skills required for a quantitative description of them  

3. To demonstrate the practical impact of relaxation phenomena on macroscopic glass issues
Topic covered
1. Basic mathematics
2. Basic thermodynamics
3. Viscoelasticity
4. Tool-Narayanaswamy-Moynihan model of thermal glass transition
5. Recent Developments concerning thermal glass transition
6. Network type and fragility
7. Computer studies of typical glass problems (e.g. prestressing)
Expected student outcomes

1. Equip the student to be able to communicate intelligently when working with amorphous materials in industry 

2. Give students the ability to relate attributes and physical properties of common commercial glass products to thermal history
a. understand the generation and relaxation of stress in solids
b. understand the dependence of density, refractive index etc. on thermal history

c. have a general idea of the relation between relaxation behavior and structure network type 
3. Provide students wishing to pursue graduate work with the prerequisite knowledge necessary to enroll in graduate-level coursework involving non-crystalline materials.
Recommended text:  

Scherer, G. W., Relaxation in Glass and Composites, 2nd ed., Krieger Pub. Co., 1992, ISBN-10: 0894646435, 

ISBN-13: 978-0894646430  

Other materials: 


Selected journal articles by assignment
Class Policy 

1. All course lectures will be held ONLINE, using Adobe Connect; there will be no formal classroom or classroom to report to

2. Attendance at every class meeting (online) is required
· if you miss an in-class quiz, you take a zero (no exceptions)

· if you have more than three (3) unexcused absences your final grade will be reduced (from its calculated value) by one letter grade 
3. You are expected to wait 10 minutes for the professor. If the professor is over 10 minutes late, you may assume there is no class and leave.
4. During lecture, you are expected to give your complete attention to the lecturer

5. Questions or disputes on grading of assignments/exams must be done in person within one week of receiving assignments back from the instructor.  No email requests will be considered. 
Homework and quiz 

There will be quiz every week (8 simple multiple choice questions). Posing the question by the instructor and answering the questions by the students will both be handled by Adobe Connect within a limited time at the end of the Thursday lecture. Every correct answer will earn 1 point.

Every lecturer will give 2 exercises (earning 8 points each at maximum) to the students. assignments will be due on the last class of each lecturer (during class period) or on an earlier assigned date if given.  No late homework assignments will be accepted or graded.  Homework will be submitted to the local instructor on engineering paper and be done in an orderly manner using the engineering approach to problem solving.  A copy of all homework is to be submitted in the Digital Dropbox on Blackboard, in addition to that turned in (hard copy) during class period on the due date.
Exams

There will be one final examination. Missed exams will result in a zero being assigned. It will be a take-home exam with 2 exercises (earning 8 points each at maximum) from each lecturer. Exercises will be communicated electronically at the end of the brush-up session at the end of the course. The results have to be communicated to all lecturers within 48h. The expected answers will be communicated in the final session.

There will be no make-ups scheduled.  Documented reasons for missing an exam must be made to the instructor in writing prior to the exam and the student will receive written confirmation that their request is accepted or declined.  It will be the student’s responsibility to make up the exam grade per the instructors requirements.  
Grades:

Grades will be assigned by instructor at student’s location and details of how they will be determined are the responsibility of that instructor.  
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Proposed Class Schedule (subject to change)

	1
	Tues
	19-Jan
	Internet teaching set-up 

	2
	Thurs
	21-Jan
	Introduction in glass transition & viscoelasticity

	3
	Tues
	26-Jan 
	Complex exponential function, Fourier- and Laplace-Transforms

	4
	Thurs
	28-Jan 
	Differential equations

	5
	Tues
	2-Feb
	Simple models (Maxwell, Kelvin-Voigt)

	6
	Thurs
	4-Feb 
	Sophisticated models

	7
	Tues
	9-Feb 
	Dynamic Mechanical Analysis

	8
	Thurs
	11-Feb 
	Application: Prestressing of glass

	9
	Tues
	16-Feb 
	Phase Space, Boltzmann-entropy

	10
	Thurs
	18-Feb 
	Canonical ensembles, Gibbs-entropy, thermodynamic temperature

	11
	Tues
	23-Feb 
	Specific heat of crystals and amorphous solids

	12
	Thurs
	25-Feb 
	First approach to glass: two-state-system, Schottky-function

	13
	Tues
	2-Mar 
	Calorimetric glass transition, fictive temperature

	14
	Thurs
	4-Mar
	Tool-Narayanaswamy-Moynihan-model

	15
	Tues
	9-Mar
	Derivation of TNM parameters from DSC

	16
	Thurs
	11-Mar
	Application: Impact on dimension and refractive index

	
	Tues
	16-Mar
	No class – spring break

	
	Thurs
	18-Mar
	No class – spring break

	17
	Tues
	23-Mar
	Enthalpy landscape and inter-basin transitions

	18
	Thurs
	25-Mar
	Freezing of transitions during constant rate cooling


	19
	Tues
	30-Mar
	Aging and isothermal relaxation

	20
	Thurs
	1-Apr
	Relaxation during constant rate heating

	21
	Tues
	6-Apr
	Fragility and its relation to other glass properties

	22
	Thurs
	8-Apr
	Rigid and floppy networks

	23
	Tues
	13-Apr
	Lab: Demonstration of DSC

	24
	Thurs
	15-Apr
	Fiber drawing and hollow glass blowing

	25
	Tues
	20-Apr
	Glass-to-metal seal

	26
	Thurs
	22-Apr
	Pre-stressing of glass plates

	27
	Tues
	27-Apr
	Repetition of main topics

	28
	Thurs
	29-Apr
	Examination


