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 Q.2 a. Explain Ionization Potential, Electron Affinity and Electronegativity. (4+2+2) 
Answer: 
Ionisation potential 

Electrons in the orbital around the nucleus can absorb energy and get promoted 
to higher energy level .If sufficient energy is given, an electron in outer orbital can 
break away completely from the atom and become free. The energy required to 
remove an electron in this manner is known as Ionisation Potential. 

 

 
Fig. First ionisation potential of the elements 

 

Fig. gives the first ionisation potential of the elements .The potential is the least 
for first atom in a row of the periodic table and increases as we go to the right 
along the row. The alkali metals have alones electron in this outer most orbital, 
which can be removed with relative case .The inert gases, on the other hand have 
the full complement of sand pelectrons in their outermost principal orbital. 
removing an electron from a stable inert gas configure requires a relatively large 
expenditure of energy .Further, as we go down a column of the periodic table, the 
outermost electrons are less and less tightly bound to the nucleus 
.Correspondingly, among the alkali metals, the first ionisation potential is highest 
for lithium at the top of the column and lowest for cesium at the bottom. Among 
the inert gases, the potential is highest for helium and lowest foe Xenon. 

When an electron is removed from the neutral atom, there is a decrease in the 
mutual repulsion between the orbital electrons .they can approach one another 
more closely and are therefore attached more strongly to the nucleus, resulting 
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the shrinking of the all orbitals. As a result, the energy required to remove the 
second and successive electrons becomes increasingly greater. 

Electron Affinity 

  Consider a system of neutral atom and an extra electron. The work done by this 
system, when the extra electron is attached from infinity to the outer orbital of 
the neutral atom, is known as the electron affinity of the atom. 

The stable configuration of the inert gases as no affinity for an extra electron .The 
halogens, which are just one electron short to achieve the stable inert gas 
configuration have the largest electron affinity. When an extra electron is added 
to neutral atom, there is a weakening of the attraction of the electrons to 
nucleus, resulting in an expansion of the electrons orbitals and an increase in the 
size of the atom. 

Electronegativity 

The tendency of an atom to attract electrons to itself during the formation of the 
bonds with other atoms is measured by the electronegativity of that atom. This is 
the not the same as the electron affinity, where the tendency of an atom to 
attract an isolated electron is measured .Consider, for e.g. the bond formation 
between hydrogen and fluorine by sharing of their outer electrons. Fluorine has a 
greater tendency to attract the bonding the electrons to itself than hydrogen. 
Fluorine has thus larger negativity than hydrogen. 

 
  b.  Explain secondary bonding and variation of bonding character and 

properties.   (8)                                                                                                    
Answer: 
Secondary Bonding 

In many molecules, where hydrogen takes part in covalent bonding, the centres of 
the positive and negative charges don’t coincide .Consider the example of the 
water molecule. The electronegativity of oxygen is 3.5 and that of hydrogen is 2.1. 
Therefore the oxygen atom pulls the bonding electrons to itself more strongly 
than hydrogen does. This result in a net negative charge at the oxygen end and a 
net positive charge at the hydrogen end of the molecule. Due this imbalance in in 
electrical charge, the water molecules due to attraction between the positively 
charge hydrogen and of a molecule and the negatively charged oxygen end of 
another molecule is called the Hydrogen Bond. 
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Fig. Hydrogen bond between water molecules  

Hydrogen bonds are evidently directional. The bond between water molecules is a 
strong enough to persist in the liquid state .It is responsible for the unusual 
properties of ice and water .For e.g. the relatively open network of the hydrogen 
bonds in ice is shown in fig. 

Variation in Bonding Character and Properties 

We are going to examine some generalisations between the properties and the 
bonding characters of a material. The solid state can be visualised as atoms 
vibrating about their mean positions or fixed atomic sites. In the liquid state the 
atoms have also translational freedom and can slight past one another. The bonds 
between atoms in the liquid are continuously broken and remade .In the gaseous 
state the bonds are totally broken. The thermal energy of the atoms must be 
sufficient to achieve these descriptions in bonding .the higher the bond strength, 
the more’ll thermal energy required to break the bonds. 

Correspondingly, strongly bonded materials tends to high melting and boiling 
temperatures. Among the primary bonds, covalent and the ionic bonds are 
generally stronger than metallic bonds. Hence, covalent and ionic solids have high 
melting and boiling points.  

