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PREFACE
The authors are pleased to bring out  S. Chand’s Engineering Physics, Vol-I  designed

to serve as a textbook for the 1st Semester Course of the first year B.E. students of
University of Mumbai, Mumbai. The book is written with the singular objective of
providing the students of University of Mumbai with a distinct source material as per the
syllabus. The authors had time and again interacted with the students over the years and
their colleagues in different institutions and the present version of the book is based on the
feed back received. In view of the limited time that the students can devote to Physics, an
attempt is made to focus on essential points and the details that are not of immediate relevance
are not discussed. The requirement of the students is given top priority and the material is
molded in a more student-friendly style. However, the spirit of physics is not sacrificed at
any stage and the expectations of teachers are held high at every step. It is generally felt
that Physics is one more body of facts thrust on engineering students who are already
burdened with a heavy syllabus. Physics evolved through the efforts of rational thinkers
who have been interested to know the why, what and how of natural phenomena. Technology
is an outcome of the application of their understanding for the benefit of human society at
large. Therefore, Physics serves as the foundation on which the elaborate  structure of
technology stands.  The main purpose of teaching Physics to Engineering undergraduates
is to acquaint the budding engineers with the thread of development, so that they can apply
this knowledge beneficially in their later pursuits. It is this urge that underlies the presentation
of the material in this book.

The philosophy of presentation of the material in the book is based upon decades of
classroom interaction of the authors. In each chapter, the fundamental concepts pertinent
to the topic are highlighted and the in-between continuity is emphasized. The book satiates
the thirst of the inquisitive student and at the same time it provides material to such students
who are concerned mainly with getting through the examinations. Throughout the book
attention is given to the proper presentation of concepts and practical applications are cited
to highlight the engineering aspect. A number of problems are solved. New problems are
included in order to expedite the learning process of students of all hues and to improve
their academic performance. The authors sincerely hope that this book will assist the student
in learning the principles of physics more effectively.

   The fundamental concepts are emphasized in each chapter and the details are
developed in an easy-to-follow style. Each chapter is divided into smaller parts and sub-
headings are provided to make the reading a pleasant journey from one interesting topic to
another important topic.

Enough care is taken to eliminate printing mistakes. However, some mistakes might
have crept in inadvertently. The authors appeal to the readers to point out such left-out
mistakes.

(v)
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The authors are highly indebted to the teachers in various engineering institutions.
They wish to thank Shri Prabhala Bhaskar for the careful preparation of the book.

 The authors offer their special thanks to Ms. Nirmala Gupta, Chairperson & Managing
Director, Mr. Amit Gupta, CEO, Mr. Navin Joshi, Vice-President (Publishing), Mr. Bhagirath
Kaushik, General Manager (Sales and Marketing), S. Chand & Company Ltd. and
Mr. D.R. Parab, Assistant Regional Manager, Mumbai.

                   AUTHORS

(vi)

Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



UNIVERSITY OF MUMBAI

BE (PHYSICS) SYLLABUS
     First Semester

CHAPTER – 1. Crystallography & X-Rays
 Lattice, basis, crystal axes, unit cells, lattice parameters and crystal systems, SC,

BCC, FCC, diamond, NaCl, Zinc blend and HCP crystal structures, Miller Indices,
Planes and directions, Liquid crystals & phases, LCD display and its
specifications.

 Origin of x-rays and x-ray spectra, x-ray diffraction and Bragg’s law and
determination of crystal structure.

 Real crystals – Crystal imperfections, point defects and dislocations.

CHAPTER – 2. Physics of Semiconductors
 Classifications of solids, Fermi-Dirac Statistics, concept of Fermi level and its

variation with temperature, impurity and applied voltage.
 Intrinsic and extrinsic carrier concentrations, carrier drift, mobility, resistivity

and Hall effect, carrier diffusion, Einstein’s relations, current density and continuity
equations.

 Energy band diagrams of p-n junction, formation of depletion region, derivation
for depletion layer width.

CHAPTER – 3. Superconductivity
 Critical temperature, Critical magnetic field, Type I –Type –II super conductors,

high Tc super conductors.
 Meissner effect, Josephson effect.
 SQUIDS, Plasma confinement, Maglev.

CHAPTER – 4. Acoustics
 Acoustics of Building, Absorption, Importance of Reverberation Time, Units of

Loudness, Decibel, Phon.
 Conditions for Good Acoustics, methods of Designs for Good Acoustics,

Determination of Absorption coefficient, Noise Pollution.

