PHYSICS OF SOLIDS

Q7: What are solids? Discuss their types-

Answer: Solids:
Definition: “Those substances which posses definite shape, colour
and volume are known as solids-"

Types of Solids:
There are three types of solidc wi - s-e given beiow:
7- Crystalline Solids: (ETEA 20 7. "}

7 The solids whose atems or icrs or mole- K -
cules are arranged in a reqular repeated £
manner in three dimensions are called 14 ¥
crystalline solids- 4 &

2+ Crystals possess both short range and long
range order- ,&—

3- The arrangement of atoms or molecules of =
crystalline structure can be studied by us- Nl el

1ng Xx-ray techniques-

4- The cohesive force between the atoms, molecules or ions, keeps
them in particular order for long distance in spite of their fast
vibrations:

5- Every crystalline solid has a definite melting point at which the
disorder among the atoms or molecules takes place:

6- Metals such as copper, iron, zinc, sodium chloride (NaCl), su-
crose, diamond are the examples of crystalline solids-

2- Amorphous Solids: (ETEA 2074)

7. The solids which have pc reguler arrangement of their atoms,

molecules or irons are called amorphous solids:
2- The word amorphous means without form or structure: Thus
amorphous solids are quite d:fferest fram (ry talline solids
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3: They have no definite melting point, so they are also known as
glassy solids-
Glass is the example of amorphous solids-

The solids of organic compounds are called polymers-
They are organic com-
pounds which consist of Q0 - 0 -0 00 — VOO0

; § i Ethylene
chemical combination of (CTHsIP Polythene

Polymerization of
trogen and other me- Ethylene

df
3+ Polumeric Solids:
? a
2

© -~ Carbon atom

carbon with oxyqgen, ni-
® —» Hydrogen atom

tallic or non metallic elements-

3- The molecular structures of polymers are more ordered than
amorphous but less than crystalline solids-

4- They consist of fine grains, having a size of 10° to 10°A° sepa-
rated by well-defined boundaries-

5- Rubber, wool, silk etc are the examples of polymeric solids-

Q2: Define and explain crystal lattice:

Answer: Crystal Lattice:
Definition: “The whole structure of a crystal which is obtained by
the repetition of unit cells is known as crystal lattice-”
Explanation:
A crystalline solid consists of three dimen-
sional pattern which repeats itself over and |
over again- This smallest three dimensional *
basis structure is known as unit cell- '
Now consider the example of “NaCl" which
posses a cubic shape, as shown in the figure:
Each side meet with other side at right an-
gle: The other crystal shapes have cornhers in
- which one or more of the angles are not right angles-

cl

NaCi Crystal

@3: Define the following terms: elasticity, deformation, stress,
strain:
Answer: 1+ Elasticity:

“The ability of a material to reaain its original shape after the re-
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moval of applied force is known as its elasticity-”

2+ Deformation:

“The change which occurs in the shape of a body due to applied
force is known as deformation-”

3+ Strain:
“The deforming force per unit area of a body is known as stress-”
e Stress = Farte
req
- _F
= |le&F—
A
Its unit is “ﬁz "
m

4- Strain: :
“The deformation produced .1 a body due to stress is known as strain-”
If we consider the deformation length wise in a material, then

c ;
Ehpgie = hange in length

original length

A
= e = —
(

The strain has no unit, because it is a ratio between two similar
quantities:

Q4%: State and explain Hooke's law- (ETEA 2012)
Answer: Hooke's Law:
This law states that within elastic limit, the stress is proportioral
to strain- i-e
Stress » Strain
— Stress = Constant x Strain
= ¢ = (Kt '

= E=Ki (7)
| & .
Equation (1) represents the mathematical form of Hoc-e's law:

In equation (7) “K” is constant and is known as moduius of elastici-

ty- Its value depends upon the nature of the material-

Q5: Distinguish between tensile stress, tensile strain, shear stress‘
and shear strain- |

Answer: T- Tensile Stress: '‘The stress due to which change occurs
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in length of a material is known as tensile stress:”
2- Tensile Strain:
“The strain gf_ue to tensile stress is called tensile strain:”

3- Shear Stress:

“The stress due to which the shape of the body changes is called
shear stress-"

4- Shear Strain-

“The strain due to shear stress is known as shear strain”

@6: Define bulk stress and bulk strain-
Answer: 1- Bulk Stress:

The bulk stress is that stress due to which the volume of a body
changes: It is also known as volumetric stress-

2- Bulk_Strain:

The strain due to bulk stress is known as bulk strain- [t is also
known as volumetric strai

Q7: Define modulus of elasticity- Discuss the types of modulus of
elasticity-

Answer: Modulus of Elasticity:

“The ratio between stress and strain is known as modulus of elastic-
ity-” i-e-

Modulus of elasticity = ——— i

”_

o
The unit of modulus of elastic:ity is “ ——
4 :

Types of Modulus of Elasticity:

There are three types of moduius of elasticity which are given below: '
7- Younqg's Modulus:

The ratic between tensile stress and tensile straini s known as
young's modulus- 1e-

, : Tensile stress
Young's modulus = -~
Tensile strain
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2- Shear Modulus:
“The ratio between shear stress and shear strain is knewn as shear
modulus-" i-e-

Shear modulus = M

Shear strain

The angle “0" represents the measurement through which the body
is twisted-

3- Bulk Modulus: (ETEA 20710-11)
“The ratic of bulk stress and bulk strain is known as bulk modulus-" i-e-
Bulk stress

Bulk modulus - —————""
Bulk strain

T
s :

= |K = \H).
[av)
v

Q8: Draw the stress-strain curve for a ductile material- Lefine
the terms elastic limit, yield point and ultimate tensile stress-
(ETEA 20712)

Answer:

The stress-strain curve for — 1
a ductile material us showr Tensite v !