The mechanical properties of solids are dependent on the strength of the bonds 
as well as the directional nature of the bonding. Solids with strong and directional 
bonds tends to be brittle. For e.g. covalently bonded diamond is very hard and 
brittle .As metallic bonds are relatively weak and non-directional, metals are soft 
,ductile and malleable .They can change their shape permanently without 
breaking. 
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Ionic solids fall in between covalent and metallic solids in that they may exhibit a 
very limited amount of ductility. 

In any one row of the periodic table, as we go from left to the right the metallic 
character of the bond decreases and the covalent character increases .metallic 
bonds being weaker than covalent bonds, this transition is reflected in increasing 
bond energy and decreasing bond length from left to right, for the third row of 
the periodic table. Similarly the transition from the covalent to the metallic 
character, as we go from top to the bottom of a column is seen in the in the 
decreasing bond energy. 

Element Na  Mg Al Si P S Cl 
Bond 
energy,kJ- 
mol-1 

27 25 54 176 214 243 242 

Bond 
length,Å 

3.72 3.18 2.86 2.36 2.20 2.08 1.81 

Melting 
point,°C 

98 650 660 1410 44 119 -101 

Boiling 
Point ,°C 

892 1107 2450 2680 280 445 -35 

Table: Properties of elements of third row 
 

 Q.3 a. Explain crystalline and non-crystalline states of solids. (8) 
Answer: 
Crystalline and Non-Crystalline solids state 

  The number and kind of nearest neighbours that an atom or an ion has in a solid, 
is nearly the same for both the crystalline and non-crystalline forms of the solid. 
However, the non-crystalline structure doesn’t have the long range periodicity 
characteristics of thecrystalline state .In a crystal, any member of integral lattice 
translations, would take us from an atom located at a lattice point to another 
identical atom located at a different lattice point. This is not true for the non-
crystalline state. As long as range periodicity is the basis of diffraction defects the 
non-crystalline solids don’t rise to sharp diffraction patterns like crystals. 

Several factors promote the fraction of the non-crystalline structures when 
primary bonds don’t extend in all directions, one dimensional chain molecules or 
two dimensional sheet molecules are formed. Such units have to be added by 
structure consisting of long chains molecules. In the molten state, the change 
persist and are like a bowl of wriggling earthworms. 
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Fig.(a)The tangled up configuration of long chain molecules,(b) the parallel array of the chain molecules 

characteristics of a crystal 

The free energy of the crystalline state is always lower than that of the non-
crystalline state. Only when the free energy difference between the two states is 
large in magnitude, the tendency to crystallize will be strong. Some materials 
form a relatively open network structure of atoms, where there is little free 
energy difference between an orderly array and disorderly array of the units. In 
such cases, the tendency to crystallize will be weak. 

The third factor that promotes the formation of non-crystalline structures is the 
rate of cooling from the liquid state. Slow cooling rate allow enough time for the 
crystallization, while fast cooling rates may prevent crystallization altogether. The 
rate of the cooling which is considered as slow or the fast will vary widely for 
different materials, depending upon the magnitude of the kinetic barriers. 

  b.  Explain point imperfection in elemental crystals.                                         (8) 
Answer: 
Point Imperfection 

Point imperfections are also referred to as zero dimensional imperfections. As the 
name implies, they are imperfect point like regions in the crystal. One or two 
atomic diameter is the typical size of a point imperfection 
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Fig. Point imperfection in elemental crystal 

A vacancy refers to an atomic site where the atom is missing, as shown in the fig.  

A substitutional impurity (or solute) is a point imperfection. It refers to a foreign 
atom that substitutes for or replaces a parent atom in the crystal.Al and P doped 
in the Si and substitutional impurities in the crystal. 

As interstitial impurity is also a point imperfection. It is a small sized atom 
occupying the void space in the parent crystals without dislodging any of the 
parent atoms from their sites. An atom can enter the interstitial void space only 
when it is substantially smaller than the parent atom. 

In ionic crystals, the formation of the point imperfection is subject to the 
requirement that the overall electrically neutrality is maintained. An ion displaced 
from a regular site to an interstitial site is called a Frenkel imperfection. 

