(‘HAPTER 17
I’HYSICS OF SOLID

MULTIPLE CHOICE

10.

- 11,

12.

An n-type semi-conductor is obtained by dopirg Ge or Si with

A trivalent impurities B. Pentavaient imipurities

C Monovalent impurities D nonc of these

First super conductor was discovered in

A 1880 B 1880 ., C 199C D 1911
The SI unit of stress is the same as that of

A Momentum B Pressure C Forug D Length

A solid having regular arrangement of molecules throughout its

structure is calied:
A Poiymeric solid

B Cf)«Sla”mL S\_,Hd

C Glassy selids \ /7

Plastics and synthesms rubbér-"are.

A Amorphorxs Solids )\ B Polymeric solids

C. Crystalline solds D Glassy solics
Stress is mathematically expressed as:

Ac=FxA Ba:; Ca=§ D-:r:%
Polythene, polystyrene and nylon are examples of:

A. Amorphous solids B Glassy solids

C Polymeric soiids D. Crystaliine solids
When stress changes the shape of body it is called:

A. Volumetric stress B. Shear stress

C Tensile stress D Compression stress
The maximum stress which a body can bear is called its

A. Ultimate tensile stress - B permaraent mreas
C. plastic stress D yu,(%d c*reso

Nm is called N\ O\ (o)

A. ohm ‘ B ampf re

C velt O\ O\ nNN""" D pascal

Which of the fpllowing isan example of a ductile materiai?
A Leagh NN\ B Coppor
"C Glass™ D icad & Joprer
The substances which hreak just after the elast:c hmn is reached
are called

A Poor substance B Brte substarces

C. ductile substances D Soft substarces



13.

14,

15.

16.

17.

18.
19.

20.

21,

22,

23.

24.

25.

26.

The materials whose resnstiwty becomes zem belnw a certain
temperature are called o \\n N\

A Good conductors \ \
C semiconductors |

A Pentavalent umpumy" .’n si gives
A afree electron B afree electron & a hole

C. Afree hole D no free parucle
The temperature below which some substances show

superconductivity is called
A Super temperature B. Critical Temperature

C Absolute zero temperature D Kelvin Temperature
Which one of the following is not a semiconductor?

A Copper B. Siicon
C Germanium D Gallium Arsenide

Which type of solids have definite melting point

B Super conductors
D. insulators

A Crystaliine solids B Amorphous solids

C. bothA&B D None of these

A well known example of an mtnnsnc semp*cundu;wr is

A. Germanium B Phosnhorou“- 3\ C Afummzum .D Cobalt

In n-type material, mmnn camersam

A Free electrons B Holes
C Protons, i J}Il D Mesons
SI unit of modulus of elasticity is:
A Ampere B Volt
C. Pascal D Coulcmb
Young's modulus mathematically expressed as.
_ ¥/ FxA Axt
AY =g B Y =7~ CY- JA D. —
The maximum stress that a material can with stand is calied its:
A Yield strength "B Piastic strength
C Maximum stress D Utimate tensiie strength
Substances which break just after the elastic limit is reached are
called:
A. Ductile substances B Butlle subst ances
C Hard substanres . Do Foft subslan es
With rise in temperlture*l the conductmty of semi-conductor
material: o\
A Increases expone ‘ually \S D B Decreases lirearly
C Decreases a#ponen'mlly D None |
The substances which have pa-tially filled conduction bands are
called:
A incyu'ator B Semicanductor
C Conductors D Trans.ster A

The process of adding smaill amount of impurity into pure semi
conductor lattica is called:
A Mixing 6B Coping



C. Dropping D. Introducmg
27. N-type semn-conducbor ls obtamed bv dopmg germmlum or silicon

with; WU
A. Pentavalent :mpunty SN B. Tnvaient impurity
C. Tetravalent: impurity D. Divalent impurity
28. The sﬂbstances which have partially filled conduction bands are
called
A. insulators B. semiconductors
C. conductors D. superconductors

29. The material whose reslstmty becomes zero below a certain
temperature is called:

A. Conductor B. Semicanductor
C. Superconductor D. Insulators
30. Magnetism lags behind the magnetizing current this phenomenon
is calied:
A. Saturation . B. Retentively
C. Coercively D. Hysteresis. (t

31. A material with large coercnvuty and htgh retentwity is most useful
of make: U W
A. An electromagnet | <\ ' B Permanent magnet
C. A transformer core\ |\ D. None

32. Themost suitable metal for making permanent magnet Is:

A. Iron - B. Aluminium C. Copper D. Steel
33. . What type of impurity is to be added to the semiconductor material
to provide holes? i
A. Monovalent B. trivalent
C. tetravalent D. Pentavalent
o Answers: S -
18 | 20 [ 3.8 | 4B | 58 | 6B [ 7.C |
. 8.8 9.A 10.D | 11..D - 12,B_ | 13.B 14. A |
 15.B | 16.A | 17.C . 18.A | 19.B | 20.C | 21.A
 22,A | 23.B | 24.A ['25.B : 26.B | 27.A 28.8‘1
29.C | 30.D | 31.B ! 32.D | 33.B | L]

Q1: Describe the dassﬂ' cation of solids?

Ans: Classification of solids:

a. Crystalline solids:

i In crystalline solids there is a regular arrangement of molecules. The
neighbours of every molecule are.arranged in a regular pattern that is constant
throughout the crystal There is, thus an ordered structure in crystalline solids.

ii. it should be noted that atoms, molecules or ions in a crystalline solid are not
static For example, each atom in a metal crystal vibrates about a fixed point with an



C. Dropping D. Introduging)(
27. N-type semnmductor |s obtamed bv dopmg germmlum or silicon

with;
A. Pentavalent impunty \ NSO~ B. Tnvalent impurity
C Tetravai?nt impurity — D. Divalent impurity
28. The substances which have partially filled conduction bands are
called
A. insulators B. semiconductors
C. conductors D. superconductors

29. The material whose reslstlvnty becomes zero below a certain
temperature is called:

A. Conductor B. Semicanductor
C. Superconductor D. Insulators
30. Magnetism lags behind the magnetizing current this phenomenon
is calied:
A. Saturation . B. Retentively
C. Coercively D. Hysteresis_

31. A material with large ooercmty and tugh retenﬁ\nty IS most useful
of make: ‘ \ AR
A. An electromagnet . B Permanent magnet
C. A transformer oore \ WLV D. None

32. The mqst smtﬁble metal for makmg permanent magnet is:

A. Iron/ B. Aluminium C. Capper D. Steel
33. . What type of impurity is to be added to the semiconductor material
to provide holes? i
A Monovalent B. trivalent
C. tetravalent D. Pentavalent
o Answers:
1.8 | 20 [ 3B [ 4B. | 5B | 6B | 7.C |
. 8.B 9.A | 10.D | 11..D . 12,B | 13.B | 14.A |
158 | 16.A | 17.C | 18.A | 19.B | 20.C | 21.A
22.A | 23.B | 24.A [:25.B - 26.B | 27.A | 28.B
29.C | 30.D | 31.B | 32.D | 33.B |

Q1: Describe the: d!asmf‘ catlon of solids?