A m. !

in tle tigure: When the _ .
Yiond pont

deforming force i-e: stress 3

is allowed to increased, the A

strain alsc increaces. The

R

Plastic .
Cetormation

curve shows tnat between
point “C" and “A", the
stress and strain are pro-
portional and the line o _

“OA”  remains  straight- St,ess_;;:i: Cuirigia |
The stress at point “A is st
known as proportional limit- The proportional limit is defined «s
“the greatest stress that a _material can endure withou. lcsing the

Lebrmatipe

flassi
v
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straight line proportionality is known as proportional limit”-

Now if the stress is further increased, then deformation is produced
in the material due to which the curve does not remains a straight
line, as shown between point “A” and “B”: In this region, the de-
formation is temporary and the material can gain its original shape,
if the stress is removed- The region between points “A” and “B” is
known as elastic region-

“The deformation produced in elastic region is known as elastic de-
formation-” '

While the point on the curve beyond which elastic deformation van- -
ishes is known as yield point-

In given curve, the point “B” represents the yield point: The stress
at yield point is known as elastic limit- The elastic limit can be de-
fined as, “the greatest stress that a material can endure without
undergoing any permanent change in shape or dimension is known as
elastic limit"-

Now if the stress is further increased, then permatient deformation
occurs due to which the material cannot regain its original shape:
Such deformation is known as plastic deformation- The region be-
tween point “B” and “C” is called plastic region- At point “C”, the
stress on the material is known as ultimate tensile strength- The
ultimate tensile strength can be defined as, ‘“the greatest stress

that a material can endure without breaking is known as ultimate

tensile strength”-

At point “D", the material cannot be stretched further and small-
est increase in stress can result in breaking the material- |f the
points “C” and “D” are closer to each other, then the material is
said to be brittle- If the points “C¥ and “D” are not closer to each
other, then the material is said to be ductile-

Q9: Discuss the mechanical properties of solids- (ETEA 2007, 2010-11) |

Answer: Mechanical Properties of 5olids:
The mechanical i roperties of a material are those properties which
involve a reaction to an applied load- The mechanical properties cf
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metals determine the range of usefulness of a material and establish
the service life that can be expected

The mechanical properties of solids are used to help us in classifying
and identifying the nature of the material- The important mechani-
cal properties of solids are given below:

1- Strength:
It is the general ability of a material which tells us that how great
an applied force a material can withstand before breaking:

2- Hardness:

It is a measure of how easily a material can be scratched or indent-
ed The hard materials are mostly brittle and thus they have a low
resistance to impact- Diamond is the example of hard material-

3+ Brittleness:

It is the property which tells us about the tendency of a material
to break easily or suddenly without any extension first- Cast iron,
concrete, high carbon steel, ceramics and some polymers like urea
formaldehyde are the example of brittle materials-

4- Toughness:
It tells us that a material cannot be break easily- !t posses certain

limit of elasticity- The tough materials can absorb impact such as
sudden forces or shecks such as hammer plows: Tcughress is cpposite
to brittleness:

5- Plasticity:
It tells us abou* *he materials which deforms permanently due small

applied forces: Plasticine and clay are the examples of plasticitic ma-
terials:

6- Elasticity:

It is the uability of a material to regain its original shape after the
removal of applied forces- Rubber, mild steel, nylon etc are the
good examples of elastic materials-

7- Stiffness:
The ability of a material to resist bending is called its stiffness- [t
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tells us about tné& opposition that a material sets up to being dis-
torted by having its shape changed-

8- Ductility:

It is the ability to be drawn out into a thin wire or threads: It is
a measure of how easily a material can be worked- |t relates to the
ahility of the material to hammered, pressed, bent, cut etc into
useful shapes- Ductility is used as quality control measure to assess
the level of impurities and proper processing of a material-

Gold, copper, titanium, wrough iron, low carbon steel and brass etc
are the examples of ductile materials-

QI0: What is meant by strain energy? How it can be determined
from the force extension graph?

Answer: Strain Enerqy:

Definition: “The enerqy stored in a stretched wire is known as
strain energy+”

Explanation:
We can obtain mathematical relation for strain energy from the

force extension qgraph, as shown in
the figure: 4

Consider a wire which is suspended A
from its one end- Now if we apply a
stretched force on the other end of _ 3 :
the wire by addirg weiahts then ex- . |
tension will occur in the wire:

L D |

Let “: .7 represents the extensiwn in T il

Exbesan
the wire due to certain average force

<F>, then the work dorie n stretch- Stretebet e (rve

ing the wire is given by,

Werk = <F> i, )

Now fer stretching the wire, the force increases from zero to a
certan viiue “F7. then the average feorce is given by,

(R E !

=k s '—;":;'D:,'. s /2)
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Putting equation (2) in equation (1), we get,
:
Work = 52—’ (3)
This work appears in the form of strain enerqy in the stretched
wire: Thus equation (3) can be also written as,

Strain energy = -?2—.‘-'!? (4)

Strain Enerqy per Unit Volume [Enerqy Density]:
For getting the value of strain energy density, we divide both sides
of equation (4) by volume “V” of the wire, so we get,

% [F1,/volume] (5)

Here  Strain energy/volume = strain energy density

And  Volume = area of cross section of wire X its original length
= Volume = At

Thus equation (5) =

n

Strain energy/volume

T\ F
Strai density = —| =%
rain enerqgy density > [ﬁr}
iy T IE L
= ED z[ﬁx {} (6)

Here F/A = stress and (. /{ = strain
S50 equation (6) =

(7)

Equation (7) represents the strain energy density i-e- strain energy

: ? | 2
\E-D = - | strss x strain |

per unit valime:-

Q77: Discuss the energy band theory of solids-

Atiswer: Enerqy Band Theory:

Statement: According to this theory, the electrons around the nu-
cleus remain in specific permissible energy levels and sub energy
states-

Explanation: These energy states are discrete in nature: However,
these stater are so closer to each other that they appear in the
“2:m of continuous energy bands:
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There is a small energy gap between any
two energy bands which is known as for-
bidden enerqy gap- The electrons cannot
stay in the forbidden energy gap-

