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Preface
The compilation of this book Basics of Material Science 

and Engineering was motivated by the desire to provide 

a concise book which can benefit students to understand 

the concepts of this specific topic of General Studies and 

Engineering Aptitude section.

This textbook provides all the requirements of the 

students, i.e. comprehensive coverage of theory, 

fundamental concepts and objective type questions 

articulated in a lucid language. The concise presentation will help the 

readers grasp the theory of this subject with clarity and apply them with ease to solve objective 

questions quickly. This book not only covers the syllabus of ESE in a holistic manner but is also 

useful for many other competitive examinations. All the topics are given the emphasis they deserve 

so that mere reading of the book clarifies all the concepts.

We have put in our sincere efforts to present detailed theory and MCQs without compromising the 

accuracy of answers. For the interest of the readers, some notes, do you know and interesting 

facts are given in the comprehensive manner. At the end of each chapter, sets of practice question 

are given with their keys and detailed explanations, that will allow the readers to evaluate their 

understanding of the topics and sharpen their question solving skills.

Our team has made their best efforts to remove all possible errors of any kind. Nonetheless, we would 

highly appreciate and acknowledge if you find and share with us any printing and conceptual errors. 

It is impossible to thank all the individuals who helped us, but we would like to sincerely thank all 

the authors, editors and reviewers for putting in their efforts to publish this book.

With Best Wishes

B. Singh

CMD, MADE EASY Group



Chapter 1
Introduction ...............................................................1

1.1 Historical Perspective ...........................................1

1.2 Material Science  .....................................................1

1.3 Classification of Materials ....................................2

1.4 What is Material? ....................................................3

1.5 Engineering Needs of Material ..........................3

Chapter 2
Chemical Bonding .....................................................5
2.1 Basic Laws of Chemistry .......................................5