As cations are smaller ions, it is possible for them to get displaced into the void 
space. Anions don’t get displaced like this, as the void space is just too small for 
their size. A Frenkel imperfection doesn’t change overall electrical neutrality of 
the crystal. The Point Imperfections in silver halides and CaF2 are of the Frenkel 
type. 

 

Fig. Frenkel defect and Schottky defect 
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A pair of one cation and one anion can be missing from an ionic crystal. The 
valency of the missing pair of the ions should be equal to maintain electrical 
neutrality. Such a pair vacant ion sites is called Schottky imperfection. This type is 
dominant in alkali halides. 

 Q.4 a. Explain Fick’s law of Diffusion in solids.                                         (6) 
Answer: 
Fick’s law of diffusion 

Diffusion can be defined as the mass flow process by which atoms (or molecules) 
change their positions relative to their neighbours in a given phase under the 
influence of thermal energy and a gradient. 

Consider the unidirectional flow matter in a binary system of A and B atoms. The 
two types of atom will move in opposite directions under the influence of 
concentration gradient. Let us assume that B is the only moving a species. 

Fick’s first law states: 

 

Where  is the number of moles of moles of B atoms crossing per unit time a 

cross-sectional area a perpendicular to the diffusion direction x and  is the 

concentration gradient in X-direction. D is called the diffusion coefficient (or 
diffusivity) and constant characteristics of the system. The diffusion coefficient 
depends upon the nature of diffusing species, the matrix in which it is diffusing 
and the temperature at which diffusion occurs. The negative sign indicates that 
the flow of matter occurs down the concentration gradient. By definition, flux J is 
flow per unit cross section area per unit time so that Fick’s first law can also be 
written as: 

 
 
  b. Explain Atomic model of diffusion.                                                              (10) 
Answer: 
Atomic Model of Diffusion 

          Diffusion occurs as a result of repeated jumps of atoms from their sites to 
other neighbours sites. Even when atoms jump randomly, a net mass flow can 
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occurs down a concentration gradient, when a large number of such jumps take 
place. The unit step in the diffusion process in a single jump by the diffusing 
species. 

 

 
Fig. Mechanism of diffusion 

In interstitial diffusion, solute atoms which are small enough to occupy interstitial 
sites, diffuse by jumping from one interstitial site to another. In vacancy diffusion, 
atoms diffuse by interchanging positions with neighbouring vacant sites. In 
interstitially the mechanism, the mechanism the configuration where two atoms 
share a common atomic site moves through local distortion is involved during 
motion. In the ring mechanism, three or four atoms in the form of ring, thereby 
interchanging their positions. 

The unit step in interstitial diffusion is the jump of the diffusing atom from one 
interstitial site to a neighbouring site. 

 
Fig.Variation in potential energy along the path of the diffusing atom 
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The potential energy of the energy of the crystal as a function of the position of 
the diffusing interstitial is schematically shown in the fig. The energy is a 
minimum when the interstitial atom is at site 1 or site 2. The energy increases 
along the path from site 1 to 2 reaching a maximum at the midpoint of the path. 
The interstitial atom has to push its way through the parent atoms, with its outer 
electron cloud having a maximum overlap with the parent atoms at the midpoint. 
The potential energy barrier    Hmis called the enthalpy of motion. 

 Q.5 a. Explain phenomenon of polarization in dielectric materials. (6) 
Answer: 
Polarization 

The relation between the electric flux density D (charge per unit area in units of 
cm-2) at a point in a material and the electric field strength E (force per unit charge 
in units of NC-1or Vm-1) at that point in space is given by  

                                        D=εrεoE 

Where εo is the dielectric constant or permittivity of free space (vacuum) and εris 
relative dielectric constant.εris dimensionless and is a property of material related 
to its atomic structure. Its value is 1 for free space and is greater than 1 for all 
materials. In S.I unitsεo=8.854 x 10-12 farad /m.εo has this particular value as a 
result of conversion C.G.S units to S.I units. 

εr=Cm-2/Vm-1=Fm-1 

When an electric field is applied to a solid containing positive and negative 
charges, the positive charges are displaced in the direction of the field towards 
negative end, while the negative charges are displayed in the opposite direction. 
This displacement produces local dipoles throughout the solid. The dipole 
moment per unit volume of the solid is the sum of all the individual dipole 
moments within that volume and is called the Polarization P of the solid. 