Conduction Band

The electrons in the outermost shell are Small energy gap
called valence electrons: The energy band
of these electrons is known as valence
band- The valence band is never empty-
It may be fully filled or partially filled
with electrons-

Valence Band

Above the valence band, there is another energy band which is
known as conduction band' The electrons can move freely in conduc-
tion band- The electrons which leave the valence band are accommo-
dated in the conduction band- The conduction band may be empty
or partially filled with electrons-

Q72: Explain the difference amongst the electrical behaviours of
conductors, insulators and semi conductors on the basis of energy
band theory-

Answer: T- [nsulators:
Definition: Those materials in which the electrons are tightly
bounded to their atoms and having no free electrons for electric

conduction are known as insulators:
4 Empty conduction band

Explanation: The valence electrons have

a range of allowed energies which form a | ,

“valence band”: The valence band s % .
completely filled: Thus there are no va- E’T ;:}geenergv E: > 3eV I
cant allowed energy ievels which would %

allowed the electrcns to gain énergy =

from an applied electric field and move

“renmoan occupred state in one atom to Valence band

an emptu state in another:

The energy aar between valence band and conduction band is so
large that even thermal excitation and thermal vibration is unable
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to move electrons from valence band into the conduction band- The
electrons in valence band are unable to gain energy from an applied
electrical field as there are no vacant energy levels for them to
jump into- Thus many insulators possess low conductivity and high
resistivity: Thus the insulators are bad conductors of heat and elec-
tricity:

2- Conductors:

Definition: Conductors are those materials which have large number
of free electrons which are responsible for electric conduction-

Explanation: In a conducting material, | ,
the energy levels of adjacent atoms have

Conduction band

spread to form overlapping conduction Y/ RIS LS

band and valence band- The top of va- s band
lence band is above the bottom of the
conduction band- Thus the electrons in
the valence band can move easily to a
vacant energy levels in the partially filled conduction band- Thus an
electric field is able to move electrons from one atom to another and
then through the material by providing small amount of enerqy-

Overlapping
V-C bands

3- Semi-Conductors:
Definition: Those materials whose conductivity lies in between con-
ductors and insulators are called semi conductors-

Explanation: A semi conductor has a filled valence band and an
empty conduction band just like insulator- in fact, all the semi con-
ductors are insulators at low

temperatures: However, the
\ 4 ; 4 Conduction band

energy gap in semi conductors is

. | <«
smaller than that of insulators Erexlien ::: a

oo

at room temperature: As a re- =

. B < 3eV I —_— 5
sult, some electrons wiil be ex- e
cited thermally and shifted iréo 000 E
the conduction band wkere they Holés -

1

can move freely through the e
material- When the electrons
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are shifted into the conduction band, vacancies are produced in va-
lerice band- Such vacancies are known as holes:

The holes acts as positive charge carriers and can move through the
material- When a potential difference is applied across the semi con-
ductor. the holes and electrons drift in opposite directions and both
contribute to the current in that material-

Q73: Write a note on super conductors- (ETEA 2077)
Answer: Super Conductors:

Definition: The materials whose resistance vanishes at low tempera-
ture are known as super conductors and the phenomenon is called
super conductivity-

Explanation: ' 4
When the temperature of a material is o
allowed to decrease, its resistance or
resistivity also decreases: Finally a
stage comes when at a certain tem-
perature the resistance of the material

Resistivity

becomes zero: Such temperature is B 3% & B e
known as critical temperature- [t s Temp (K) —-
represented by “T.”: At critical tem-

perature, the material is extremely ccld and there is no loss of heat
‘when current passes through super conductors:

Before 1986, it was found that some metals become super conduc-
tors at temperature below than 10K- But the maintaining of such

low temperature was an expensive task- Then in 1986, it was dis- ]
covered that some ceramics exhibit super conductivity at 30K:-

Then in 1988, it was discovered that some other ceramics like thal-
lium, calcium, hbarium, copper and oxygen exhibit super conductivity
at 125K- Recently, a compiex crystalline structure known as yttri-
um barium copper oxide [YBa,Cu-0;] is found to exhibit super con-
ductivity at 163K [-170°C]:

Our engineers and scientist are struggling to discover super conduc-
tor at hiak temperature: The electronic filter exhibit super conduc-
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tivity at some high temperature and are use commercially in cellular
phones: Efforts are going on to find materials that could show super
conductivity even at room temperature-

The benefit of super conductors is that they can supply electrical
energy without any loss- This would save large amount of energy in
future- Super conductors have many technological applications, such
as magnetic resonance imaging (MRIl), magnetic levitation trains,
magnetic motors and faster computer chips etc etc:

Q14: Discuss theory of magnetism-

Answer:

The molecule of a magnetic substance s a
complete magnet in itself having a north pole
and a south pole of equal strength-

In the ahsence of
magnetic field

7- In an un-magnetized material, the molec-

 ular magnets are randomly oriented as
shown in figure (a)- The north pole of
one molecular magnet cancels the effect
of the south pole of the other- Thus the
substance does not show any net mag-
netism-

Fig (a)

In the presence of

2- When a magnetizing force is applied to magnetic field
the substance, the molecular magnets are
turned and tend to align in the same di-
rection with north pole of one molecular
magnet facing the south pole of the oth-
er, as shown in figure (b)- The result is
that magnetic field of the molecular Fig (b}
magnets aid each other and two definite
north and south pole are developed near the ends of the speci-
men- The strength of the two poles being equal and thus the
substance gets magnetized-

3- The extent of magnetization of the substance depends upon the
extent of alignment of molecular magnets- When all the molecu-
lar magnets are fully aligned, the substance is said to be satu-
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rated with magnetism-

4. When a magnetized substance is heated, the molecular magnets
acquire’ K-E and some of them loss their arrangement: For this
reason, a magnet lcsses some magnetism on heating:

Q75: Discuss the modern view about magnetism-

Answer:

According to modern view, the magrietic properties of a substance
are due to the orbital and spin motions of electrons in the atoms:
We know that an atom consists of central nucleus with electrons
revolving around the nucleus in different orbits: Such motion of
electrons is called orbital motion-

The electrons also rotate around

their own axis+ 5Such motion of
electrons is known as spin motion: e“:::_“-

Due to these two motions, each Orbital métion
atom behaves as a magnetic di- Spin motion
pole:

7- In the un-magnetized substances, the magnetic dipoles are ran-
domly oriented so that magnetic fields mutually cancel- When
the substance is magnetized, the magnetic dipoles are aligned in
the same direction: Thus the substance shows net magnetism- '

2. No substance is non-magnetic, because the revolving and spinning
electrons in each atom cause magnetism-

3- The spin motion of electrons is more responsible for magnetism
of a substance-

QI6: Distinguish amongst paramagnetic, diamagnetic and ferromag-

netic substances-

Answer:

A- Paramagnetic Materials:

~7-- Those substances which are composed of such atoms in which the
orbit and spin axis of electrons are so oriented that their mag-
netic field support each other are known as paramagnetic mate-

rials:
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2+ In paramagnetic materials each atom behaves like a tiny magnet-

3 When a paramagnetic substance is placed in a magnetic field, it
is weakly magnetized in the direction of applied field-

4- Therefore paramagnetic substances are weakly attracted by a
magnet- '

5- The relative permeability (1.) of paramagnetic materials, is
slightly greater than I- .

6+ Examples: Aluminum, antimony, pollodium, menganese and other
metallic salts are the examples of paramagnetic materials-

B- Diamagnetic Materials: (ETEA 2009)
7-  Those substances which are composed of such atoms in which the

orbital and spin axis of electrons are so oriented that their
magnetic fields cancel each other are called diamagnetic materi-
als-

2+ In diamagnetic materials each atom is magnetically neutral-

3+ When a diamagnetic substance is placed in a magnetic field, it is
weakly magnetized in opposite direction of applied field-

4- Therefore a diamagnetic substance is weakly repelled by a strong
magnetic field-

5+ Their relative permeability (p.) is less than 1-

6- Examples: Bismuth, lead, gold, copper, sodium chloride (NaCl)-

c

7

- Ferromaqnetic Materials: (ETEA 2014)

Those substances in which the atom cooperate with each other
in such a way so as to exhibit a strong magnetic effect are
called ferromagnetic materials-

2- In ferromagnetic substances there are small regions called do-
mains+ Each domain is large enough to contain 710 to 10" atom-

3 In each domain the magnetic fields of all the spinning electrons
are parallel to each other-

4- Therefore each domain behaves like a small magnet with its own
north and south poles:

5- They are strongly attracted by a magnet:

6- Examples: [ron. cchalt, nickel etc are the examples of ferromag-
netic substances-
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Q17: Explain in details the origin of ferromagnetism+ Discuss the
concept of magnetic domains in ferromagnetic materials:

Answer:

Accordirg to domain theory there is a
small region inside the ferromagnetic ma-
terials, which is known as domain- Each
domain can accommodate 710 to 70 at-
oms- In each domain, the electrons are
spinning parallel to each other- So eaci | g hiiinsn
domain is magnetized upto full extent: oy, T Y

material

Now in an un-magnetized material like

- = . — . —

iron, the domains are not oriented in a LA O A e
proper order, as shown in figure (a)- But P A T SR T
if we place such materials in the magnetic > > - A - —
field. of solenoid etc then the domains be- il i S i S Tl
- = - > >

come oriented in proper order, as shown
5 Fig (b): Magnetized
in the figure (b)* They become fully mag- ferromagnetic

) material
netized-

Under such conditions, we can get a powerful electromagnet due to
combination of solenoid and specimen of iron:

The domains remain in ordered arrangement at ordinary tempera-
ture- At high temperature, the domains losses their ordered ar-
rangement- Such temperature is known as curie temperature:

Q18: Explain the phenomenon of magnetic hysteresis-

Answer: Magnetic Hysteresis:

Definition: “The lagging of flux L s il
density “B" behind the magnetizing R

field “"H™ is called magnetic hystere-

54
= '
sis " c/m C_—»l,

[l : - rAagnetizng Magnetizing
EX !anat:m ¥ force in opposite / force

" direction
b Al
The graph between various vaiues of —
Alux density “B" of applied magnetic | , D oppcste deection
S 2 i ‘ saturation in opposite -B
fleld atid the intensity of magneti- | Gnton

i . . Hy teresis loap
zation “H" of the specimen is in
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the form of a loop of the magnetized material- Such loop is known
as hysteresis loop, as shown in figure:

Main Features of Hysteresis Loop:

- Hysteresis:
Hysteresis means “the lagging of flux density “B" behind t'e mag-
netizing field”-

Suppose a ferromagnetic material like iron is placed in an A-C solenoid-
In the beginning, the iron is un-magnetized and current is zero-

When the current is allowed to increase, the magnetization occurs
at maximum rate- The portion “OA” ‘represents the maximum value
of magnetizing current- The portion “AR” represents the value of
decreasing current- It has been found that the value of flux density
“B’ for any value of current is always greater when the current is
decreasing than when it is increasing i-e: the flux density lags behind
the magnetizing current, such phenomenon is known as hysteresis:

2+ Saturation:
A material is said to be saturated, when the flux density reaches to
its maximum value: Point “A” represents the magnetic saturation
of the material-

3- Retentivity:

When the current reaches to zero, then the materia! sill remains
strongly magnetized- It is represented by the point “R” in the giv-
en figure- It is because some portion of domain still remains in line:
The portion “OR” represents the measure of retentivity of mag-
netism-

4- Coercivity:

If we want to demagnetize the material, then for such purpose the
direction of magnetizing current is reversed- When the material be-
come demagnetized, then the magnetizing current is known as coer-
cive current The demagnetization of the material is represented by
the portion “RC” on the curve: When the material is maynetized,
then after demagnetization, the curve never pass through the origin
and thus form a loop which is called hysteresis loop-
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5- Area of the Loop:
The area of. the loop represents the measure of energy which is re-
quired for magnetizing or demagnetizing the material- This is the

energy which is used to do work against the resistive forces of the
domains:

6- Hysteresis Loss:

The energy which is used against the resistive forces of the domain
is dissipated as heat- This is called hysteresis loss- The dissipation of
this energy depends upon the area of hysteresis loop- i-e* the dissi-
pation of energy will be small if the area of hjsteresis loop is small
and vice versa-

Thus the material having small area of hysteresis loop can be used in
the designing of core of the transformers and other A-C devices for
minimizing the loss of energy-

(X |SOLUTTONS OF EXAMPLES & ASSIGNMENTS|$)

EXAMPLE 16-1:

A force of S00N is applied to one end of a cylindrical steel rod of
diameter 50cm- What is the tensile stress?