Ans: Classification of solids:

a. Crystalline solids:

i In crystalline solids there is a regular arrangement of molecules. The
neighbours of every molecule are.arranged in a regular pattern that is constant

throughout the crystal There is, thus an ordered structure in crystalline solids.

ii. it should be noted that atoms, molecules or ions in a crystalline solid are not

static For example, each atom in a metal crystal vibrates about a fixed point with an



amplitude that increases with rise i temperature H‘f'iS\?f\thH' avgrage atcmic positions

which are perfectly ordered over large|distances . |\ - |

ili.  The cohesive forces batween atoms: ‘molecules of ions in crystaline sclids
maintain the stnct]]ong range order inspite of atomic vib-ations

v, Every urystamhe solid has a definite melting point

v, The vast majority of solids, e.g., metals such as copper, ron and zinc 10MC
compounds such as sodium chioride. ceramics such as z:rconia dare
crystaliine.

b. Amorphous or glassy solids:

b The word amorphous means without form or structure

i. In amorphous solids there 1s no regular arrangement of mcilecules like that in

crystalline solids. We can, therefore, say that amorphous solids are more itke quids

with the disardered structure frozen in.

ik Ordinary glass, which i1s a.solid at ordinary temperature has no regular

arrangement of molecules. On heating, it graduaily softens into a vaste like state

before it becomes a very viscous liquid at aimost 800°C. Thue amorphous solds are

also called glassy soliaa. - = L\

iv. Amogphous or glassy &olids have no defm;temeiﬂng pmm*

C. Polymeric sotids: - O\ A0 ( i

i Polymers may be sa:d tobe, m ‘ ofless sohd materia*, with a structure that
is intermediate be ween order and disorder.

il They can bg ckis Méd as partially or poorly crystaliine solids

iii. Polyme?s form a large group of naturally occurring and synthetic matenals.

iv. Plastics and synthetic rubbers are termed 'Polymers’ because they are
formed by polymerization reactions in which relatively simple mciecules are
chemically combined info massive long chain molecules or ‘three
dimensional” structures . L

W These materials have rather low specific gravity compared with even the
lightest of metals, and yet exhibit good strength-to-weight ratio.

vi. Polymers consist wholly or in part of chemical combinations of caibon with

_oxygen, hydrogen, nitrogen and other metallic or non-metallic eiements

vii. Polythene, polystrene and nylon etc, are examples of polymers Natural
rubber 1s composed in the pure state entirely of a hydrocarbnn with the
formula (CsHg),. =

Q2: What is meant by unit cell and crysbal lattloe?

Ans: Umt cell:

A crystalline solid consiste of threv

thre e‘-..djmensxonal panpms that repeat itself
over and over again. This émallest three damensxonal basic structure i1s called unt
cell J, W\
Crystal lattice:)||\! NN :
l The whole structure obtaired by the repetition of unit celi is known as crystal
attice.
Crystal lattice in NaCl: .

For exampie, the pattern of NaCl particles has a cube shape The cube -

shape of the sodium chloride 1s just one of several crystal shares In a cubic crystal
all the sides meet at right angles.



Q3: Illustrate deformation produeed m a umt ca" of a crystal subjected
to an external applled fOrc{*” A

Write a note/on "‘elastixéixlr-'ﬂv?
Ans: Deforlﬂatmn in solids:

bR

i It is concluded that deformation'(i.e., change in shape, length or volume) is
produced when a body is subjected to some extemal force.
ii. In crystailne solids atoms are usually arranged in a certain order. These

atoms are held about their equilibrium position, which depends on the strength of
the inter-atomic cohesive force between them.

iii, When external force is applied on such a body. a distortion results because
of the displacement cf the atoms from their equilibrium position and the body is said
to be in a state of stress. _

iv. After the removal of external force, the atoms return to their equilibrium
position, and the body regains its original shape, provided that external appled force
was not too great The abuiity of the body to return to xts ongxnaf shape Is called

" elasticity.

Q4: Differentiate between stress and strain?

Ans: Diffeience between stress and strain:

Stress:
It 1s defined as the force applied on unit area to produce any change in the

shape, volume or length of a body. Mathematically it is expressed as

Stress (o) = %—:—c‘-‘e—&—?

Unit of stress:
The SI unit of stress (o) is newton per square metre (Nm ) whfch is given

the name pascal (Pa).

1| 74\
N | L \ ~—

Naote:

Stress may cause archange I ‘quth;_ volume and shape

Tensile stress: =
When a st(e?s,chﬁnges length it is called the tensule stress.

Volume stress: -
When it changes the volume it is called the volume stress.

Shear stress:
When it changes the shape it 1s called the shear stress

Strain:
Strain 1s a measure of the deformation of asolid when stress is applied to it.

in the case of deformation in one dimension, strain is defined as the fractionat




change in length. If M :s the change in; +engthr and t iS the ongmal Iengm then strain
is gwven by \

\Clumge in lenglh (MJ

W Straln [E) = T orignal length (€)
Unit of stram,J‘ U\ N
Since stram is ratio of lengths, it is dimensionless, and therefore, has no
units

Tensile strain:

If strain ¢ is due to tensile stress g, it is called tensile strain
Compressive strain: .

If it is produced as a result of compressive stress o, it is termed’ as

compressive strain.
Volumetric strain:

In case when the applied stiess changes the volume,
the change in volume per unit volume is known as volumetric
strain ' e
Thus RN ®) .

: A O\ T WY [ (8o~
Volumetnc stra:r;“r-..,v = )

'~a+-./'

Shear strain: e\ N\

When the 0 poﬁxte faces ‘of a ngld cube are S,
subjected to shéam tress. the shear strain produced is " ‘)/] 7 ¥
given by : L -y

y = = = tang T A |
However, for small values of angle 8, measured in m z I
radian, tan @ = 6, so that . P
y =46 . ¥

Q5: Describe the different eiastic constants?
Ans: Elastic constants:
i Modulus of elasticity: "
The ratio of stress to strain is a constant for a given material provided the
external applied force is not too great This ratio is called modulus of elastlcuty and
can be mathematically described as G

Modutus of Elastlctty S

StressC “"E‘. ‘
Stram

Young's modulus (Y): \\
in the case of linear, deformatlom the’ ratlo of tensa!e (or compressive) stress

= (F/A) to tens:!e (cTr cqmpresslve) strain £ = A#/¢ is called Young's modulus
¥ ae/¢

“

Bulk modulus (K):
For three dimensional deformations, when volume is involved, then tha ratio

of applied stress to volumetrlc strain is called Bulk moduius.
F/A

-
Where AV is the change in originat volume V.



Shear modulus (G): -
However. when the shear stressr = (FIA) and Shear stram (y = tang) are
-iInvolved, then their ratio !s x:aﬂed shear\(nodutus

\ AQUY G F/A

" tang
Q6: Drawa fable for elastic constanits for some of the materials?
Ans: Eiastic constants for some of the materials are given in Table
] Ejastgc consta nts for some mater:a!

[P —

; Young's ' Bulk Modulus Shear i
' Material Modulus ' 10°Nm? |~ Modulus

- ,i 100Nm? | | 10°Nm? |
- Alummlum o 30

_ Bone _ | 80

| Brass _? ‘ 36
__Concrete j B S
._Copper | A4
[ Diamond | )'450

2 _23 —
J 3
I 56

- o
L. NOEL 8
| _ Tungsten 150

[ Water i R '

Q7: Explam elastic limit and yield strength with the help of a typical
stress-strain curve for a ductile material?

ans: Eiastic limit and yield strength:

i. In the iniial stage of deformation, stress is y
increased linearly with the strain till we reach point A 5/ (—\ s
on the stress-strain curve. This is called proportional £ e
himit (o)

Proportional limit (o,): .