CHAPTER – 5. Ultrasonics
 Principles of production, piezoelectric and mangetostriction effect.
 Piezoelectric and Magnetostriction oscillator, ultrasonic materials – quartz and

ferroelectric materials, cavitation effect.
 Applications based on cavitation effect and echo sounding, ultrasonic imaging

and medical diagnosis.

CHAPTER – 6. Electron Optics
 Electrostatic and Magnetostatic focusing systems
 Construction and working of CRT, CRO and its applications.

(vii)

Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



CONTENTS
       Page No.

1A. CRYSTAL STRUCTURES 1 – 33

1.1 Classification Of Solids-1; 1.2 Lattice-2; 1.3 Basis-3; 1.4 Unit Cell-4; 1.5
Bravais Lattices-4; 1.6 Indices Of Crystallographic Direction-8; 1.7 Lattice
Planes And Miller Indices-9; 1.7.1 Miller Indices Of Principal Planes in a
Cubic Cell-9; 1.7.2 Sketching a Plane if Miller Indices are Known-10; 1.8
“d”-Spacing in a Cubic Lattice-10; 1.9 Calculation of Parameters of A Cubic
Lattice-11; 1.10 Simple Cubic (SC) Cell-11; 1.11 Body Centred Cubic (BCC)
Cell-14; 1.12 Face Centred Cubic (FCC) Cell-15; 1.13 HCP Structure-18; 1.14
Diamond Structure-21; 1.15 NaCl Crystal Structure-21; 1.16 ZnS Structure
-22; 1.17 Liquid Crystals-22; 1.17.1 Liquid Crystal Phases-23; 1.18 Electric
And Magnetic Field Effects-25; 1.19 Liquid Crystal Displays (LCDs)-25; 1.20
Flat Panel Liquid Crystal Displays-26; 1.20.1 Passive-Matrix LCD Panels
-26; 1.20.2 Active Matrix LCD Panels-27; 1.21 Color Displays-27; 1.22
Specifications-28; Worked-Out Examples-28; Questions-31; Problems For
Practice-32.

1B. X - RAYS 34 – 46

1.1b Generation Of X-Rays-34; 1.2b X-Ray Spectrum-35; 1.3b Origin Of
Continuous X-Ray Spectrum-35; 1.4b Duane-Hunt Formula-36; 1.5b
Characteristic X-Ray Spectrum-37; 1.6b Origin Of Characteristic X-Rays-37;
1.7b Moseley’s Law-38; 1.8b X-Ray Diffraction-39; 1.9b Braggs’ Law-39;
1.10b Braggs’ Spectrometer-41; 1.10b.1 Determination Of Crystal Structure:-
42; Worked-Out Examples-44; Questions-45; Problems For Practice-46.

1C. CRYSTAL DEFECTS 47 – 55

1.1c Real Crystals-47; 1.2c Point Defects-47; 1.2c.1 Effect of Point Defects-
50; 1.3c Line Defects-50; 1.4c Burgers Vector-52; 1.5c Planar Defects or
Surface Defects-54;  Questions-55.

2. PHYSICS OF SEMICONDUCTORS 56 – 103

2.1 Classification of Solids-56; 2.2 Free Electron Model Of Solids-57; 2.3
Electrical Conductivity-58; 2.3.1 Expression For Electrical Conductivity-59;
2.3.2 Mobility-60; 2.4 The Band Theory of Solids-60; 2.5 Energy Band
Structure of a Solid-61; 2.6 Electrical Conduction From The View Point of
Band Theory-62; 2.7 Energy Band Diagram-63; 2.8 Classification Of Solids
Based on Energy Bands-63; 2.9 Fermi-Dirac Distribution Function-64; 2.9.1
Fermi Level-65; 2.9.2 Effect of Temperature On Fermi Function-66; 2.10

(ix)

Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



Intrinsic Semiconductor-66; 2.11 Generation And Recombination-68; 2.12
Intrinsic Conductivity-69; 2.13 Fermi Level In Intrinsic Semiconductor-71;
2.13.1 Variation of Fermi Level With Temperature in an Intrinsic
Semiconductor-72; 2.14 Variation Of Intrinsic Conductivity With Temperature
-73; 2.15 Extrinsic Semiconductors-74; 2.16 N -Type Semiconductor-74;  2.17
P-Type Semiconductor-76; 2.18 Band Diagrams of Extrinsic Semiconductors
at 0K and 300K-77; 2.19 Calculation of Minority Carrier Concentration-77;
2.20 Extrinsic Conductivity-79; 2.21 Fermi Level In Extrinsic Semiconductors
-80; 2.22 Hall Effect-83; 2.22.1 Importance of Hall Effect-83; 2.22.2
Experimental Arrangement-83; 2.22.3 Hall Voltage-83; 2.22.4 Hall Coefficient
-85; 2.22.5 Drift Velocity-85; 2.22.6 Carrier Concentration-85; 2.22.7 Doping
Level-86; 2.22.8 Carrier Sign And Type Of Semiconductor-86; 2.22.9 Hall
Mobility-86; 2.22.10 Factors Affecting Hall Voltage-86; 2.22.11 Variation of
Hall Coefficient With Temperature-86; 2.22.12 Applications-87; 2.23 Drift
And Diffusion Currents:-87; 2.24 Einstein Relations-88; 2.25 Continuity
Equation-89; 2.26 P-N Junction Diode-90; 2.26.1 Expression For Width of
The Depletion Region-93; 2.26.2 Diode Under Forward Bias-94; 2.26.3 Diode
Under Reverse Bias-95; 2.27 The Diode Equation-96; 2.28 Energy Band
Description of Diode-97; 2.29 Voltage-Ampere Characteristic-99; Worked-
Out Examples-99; Questions-101; Problems For Practice-102.

3. SUPERCONDUCTIVITY 104 – 125

3.1 Superconductivity-104; 3.2 Properties Of Superconductors-105; 3.2.1 Zero
Electrical Resistance-105; 3.2.2 Persistent Current-105; 3.2.3 Critical
Temperature-103; 3.2.6 Critical Magnetic Field-106; 3.2.5 Critical Current
Density-107; 3.2.6  Perfect Diamagnetism – Meissner Effect-108; 3.2.7 London
Penetration Depth-109; 3.2.8 Flux Quantization-109; 3.2.9 Entropy-110;
3.2.10 Heat Capacity-110; 3.2.11 Isotope Effect-111; 3.3 Other External Factors
That Affect Superconductivity-111; 3.4 Type I And Type II Superconductors
-111; 3.5 BCS Theory-114; 3.6  Josephson Effect-115; 3.6.1 The DC Josephson
Effect-115; 3.6.2 The AC Josephson Effect-116; 3.7 High TC Superconductors
-116; 3.8 Applications-118; 3.8.1. Cryotrons-118; 3.8.2 Maglev Trains-118;
3.8.3 Squids-120; Worked-Out Examples-122; Questions-124; Problems For
Practice-124.

4. ACOUSTICS 126 – 147
4.1 Sound-126; 4.1.1 Sound Velocity-127; 4.1.2 Sound Wavelength-127; 4.2
Classification of Sound-127; 4.3  Characteristics of Musical Sound-128; 4.3.1
Pitch:-128; 4.3.2 Timbre:-128; 4.3.3 Loudness:-129; 4.4 Weber-Fechner Law
-129; 4.5 Sound Intensity Level – Decibel-129; 4.5.1 Sound Pressure Level
(SPL):-131; 4.6 Human Audiogram-131; 4.7 Phon-132; 4.7.1 Sone-132; 4.8
Sound Reflection-133; 4.8.1 Echoes:-133; 4.8.2 Reverberation:-133; 4.9
Reverberation Time-134; 4.10 Sound Absorption-134; 4.10.1 Absorption
Coefficient-134; 4.11 Sabine’s Formula For Reverberation Time-135; 4.11.1
Optimum Reverberation Time-136; 4.12 Determination of Absorption
Coefficient-136; 4.13 Factors Affecting Acoustics of Buildings And Their

(x)

Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



Remedies-138; 4.14 Acoustic Design of a Hall-141; Worked-Out  Examples
-144; Questions-146; Problems For Practice-146.

