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Ph\ sics of Solids..

this chapter the students will be able to:
 between the structure of crystalline, glassy, amorphous :
¢ solids.
that deformation in solids is caused by a force and that i in or
ion, the deformation can be tensile or compressive.
the behaviour of springs in terms of load-extension, Hooke® slm

he spring constant.
and use the terms Young's modulus, bulk modulus and shw

te knowledge of the force-extension graphs for typical duc
polymenc malenals




_ Magnetic-levitation is an
where superconductors -
icu ar'order and extremely well. Transport vehicles such |
as trains can be made to "float" on
de it posmble t0 | strong  superconducting  magnets,
~materials with new | virtually eliminating friction between the
] train and its tracks. It can attain an
incredible speed of 361 mph (581 kph).
On the other hand conventional
electromagnets waste much of the
electrical energy as heat.
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atoms or clusters of
close proximity. The
e of a solid and its
are closely related to the
Bgec ent of atoms within

th mngcment of atoms is
periodic. The concepts of
| unit cell help us in
ng the atomic arrangement

structures are analyzed

diffraction technique ' .

Laue and extensively employed by Bragg. The real crystals
different kinds. The study of crystal geometry helps us ©
behavior of solids in their mechanical,
optical propemes The imperfections in real crym —
y altered to improve the selected physical p ol




imensional network. This i
ment repeats periodically over the en
have short range as well as long.

over large distance
ral layers of atoms.
possess both short

ar), diamond and
‘examples of solids
single crystals.




d regions, vary
with respect to one

: called as grains
separated from one
oundaries. The atomic
rom one domain to the
are usually 100 nm -

' ‘ Figure 16.2: crystal grains
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\ on—crystalhne) solid i1s composed of randomly onentated
‘or molecules that do not form defined patterns or lattice
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n't possess a
m:rangement.
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srphous solid form by r
ers are examples of amorph,

ﬁass and plastics are very useful matenals m 'H
ction, house ware, laboratory ware, etc. \ |
ca is one of the best materials for converting sunlight mﬁl .: |
voltaic).

d rubber is used in making tyres, shoes soles etc.

ngement in two dimensions in cases of the three cImswaf

called

dimens
shag
Therefc
merely
geometi
The sp
skeleton
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Rectangular lattice (¢ # b, y = W) Wm’“"i-%. |r .

(a)two dimensional lattice points with each *’
having an identical environment. ;




nslation of @ and b and
b and ¢ as shown in figl6.4(a);

- called unit cell.
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e is ol-J‘tai‘ned when a basis is added at each point

.~ : 3 : &
ciated with each lattice site, the crystal structureis

>
W

stal Lattice + Basis Structure= Crystal
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- is called
in deformed

rmations and

ee elastic
forming force is
of stress and

on is expressed in
. For elastic solids,
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In crystalline solid, the properties like elec
conductance, refractive index, thermal expans m;'
etc., have different value in different directions a
in AB and CD. This type of behavior is ¢
Anisotropy and the substanc&s with this TO .i €

clean surface after cleavage with knif
than an irregular breakage.




Figure 16.6: deforming forces ona

de of external force F to the area of cross-sec

; es‘tress=% ..(16.1)
gth to the original length is called as
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s defined as the ratio of tangential deforming force Fto
sheared, i.e. - o

Shear stress = % 1)

s the ratio of displacement of the sheared face Ax and the fixed

. displacement of Sheared face
displacement of fixed face

(2)
erms of angle 8, which is called as angle of shear. Hence

g = = .(164)







ce different forms in the situations shown in the Flg.

ations the stress and strain are proportional to each other.
law.

ress = k x(strain) ...(16.10)
oportionality constant and is known as modulus of elasticity.
1 empirical law and is found to be valid for most materials.
are some materials which do not exhibits this linear relationship

RESS-STRAIN CURVE I

stress and strain are usually measured using a machine that
rial at a fixed linear rate and records the stress.
is gradually increased in steps and the change in length is
ues are then plotted on a graph .A typical graph for a metal is
The stress-strain curves vary from material to material. These
derstand how a given material deforms with increasing loads.
can see that in the region between O to A, the curve is hnear
e’s law is obeyed. The body regains its original dimensiol
ce is removed. In this region, the solid behaves as an elas!
n A to B, stress and strain are n_ot prop




Plastic
Deformation




(per _“-nt_ to measure Young’s modt 3 "‘
wire 2.4m long, of cross section 1&@2‘1’?&-
18 lfS ul_l-StI'GtCth lﬁl'lgl;h, What is (a) the stress? (b} - "

g’s modulus for the steel of which the wire is -eomp' woseds - TEENE

=

_j_:

in wire = x = .30cm = 3x10°m
on of wire =A=.16cm’ = 1.6 x10°m®
5000

_—z——__T=3.1 8 =2
o TRk R L

;rc_?:.0><10_3

 Strain== =1.25%107°
L 2.4

~ Young's Modulus. Y___Stressz S 15
"~ Strain  1.25x10°

=2.48x10"Nm™

- Pproperties of solids _ l

I properties of a material are those properties that involve a
applied load. The mechanical properties of metals determine the

ss of a material and establish the service life that can be
al properties are also used to help classify and identify
mmon properties considered are strength, ductility,
tance, and fracture toughness.
general ability of a material to withstand an applied force.
dness is a measure of how easily a material can be o
indented. Hard materials are often also very brittle - this
1ave a low resistance to impact. Well known hard mater




stics such as nylon.
: ty to resist bending

10V gaslly a material can be worked. Good exar

nium, wrought iron, low carbon steels and bras

indication of how visible overload damage to 2 ¢

‘before the component fractures. Ductility is

ntrol measure to assess the level of impurities
ng of a material.