Solution:

Given Data: force = F = S00N

Diameter of rod = D = 50cm = 0-5m

Radf'us O'Frod =W= E = ? — 02“3
Required: Tensile stress = o = ?
Calculation:
We krow that,
Tensile stress = COHER .5 —F—,,— rﬁ_r_ea of rod = A = nr?
rea A re
’ .
> 6= ! S0 N/m?

| 374 x(0-25)°
s 6 = 25478 Nem” = 2:5478 x 107 N/m?

L = 2:-5x10°N / m’|
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EXAMPLE 16-2:

In an experiment to measure Young's modulus, a load of 500kg
hanging from a steel wire 2-4m long, of cross section 16cm?, was
found to stretch the wire 0-30cm from its un-stretched length-
What is (a) the stress? (b) the strain (¢) the value of Young's
modulus for the steel of which the wire is composed?

Solution:

Given Data:

Mass of load = m = 500kg

Length of wire = L = 2-4m

Load = Force = mg = 50C x 9-8 = 4300N
Area = 4 = 0-16cm* = 7-6 x 10°m°
Elongation in length = x = 0-30cm = 0-:003m
Required:

a) Stress = o =7

b) Strain = =7

¢) Young modulus = Y = ?

|

Calculation:
a) We know that,
[ 4900 .
Stress = Foree o €% [ e iN/m2
rea V7.6 x 710 |
5 = 30625 x10°N/m”
~ = 306 x10° N/m’
' = 37x10°N / m"|
longation in lengt!
b) §tpafn = 8_ 9 I — { e_‘qg,_
eriuina! lerath
2003 R
N= X =T . = 125 x 107!
. sLress
c) ‘ourg 0.5 Hus = ke e
4 ; ’ strain
T 3 T
g I A
L 1:28 %1€
- ?_':_2:‘:‘?; ?b N # m-"m?
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{ Exercisei

Choose the best possible answer:
7-  The shear modulus of elasticity G is:

Al Fi F Al
i) b} &) —=if d) ==
) FO ) A0 ) A0 ) '3
2 The temperature at which material becomes super conductor is
called: . ‘
a) Knee temperature b) Critical temperatures/
¢) Absolute temperature d) Zero temperature

3- Which of the following is not ferromagnetic material?

a) lron b) Nickel c) Cobalt d) BariumJy
4- The ratio of stress to the strain is..........

a) O b) >7 ¢) Constanty d) <1
Solution:

According to Hook's law the stress to strain ratio is constant:

5. A wire is stretched to double of its length- It strain is:
a) 2 b) 1/ c) O d) 0-5
2olution:
Initial lengch = L
Final length = 2L
Change in length = AL = final length — inicial iength
= JAL KRS - €
15 ~ARRL

AL

L
Now strain = — = — =17 i
L L

6 Which of the modulus of elasticity is involved in compressing a
rod to decrease (ts length?

a) Young’s moduluss/ b) Bulk modulus |
¢) Modulus of elasticity d) None of the above

7- A wire is stretched to double of its length- its strain is:
a) 2 b) I/ ¢) Zero d) 0-5

Solution:
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Initial length = L

Final length = 2L

Change in length = AL - 2L -L
= AL =L

AL
Now  Strain = —

L

L = Strain = T
L

8- If both the jength anc radius of the rod are doubled, then the
modulus of elasticity will:

1]

= Strain

_a) Increase b) Decrease
¢) Remains the same/ d) Doubled

The modulus of elasticity of a material remains constant- |t does
not depend upon the shape and size of an object-

9- Curie temperature is a point where:
a) Diamagnetism changes to paramagnetism
b) Paramagnetism changes to diamaghetism
¢) Ferromagnetism changes to paramagnetismy
d) Paramagnetism changes to ferromagnetism

70- A cable breaks if stretched by more than 2mm- It is cut into
two equal parts: How much either part can be stretched with-
out breaking?

a) -25m b) immJy ¢) 2mm d) 0-5m
Solution.
A 2mm
£F = &5 ——0 (7)
/ /
;
When coble is cut into two pieces, then we put =~ = B S0 we get,
e AN (o = 2.\
N {
) 2
F _\.‘If
> T (2)
Comparing equatien (1) and equation (2), we get,
2% 2mm e S
222 = T
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QI: Coercive force of steel is greater than iron, why?
Answer:
The coercive force of steel is greater than that of the iron-

Reason and Explanation: :
Coercive force represents the external field which is needed to de-
magnetize a fully magnetized material-

a) Coercive Force of [ron:

[ron is a soft magnetic material- It can be
magnetized or demagnetized easily- The | f . B
domains of iron can be oriented easily by

applying external magnetic field- The iron
regains its initial state easily after the re-
moval of applied field- The iron has narrow
hysteresis loop and thus smaller coercive

-H

force is required for magnetizing or demag-

netizing the iron-

b) Coercive Force of Steel:
Steel is a hard magnetic material-

Fare +6

It cannot be magnetized or demag- ol 4
netized easily: The domcins of <teel
cannot be oriented easily by apoly-
ing external magretic feld- The

steel retain the alighment even
when the applied fieid is removed:

The steel has fat magnetic hystere-

i
sis loop and thus large coercive v . i
: . 8 g
force is required for nagrevization: ;

Cnce a steel is maanetized, then it is very difficult to demagnetize
g Y 9

them-

lier trhe mervetizing force is removed, still the domains ars per-
mareytn o gried nd maognetic flux density “B” is still therer Thus
strong magnetic Feld (s required to demagnetized the hard material
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like steel- Due to such properties, the steel /s used to make a per-
manent magnet-

Conclusion:
From the above discussion, it is clear that the coercive force of

steel is greater than that of the iron-

Q2: Evaluate the importance of strength and stiffness in a design
context:

Answer:
The importance of strength and stiffness in a design context is given
below:

7- Importance of Strenqth:

The strength of a material denotes the largest stress that a mate-
rial can sustain- It tells us that how much greater force the mate-
rial can support without breaking: The knowledge of strength is im-

portant to evaluate bearing capacity of the material for construc-
tion- If a structurai system has low strength then it may not exist
under high stresses and hence may fail-

2- Importance of Stiffness:

The stiffness represents the resistance of a material t» be d<torted
in shape, size or in both: The stiffness larqely determines the
strains of the material, as it is loaded and unloaded- A material
having high stiffnesc 1" exhibit fow deformatior under loadina- The
krowledge o6f stiffrris o5 important to evaluate ioedirg capacity fF
the materia! for ccnstructions If a structura! system has low stiff-
ness then it may not exist under high loading and hence fail-

Q3: Discuss the super conductivity of a conductor with the help
of a curve-

Answer:

Super Conductors and Super Conductivity:

Those materals whose resistance becomes zero at very low tempera-
ture wre hnown ac suter conductors: The temperature s called criti-

] £, A e
cal ceMmperacyre

and the pvhenomencon is kuswn s super fon-

ductivity-

(f we plot a graph between temperature and resistance for a certain
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super conductor, then we see
that with decrease in tempera-
ture from high value, the re-
sistance of the conductor also.

decreases: Finally at a cerbain el ettt
temperature, the resistance of
the conductor becomes zero:
Such temperature at which the
resistance falls to zero is called — Super conductivity
critical temperature: lt is repre- T Temp ————>

sented by “T."-

-
-
e

Note: In the given figure, the dashed curve represents the nortal
conductivity. This region represents the normal conductor whose
resistance does not fall to zero even at zero Kelvin-

Q4%: Distinguish between crystalline, amorphous and polymer solids-

Answer:

7- Crystalline Solids:

7- The solids whose atoms or ions or molecules are arranged in a
regular repeated manner in three dimensions are called crystalline
solids-

2- Crystals possess both short range and NaT -

long range order: A
3 The arrangement of atoms or molecules i 1 |
of crystalline structure can be studied

by using x-ray techniques-

&

. ; 5' A
4- The cohesive force between the .atom ",__" 4
molecules or ions, keeps them in par- & o
NaCl Crystal

ticular order for long distince in spite of

their fast vibrations-
5. Every crystallire solid has a definite melting point at which the
disorder among the atoms or molecules takes place:
Metals such as copper, iron, zinc, sodium chloride (NaCl), su-

2

crose, diamond are the examples of crystalline solids-
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2+ Amorphous 5Solids:

7 The solids which have no regular arrangement of their atoms,
molecules or irons are called amorphous solids-

2+ The word amorphous means without form or structure- Thus
amorphous solids are quite different from crystalline solids-

3+ They have no definite melting point- 5o, f;hey are also. known as
glassy solids-

Glass is the example of amorphous solids-

+ Polymeric_Solids:

The solids of organic compounds are called polymers:

They are organic compounds which consist of chemical combina-
tion of carbon with oxygen, nitrogen and other metallic or non
metallic elements-

ML R

3+ The molecular structures of polymers are more ordered than
amorphous but less than crystalline solids-
4- They consist of fine

grains, having a size of w + Q9 + M +¢° — 00000000

10° to 10°A° separated | Ethylene Polythene
CHe)
by well-defined bound- | #
9- Polymerization of O — Carbon atom
aries: Ethylene @ —» Hydrogen atom

5+ Rubber, wool, silk etc
are the examples of polymeric solids:

@R5: What is the difference between elastic deformation and plas-

tic deformation?

Answer:
7- Elastic_Deformation:
“The deformation produced in elastic region is known as elastic de-

formation-" The elastic deformation is temporary and the material
can regain its original shape after the removal of applied stress:

2- Plastic Deformation:
“The deformation produced in plastic region is known as plastic de-

formation-" In plastic deformation permanent change occurs in the
shape of the r.icerial The material cannot regain its original shape
after the removal of applied stress:
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@6: Differentiate between paramagnetic, diamagnetic and ferro-
magnetic materials with suitable examples-

Answer:

A- Paramaqnetic Materials:

7- Those substances which are composed of such atoms in which the
orbit and spin axis of electrons are so oriented that their mag-

netic field support each other are known as paramagnetic mate-
rials

2- In paramagnetic materials each atom behaves like a tiny magnet-

3- When a paramagnetic substance is placed in a magnetic field, it
is weakly magnetized in the diréction of applied field:

4. Therefore paramagrietic substances are weakly attracted by a

inagnet-

6]

The relative permea.b.r‘h‘ty (u.) of paramagnetic materials, s

slightly greater than 1 |

6- Examples: Aluminum, antimony, pollodium, manganese and other
metallic salts are the examples of paramagnetic materials-

B- Diamagnetic Materials:

v+ lhose substances which are composed of such atoms in which the
orbital and spin axis of electrons are so oriented that their
magnetic fields cancel each other are called diamagnetic materi-

als

2+ In damagnetic ~atearmals each atom is magnetically neutral

3. Ilhen a diamaanct.c subctarce is piaced in a magnetic field, it s
weakly magnetized in oproiite direction of appiied field:

4- Thercfore a deimaanetic substance is weakly repelled by a strong
magnetic field:

5. The'rriicove permeahdty (u.) is less than 7:

6. Exampies: P auth, lead, geld, copper, sodium chioride (NaCi)-

C- Ferromaqnetic Materials:
7- Those substances in which the atem cooperate with each other
in such @ way sc as to exhibit a strerq ruanetic effect are

ety Rig:

sedied ferratmantet o mer

= w Fer smtagresis <ubstanses thore are Simtic reqgionis cailed do-
o : 2 = ; h LB " T&- .
pig =y Dach domain is lerge encugl 2 contain 107 to 10" atom
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5.
6-

In each domain the magnetic fields of all the spinning electrons

are parallel to each other:

Therefore each domain behaves like a small magnet with its own

north and south poles:

They are strongly attracted by a magnet-
Examples: Iron, cobalt, nickel etc are the examples of ferromag-

netic substances:

Q7: Distinguish between soft and hard substances by drawing its

curves:
Answer:

S#  Soft Magnetic Materials * Hard Magnetic. Materials

7 Soft magnetic materials are | Hard magnetic materials are

those materials which have
a smaller area enclosed by
their hysteresis loop-

those materials which have a
larger area enclosed by their
hysteresis loop-

They have low remnant

magnetization,

They have high remnant mag-
hetjzation-

They have low coercivity-

They have high coercivity-

They have high initial per-
meability-

They have low initial permea-
bility-

Hysteresis loss is small-

Hysteresis loss is high-

Eddy current loss is small-

Eddy current loss is more for
metallic types and low for ce-
ramic types-

Used in transformer cores,
motors, generators,
tromaghets etc:

elec-

Lsed in making permarent magnets,
magnetic separators, magnetic de-
tectors, speakers, microphones etc:

fArea of hysteresis loop is
small for soft materials-

Soft B2
material

Their
fat-

hysteresis loop is

very
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g- The soft materials can bel The hard material cannot be
broken easily just after| broken just after elastic limit:
elastic limit as shown in|lt undergoes further changes
the figure: as shown in the figure-

Soft Hard

Stress
Stress

Strain Strain

QR8: What is the difference between brittle and ductile materials?
Answer: 1- Brittle Materials:

Those substances which can be broken easily 1

just after elastic limit are known as brittle Bribtlis subsiatice
materials as shown in the figure:

Stress

These materials have a tendency to break
easily or suddenly without any elongation

first, such as high carbon steel, shell of egg

v

Strain

and glass etc:

2- Ductile Materials: )
These are those materials which cannot be Ductile

broken just after elastic limit- These mate-

Stress

rials undergoes plastic deformation until it

breaks due to applied stress- These materi-

als are able to absorb more energy as com-

v

pare to brittle materials- Strain

Q9: How can the conductivity of a semiconductor be raised?
Answer: |

We can increase the conductivity of a semi conductor in the follow-
ing manner:

7- By Doping Process:
The conductivity of semiconductor is increased by adding an appro-
priate amount of suitable impurity called doping: For example, when
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silicon is doped with electron rich impurity, then the extra electron
becomes delocalized- These delocalized electrons increase the conduc-
tivity of doped silicon due to the negatively charged electrons- Such
materials in which electron acts as majority charge carriers are called
N-type semi conductors: While the materials in which the holes acts
as majority charge carriers are called P-type semi conductors- When
these holes gain energy, they moves towards valence band and thus
increase the conductivity of the material-

2- By Increasing the Temperature:

The conductivity of semi conductor increases with increase in tem-
perature: It is because when the temperature increases, the elec-
trons gain sufficient enerqy and they jumps from conduction band to
valence band- In this way, the conductivity of semi conductor in-
cregases:

3: When a semi conductor is exposed to light of proper wavelength,
it produces excess electrons and hole pairs which increases the con-
ductivity of semi conductors-

4. We can increase the conductivity of semi conductor by applying
high fields where super ohmic behavior is observed-

Q10: Is there any difference in the length of a 20 meter steel
girder when standing vertically and horizontally?

Answer:

Yes, there is slightly difference in the length of a 20 steel girder
when standing vertically and horizontally-

Reason _and Explanation:

CASE-1: When the girder o=

is standing  vertically, |

then force per unit area ’

on the ground is very ; O $)
large- As a result, the X R
ground exerts same force “amr: —

on the girder in upward ’G,i'o‘;r:d,_ Fig (b)
direction- Due to these Fig (a)

opposite forces, the girder is under compression- The compressional
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force o the girder is giver by,

Y ; G
Compressive stress = -- = b (7)
A A
Due to this compressive stress, compressive strain is produced which
is giveri by,
1 - \L
Compressive strain = . (2)

Equation (2) shows that the length of the airder will decrease
slightly when standing vertically-

CASE-2: UWhen the girder is standing horizontally, then force per
unit area is smaller due to which the reaction of the earth is also
smaller- As a result, the girder remains under negligible compression:
Thus the length of the girder nearly remains the same-

Q71: Why would it be advantages to use super conductor in MR
machine?

fAnswer:

it would be advantageous to use super conductor in MRI machine

due to the following reasons:

7 Super conductor provides higher current densities:

2 They provide smaller and lighter designs than room temperature
equivalents-

3- They conduct direct current without loss of energy-

4- They are used for creating powerful electromagnetic in MR/
scanners: '

(& [ COMPREHENSTVE QUESTIONS | >

Q1: Explain the differences between tensile and compressive forces
and how they affect equilibrium within a structure?