5. ULTRASONICS 148 – 164
5.1 Production Of Ultrasonic Waves-148; 5.1.1 Magnetostriction Effect:-148;
5.1.2 Magnetostriction Generator-149; 5.2 Piezoelectric Effect-150; 5.2.2
Piezoelectric Generator-151; 5.3 Detection of Ultrasonic Waves-151; 5.4
Properties Of Ultrasonic Waves-151; 5.5 Cavitations Effect-152; 5.6 Types of
Ultrasonic Waves-152; 5.6.1 Longitudinal or Compressional Waves-151; 5.6.2
Transverse or Shear Waves-152; 5.6.3 Surface Or Rayleigh Waves-153; 5.7
Determination Of Velocity of Ultrasonic Waves - Acoustic Diffraction Method
-153; 5.8 Applications-154; 5.13 Medical Applications – Sonograms-158; 5.1.1
Ultrasonic Blood Flow Meter-161; 5.1.2 Other Applications-161; Worked-
Out Examples-161; Questions – 163; Problems For Practice-163.

6. ELECTRON OPTICS 165 – 202
6.1 Introduction-165; 6.2 Electric Field-165; 6.3 Motion Of an Electron in a
Uniform Electric Field-166; 6.3.1 Electric Field Parallel To Initial Velocity
-166; 6.3.2 Electron -Volt -167; 6.3.3 Electric Field Perpendicular To Initial
Velocity-168; 6.3.4 Electrostatic Deflection-169; 6.3.5 Electron Projected at
an angle into a Uniform Electric Field-170; 6.4 Uniform Magnetic Field-172;
6.5 Motion Of an Electron in a Uniform Magnetic Field-172; 6.5.1 No Energy
is gained by an Electron in a Uniform Magnetic Field-172; 6.5.2 Magnetic
Field Parallel To Initial Velocity -173; 6.5.3 Magnetic Field Perpendicular To
Initial Velocity-173; 6.5.4 Relation Between K.E. Of The Electron And Radius
Of The Circular Path-175; 6.5.5 Magnetic Field Acting At An Angle To Initial
Velocity-175; 6.6 Magnetostatic Deflection-176; 6.7 Lorentz Equation-178;
6.8 Crossed Electric And Magnetic Field Configuration-178; 6.9 Velocity
Selector:-179; 6.10 Bethe’s Law -180; 6.11 Electron Lens-181; 6.12 Focussing
By Uniform Magnetic Fields-183; 6.12.1 Longitudinal Uniform Magnetic Field
Focusing-183; 6.12.2 Transverse Uniform Magnetic Field Focusing:-184; 6.13
Focusing By Axially Symmetric Magnetic Field-185; 6.13.1 Magnetic Lens
-185; 6.14 Cathode Ray Tube-186; 6.15 Cathode Ray Oscilloscope-189; 6.15.1
Block Diagram Of CRO-189; 6.15.2 Cathode Ray Tube-190; 6.15.3 Time Base
-190; 6.15.4 Trigger Circuit -192; 6.15.5 Vertical Circuits-193; 6.15.6
Horizontal Circuits-193; 6.15.7 Low Voltage Power Supply-194; 6.15.8 High
Voltage Power Supply-194; 6.15.9 Advantages-194; 6.16 Applications-194;
6.16.1 Determination Of Frequency-194; 6.16.2 Phase Measurements -195;
Worked-Out Examples-196; Questions-200;  Problems For Practice-202.

QUESTION PAPER 2008 203

(xi)

Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



1

Matter is normally divided into three states, namely solids, liquids and gases. A solid consists
of atoms or cluster of atoms arranged in close proximity. Simple geometrical concepts of a lattice and
unit cell are used to describe the atomic arrangement in the crystals. The advantage of such a
description is that all possible crystal structures are represented by a limited number of basic unit
cell geometries. The crystal structures are analyzed using X-ray diffraction techniques. The real
crystals have imperfections of different kinds. The study of crystal geometry  helps us understand
the diverse behaviour of solids in their mechanical, metallurgical, electrical, magnetic and optical
properties.
1.1 CLASSIFICATION OF SOLIDS
Solids are classified into the following three categories basing on the atomic arrangement within the
solid.
i. single crystals
ii. polycrystalline solids and
iii. amorphous solids.
Each of these states consists of some characteristic distribution of atoms (or molecules) in it. The
physical structure of a solid and its properties are closely related to the scheme of arrangement of
atoms within the solid.
i. Single crystals:  Single crystals are polyhedrons that have a distinctive shape for each material
and are bounded by smooth shiny faces and straight edges. The same substance may crystallize
under different conditions of crystal growth to form different geometrical shapes but the angles
between the faces are always constant for different shapes. This is known as law of constancy of
angles. X-ray diffraction studies have shown that the atoms in crystalline solids are arranged in a
regular periodic pattern in three dimensions, as shown in Fig.1.1(a). The arrangement of atoms in
specific relation to each other is called order. In crystals the order exists in the immediate
neighbourhood of a given atom as well as over large distances corresponding to several layers of
atoms. Therefore, the crystals possess both short-range order and long-range order.
In single crystals, since the periodic arrangement of atoms differs in the three directions, the physical
properties vary with direction and therefore, they are called anisotropic substances.
Quartz, alum, diamond and rock salt are examples of solids that occur as large size single crystals.
ii. Polycrystalline solids: Polycrystalline solids consist of fine grains, having a size of 103 to 104Å,
separated by well-defined boundaries but oriented in different directions (Fig.1.1b). Each such grain
is a single crystal of an irregular shape. Since the grains are oriented randomly, a polycrystalline
material is isotropic and the physical properties do not vary with direction. Majority of the natural
solids have polycrystalline structure. Metals are examples of  polycrystalline solids.