: Stress o
measures of

ﬂle engineering
(usually called
) and the reduction

ned by fitting
together after

Area undef curve J
= absorbed energy
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Figure 16.11: stretched wire curve

=area of shaded strip .(16.11)

vs that F is not constant during the extension. However,
S to be drawn qulte w1de for clanty, we can Imagma xt







erial the outer electrona are all shnmd
‘not available as charge carriers (the mner
to individual atoms). These valence elecum“m-
es which form a “valence band”. This valence band is

Me are

; Empty
ve from an y \ E,. SLaTEnm ;:?.M':/conducthu
t band

Forbidden energies | By > 3 eV
EV v
Valence
: band

the energy |Figure 16.12 (a) : Energy band structure for an
than the .|insulator

_somchow get

| excitation = kT = 0.0ZSeV

is a random process, so electrons will sometimes get e
r .,ﬂ:an kT, but the band gap in an insulator is so great
ectron jumping into the conduction band and bec =
ly zero. In the valence band the electrons :
Hﬂd.decmf.:al ﬁcld as m are no vac:
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Figure 16.12 (b): Energy band structuré?_ 1

Figure 16.12 (c): Energy band stru
| semiconductor
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statc (very
become

» resistance of
), since there
for currents
are used in
h currénts such

Figure 16.13: A graph of resistivity \
temperature for-a supercondnemf '
a sharp transition to zero at ‘!Ile _
temperature Tc.
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g a north pole and a south pole (
ignetised substance, the molecular magnets
) in Fig. 16.14 (a). The north pole
els the effect of the south pole of the of

es not show any net magnetism.







2 into three categories viz. (
ic. The behaviour of these th

es the orbital and spin axis of the electrons in an atg :
field support each other and the atom behaves like a iy
ces are called paramagnetic materials. b

substance (e.g. aluminium, antimony etc.) is placed hr*a |
. substance is weakly magnetized in the direction of the applied
a paramagnetic substance is weakly attracted by a strong magnet

h substances are called dlamagnetlc materials.
netic substance (e.g. copper, zinc, bismuth etc.) is plaoedm
the substance is weakly magnetized in a direction opposi

. Therefore, a diamagnetic substance is weakly repelle

very small of the order of"
f@m 10" to 10!6 Eae]g d
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(a) a piece of ferromagnetic material which is_ not
sed where the domain poles are not aligned; (b) the domain
4 with an external magnetising force (H). .

netic substance (e.g. iron, nickel, cobalt etc.) is placed in a
substance is strongly magnetised in the direction of the applied

fummagnetlc material is strongly attracted by a magnet. The
d paramagnetism are weak forms of magnetism. However,

stances exhibit very strong magnetic effects.

C HYSTERESIS i

t is passed through a coil of wire, the coil acts like a bar
atoneendandasouthpoleattheothcr In other words,
et. If a bar of soft iron is placed inside the coil, the

is much increased. Tlusxsbecansethepmemd soft
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negauve value such as the cycle of il: AC volta-ge 'i‘h:s'
ic Hysteresis Loop. Thus when a magnetic material is i
. of magnetization, B always lags behind-H so that :he :
forms a closed loop, called hysteresis loop

_,temms loop, a number of magnetic properties of a material are

- It is a material's ability to retain a certain amount of residual
eld when the magnetizing force is removed after achieving -

Magnetlsm or Residual Flux - the magnetic flux density that
 a material when the magnetizing force is zero..

ve Force - The amount of reverse magnetic field which must be
to a magnetic material to make the magnetic flux return to zero.

ge - Is the opposition that a ferromagnetic material shows to the
ent of a magnetic field. Reluctance is analogous to the
 an electrical circuit.

etic Hysteresis Loops for Soft and Hard Materials

ferromagnetic materials such as iron or silicon
‘magnetic hysteresis loops resultmg in very small amounts
making them ideal for use in relays, solenoids and
| be easily magnetised and de-magnetised.
t be applied to overcome this residual magnetism, work
steresis loop with the energy being used being
mal:enal This heat is known as hysteresis loss,
I's _a'_lue Of coercive force |




steresis loops are easily magnetised a

ierials.
the dissipation of wasted energy
proportion to the area of the mx




tallme) Solid is composed of randomly onemated-
cules that do not form defined patterns or lattice

.

of crystal structure is made by referring to an
points in space.

finite number of points in a periodic arrangement is

ic figure or unit whose periodic repetition in two or
a crystal is called unit cell.

ined when a basis is added at each point in the :
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INg questions is followed by four em LAy
h case. -

hed to double of its length. Its strain is
®1 (©0 () 05

&e modulus of elasticity is involved in compressmg a rod to
its length? _

s modulus (b). Bulk modulus

ulus of elasticity  (d). none of the above

is Ferromagnetic in nature?
(b) Nickle
(d) Nope of these

length and radius of the fod are doubled, then the modulus of

(b) decrease
the same (d) doubled

ature is a point where
changes to diamagnetism

changes to paramagnetism
changes to ferromagnetism

hed by more than 2mm. 1t1soutintotwaew
er part can be stretched wuhotzt hteakmg?

_,:l




by the elastic limit of a material. i
does a material behave if it obeys Hook’s Law?

are used in bridge and building construction. The'
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rod 0.50m long and Icm in radius is subjected to a te :-_.:'

unt does the rod stretch? ) s e
(@031x10°Nm” (b) 1.6 x 10* () 0.8 x 10”*m)