As the Polarization measures the additional flux density arising from the pressure 
of the material as compared to free space, it has the same units as D and is 
related to as follows: 

D=εoE+P  
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As may be seen, when a voltage is applied to the capacitor, with the plates 
separated by vacuum, a charge develops on the plates. The capacitance Cof the 
capacitor is a measure of this charge and is defined by: 

C=  εoA/d 

A= area of parallel plates 

d=distance of separation between them. 

Polarization occurs due to several atomic mechanism, electronic polarization, 
ionic polarization, orientation polarization and space charge polarizations are 
various polarization processes.  

  b. Explain properties of ferroelectric materials using suitable example. (10) 
Answer: 
Ferroelectric materials 

In many materials known as ferroelectrics, the dielectric constant are some two 
orders of magnitude larger than those in ordinary dielectrics. Barium Titanate is a 
ferroelectric with a relative dielectric constant of 2000,compared to less than 10 
for ordinary dielectrics .The difference in the magnetic susceptibility between 
ferromagnetic and paramagnetic materials bears a direct analogy to this 
difference in the values of the dielectric constants are called ferroelectrics. As in 
the ferromagnetic phenomenon, the electric dipoles in a ferroelectric solid are all 
aligned in the same direction, even in the absence of an electric field. 

The ferroelectric phenomenon is discussed here with the reference to the 
classical e.g. of barium Titanate, BaTiO3   .The cubic Titanate crystal is shown in 
the fig.  
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Fig.Cubic unit cell of BaTiO3 

Barium Ions are at the body corners, the oxygen are at the face centres and the 
titanium is in the octahedral void at the body centre. Only one out of 
fouroctahedral voids in the unit cell is occupied and this corresponds to the 
chemical formula, with one titanium for the four species of the other kinds: one 
barium plus three oxygen. Above 120°C, barium Titanate is a cubic crystal with the 
ions located as described above. In this state, the centres of the negative and the 
positive charges coincide and there is no spontaneous dipole moment. If the 
crystal is cooled to below the body centre as shown dotted in the front view of 
fig. There is also a displacement of the neighbouring oxygen anions .the crystal 
transforms from a cubic to a tetragonal structure on cooling through 120°C. The 
c/a ratio of the tetragonal cell is 4.03 Å/3.98 Å=1.012. The centres of the positive 
and negative charges don’t coincide any longer and local dipoles are created 
throughout the crystal. The dipoles of neighbour’sunit cells are all aligned 
resulting in a large polarization in the solid. 

At room temperature, a BaTiO3crystal ordinarily do net polarization, in the 
absence of an external field, even though the dipoles of adjacent unit cells are 
aligned. The application of the electric field tends to align the domains in the 
direction of the field and we observe all the phenomena associated with the 
hysteresis loop such as domain rotation and domain growth. 

 

 
Fig. The hysteresis loop for a ferromagnetic material, depicting applied field E versus polarization P.Psis 

spontaneous polarization. 

Ferroelectric crystals always exhibit the piezoelectric property, which is 
mechanical response of a crystal to an electric field or the electric response to a 
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mechanical stress. With no external field, the centres of the positive and negative 
charges are separated by a distance D. If a compressive stress is applied to the 
crystal, D decrease and a potential difference V develops the two ends of the 
crystal. V will be of the opposite sign if a tensile stress is applied. If an external 
voltage is applied to a ferroelectric crystal, the separation distance D increases (or 
decreases), thereby elastically straining the crystal. The most important use of 
BaTiO3 is as a piezoelectric crystal in applications such as microphones, 
phonograph pickups, strain gauges and SONAR devices. The high dielectric 
constant of ferroelectric crystals is also useful a for storing energy in small- sized 
capacitors in electrical circuits.   