( )a ( )b ( )c

Fig.1.1 :  Atomic arrangement in (a) Single crystal (b) Polycrystalline solid  and (c) Amorphous substance

CRYSTAL STRUCTURES1 A
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2  S. CHAND’S ENGINEERING  PHYSICS

Types of crystals
The atoms are bound to each other by electrostatic forces. Depending on the nature of the

bond between the neighbouring atoms, the crystals can be classified as metallic crystals, covalent
crystals, and ionic crystals. In ionic crystals, the electron is transferred from the cation to anion and
the atoms exist in the crystal as ions and hence the name ionic crystal. The interatomic forces in
such crystals are non-directional. These forces are directional in covalent crystals where electron is
shared by the neighbouring atoms. In metallic crystals, the electrons are very loosely bound to the
corresponding nuclei.

iii. Amorphous solids: Solid materials possessing only short-range order (Fig.1.1c) are known as
amorphous solids. These materials maintain a fixed volume and shape and resemble solids in their
external features, but internally they do not have the ordered crystalline arrangement. The atomic
arrangement is random in these materials. They are in fact considered as supercooled liquids having
a very high viscosity. Glass, rubber and many polymers are amorphous solids. The amorphous
materials are generally referred to as ‘glass’. Note that the word ‘glass’ here does not refer to the
transparent glass used for windowpanes. The amorphous materials are called glass because they
have features similar to glass. The physical properties of amorphous solids are not dependent on the
direction of measurement and therefore they are isotropic substances.
Though the word ‘solid’ has been traditionally used for crystalline, polycrystalline and amorphous
materials, nowadays the word ‘solid’ is meant to convey only crystalline materials.
Liquid Crystals:

Some of the substances exhibit an additional state intermediate to solid and liquid states.
The intermediate state is characterized by many of the features of a solid and also possesses the
property of fluidity. Therefore, it is known as liquid crystal state.

1.2 LATTICE
A regular and periodic arrangement of atoms is the most important feature of crystals. The

actual arrangement of atoms is called the structure. Suppose the atoms or clusters of atoms in a
crystal are represented by points that correspond to their mean positions. Then we obtain a regular
distribution of points in space. These points are called lattice points or lattice sites. Although lattice
points represent atom locations, the lattice points and atom centres need not be coincident. The
three-dimensional network of regularly arranged points is known as a space lattice or a lattice. A
point is a dimensionless and shapeless entity; therefore, a lattice is merely an imaginary geometrical
framework.
A space lattice is defined as an array of points in three dimensions in which every point has
surroundings identical to that of every other point. A space lattice can be generated by successive
translations of an initial point. A very simple operation of repetition consists of repeating the unit
without change after translating it a distance ‘t’. Repeated application of a translation of given
length and direction, t1, to an initial point generates a sequence of periodically spaced points or a
row of points.

Fig. 1.2a : A sequence of periodically spaced points
The repeated application of some other translation which is not along the same line (i.e.

non-collinear),t2, to the above row generates a planar array of points.

Fig. 1.2 b : A planar array of points
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CRYSTAL  STRUCTURES  3

A third translation not in the same plane (i.e. non-coplanar), t3, applied to a two-dimensional lattice
generates a three-dimensional array of points called a space lattice or simply lattice.