It 1s defined as the greatest stress that a4/ =)\
material can endure without losing straight r"'llne“{jxfjw‘ [(plo=T
proporticnaiity between stress and stram
ii. Application of Hooke s law ks Stant) -

Hooke's law wmgh states that the stram is darectly proportional to stress is

obeyed i) !hé’reg:on OA.
iii. Yield point:

From A to B, stress and strain are not proportional, but nevertheless. if the
load 1s removed atany point between O and B, the curve will be retraced and the
material widi return to #s onginal length. In the region OB, the material 1s said to be
elastic. The point B 1s called the yield point
iv, Elastic limit (oe):

The value of stress at B is known as elastic limit ge




if the stress is increased beyond, the' y:eid stress G- n!astrc kmit of the

material, the specimen becomes pefmanently changed and does not recover its
original shape or d:mensron” after the 'stress is rerhoved. This kind of behaviour 1s
called plasticity. B\B1=)

The region of] ;Ma’sﬂcny IS represented by the portion of the curve from B to C.

vi.  Ultimate tensile strength (UTS) om:
The point C in Fig. represents the ultimate tensile strength (UTS)on, of the

material. The UTS is defined as the maximum stress that a matenal can withstand
and can be regarded as the nominal strength of the material.

vii.  Fracture stress (of):
Once point C corresponding to UTS is crossed, the material breaks at point

D. responding the fracture stress (o).

viil. Ductile substances: | |
Substances which undergo plastic deformation until they break are known as

ductile substances Lead. copper and wrought iron are duct:ip

ix.  Brittle substances:
Other substances which break just after the/ Eiasttc ltmut is reached are

» known as bnittle substances, Glass and' h:gh carbo'f steel are bnttie.
Q8: Discuss straln‘energy m defarmed materials with the help of

]y H ’ ' OR
What“iﬁ ﬁ'nean by strain energy? How can it be determmed from
force extension graph?

Ans: Strain energy:
Strain energy is the gain in potertial energy cf the molecules due to their

displacement from mean position.
Explanation of strain energy in deformed materials:

i. Consider a wire suspended verhcally from one

end. It is stretched by attaching a weight at the other |
end. We can increase the stretching force by ¢ |
increasing the weight By noting the extension ¢ of the
wire for different vaiues of the stretching force ¥ a
graph can be drawn between the force .F and the I N AN
extension . NIZ2Y CEAy
il i the elastic Imt is not exceeded thef;,:“
extension is directly proportional o’ force 'F -As the
force F stretches the wire, it does some amount of
work on wire wqich J:slehuai to product of force F and
the extension ¢

[ P Suppose we are required to fmd the amount of the work done when the
extension is £, Let the force for this <xtension be F. Fig shows that the force F
does not remain constant in producing the extension ¢,, 1t varies uniformly from Q to
Fy In such a situation the work is calculated by graphical methed

iv, Suppose at some stage before the extension ¢. I1s reached. the force in the
wire is F and that the wire now extends by a very smal amcunt Ax The extension




Ax s sO small that the force F may be ass\Jmed.constant mAx :»so he work done In

producing this smali extensian is E X “x (O
v. "Work done = Area of AOAB *-— OA x AB - {’1 X Fe.. .. A1)

This 18, tn\c)dmbunt of strain energy stored In the wire. It is the gain in the
potential energy of the molecules due to their displacement from their mean
positions. Eq.1 gives the gnergy in Joules when F is in Newton and ¢ in metres.

vi. Eq.1 can also be expressed in terms of modulus of elastics_ty'E if A is the

area of cross-section of the wire and L its total length then

Or F, =
Substituting the value of F, in Eq. 1 we have
Work done = 2 [£4241) 2

Note:
i If the extension is increased from #; to £, the amount of work done by the
stretching force would be given by the area of;hetrapezrum ABCD.

ii. It is also valid for both the_linear (elast:c) and the non-linear (non-elastic)
parts of the force-extension-graph. | i/ th extensmn ‘oceurs from O to G. this work

done would be the area of: @HG‘ |

Q9: Describe thﬁ erilectncal prﬁperties of solids?
Ans: Electrical properties cf solids:

I The fundamental electrical property of a solid is its response to an applied
electric field. i e . its ability to conduct electric current.
ii. Good conductors:
The electrical behaviours of various materials are diverse. Some are very
good conductors. e.g., metals with conductivities of the order of 107 (am)™.
iii. Insulators:
At the other extreme, some solids, e.g., wood, diamond etc., have very low
conductivities ranging between 107'° and 10% (Om)"', these are called
insulators
iv. Semi conductoss:
Solids with intermediate conductivities, generally from 10 to 10 (nm)
termed semiconductors, e.g., silicon, germanlum ete~ S\
Q10: Why glass is known as solid liquid? ‘;’7?":: Vo=
Ans: Glass is also known as solid liquid, because 1ts molecuies are irregularly
‘ arranged as in a llquld but fixed in their relative positions.
Q11: Discuss the lmgortant features of energy band theory? Also discuss
msulatoqs,, conductors and semi conductors in terms of energy

bands?

OR
Describe the formation of bands in solids. Explain the difference
amongst electrical behavior of conductors, insulators and semi-
conductors in terms of energy band theory.
Ans: Energy band theory:



i Electrons of an Jsolated atom are bound to the nucieus, and can crly have
distinct energy |evels \ DoV

ii. When a iar rge.t nlumber of atorns say N, are brought close to one another to
form a/solid, each energy level of the isolated atom splits into N sub-levels,
called states, under the action of the forces exerted by other atoms in the
solid. -

These permissible energy states are discrete but so closely spaced that they
appear to form a continuous energy band.

iv. Forbidden energy gap:
In between two consecutive permissible energy bands, there is a range of
energy states which cannot be occupied by electrons. These are called
forbidden energy states, and its range is termed as forbidden energy gap

v. Valence band:

The electrons in the outermost shell of an - o
atom are called valence electrons and the energy  Empy Smducton
band occupying these electrons is known as _ (o) (C(Usand
valence band. It is obviously wie highest ot‘:cup!ed\. \N 1
band. it may be either completely filled \of partially - U
filled with electrons and can “ever be\e\mpty
vi.  Conductio hand_

The band' \dbove the valence band is called
conduction band In conduction band, electrons
move freely and conduct electric current through
solids. That is why the electrons occupying this
band are known as -conductive electrons or free
electrons. Any electron leaving the valence band is
accommodated by this band. It may be either empty

Forhigdun ap

b e s =

l. _r Ul Valonce L

or partially filled with eiectrons. rcog::,; i
vil. The bands below the valence band are o
normally completely filled and as such play nc part in ' ,

the conduction process. Thus, while discussing-the ' ‘g‘fﬁ‘r"

electrical conductivity we will consider only the
valence and conduction bands.
Insulators: 5 NN

Insulators are those mater;a}s whachf‘

valence electrons are bound very\ \tightly to their
atoms and are not free;\in terms cf energy bands, it
means that amingulat or, as shown in Fi ig. has

a) an empty conduction band (no free
electrons)

b) a full valence band

c) a large energy gap (several eV) between

them
Conductors:

Conductin hang

’ . Valpnce Hand



Conducters are those which have plenty of free, eiectrons for electrical
conductcn In terms of erergy bands, danductors arel those materials in which
valence and conduct:on bands iargely/overiap each other.

