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Figure 11.1: Coulomb force between (a)
similar charges, and (b) opposite charges.
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Jlled the permittivity of the medium, T
medium compared with the permittivi
permittivity or dielectric gonstant & for particul

o (11.6)
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Figure 11.2: electric field intensity due to a
point charge.
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isamachine that makes quickly and easily copies of documents.

opier is the drum, an aluminum cylinder coated with a layer of
OWn in Figure 11.8 g). Aluminum is an excellent electrical

m, on the other hand, is a photoconductor; itis 2. insulator in the
eonductor when exposed to light.

2 copied is laid on the glass plate, then the photocopier perform

Hied & corotron gives the entire selenium surface a positive

es and mirrors focuses an image of a document onto the
. areas of the document produce




' ugh hcﬂm:! pressure rollers, wh
lﬂh s finished copy.
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'Fig11.8(b): Laser printer with a static laser scanning unit,
 but movable mirror
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n two oppositely charged plates.

’ 9: charging ofink droplets betwee

' be placed on the paper. the charging control, responding 10
the compiter, tuens off the electric field. The uncharged dropiet
deflection plates and strike the paper. :

::cs between laser printer and photocopier?
er applications of electrostatic.

ter 30 e carries a charge of 600 1 €. Find the
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Figurell.11 (a) : electric flux througha ]

m&:‘:h Elmf:tl : unit area and curved surface
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Flgure 11.12b; positive, negative and zerg
flux through a close surface




1 to calculate the

given charge distribution

n called Gauss' law.

es & relationship between
flux @ through a closed
net charge ¢ enclosed by that

s that the net electric flix

S

erive the expression for Gauss's
‘spherical closed surface of
puini charge ¢ at its center as

Gauss was a German
mathematician  and scientist
who contributed significantly
to many fields, including
number theory, statistics,
analysis, differential
geomelry, geophysics,
electrostatics, astronomy and
oplics.
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e _ intensity £ is constant over the sphere




Fig 11.14 ; flux through an lwuularduJ
surface
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< all charges are repelled
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| Figure 11.20: A Alrlines
A380 flew through a orn
when 500 peoples wers ‘“
the board but none of them
were Injured. As therlu a
electric field, no potentiy)
difference inside a al
shell, so one of the safest way
to be inside a metal §
during thunderstorm.
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Figure 11.22: Gaussians urface in the formofa ba
between the plates

qpposm;ly charged parallel plates. The
__E_-.ﬁfﬁ&posiﬁm-bctwm plates.
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’J.‘Eqaifrbdta move a charge O from oné point to ano
ce between the two points 15 given by,
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difficult to represent in a diagram. Both strength and

every point in the field. As an alternative to field-ling
if the electric field can be drawn using equipotential
al line connects points in space where the potential of an
me as shown in fig (11.26),
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egpacﬂanca of capacitor. The value of € de
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Figure 11.29 : plates of a capacitor
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Figure 11.30 (b): parallel
combination of capacitors

een the pl&les of each capacitor is the same and is equal
terence Vie V=V, = V=V

d to the capacitors Cy, Ca, and Cs, they acquire dlffemzt
and Qs respectiv ely depending upon their capacitances.

ice of an equivalent capacitor, which would hold the same
| the three capacitors Cy, Cy, and C3 hold under the same

g, CV.0.=CV & 0=CV
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tential difference V 1t is ehergea
ged, the potential
zero. Finally when
SIted on the plates the

é’nerg}r stored in a capacitnr,

= (11:37)
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between the plates. Let u denote the energy den :-_;;J,.-'.
ina unit volume of the field. Then '
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wric force between two point charges is
of magnitudes of the charges and
suare of the distance between them. :
‘around a charge in which an electric test
an electric force. The existence of electric field
1 @ test charge g, into its field. :
trostatics are photocopier and inkject printer.

al to the electric ield £ (hen electric flux is

' yugh any closed surface is 1/g, times the total charge

ed for storing electric charges is called capacitor. The
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ga tive of potential gradient.
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'ﬁﬁmagmmde 2x107 C are place
djretrtlnn of electric mtensny.

ot charges of 15 % 107" C and 13x10 "¢ are place
mﬂﬂtdﬂnn in bringing the two charges 4 cm cI'

(@2x10*V, 42x10"V, 25.2x10°V)}

i;dhne in carrying a charge of 2C from a place
V'to another place where potential is V, calculs
(F
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332V, 6.6V, 121F, 200V, 08C, .161C)

acitance 4uF, 6pF and 8uF respectively are
0V d.c. supply. Find (i) the total capacitance
or and (iii) P.D. across each capacitor.
(184 1 F, 460x10-°C, 115 V, 76.6V and 57.7 V).