Answer:

The tensile forces are those forces which tend to extend a certain
structural body- While the compressive forces are those forces which
tends to compress a structural body- The tensile force are pulling
forces due to which length of the structural body increases by
amount “A\r -
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The compressive forces are pushing forces due to which the length
of the structural body decreases by an cmount “\i ”

Thus both forces produce deformatior in the structure of a body due
to which its equilibrium is disturbed- For maintaining the eq librium,
the compressive and tensile forces must balance each other: j-e-

\Tensile forces = Compressive forces|

Q2: Draw and describe a stress/strain graph and identify the elas-
tic region, plastic f.w region, yield stress and ultimate tensile
stress:

Answer: See answer ct question # & in the text-

@3: Describe the valance band, conduction band and forbidden en-
ergy gap with the help of enerqy level diagram-

Answer: See answer of question # 17, 12 in the text-

Q4: Discuss the super conductivity of a conductor with the help
of a curve:

Answer: See answer of question # 13 in the text-

QS: Describe the mechanical properties of solids-

Answer: See answer of question # 9 in the text:

Q6: Describe hysteresis loop for a ferromagnetic materials by
drawing its curve for iron-

Answer: See answer of question # 18 in the text:

Q7: Explain strain energy in o deformed wire by drawing its graph-

Answer: See answer of question # 10 in the text:

& | NUMERICAL QUESTIONS

Q7I: A 7-50cm length of pianos wire with a diameter of 0-25cm s
stretched by attaching a 10kg mass to one end- How far is the
wire stretched?

Solution:
Given Data:
tength of wire = L = 7-50em = 0-0O15m
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Diameter of wire = D = 0:25¢m = 2:5 x 107°m

Radius of wire = r = g 25 im =725 x107m
~

Mass of load = m = 10kg

Load = F = w =mg = 10 x 98 = 98N
Young modulus of steel = Y = 20 x 10"°N/m?
Required:

Change in length = AL = 7

Calculation:

We know that the Young Modulus is given by,

]
_ Stress _ \A) _ F-L

Strain {LLL\J A-AL

L
FL EL FL 5
= Y=t ANz T" = 4 = nr?]
A-AL AY ~ arty 5
' 98 x 0-015 '
= AL = m
374 x (1:25 x 107 )’ x 20 x10°
= i ?-47_ >
98125 x10¢ x 10’
= AL = 00749 x10%m

= AL =749 x10°m =17-5x10%m
= |AL =7-5x710%m

Q2: A cylindrical steel rod 0-50m long and Tem in radius is sub-
jected to a tensile force of T x T0°N-

a) What is the tensile stress?

b) What is tensile strain?

¢) By what amount does the rod stretch?
Solution:

Given Data:

Length of steel rod = L = 0-50m

Radius of rod = r = Tecm = 0-Olm

Force = F = 1 x T0*N

Young. modulus = Y = 20 x10" N/m’

H
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Area of rod = A = nr? = 3-1% x (0-01)? = 0-00031%m?
Required:

a) Tensile stress = ¢ = 7
b) Tensile strain =€ = 7
¢) Change in length of rod = AL = 7
Calculation:

a) Stress = Forte = o= 5
rea A
s gl BN fig
| O-000374
= 0 = 0:31 x10°N / m*
b) We know that,
Young modulus = Strgs.s
Strain
yoo L .u _031x10°
& - v 20 x 70"
= ¢ = 0-0155 x7107° =155 x10% =16 x10™*
i ;-:-: =76 x10"
c) We know that,
5‘&!'0!." = .é& e W A_L_
L L

— AL =gl =716x10%x0-50m

- |AL = 0-8 x10*m

Q3: A cable has an un-stretched length of 12m and it stretches
by 7-2 x 10°m when a stress of 6-4 x 10°Nm? is applied- What
is the strain energy per unit volume in the cable when this stress
is applied?

Solution:

Given Data:

Length of cable = L = 12m
AL = 1-2x70°m

Stress = ¢ = 6°4 x 10°N/m*

Required:
Strain energy per unit volume = £ = 7

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

Calculation:
We know that,

.y |
E =E(stress X strain) T

= E

i

7
B x6-4x10°x1-2 x10* /72

= E = 0-32x10* J/m’

= |[E=32x10°T / m°

Q4: Young’s modulus for a particular wood is 1 x 10°Nm=- A

wooden chair has four legs each of length 42cm and cruss sectional

area 2 x 10°m- Hamza has a mass of 100kg-

a) What is the stress on each leg of the chair when Hamza
stands on the chair?

b) By what amount do the chair legs shrink when Hamza stands
on the chair?

Solution:
Given Data:

Young modulus = Y = 1 x 10°N/m?
Length = L = 42cm = 0-42m
Area = A = 2 x 10°m°

Mass of Hamza = m = 100Kg

|

Required:
a) Stress =c =7
b) AL =7
Calculation:
_F_ow_mg F=w=m
N\4 7" 7 my
700 x9-8
= R
2x10
= G = 490 x10° N/m?
= o = 4-9 x10° N/m?

= |lo = 5x10°N / m?
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b) We &, w the €,

AL
Youn: .llodulus = Y = = £ =
£ L
gl o AL O
Yy L Y
e _i5x70°x0-42]
= AL =27 = e m
3 7 x ?(_')“‘/‘- _'=

= |AL = 2% 70'577?%

QR5: A force of 1'5 x 10N causes a strain of 14 x 10°% in a steel

cable of cross sectional area 4-8 x 10™*m?-

a) What is the Young's modulus of the steel cable?

b) The stress-strain graph is linear for :his cable: calculate the
strain enerqy per unit volume stored 7 the cable when the
cable has a strain of T x 10°%:

Solution:

Given Data:

Force = F = 1-5 x TO"N

Strain = ¢ = "4 x 10~

Area = A = 4-8 x 107*"m?

Strain = ¢ =1 x 107"

Required:

a) Young modulus = Y =7

b) Strai.. erer;y per unit volume = E = ?

Calculation:

a) We know that,

93
H

Young Modulus = Y = —
5)

Ve o E

v = e A

B 7-5 x 10
4.8 x10*x1-4 x10™

] N
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= Y =022 x10%°N/m?

= Y =22xI10"N 7/ m?

b) Strain energy per unit volume = E =

'
—X—X¢&
2 A

4 4
= lx______?Sx]Oq x1x10™
2 4-8x10

015 x10° J/m*

U
™
]

U
™
I

= |E=1-5x10°T /' m’

"INING
A YA VYA
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