There 1s no physu-af d:strnctmh between the two bands which ensures the -
availabuity of a large, nqmcer 'of free electrons.

Semicond uctms*] | NI

In terms of energy bands. semiconductors are those materials WhICh at room
t¢mperature have
(1) partially filled conduction band
(li)  a very narrow forbidden energy gap (of the order of 1 eV) between the

conduction and valence bands. ,

Q12: Discuss the behavior of semiconductors at 0K and room
temperature?

Ans: Behavior of <emiconductors at 0 K
At 0 K there are no electrons in the conduction band and their valence

bands are compietely filled. It means at 0 K, a puece of Ge or S! is a perfect

insuiator ) N

Effect of increasing temperature: 1%\
However with increase in_ temperature aome eiectrons posses sufficient

energy to jump across the small u‘;er y gap | frdm valenice to conduction band This

transfers some free eiectrons in lhe conduction bands and creates some vacancies

of electrons in the. aﬁﬁnce band The vacancy of eléctron in the valence band is

known as a hdl@ W behaves like a positive charge Thus at room temperature, Ge or

Si crystal becomes a semiconductor

Q13: Differentiate between intrinsic and extrinsic semi-conductor? OR
How a silicon crystal is made n-type and p-type semi- conductor by

the process of doping?

OR"
Distinguish between intrinsic and insic semi-conductors. How
would you obtain n-type and p-typepmaterial from pure silicon?
Ilustrate it by schematic diagram. oy

Ans: Intrinsic semi-conductor:
A semi-conductor in its extremely pure form i$ known

as intninsic semi-conductor. .
Doping: NS
The electrical behaviour( of 2 samlccnductor is

extremely sensitive to the puﬂty of\the -‘material. 1t is

substantially changep Qn nntroducmg a small amount of
mpurity 1nto \the'\pure .semi-conductor lattice. The
process 1S called doping. in which a small number of
atoms of some other suitable elements are added as
impurity 0 the ratio of 1t0 10°
Extrinsic semi-conductor:

The doped semi-conducting materials are called
extnnsic semi-conductors.
Behavior of intrinsic semi-conductor:




iv.

Pure element of siicon and germaniam- are nmunsn: semi- conductors
These semi- -conductor elements ‘have atoms' wrih four valence electrons.
Each atom with Gits | four vafehce ‘électrons, shares an electron from its
neighbours, Thl$ effectwe y allocates eight electrons in the outermost shell of
each apdewhlch is a stable state.

This sharing of electrons between two atoms creates covalent bonds. Due to
these covalent bonds electrons are bound in their respective shells.

Doping of silicon crystal (Extrinsic semi-conductors):

n-type semi-conductor:
When a siicon crystal is doped with a pentavalent element, e.g., arsenic,

antimony or phosphorous etc . four valence electrons of the impurity atom form
covalent bond with the four neighbouring Si atoms, white the fifth valence electron
provides a free electron in the crystal. Such a doped or extrinsic semi-conductor 8
called n-type semi-conductor.

b.
.i.

element, e g . aluminium, boron galligm\of mdmm etc.
three valence electrons? of the mpﬁﬂty ‘atom form . -
covalent bond with the| three netghbounng Si atems,
while the one) kmsiiné etectron in the covalent bond
with the fourth ne:ghbouring St atom, 1s called a hole
which in fact 1s vacancy where an electron can be

The phosphorous atom s called a donor atom because it readily donates a
free electron which is thermally excited into the conductuon band

p-type semi-conductor: Wy (T

When a stlicon crystal 1s doped wuth a trwalam JCAL

accommodated. Such a semiconductor is called p-type
sems conductor.

The alumimum atom is caﬂed an acceptor atom because it is easy for the

aluminium ion core to accept a valence electron from a nearby silicon atom, thus
crealing a hole in the valence bond

Q14:

Ans:

il.

which,

Explain the electrical conduction hy electrons and holes in
semiconductors? Describe the effect of the application of battery
to a semi-conductor?

Electrical conduction by eiectrons and holes in semlconductors
Consider a semi-conductor crysta! lattlce e g Ge OF NN . ..

Si as shown in Fig. - N [ (o “l:-.f.* . o: :
The circles represent the posumfe fon cores of S| o D 0:0:

Ge atoms, ana the| blue dots’ are) \valence electrons. e 6. - am o
These electrons are \bound By covalent bond. SR0:.
Eﬁ.ctoﬂehn rature:

At room temperature they have thermal kinetic motion +@« @ @ *®
in case of some electrons, is so vigorous that the 'O @ 'S 0

covalent bond is unable t0 keep them bound In such cases
the electrons break the covalent bond and get themselves free @& <@ @ <@
ieaving a vacant seat for an electron. e a hole 2@ o) o@ n‘.

bv.

Whenever a covalent bond is broken, an electron-hole W w
pair is created Both the electrons and the holes move



in the semi-conductor crystal Iamce as exulalned below

Explanation: \ \J

i Consider a row of Sl atoms m crystai lamce Suppose a hole i1s present in the

vatence shell of atom A[|As \holeis a deficiency of electron, so the core of atom A

would have a nét Hosntwe charge This attracts an electren from a neighbouring

atom say B. Thus the electron moves from B to A and the hole (+ve charge) shifts to

B

ii. Now an electron is attracted from C to B and a hole is created at C and

positive charge appears at C. This process is repeated between the atoms C and D

with the result that the electron moves ‘from D to C and the hole (+ve charge)

appears at D.

iii. Thus we notice that if a hole is present in any valence shell, it cannot stay

there but it moves from one atom to other with the electron moving in opposite

direction

iv. Secondly we notice that the appearance of hole 1s accompanied by a

positive charge Thus a moving hole is equivalent to a movmg posntwe charge

V. Special case of efectronsand holes: &\ ¢ \
Considered a special case in which the- eiectron and the hoie are moving in a

straight line. Actually their motion 1s, random) because posmveiy charged core of the

atom can attract an electran) from any ofits” neighbouring atoms.

vi. In semi- condp ;drs there are two kinds of charge carriers a free electron (-e)

and a hole' (*e)

+| €< & Electron |_
Hole ® —>»

!
T m 4

Application of battery to a semi-conductor:

i When a battery is connected to a semi-conductor, it establishes an electric
field across it due to which a dlrected ﬂow of e}ectrons and holes takes
place.

ii. The electrons drift towards the, pcs:twe end whereas the holes drift towards
the negative end of the- seml—conductor

iil. The current | ﬂov\{mg through the semi-conductor is carried by both electrons
and holes )\

iv. It may be noted that the electronic current and the hole current add up
together to give the current 1.

Q15: What is meant by superconductors? Also describe the critical
temperatures of different superconductors?

Ans: Superconductors (perfect conductors):

Superconductors are alloys that, at certain temperatures, conduct electricity
with no resistance.