 Q.6 a. Explain hysteresis in magnetic materials.                                         (8) 
Answer: 
Hysteresis of magnetic materials 

 
Fig. Magnetic induction B as a function of the applied field H for a ferromagnetic material, tracing a hysteresis loop 

The B-H curve for a typical ferromagnetic material is shown in fig. As the applied 
field His increased, the magnetic induction Bincreases slowly at first then more 
rapidly. The rate of magnetic induction slows down again, eventually attaining a 
saturation value Bs. With further increase in the magnetic field, there is no 
increase in the induction. If the field is reversed, the induction decreases slowly at 
first and reaches aresidual value Br at zero field.Brrepresents the amount of 
residual induction left in the specimen after the removal of the field. If the 
application of the field is continued in the opposite direction, the domains tend to 
reverse their alignment, so that remaining induction is lost at a certain value of 
the reverse field called the coercive field Hc. The process of reversal of domains 
continues to give a net magnetization in the opposite direction. After saturation 
occurs in this direction, restoring the original field direction completes the 
hysteresis loop. 
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Fig. Hysteresis loop for different magnetic materials 

  b. Explain soft and hard magnetic materials. (8) 
Answer: 
Soft magnetic materials 

Soft magnetic materials are used for the construction of cores for electric 
machines,transformers,electromagnets,reactors,relays etc. The economic 
construction of such equipment demands that the magnetic flux should be 
produced in the minimum space and with minimum loss. We already know that: 
Flux= Flux density x cross sectional area i.e. ø = B x A. To obtain a given value of 
flux density in order to keep to minimum the cross sectional area means less 
quantity of material. 

 
Fig. Relation between Flux density and magnetizing current for a soft magnetic material 
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Table:-Properties of soft magnetic materials 

 

Soft magnetic materials are Pure Iron, Iron- Silicon alloys, Grain oriented sheet 
steel. Nickel Iron alloys, soft ferrites etc. 

Hard Magnetic Materials  

Hard magnetic materials are used for making permanent magnets. The desired 
properties of material required of making permanent magnet are high saturation 
values, high- residual magnetism. In a hard magnetic material, it is difficult to 
orient the domains as compared to the soft magnetic materials. Thus it is difficult 
to magnetise a hard magnetic material. The coercive force is large and hence the 
material is magnetically hard. In a very hard material, the domain wall may be 
absolutely immobile. 

a) Soft magnetic material such as silicon steel; 
b) Soft magnetic material such asperm alloy; 
c) Hard magnetic material. 
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Fig. Typical hysteresis loops for Soft and Hard magnetic materials 

 

 
Table:-Properties of hard  magnetic materials 

 

Hard magnetic material are carbon steel, tungsten steel, cobalt steel, alnico, hard 
ferrites. These are used for making Permanent Magnets. 

 Q.7 a. Compare conductors, semiconductors and insulators based on energy band 
diagrams.  (6) 

Answer: 
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        b. What is Hall effect? Derive expression for Hall Voltage and Hall Coefficient.(2+4+4) 
Answer: 
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 Q.8  Write short notes on the following: (4x4) 
   (i) Varactor diode 
   (ii) Avalanche breakdown 
   (iii) Ferrite Core Inductor 
   (iv) Ferreed Relay 
Answer: 
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 Q.9  Explain the following:   (2x8) 
   (i) Fabrication of Junction Transistor 
   (ii) Operation of JFET with high drain voltage 
Answer: 
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MARKING SCHEME 

AE106 MATERIALS 

2. a. Ionization potential – 3 marks  

Electron affinity - 3 marks 

      Electronegativity - 2 marks 

   b.Secondary bonding – 4 marks 

Bonding characteristics and properties – 4 marks   

3. a. crystalline Solid - 4 marks 

Non-crystalline Solid -4 marks     

b. point imperfection  

       Definition – 2 marks, explanation -3 marks, diagram -3 marks. 

4. a.Fick’s law of Diffusion 

Definition – 2 marks, explanation -3 marks, equation -3 marks 

b.Atomic model of Diffusion 

       Explanation – 4 marks, diagram – 4 marks 

5. a. Phenomena of superconductivity in materials  

        Explanation – 4 marks,diagram – 4 marks 

 b. Hysteresisof magnetic materials 

        Explanation – 4 marks,diagram – 4 marks 

6. a. Soft materials – 4 marks  

        Hard materials - 4 marks 

b. polarization  

        Explanation – 4 marks,formula – 4 marks 

7. a. Electric breakdown 

        Application-2 marks, Explanation – 6 marks  

b.ferroelectric material 
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       Explanation – 5 marks, Diagram -3 marks. 

8. a.Diodes 

        Explanation-5 marks, Diagram-3 marks. 

  b. Resistors 

      Classification – 3 marks, Explanation – 5 marks. 
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