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Course Title:
Fundamentals of Materials Science

2010-2011

Text Book

Materials Science and Engineering An Introduction. by: William D. Callister
Lecturer:
           Assist Lecturer 

  Auda Jabbar Braihi 
Do and Don't
  ♠ Turn up on time.

♠ If you come in after the lecture starts, come in quietly, sit                             at the back.

 ♠ If you are more than 10 minutes late don’t come in.

 ♠ Do not talk in lectures unless I ask you something.

 ♠ Do not sign for your friends!

    ♠Turn off mobiles in silent mode.
Teaching and Evaluation Methods:

♠ Three hours lectures per week. 
       ♠ The course language is English.

       ♠ Students are encouraged to participate in class discussion.
       ♠ Daily class preparation and attendance is a must and no              excuses will be accepted.

       ♠ Students are expected to take notes. 
       ♠ Students are expected to solve

          homework problems. 
       ♠ There will be weekly or biweekly Quizzes.

Grading :
        - 2 Tests at 15 degree each.

        - Quizzes at 5 degree.

- Homework at 5 degree.

- Final Exam at 60 degree.

Good Luck

☺☺
Syllabus:
1- Introduction 

· Historical Perspective

· What is Materials Science and Engineering?
· Selection Criteria of materials
· Structure Levels 
· Classification of Materials

· Advance Materials.

· Modern Material's needs.
· Future of materials science 
2- Atomic Structure & Interatomic Bonding  

· Electrons in Atoms.

· Periodic Table. 

· Bonding Forces and Energies.

· Primary Bonds.

· Secondary Bonds. 

3- The Structure of Crystalline Solids 

· Unit Cell.

· Metallic Crystal Structure.

· Theoretical Density Computation.

· Allotropy. 

· Crystal Systems.

· Linear and Planer Densities.

· Crystalline and Noncrystalline Materials.

4- Imperfection in Solids 

· Point Defects.

· Linear Defects.

· Interfacial Defects.

· Bulk Defects.

· Microscopic Examination.

· Grain Size Determination.

5- Surface and Interfacial Phenomena. 

· Surface Energy.

· Surface Structure.

· Interfacial Phenomena.

· Liquid –Liquid Interaction.

· Liquid – Solid Interaction.

· Particulate Matter.

· Particle Size versus Specific Area.

· Packing of Particle.

· Powder Compaction and Sintering.

· Dispersive Systems.

· Friction, Lubrication and Wear. 
6- Mechanical Properties 

· Stress –Strain Concept.

· Tension, Compression, Shear and Torsion Tests.

· Elastic Deformation.

· Plastic Deformation.

· Hardness.

· Design /Safety Factor. 
7- Electrical Properties. 

· Electrical Conductivity.

                      ▲Ohm’s Law 

              ▲Electrical Conductivity 

              ▲Electronic and Ionic Conduction

              ▲Energy Band Structures in Solids

              ▲Conduction in Terms of Band and Atomic Bonding                       Models 

              ▲Electron Mobility

              ▲Electrical Resistivity of Metals 

              ▲ Electrical Characteristics of Commercial Alloys 
· Semiconductivity. 

                      ▲  Intrinsic Semiconduction

              ▲ Extrinsic Semiconduction 

              ▲The Temperature Variation of Conductivity and                            Carrier Concentration
              ▲ Conduction in Ionic Materials

              ▲ Electrical Properties of Polymers           
· Dielectric Behavior.

             ▲Dielectric Materials 
             ▲ Other Elecetrical Characteristics of Materials
             ▲ Ferroelectricity
             ▲ Piezoelectricity
 8- Thermal Properties 

· Heat Capacity.

· Thermal Expansion.

· Thermal Conductivity.

· Thermal Radiation.

· Thermal Stresses. 

9- Magnetic Properties.
       ● Diamagnetism and Paramagnetism 

       ● Ferromagnetism 

       ● Antiferromagnetism and Ferrimagnetisms
       ● The Influence of Temperature on Magnetic Behavior

       ● Domains and Hysteresis 

       ● Soft Magnetic Materials

       ● Hard Magnetic Materials

       ● Magnetic Storage

       ● Superconductivity
10- Optical Properties 

· Optical Properties of metals.

· Optical Properties of nonmetals.

· Application of Optical Phenomena.

Lecture: 1
Chapter One

Introduction

Historical Perspective
• Beginning of the Material Science - People began to make tools from stone – Start of the Stone Age about two million years ago.

Natural materials: stone, wood, clay, skins, etc.

  - Discover techniques lead to find new materials : pottery & various metals.

• The Stone Age ended about 5000 years ago with introduction of Bronze in the Far East. Bronze is an alloy (a metal made up of more than one element),

copper + < 25% of tin + other elements.

Bronze: can be hammered or cast into a variety of shapes, can be made harder by alloying, corrode only slowly after a surface oxide film forms.

  - Altering the properties by : heat treatment & addition of other substances.

• The Iron Age began about 3000 years ago and continues

today. Use of iron and steel, a stronger and cheaper material changed drastically daily life of a common person.

• Age of Advanced materials: throughout the Iron Age many new types of materials have been introduced(ceramic, semiconductors, polymers, composites…).

  - Understanding of the relationship among structure, properties, processing, and performance of materials , leads to : 
Intelligent design of new materials.
What is Materials Science and Engineering ?
  Material science is the investigation of the relationship among processing, structure, properties, and performance of materials.
   Materials Engineers design or select materials to produce a predetermined set of properties based on structure – properties 
relationship.
Selection Criteria of materials : 

1- The in-service conditions must be characterized ; dictate the properties required for material .

       Ex : Property may be ductility or strength.

2- Type of deterioration during service 

Ex : Decrease strength may be due to elevated temp. or due to corrosion .

3- Economics : final cost .

Modern Material's Needs:
1- Technological challenges , such as : 

· Develop special materials .

· Environmental considerations.     

   Ex 1 :
      In transportation : high strength , low density materials              remain to be developed.
       Ex 2:     

     In engine : materials have higher temp.- capabilities.
2 – Find new , economical sources of energy & use present                       resources more efficiently .

      Ex : In solar cells :

          There is need to find cheap methods for conversion solar             into electrical energy . 

3– Pollution control techniques need to improve so that they           produce less environmental degradation .

4- Nonrenewable recourses ( oil & some metals) ; needs to : 

    - discovery of additional recourses .

   - increase recycling efforts . 

    - develop materials having comparable properties & less              environmental impact.    
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