Critical temperatures (T.): 0
There are some matenals whose resrstmty,,ﬁ

becomes zero below a certam tempe*ature 'T. called !
critical temperature as qhown in'resistivity-temperature

graph in Fig. o [\[[\/) N

Below this temperature such materials are called

superconductors. ;

Characteristics of Superconductors (perfect © Te T

conductors)

i Superconductors offer no resistance to electric current and are, therefore,
perfect conductors.

ii. Once the resistance of a material drops to zero, no energy is dissipated and

the current, once established, continues to exist indefinitely without the

source of an emf.
First superconductor:

The first superconductor was discovered in 1911 by Kmaerlingh Ornes when
it was observed that electrical resistance of mercury de@ppeafs )suddenty as the
temperature is reduced below 4 2 K Some! other" métél& such as aluminium (T.=
1.18 K). tin (T. = 3.72 K), and lead (T 7:-2 K) a!so became superconductors at very

low temperatures.

Class of ceramic I'll ;qnal, es"a superconductor
In 198§ a \new class of ceramic materials was discovered that becomes

superconduc’tor at temperatures as high as 125 K.

High temperature superconductor:
Any superconductor with a critical temperature above 77 K, the boiling point

of liquid nitrogen. is referred as a high temperature superconductor
Complex crystalline structure as a superconductor:

Recently a complex crystalline structure known as Yttrium barium copper
oxide (YBa,Cy3 O;) have been reported to become superconductor at 163 K or -
110°C by Prof. Yao Lian's Lee at Cambridge University.

Applications of superconductors:

Superconductors have many technological applications such as in magnetic
resonance imaging (MRI), magnetic levitation trains, powerful but small electric
motors and faster computer chips.

Q16: Discuss magnetic properties of solids?- What are the, paramagnetlc
substances, diamagnetic ) substances )| and ferromagnetic
substances? Explain the\behavior of

domains?
Ans: Magnetu: prnpekies of SOIidS'
i The maghetnsm produced by electrons within an
atom can anse from two motions
il. First. each electron orbiting the nucieus behaves
like an atomic sized loop of current that generates a \)

small magnetic field this situation 1s similar to the field
created by the current loop in Fig
Hi. Secondly each electron possesses a spin that Long Bar magnet



also gives rnise to a magnetic field. C\OUL™
iv. The net magnetic field created by the e!ectrons wnhm an atom is due to the

combined field created by their orbital and-spin motions.
V. Since there are a number of eleétrons in an atom, their currents or spins may

be so oriented or. alpgnéd asto cancel the magnetic effects mutually or strengthen

the effects of each other.

vi. An atom, in which there is a resultant magnetic field, behaves like a tiny
magnet and is called a magnetic dipole.

vii.  The magnetic fields of the atoms are responsible for, the magnettc behaviour
of the substance made up of these atoms.

Magnetism:

i Magnetism is. therefore, due to the spin and orbital motion of the electrons

surrounding the nucleus and is thus a property of all substances. It may be

mentioned that the charged nucleus itself spins giving rise to a magnetic field

However, it 1s much weaker than that of the orbital electrons. Thus the source of

magnetism of an atom is the electrons.

ii. North and South Pole: »

According to the view of magnetism, it 1s. conc{uﬁed that s mpossmle to
obtain an isolated north pole. The; nortri poje is mere!y one side of a current loop
The other side will always\ be prese@t .as'a south pole and these cannot be
separated Thisis an exf ,nrnental reality.

Paramagnetic subs

The orbits and the spm axes of the electrons in an atom are so onented that
the'r fields support each other and the atom behaves like a tiny magnet. Substances
with such atoms are called paramagnetic substances. :

Diamagnetic substances:

In second type of atoms there is no resultant field as the magnetic fields
produced by both orbital and spin motions of the electrons might add upto zero
These are called diamagnetic substances, for example the atoms of water, copper
bismuth and antimony.

Ferromagnetic substances:

There are some solid substances e.g . Fe, Co, Ni, Chromium dioxide. and
Alnico (an tron aluminium-nickel-cobalt alloy) in which the atoms co-operate with
each other in such a wgy so as to exhibit a strong magnehc effect They are called
ferromagnetic substances ~QN [\

Domains: PR Wk |
There exists in ferfomagnettc subsiance smal! reglons called 'domains’. The
domains are of macroscopic, size- ‘of the order of
millimetres or Ie§s Uutuiérge enough to contain 10"
to 10" atoms \\

Saturation and un-saturation of domains:

Within each domain the magnetic fields of
all the spinning electrons are parallei to one another
1 @ . each domain 1s magnetized to saturation

Each domain behaves as a small magnet
with its own north and south poles.




in unmagnetlsed ron the domains are _ ~c.\ (0L
oriented in a disorderly fashion, so that! the| "'-net.\ N5
magnetic effect of a sizeable spemmen I8 zero R
Electro magnet: AN QLY

When the s c;mnen\ -pia
magnetic field/\as that of a solenoid. the domains
line up parallel to lines of external magnetic field
and the entire specimen becomes saturated.

The combination of a solenoid and a
specimen of iron inside it thus make a powerful
magnet and are called an electromagnet.

“Domains in iron:
Iron is a soft magnetic material. its domains are easily oriented on applying

an external field and also readiy return to random positions wnen he field 1s
removed. This is, desirable in an electromagnet and also In transformers
Domains in steel:

Domains in steel, on the other hand, are not so easﬂy orientedto order They
require very strong external fields, but once oriented/ retaan t,he alignment. Thus
steel makes a good permanent magnet_ and Is knawn as hard magnelic material and
another such matenal is a-speciat alloy Alnico V- ‘

Effect of temperature on domamsy?Cune temperature):

Thermal vibrations' tend to distwrb the orderliness of the domains.
Ferromaqnetsdirlna terials preserve the orderliness at ordinary temperatures. When
heated, they begin to lose their orderliness due to the increased thermal motion.
This process begins to occur at a particular temperature (different for different
materials) called Curie temperature Above the Curie temperature ron Is
paramagnetic but not ferromagnetic. The Curie temperature for iron 1s about 750°C.
Q17: Describe the use of magnetic made out of the magnetic materials?
Ans: Magnetic made out of organic matenals could be used in optical disks and
-.components in computers, mobile phones. TVs, motors generators and data storage
devices. Circuits can make use of ceramic magnets that do not conductors
electricity.

Q18: What is meant by hysteresis loop? Discuss its main features"
Ans: Hysteresis loop:

Hysteresis loop is the graph between vanous vaiues of ﬂux density and
intensity of magnetlzahon O\ \J ) J
Explanation: N\t \ N
i To investigate ; ferromagnetlc matenal a bar of
that matenal. sqchlsas iron is placed in an alternating
current sclenoid When the alternating currant is at its
positive peak value, it fully magnetises the specimen in
one direcfion and when the current is at its negative peak,
it fully magnetises it in opposite direction.

ii. As the alternating current changes from its positive
peak value to its negative peak value and then back to its positive peak value the
specimen undergoes a complete cycle of magnetization. The flux density versus the
magnetization current of the specimen for the various values of magnetizing current




of the solenoid ts plotted by a CR@ as\ shown tn Flg Such process is called
hysteresis loop. AESR\SAY

Main features of hysteres:s Ioop‘\ el

Its main features are as follows ™

1. Hysteré#is'

The value of fiux density for any value of
current is always greater when the current s
decreasing than when it is increasing, ie., magnetism
lags behind the magnetizing current. This phenomencn
is known as hysteresis. The portion of OA of the curve
is obtained when the magnetizing current 1 is increased 5
and AR is the portion when the current is decreased.