 Fig. 1.2c : Three dimensional lattice or space lattice
Thus, lattice points satisfy the condition of periodicity. Hence, the crystal structure, i.e., the

arrangement of atoms in the crystal can be understood with reference to a lattice. It is also observed
that a given point in the lattice (Fig.1.2c) is surrounded by a specific number of lattice points located
at equal distances. The arrangement of points around a given lattice point is called its environment.
The environment continues to change as we traverse in a particular direction from one lattice point
to the next lattice point, but at the next lattice point it is exactly the same as that at the initial point.
Thus, the same environment would be found after equal intervals of distance in the same direction.
The environment would be different in different directions. The space lattice is the skeleton upon
which crystal structure is built by placing atoms on or near the lattice points.
The study of crystal structure becomes simpler when it is represented by a space lattice.

1.3 BASIS
An ideal crystal is a repetition of identical structural units in three dimensional space. The

periodicity is described by a (mathematical) lattice, and the identical structural units are the atoms in
some specific arrangement, which are placed at every lattice point. A lattice is not a crystal. However,
these two words are often used synonymously in colloquial language.
 The crystal structure becomes known only when a group of atoms is identically attached to each
lattice point, as shown in Fig.1.3. The group of atoms or molecules that is associated with every
lattice point is identical in composition, arrangement and orientation. It is called the basis. A crystal
structure is therefore the result of two quantities; namely a lattice and a basis. Thus,

Lattice + basis    crystal structure

                          Fig.1.3: Crystal structure is obtained when a basis is added to each lattice site.
In the simplest crystals such as copper, silver, gold, iron and the alkali metals, the basis is a

single atom. Often the basis contains only a few atoms.

Lattice
Planes

Lattice
Lines
Lattice
Points

Unit Cell

+ =
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4  S. CHAND’S ENGINEERING  PHYSICS

1.4 UNIT CELL
From the complete space lattice, it is possible to select the smallest three dimensional

portion which repeats itself in different directions to generate the complete space lattice. This is
called a unit cell. It is the smallest volume that carries a full description of the entire lattice.

(a) (b)
   Fig.1.4 : (a) A primitive unit cell. (b) Primitive and non-primitive unit cells in a two-dimensional lattice

The lines drawn parallel to the lines of intersection of any three faces of the unit cell which
do not lie in the same plane are called crystallographic axes. The three translational vectors a, b, and
c lie along the crystallographic axes. The intercepts a, b, and c  (Fig.1.4a) define the dimensions of the
unit cell and are known as primitives.  The angle  represents the angle between a and b axes, the
angle  represents the angle between b and c axes and the angle  represents the angle between the
c and a axes.

The axial lengths a, b, c and the three inter-axial angles , ,  are known as the basic lattice
parameters. The volume of the unit cell is   cba  . If this volume in space contains only one lattice
point, we call it a primitive unit cell. It is not necessary that every unit cell should be a primitive cell
(Fig.1.4 b). Depending on the requirement and symmetry of the lattice we can choose larger cell
containing more than one lattice point as a unit cell. If there are two or more lattice points per unit cell,
then it is called a non-primitive unit cell. Most of the unit cells of various crystal lattices contain two
or more lattice points and are non-primitive cells.

1.5 BRAVAIS LATTICES
Bravais introduced the concept of space lattice in the study of crystal structures. A three-

dimensional space lattice is generated by repeated translations of three non-coplanar vectors. One
would expect that many lattices can be generated in three dimensions with different primitive and
non-primitive cells. However, Bravais showed that there are only fourteen different ways of arranging
identical points in three-dimensional space, satisfying the condition of periodicity, so that they are
in every way equivalent in their surroundings. These fourteen types of arrangements are called the
space lattices or Bravais lattices.  With the 14 types of lattices and on the basis of primitive cell,
crystals are grouped into 7 systems. They are cubic, tetragonal, orthorhombic, monoclinic, triclinic,
hexagonal and rhombhohedral (trigonal). The seven crystal systems and the corresponding Bravais
lattices with their features are described below.
1. Cubic system

In cubic crystals, the crystal axes are perpendicular to one another. Thus, o90  .
The length of the primitives (edges of unit cell) is the same along the three axes. Thus, cba  .
Cubic lattice has three possible types of arrangements, simple (SC) or cubic-P, body centered (BCC)
or cubic-I and face centered (FCC) or cubic-F.
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