2.2 Fundamental Concepts ........................................6

2.3 Electrons in Atoms .................................................7

2.4 The Periodic Table ..................................................7

2.5 Comparison of Alpha (α), Beta (β)

 and Gamma (γ) Rays ..............................................8

2.6 Quantum Number ..................................................9

2.7 Electron Affinity ................................................... 11

2.8 Electronegativity ................................................. 11

2.9 Pauli’s Exclusion Principle ................................. 11

2.10 Auf-bau Principle ................................................. 12

2.11 Hund’s Rule ............................................................ 12

2.12 Heisenberg Uncertainty Principle ................. 12

2.13 Gay Lussac’s Law of Gaseous Volumes ........ 13

2.14 Dalton’s Atomic Theory ..................................... 13

2.15 Rutherford Model ................................................ 13

2.16 Bohr Model ............................................................ 13

2.17 Sommer Field’s Model ....................................... 14

2.18 De Broglie Wave Equation ................................ 14

2.19 Octet Rule .............................................................. 14

2.20 Boyle’s Law

 (Pressure-Volume Relationship) ..................... 15

2.21 Charles Law

 (Temperature-Volume Relationship) ............ 15

2.22 Gay-Lussac’s Law

 (Pressure-Temperature Relationship) ........... 16

2.23 Avogadro Law

 (Volume-Amount Relationship) ..................... 16

2.24 Ideal Gas Equation .............................................. 17

2.25 Dalton’s Law of Partial Pressures .................... 17

2.26 Chemical Bonding ............................................... 17

2.27 Ionic Bond .............................................................. 18

2.28 Covalent Bond ...................................................... 19

2.29 Metallic Bond ........................................................ 20

2.30 Comparison of Primary Bonds ........................ 21

2.31 Van der Waal Bond .............................................. 21

2.32 Dispersion Bonds ................................................ 22

2.33 Dipole Bonds ......................................................... 22

2.34 Hydrogen Bonds .................................................. 23

2.35 Properties of Water (H2O) ................................. 23

2.36 Directional Bond .................................................. 25

2.37 Non-directional Bond ........................................ 25

2.38 Molecular Orbital Theory .................................. 25

2.39 Hybridization ........................................................ 26

 Objective Brain Teasers ....................................... 28

Chapter 3
Crystallography ................................................. 31

3.1 Introduction .......................................................... 31

3.2 Comparison of Crystalline and 

 Noncrystalline Solids.......................................... 31

3.3 Lattice Points, Space Lattice and 

 Crystal Structures ................................................ 32

3.4 Unit Cell and Primitive Unit Cell ..................... 33

3.5 Bravais Lattices ..................................................... 33

3.6 Cubic Crystal Structures .................................... 35

3.7 Hexagonal Closed Packing .............................. 38

3.8 Miller Indices ......................................................... 39

3.9 Interplanar Spacing ............................................ 40

3.10 Crystal Imperfections ......................................... 40

3.11 Point Imperfections ............................................ 41

3.12 Line Defect ............................................................. 43

3.13 Surface Defect ...................................................... 45

3.14 Ionic Crystal Structure ....................................... 46

3.15 Bragg’s Law ............................................................ 47

3.16 Polymorphism and Allotropy .......................... 48

 Objective Brain Teasers ....................................... 50

Basics of Material Science and Engineering Contents



(v)

Chapter 4
Electric Properties of Materials ........................ 55

4.1 Introduction .......................................................... 55

4.2 Ohm’s Law and Electrical Conductivity ....... 56

4.3 Energy Band Structure in Solids ..................... 58

4.4 Classification of Materials based 

 upon Energy Band Diagram ............................ 60

4.5 Electrical Resistivity of Metals ......................... 61

4.6 Thermal Conductivity of 

 Metals–Wiedemann Franz law........................ 62

4.7 Thermoelectric Phenomenon ......................... 63

4.8 Insulators ................................................................ 63

4.9 Dielectrics............................................................... 65

4.10 Electric Dipole Moment and Polarization ... 67

4.11 Types of Polarization .......................................... 68

4.12 Phase Difference and Dielectric Loss ........... 69

4.13 Polar Molecules .................................................... 70

4.14 Nonpolar Materials ............................................. 70

4.15 Other Electrical Characteristics of 

 Materials ................................................................. 70

4.16 Use of Dielectrics ................................................. 73

4.17 Semiconductor Materials ................................. 73

4.18 Electrons and Holes in an Intrinsic 

Semiconductor (Pure Semiconductor) ........ 74

4.19 Extrinsic Materials ............................................... 74

4.20 Charge Densities in a Semiconductor ......... 75

4.21 Electrical Properties of Semiconductors ..... 76

4.22 Hall Effect ............................................................... 77

4.23 Thermistors ............................................................ 77

4.24 Photoconductors ................................................. 78

 Objective Brain Teasers ....................................... 79

Chapter 5
Magnetic Properties of Materials ..................... 84

5.1 Introduction .......................................................... 84

5.2 Magnetic Parameters ......................................... 84

5.3 Classification of Magnetic Materials ............. 85

5.4 Curie Temperature .............................................. 90

5.5 Laws of Magnetic Materials ............................. 91

5.6 Domain Theory..................................................... 92

5.7 Magnetisation Curve and 

 Magnetic Hysteresis Loop ................................ 93

5.8 Soft Magnetic Materials .................................... 94

5.9 Hard Magnetic Materials .................................. 96

5.10 Magnetic Storage ................................................ 98

5.11 Superconductivity ............................................... 98

 Objective Brain Teasers .....................................102

Chapter 6
Ceramics ........................................................... 105
6.1 Introduction ........................................................105

6.2 Silicate Ceramics ................................................106

6.3 Ceramics Used in Electrical Applications ..108

6.4 Stress-Strain Behavior of Ceramics .............109

6.5 Properties of Ceramics ....................................110

6.6 Glass .......................................................................111

6.7 Piezoelectric Ceramics .....................................112

6.8 Cement ..................................................................112

6.9 Carbon ...................................................................112

 Objective Brain Teasers .....................................116

Chapter 7
Polymers ........................................................... 119
7.1 Introduction ........................................................119