2. Saturation: .
The magnetic flux density increases . from zero and reaches a maximum

value. At this stage the matenal is said to be magnetically saturated.
3. Remanence or retantmty

When the current is reduced to zero, the _material/ sfm remams strongly
magnetized represented by point R gn the, curveﬁ ﬂ is”due to the tendency of
domains to stay parﬂy m hne once they haVe been/
aligned. - ' \
4. Coercivity: il

To dem ag*mﬁtlie lhe matena! the magnetizing
current is‘ reversed and increased to reduce the
magnetization to zero. This is known as coercive
current represented by C on the curve.

The coergivity of steel 1s more than that of iron
as more current i1s needed to demagnetize it. Once the

Hvsteresis looo of steel

material is magnetized, its magnetization curve never
passes through the origin. Instead, it forms the closed
loop ACDC'A, which s called hysteresis loop.

Hysteresis foop of soft tron
OR - Retentivity

0C = Coeicivity

5. . Areaof the loop (hysteresis loss):

The area of the loop is a measure of the energy needed 1o magnetize and
demagnetize the specimen during each cycle of the magnetizing current. This is the
energy required to do work against internal fnction of the domains. This work, like alt
work that 1s done against friction, is dissipated as heat. ltis cailed hysteres:s loss.

Hard magnetic materials like> steel cannot 'be" easily magnetized or
demagnetized, so they have large Ic:o;:\t area as “compared to soft magnetic material
such as iron which can easﬂy‘-be magn ized The energy dissipated per cycle, thus,
. for iron 1s less than. fpr,ﬁteel

'Q19: Describe the uses of hysteresis loop?

Ans: Uses of hysteresis loop:

i Suitability of magnetic materials for different purposes can be studied by
taking the specimen through a complete Cycie and drawing the nysteresis
loop

if. A material with high retantivity and large coercive force would be most

- suitable to make a permanent magnet.
3
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.

Q20:

Ans:

1.

10.

11.
12.

The cores of electromagnets used for ‘"a_I\,terrnaj,ting;;\'r-j@fr}é‘hts where the
specimen repeatedly uridergoes magnetization and demagnetizaton snould

have nairow hysteresis curves( of \small’ area to minimize the waste of

energy. AT QNS
How speed of 500kmh™ is obtained in bullet train?

A butlgétj,;iﬁéjin is lifted above the rails due to magnetic effect, thL:S friction is
reduced to minimum and speed can be enhanced up to 500 kmh™.

" SUMMARY

Crystalline solids are those in which there is a regular arrangement of
molecules. The neighbours of every molecule are arranged in a regular
pattern that 1s constant throughout the crystal, thus, there is an ordered
structure Iin crystalline solids. .

In amorphous solids there is no regular arrangement of molecules These
are more like liquids with the disordered structure frozen in. 7\

Polymers may be said to be more o, less solig materials'with a structure that
is intermediate between order-and \disorder. \These can be classified as
partially or poorly crystalline\sofids. —- —

A crystalline solid\consists-of three dimensional pattern that repeats itself
over and oyeragain. This basic structure is called unit cell

The force applied on unit area to produce any change in the shape, volume
or fength of a body is called stress. |

When a long wire of length £ with area of cross section A is being pulled by a
force F, which results in an increase in length Af, the stress I1s called tensile
deformation.

When a small cylinder is ‘subjected to a force F along the inward drawn
normal to its area of cross section A to reduce its length, the stress is called
compressive stress and deformation produced by it is called compressive
deformation. :

If a force F is applied tangentially to the surface of the opposite face of a
cube to deform or twist it through an angle 8, the stress is termed as shear
stress. ~ ~O0N .
Strain is @ measure of the deformation of a-solid when stress is applied to it.
in the case of deformation\in-one \dimension, strain is defined as the
fractional change inblength-per.unit length. If strain is due to tensile stress, it
is called tensile strain and ifit'is produced as a result of compressive stress,
it is tennfeqfaﬂﬁco pressive straie.

The ratio of stress to strain is a constant for a given materal, provided the
external applied force is not too great. This is called modulus of elasticity.
The strain energy can be obtained by the area of the force-extension graph.
The electrical behaviour of semi-conductor is substantially changed on
introducing a small amount of impurity into the pure semi-conductor fattice.
The process is called doping in which a small number of atoms of some




13.

14,

15.

other suitable elements are added as nmpunty me dorped sem' -conducting
materials are calied extrinsg |\ |

When a silicon crystal 1s doped| wvth ‘a pentavalent element, four valence
electrons of the impurity( atom\form covalent bond with the neighbouring S
atoms wmlF thje fifth\ valgnce electron provides a free election in the crystal.
Such aJdopéd or extnnsic seiai-conductor is calied n-type semi-conductor.
There are some materials whose resistivity becomes zerc below a certain
temperature T, called critical temperature Beiow this temperature, such
matarials are called superconductors

Substances in which the orbits and the spin axes of the electrons in an atom
are so oriented that their magnetiC fields s:pport each other and the atom
‘behaves like a tiny magnet are catled paramagnetic substances.

The substances in which magnetic fields producea by orbital and spin
molecules of the electrons add up to zero are called diamagnetic
substances. '

Substances in which the atoms co-opetate with each other in such a way so
as to exhibit a strong magnetac Pttec,t are ca'lea tarromagneuc,

SOLUTION OF EXERCISE

neighbours of every molecuie are arrangsd in-a regular pattern that 1s constant
throughout the ¢rystal There is, thus an ardered structure In crystalline solids.

b.
. i. .
ii.

Amorphous or glassy solids:
The word amorphous means without form or structure.
in amorphous soitds there is no reqular arrangemsent of gholecules like that in

crystalline solids. We can, therefore, say that amorphous solids are more like liquids
with the disordered structure frozen in.

C.
i

Polymeric solids:

Pclymers may be said tc be more or less solid matenals wn*h a structure that
is intermediate between order and disorder. =\

* They can be classified as partially of pagrly crystathne sohds

17 2. Define stress and stram.,What are \their SI units? Differentiate

Ans:

between tensile, compresswe and shear modes of stress and strain.
See Q4:-from. SHORT AND L ONG QUESTIONS

17.3. Define. Jmojdulus of elasticity. Show that the units of 'modulus of

Ans:
i

elasticity and stress are the same. Also discuss its three kinds.

.Elastic constants:
. Modulus of elasticity:

The ratio of stress to strain is a constant for a given matenal provided the

externat applied force 1s not too great This ratio is calied moduius of elasticity, and
can be mathematically described as



other suitable elements are added as mpunty .he doped sem- conducting
materiais are calied extrinsig

13. When a silicon crystal 1s doped wuth a pemavalent element four valence
electrons of the impurity- atom: form-covalent bond with the neighbouring S
atoms while the fifth valgnce electron provides 3 free election in the crystal.
Such a deled tf;ex.rmsm seiai-conductor is calied n-type semi-conductor.

14, There' are some materials whose resistivity becomes zerc below a certain
temperature T, called critical temperature Below this termperature, such
matarials are called supercenducicrs

15.  Substances in which the orbits and the spin axes of the electrons in an atom
are so oriented that their magnetiC frelds s':pport each other and the atom
‘behaves like a tiny magnet are called paramagnetic substances.

