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Graduate Certificate in Engineering

Engineering Materials Science

**Alloy**
Concept: A type of material that is created by combining two or more elements, at least one of which is a
metal. Alloys are often created to improve the properties of a pure metal, such as its strength, corrosion
resistance, or machinability.
Related Terms: Metal, Composition, Microstructure
Explanation: Alloys are important engineering materials because they allow for the tailoring of properties to
meet specific application requirements. For example, steel is an alloy of iron and carbon that is stronger and
more durable than pure iron. Alloy composition and microstructure play a significant role in determining
the properties of the material.

**Atomic Number**
Concept: The number of protons present in the nucleus of an atom.
Related Terms: Atom, Proton, Neutron
Explanation: The atomic number is a unique identifier for each element and determines the element's
position in the periodic table. For example, carbon has an atomic number of 6, meaning it has 6 protons in
its nucleus.

**Ceramics**
Concept: A class of inorganic, non-metallic materials that are characterized by their resistance to heat and
corrosion.
Related Terms: Inorganic, Non-metallic, Heat Resistance
Explanation: Ceramics are used in a wide range of applications, including automotive engines, aerospace
components, and medical implants, due to their excellent mechanical and thermal properties. Common
ceramic materials include alumina, zirconia, and silicon carbide.

**Composition**
Concept: The arrangement of atoms or molecules in a material.
Related Terms: Alloy, Phase, Microstructure
Explanation: Composition plays a crucial role in determining the properties of a material. For example, the
composition of steel can be altered to produce a wide range of properties, from soft and ductile to hard
and brittle.

**Crystalline Structure**
Concept: The regular arrangement of atoms or molecules in a solid material.
Related Terms: Atom, Molecule, Lattice
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Explanation: Crystalline structures are characterized by their long-range order, meaning that the atoms or
molecules are arranged in a regular, repeating pattern. This contrasts with amorphous structures, which lack
long-range order.

**Deformation**
Concept: The process of changing the shape or size of a material.
Related Terms: Strain, Stress, Ductility
Explanation: Deformation can occur through a variety of mechanisms, including elastic deformation, plastic
deformation, and fracture. Understanding deformation behavior is critical for the design and analysis of
engineering components.

**Dislocation**
Concept: A defect in a crystalline material that disrupts the regular arrangement of atoms.
Related Terms: Crystalline Structure, Defect, Slip System
Explanation: Dislocations play a crucial role in the deformation behavior of crystalline materials. They can
move through the material under the application of stress, leading to plastic deformation.

**Elastic Deformation**
Concept: The temporary deformation of a material under the application of stress.
Related Terms: Stress, Strain, Young's Modulus
Explanation: Elastic deformation is reversible, meaning that the material will return to its original shape
when the stress is removed. The amount of elastic deformation that a material can undergo is described by
its Young's modulus.

**Engineering Materials Science**
Concept: The interdisciplinary field that deals with the selection, processing, and characterization of
materials for engineering applications.
Related Terms: Material, Properties, Applications
Explanation: Engineering materials science is concerned with the development of new materials and the
optimization of existing materials for specific applications. It involves the integration of principles from
materials science, physics, chemistry, and engineering.

**Fatigue**
Concept: The progressive failure of a material under the application of cyclic stress.
Related Terms: Cyclic Stress, Crack Growth, Fracture
Explanation: Fatigue is a common failure mode in engineering components, particularly those subjected to
cyclic loading. Understanding fatigue behavior is critical for the design and analysis of components
subjected to cyclic loading.

**Fracture**
Concept: The separation of a material into two or more pieces due to the application of stress.
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Related Terms: Stress, Strain, Failure
Explanation: Fracture can occur through a variety of mechanisms, including brittle fracture, ductile fracture,
and fatigue fracture. Understanding fracture behavior is critical for the design and analysis of engineering
components.

**Grain Boundary**
Concept: The interface between two grains in a polycrystalline material.
Related Terms: Grain, Polycrystalline, Interface
Explanation: Grain boundaries play a crucial role in the properties of polycrystalline materials. They can act
as barriers to the motion of dislocations, leading to increased strength and hardness.

**Hardness**
Concept: A measure of a material's resistance to deformation under the application of a load.
Related Terms: Deformation, Load, Indentation
Explanation: Hardness is a fundamental material property that is used to evaluate the performance of
engineering components. It can be measured using a variety of techniques, including Rockwell, Vickers, and
Brinell hardness tests.

**Heat Treatment**
Concept: The process of heating and cooling a material to alter its properties.
Related Terms: Properties, Microstructure, Phase
Explanation: Heat treatment is a common technique used to improve the properties of engineering
materials. It can be used to increase strength, hardness, and toughness, or to impart specific properties such
as corrosion resistance or wear resistance.

**Hysteresis**
Concept: The phenomenon where the response of a material to an applied stress is dependent on the
direction of the stress.
Related Terms: Stress, Strain, Cycle
Explanation: Hysteresis is a common feature of materials that exhibit memory effects, such as ferromagnetic
materials. It can lead to energy dissipation and can affect the performance of engineering components.

**Interstitial Defect**
Concept: A type of defect in a crystalline material where a small atom occupies an interstitial site in the
lattice.
Related Terms: Crystalline Structure, Lattice, Defect
Explanation: Interstitial defects can have a significant impact on the properties of crystalline materials,
including their strength, ductility, and electrical conductivity.

**Lattice**
Concept: The regular arrangement of atoms or molecules in a crystalline material.
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Related Terms: Crystalline Structure, Atom, Molecule
Explanation: The lattice is the fundamental building block of crystalline materials. It is characterized by its
symmetry and lattice parameters, which determine the arrangement of atoms or molecules in the material.

**Machinability**
Concept: The ability of a material to be shaped or formed using machining processes.
Related Terms: Shaping, Forming, Process
Explanation: Machinability is a critical material property for many engineering applications. It is affected by a
variety of factors, including hardness, strength, and toughness.

**Microstructure**
Concept: The arrangement of grains, phases, and defects in a material at the microscopic level.
Related Terms: Grain, Phase, Defect
Explanation: Microstructure plays a crucial role in determining the properties of materials. It can be altered
through a variety of processing techniques, including heat treatment, deformation processing, and
solidification processing.

**Modulus of Elasticity**
Concept: A measure of a material's stiffness, defined as the ratio of stress to strain in the elastic region.
Related Terms: Stress, Strain, Elastic Deformation
Explanation: The modulus of elasticity is a fundamental material property that is used to evaluate the
performance of engineering components. It is also known as Young's modulus.

**Phase**
Concept: A homogeneous region of a material with a distinct composition and structure.
Related Terms: Composition, Structure, Heterogeneous
Explanation: Phases can be solid, liquid, or gaseous, and can exist in a variety of forms, including single
crystals, polycrystals, and amorphous materials.

**Plastic Deformation**
Concept: The permanent deformation of a material under the application of stress.
Related Terms: Stress, Strain, Ductility
Explanation: Plastic deformation occurs when a material is subjected to stresses that exceed its elastic limit.
It is characterized by the motion of dislocations and
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