7.2 Basic Definitions ................................................119

7.3 General Characteristics of Polymer .............121

7.4 Molecular Structure of Polymers .................121

7.5 Different Types of 

 Polymerizations Reactions .............................122

7.6 Co-polymer ..........................................................123

7.7 Classification of Plastics ..................................123

7.8 Thermoplastic Materials .................................124

7.9 Thermosetting Materials ................................126

7.10 Mechanical Behaviour of Plastics ................129

7.11 Compounding Materials .................................129

7.12 Comparison of Polymers with 

 Ceramics and Metals ........................................130

7.13 Elastomer .............................................................130

7.14 Fibre .......................................................................130

7.15 Coatings ................................................................131

7.16 Vulcanization ......................................................131

7.17 Stress-Strain Behavior of Polymers .............132

7.18 Advanced Polymeric Materials .....................133

7.19 Crystallization of Polymers.............................133

 Objective Brain Teasers .....................................136

Chapter 8
Composites ...................................................... 140

8.1 Introduction ........................................................140

8.2 General Characteristics of Composites......140



(vi)

8.3 Natural Composites ..........................................142

8.4 Particle-Reinforced Composites ..................142

8.5 Fibre-Reinforced Composites .......................144

8.6 Laminar Composites ........................................145

8.7 Polymer-Matrix Composites (PMCs) ...........146

8.8 Fibre Phase...........................................................147

8.9 Matrix Phase ........................................................148

 Objective Brain Teasers .....................................149

Chapter 9
Mechanical Properties of Materials ............... 150

9.1 Introduction ........................................................150

9.2 Normal Stress ......................................................150

9.3 Strain ......................................................................151

9.4 Tension Test for Mild Steel ..............................151

9.5 Common Terms of Mechanical Properties ... 153

9.6 Fracture .................................................................159

9.7 Hooke’s Law .........................................................159

9.8 Elastic Constants ................................................160

9.9 Difference between Linearly and 

 Non-linearly Elastic Materials ........................161

9.10 Fatigue...................................................................161

 Objective Brain Teasers .....................................163

Chapter 10
Ferrous Metals ................................................. 166

10 Ferrous Metals ....................................................166

10.1 Introduction ........................................................166

10.2 Pig Iron ..................................................................166

10.3 Cast Iron ................................................................167

10.4 Wrought Iron .......................................................170

10.5 Steel ........................................................................171

10.6 Special Alloys Steels .........................................174

 Objective Brain Teasers .....................................177

Chapter 11
Non-Ferrous Metals and Alloys ...................... 181

11.1 Introduction ........................................................181

11.2 Aluminium ...........................................................182

11.3 Aluminium Alloys ..............................................183

11.4 Copper ...................................................................184

11.5 Lead ........................................................................188

11.6 Tin ...........................................................................188

11.7 Nickel .....................................................................189

11.8 Magnesium ..........................................................189

11.9 Titanium ................................................................189

11.10 Tungsten ................................................................190

11.11 Some Special Alloys ...........................................190

11.12 Babbit Metals .......................................................191

11.13 Solder Material ....................................................191

11.14 Refractory Materials...........................................191

11.15 Super Alloys ..........................................................192

 Objective Brain Teasers .....................................194

Chapter 12
Introduction to Nanomaterial and 

Metamaterial ................................................... 198

12.1 Nano Technology ..............................................198

12.2 Meta Materials ....................................................200

 Objective Brain Teasers .....................................201

Chapter 13
Basics of Corrosion and Creep ........................ 203

13.1 Corrosion ..............................................................203

13.2 Self Potential .......................................................203

13.3 Polarization ..........................................................203

13.4 Oxidizing Power Vs Corrosion Rate .............204

13.5 Types of Corrosion ............................................204

13.6 Corrosion Penetration Rate (CPR) ................205

13.7 Creep Curve .........................................................206

13.8 Recovery, Recrystallisation and 

 Grain Growth .......................................................206

13.9 Difference between hot working and 

 cold working .......................................................207

13.10  Strengthening Mechanisms of Materials ..207

13.11 Hot Shortness or Sulphur-Embrittlement ...... 208

 Objective Brain Teasers .....................................208

nnnn

































<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