16 The substances in which magnetic fields producea by orbital and spin
molecules of the electrons add up to zero are called diamagnetic
substances. '

17. Substances in which the atoms co-operate with each other in such a way so
as to exhibit a strong magnehc ettec,t are ca'led 1¢=rromagne C.

SOLUTION OF EXERCISE

.17.1. Distinguish | ween crystalhne, amorphous and polymeric solids?
Ans: a. Crystal) e sollds.
i In cryst#flline sohds there is a regular ‘arrangetnent of molecules. The
neighbours of every molecule are arrangsed in-a regular pattern that 1s constant
throughout the ¢rystal There is, thus an ardered structure in crystalline solids.
b. Amorphous or glassy solids:

o The word amorphous means without form or structure.
ii. In amorphous sofvds there is no reqular arrangement of giolecules like that in
crystalline solids. We can, therefore, say that amorphous solids are more like liquids
with the disordered structure frozen in.

C. Polymeric solids:

i Pclymers may be sad tc be more or less solid materials with a structure that
is intermediate between order and disorder. o
ii.. *~ They can be classified as partially or poorly crystamne sohds

17.2. Define stress and strain. What are | thelr SI units? Differentiate

between tensale, compresswe and shear modes of stress and strain.
Ans: See Q4:-from Sk ORT AND LONG QUESTIONS

17.3. Define modulus of elasticity. Show that the units of modulus of
elasticity and stress are the same. Also discuss its three kinds.

Ans: Elastic constants:

i. . Modulus of elasticity:
The ratlo of stress to strain is a constant for a given material provided the

external applied force 1s not too great This ratio is called moduius of elasticity, and

can be mathematically described as



Strese _ AR
Mcdulus of E!asixcnv = S =\ O\

Young's modulus (Y): o A
In the case ot iinear defarmatz.Q the ratfe o
= (F/A) 10 tens'le (0 \compress.ve, st «

moduiuﬁ J; ) VAN

i lE'Fi:.nh. O Lompressve) stiess
= ML s called Youngs

F-A
364

Bulk modulus (K):

For three dimensional deformaiions wrer veiume s ol 1ien the rano
of applied stress to volumetric strain 's cailed Buik modu:us

_ Fia
| AV
Where AV is the change in original volume V
iv. Shear modulus (G):
However. when the shear sirass 1 = (F'A) and shear strain (y= and) are
invoived. then their ratio is cziled shear mcduius.
F/A
G=—
tan@ A
Units of modulus of eiasticity: ' " AL
Moduius of E{iashcdy -1 \ AL = Nm?orPa
Units of stress: _' \RNARLS
NN “‘é’fress = ':";:‘: = 1 = Nm2or Pa.
Thus the units of modulus of elasucny and stress are the same.

17.4. Draw a stress- strain curve for a ductile material, and then define
tin terms: elastic limit, yield point and ultimate tensile stress.

Ans: See Q7: from SHORT AND LONG QUESTIONS

17.5. What is mean by strain energy? How car it beé delermined from
force extension graph?

Ans: See Q8 from SHORT AND LONG QUESTIONS

17.6. Describe the formation of bands in solids. Explain the differcnce
amongst electrical behavior of conductors, insulators and semi-
conductors in terms of encrgy band theory.

Ans: See Q*1. from SHORT AND LONG QUESTIONS . — )0\

17.7. Distinguish between intrinsic and. e.xtrinslc Sen‘n—conduct,ors, How
would you obtain n- type and p-type material from pure sificon?
Illustrate it by schematlc d'agram

Ans: See Q13. f'orp §HORT AND LONG QUESTIONS

17.8. Discuss) the' mechanism of electrical conduction by holes and
electrons in a pure semi-conductor element.

Ans: Electrical conduction by holes and eilcctrons:

Considered a special case in which the electron and the hols- are .o g a

straight iire. Actually their motion is random because positively charged core cf the
atom can atiract an electron from any of its ne: ighbouring atems.

In semi-ccnductors there are two kinds of charge carriers, a free electron (-@:

and a hole (+e)



»_J:,- Jm‘ I,;‘{ 1 \ J,:' B 2= ‘L

Application of battery to a semi-conductor:

i When a battery is connected to a semi-conductor, it establishes an electric
field across it due to which a directed flow of electrons and holes takes
place

il The electrons drift towards the positive end, whereas the holes drift towards

the negative end of the semi-conductor.

iii. The current | flowing through the semi-conductor is carried by both electrons
and holes.

iv. it may be noted that the electronic current and the hoia current add up
togetherto give the curent . ¢\ - WV (@lo=

17.9. Write a note on super conducwrs- SR\

Ans: See Q15 from SHLRT AND LONG- QUESTlONS

17.10.What is megnt \by' “Para, diamagnetic and ferromagnetic
substances? Give examples for each.

Ans: See Q186: from SHCRT AND LONG QUESTIONS

17.11.What is meant by Hysteresis loss? How is it used in the
construction of a transformer?

Ans: Hysteresis loss:

The area of the loop is a measure of the energy needed to magnetize and
demagnetize the specimen during each cycle of the magnetizing current. This is the
energy required to do work against internal friction of the domains. This work, like all
work that is done against friction, is dissipated as heat. It is called hysteresis loss.
Use in the construction of transformer:

Hard magnetic matenals like steel cannot be easily magnetized or
demagnetized, so they have large loop area as compared to soft magnetic material
such as iron which can easily be magnetized. The energy dnssrpated per cycle, thus,
for iron 1s less than for steel. That IS wny soﬂ |ron used |n ‘transformers.

I SO]LUTION OF EXAMPLES

Example ;7.1: A steel wire 12 mm in diameter is fastened to a log
and is then pulled by tractor. The length of steel wire between the log and
the tractor is 11m. A force of 10,000 N is required to pull the log.
Calculate (a) the stressin the wireand  (b) the strain in the wire

(c) How much does the wire stretch when the log is pulled?

(E = 200 x 10° Nm?)




Solution: NIANES
12mm B 21 512 m

Diameter of the wire = d\5 AN
Radius of the wire | r,,z.=f\(—’-°—1—2 = 0.006m
Length of the w“e =2 =11m
Force i‘equured = F = 10,000 N
Modulus of elasticity = E = 200 x 10° Nm?
(a) Stress =g =7
(b) Strain =e=7?
(c) Increaseinlength = A¢ = ?
(@) Atensilestress = ¢ = E = ?:% (A = nr’)
0= —— - = = g846x10°Nm?
3.14x(0.006)2 3.14x0.000036
= 88.46 MP,
(b)  Modulus of elasticity = E = =
6x106 |
g _ 884
200 x 106 -y i
. _ 88.46x10 ‘
Strain = —-—-——200”09
(c) Since Sltram R\
or NNNYAZ = Strain x ¢

Af = 44x1o*x11 484 x 10°m = 484 mm

' SOLUTION OF PROBLEMS ]

171 A 1.25 an diameter cylinder is subjected to a load of 2500kg.
Calculate the stress on the bar in mega pascals.

Solution:
Diameter = d = 125cm = 125 x 10%m
Radius = r = -:‘; 0.625¢cm = 0.00625 m
Mass = m = 2500kg
Stress =0 = ?
Area of cross section = A_ =cnr’
Here, T

So we can. whté the Yormula for stress as:

. mg
o=
2500x9.8 24500 l o
g = —— = = 199.755401

(3.14)(0.00625)% 0.00012265
o = 199.755401 x 10° Pa = Stress = 200 MPa
17.2 A 1.0m long copper wire is subjected to stretching force and its
length increases by 20cm. Calculate the tensile strain and the percent
elongation which the wire undergoes.



Solution:
Diameter of the wlre

Radius of the vnre

momas-—=

Length fthpw}re == 11m
Force:re auured = F = 10000N
~ Modulus of elasticity = E = 200 x 10° Nm?
(a) Stress =g =2
(b) Strain =g=7?
(c) Increaseinlength = A¢ = ?
(a) A tensile stress = g = g = ;-z% (vA = m,z)
o= —00 . 1009 _ . gg45x10°Nm?
3.14x(0.006)2 3.14x0.000036
= 88 46 MP,
(b)  Modulus of elasticity = E =
5trc£1'm
o _ 8B46x10 P
200 x 10‘5 T Stram _— “ __
Strain = X100 o g4 X0 ' \
200"}91"} \ ! !
(c) Since Strain\ N
or AR\ N as”= " Strain x ¢

Af = 44X 10*x 11 = 484 x 10°m = 4.84 mm

! SOLUTION OF PROBLEMS I

171 A 1.25 an diameter cylinder is subjected to a load of 2500kg.
Calculate the stress on the bar in mega pascals.

Solution:
Diameter =
Radius

Mass
Stress
Area of cross section
Here,

= 125 x 10?m
0.00625 m

]
l
H

i n
Q3 "
n oy n

‘ g A
So we cqn whte &he formu!a for stress as.
- mg

. TTY‘"
2500x9.8 24500
9 = (314)(000625)¢ 000012265 199.755401
o = 199.755401 x 10° Pa = Stress = 200 MPa
17.2 A 1.0m long copper wire is subjected to stretching force and its
length increases by 20cm. Calculate the tensile strain and the percent

elongation which the wire undergoes.




Solution: Leng*hof the wire =
t.xtensions in vare 7

enste ;,u«amx “
-I Jpns!lyejﬁjvrapnv -.-. —_— = 020
\.“r ert.entage e.ongan:,n = zi:: x 100 %

Percentage elongation = U—’“q x 160 % = 20%
17.3. A wire 2.5 m iong and cross section area 10° m’ is stretched 1.5
mm by a force of 100 N in the efastic region.

Calculate: (i) the strain (ii) Young's modulus
(ui) the energy stored in the wire.
Solution: Lengthoithbewire =L = 256m
Argi Jf Cross secton = A = 10°
E X161.3100 11 wire =AL=15mm = 15 x 10°m
Apptied force = r =100N e A\

(l) Sa =& =7 0O\ A \ \I [ //, "\u’/’
(1}  roung s Moauius VOV (L
(1)  Ene gy Stored (strar“

(1) Siran = ¢ = T
RN
erap‘ \\g\‘ N
iy
, FrLA
(i) YourashMoouius = Y = 5')
E.x
I
N L
Y T = : X —-
(7") A .‘.'h.
RN o L
A ~ 166 x 10""N/Im* or Pa
[ » b4 &
N , A 1
(i1}  Srar en2gy = EFM’
£ = £x100x15x 1072 = 75x104J

o

17.4 What stress would cause a wire to mcreasem iength by 0.01% if
the .Young's modulus of the wire is(12 x 10" P’:) ‘What force would
produce this stiess if the dlameter of the wwe is 0.56 mm?
Soiution: r)t.rce.,tagémcmase xrrihngth = 0.01%
Your 9:‘jmodulk15 Y = 12 x 10*Pa
DiameRif NINRgY = 0 5€ mny

Ragus T : z = 028mm = 028x10'm
Stross = g = 7 '
Foree = F = ?

By definuon we have,
Strain x 100 = Percentage elongation
Fercentaye (lﬂmgat(_‘gf

109

Strain =



Stran = £ = > = 104

Young's Modulus = -——-_| |

= g =Y ‘x"‘-.‘g “ )N
Stress = a/ mé X10%x 10* = 12x1o° = 0.12 x10® Nm?
The forr‘nula for stress is,

~ 13 9

Force
Stress =
Area =
= g = - = F=0'XA
A
F = o x ar

F = 12x10%x 3 142 x (0.28 x 10°)° = 0.12 x 0.25 x 10° = 26N
17,5 The Iength of a steel wire is 1.0 m and its cross sectional area is
0.03 x 10 m’. Calculate the work done in stretching the wire when a
force of 100 N is ap Phed within the elastic region. Young s modulus of
steel is 3.0x10' Nm™.
Solution:
Length of the wire
Area of Cross Section
Applied Force
Young's Modulus &

Work Done . \R HJ’ \ |

since W/ = AL = —{—-; (1)
AL = 100x: '

L=

SR10MIN 03 A1)
As we know that

Work done = %FM

E = %xlOOxl.lx 107 = 585x10"J

17.6 A cylindrical copper wire and a cylindrical steel wire each of {ength
1.5 m and diameter 2.0 mm are joined at one end to form a composite
wire 3.0 m Jong. The wire is lpaded until its length becomes 3.003 m,
Calculate the strain in copper and steel wires and the force applied to the
wire. (Young's modulus of copper is 12 X 1011 Pa and for steel 1s
2.0 x 10" Pa). A NIAARS

Solution:

Em

length of Copper wire| |2 ks =

diameter of Copperwire\\'-= d. = 2mm = 2x10°m
radius of Copper wire = r, =1x10"m

Young's modulus of Copperwire = V.= 12x10'"Pa
length of Steel wire = L, =15m

diarmeter of Steel wire = d, =2mm

radius of Steel wire = 5y =1x10°m

Young's modulus of Steel wire = Y, = 12x10" Pa
Combired length of the wire = L = 30m

E xtended iength of the wire = L = 3003m
Fxtenswn n wire = AL = 3003 --3 =0003m



Strain in Copper

Strain in Steel

Force on wire
For strain in copper:

= = ?
= g = 7
= = 7

Modulus of elasticity of copper wire = Y, = L
(%)

Ye =L x 22 (1)

Modulus of elasticity of steel wire = Y, = é—ffj =2 x e )
3

By dividing Eq. 1 by Eq. 2 we get,
£ 5 8y . 3) (< Lg= Ls=1.5m)
Ys ALc
Combined length of the stnng is 0.003 m so we can write it as,
Aly+AL. = AL = 0003 m..... 4
Using values in equation in (3), we get
Als. _ 12x10Y -06
ALC - 2x 10% 71\ (0 |V
Using this vaiua equatlon (4) wa get :
" JJ Ale+Alc = AL = 0.003m
N 1 8 AL = 0.003'm

AL = 0003

ALg = 1 875 x10%m..... (6)
Using this vaiue in equation (5) we get,

OLs = 068x1879x 10'm

Alg = 1.125x10*m..... (7)
Putting values in equation (a), we get,

-3
g = P2 = 125 10°
Putting values in equation (b), we get,
1.125x 10”3

g = p— =75x10 oo

The formula for force applied to the wire ig; |\ (0o

F L
Yc=...x...§. (Y_m)
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#‘ 1.2x 10 X 3.142% (11: )X 1.875x 10 ; = 471 x 102N

F = 471N