7 —Qﬂ PR €5 = 12pF and the insulated plate of C; be at

‘one plate of C; being earthed, what is the potential

he plates of Cs, three capacitors being connected in
L 2444V)
uF capacitor in the circuit shown in Fig. .




each capacitor.
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rent Electricity.....

his chapter the students will be able to
cept of steady current,

and explain its dependence upon temperature.
nce and conductivity of conductor.
stics of a thermistor and its use to measure low

een e.m.fand p.d. using the energy considerations.
I resistance of sources and its consequences for external

urces of e.m. [,
conditions for maximum power transfer
mocouple and its function.
tion of thermoelectric ¢.m.f. with temperature.
Fs first law as conservation of charge to solve problem.
second law as conservation of energy to solve problem.
king of rheostat in the potential divider circuit.
Wheatstone bridge and how it is used to find unknown

of potentiomeer to measure and compare potentia
rent from the circuit, <




4 benefits of using electricity. Eleg
s it uniquely appropriate for powering ap
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generating powerful electric shocks of up 10 600 vols I
uses eleetric shoek for hunting and self-defense. This di;
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A Em erm electrostatics to mo ving charges, we have to stidf
€ field produced duc 1o the motion of charges, resistai
o the moving charges througli them and lastly
Mthe charges move through the condurtors. In this chil
Evarious features asociated with the moying charges
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s through an area in a time £, the current [is

(12.1)

e =ImA=1x10"A

e=1pA= 1x10°A




vith which free electrons get drifed in ¢




I@-g‘rﬂurheadand oked by s
ns resulting from ionic ct it
's electrical charge is maint;
. clnba.’ll}' charged ( or "polari
s (hat gump fons across their membranes.
y of Na+, K+, Ca++, and Cl- ions that are p
m_e;mbranes, The computer records yaur ;
n or on paper as wavy lines. Thus lhe DO ..=.|
' activity of the brain is used for diagnos
etrodes are not harmful to your body.

EEG normal alpha rythem

EEG abnermal







. &g‘&m{smnce of the conducting m
re, dimension and physical state
; Ohm’s law, a graph of current.

L

{line passing through the origin Fig. (123(a),"

Jine is tan 0=— =~
: V R .

| for ohmic conductors. The Ohm's law is no




temperature rises. The I-V graph of a semic _
o non-linear graph. The current passes when the voltage

a TV receiver is 17 kV. The maximum Mﬂ%l
Tﬂa !ﬂast permissible value of load resistance?




substance, each collision resulting in
The SI unit of resistance is the ohm

Fwire is to be | ohm if a potential difference of
s § ampere current to flow through it

RESISTANCE DEPENDS_I :

“’"ﬁimigh_a wire they experience resistance and lose
s flow on longer path they lose more energy. It is
¢ that the total resistance of a wire




mngan area ) of cross-secunn uf lm 'I’he Hﬂﬂ
,{iim}' The resistivity of a substance varies over a wide




5 Ties hetween conductors and insulators,

ance of a conductor is called conductance (G

ivity of a conductor is called its conductivity. It
onductor has resistivity g, then its conducti







= p
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e @ may be defined as ine

) _Epﬁﬂi-ﬁc resistance of most materials increases
rature, The equation, (12.7) also apply to p . At te

of a material is given by

(+aT) .(12.9)







Figure 12.5 :  Wire wound yag
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12.10:Electromotive force: |

al at the ends of terminals of  battery when circuit is open is also

Joule/coulomb, which is the volt (abbreviation V):
1 volt = | joule/coulomb

10 sustain a steady current. In an electronic circuit there must be a
in the loop that acts
by in @ water fountain.

a charge travels uphill's
fo higher potential energy

m higher to lower

ection of current
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ical energy into electrical energy.

anical cnergy into electrical energy

at energy into electrical energy.
onverts sunlight directly into electrical energy.

Supply N |

~.§s_w.same internal resistance, however small. Wi

nti.e. no load, the P.D across the terminals will

tarts flowing in the circuit as shown in F
across internal resistance r of the cell

ill be less than £. The relationship between € and
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be useddepends simply on the knnwn qua

% .'Ibc unit of power in SI is watt . A4 pamg- ';i'- L

cuit if a potential difference of 1 volt caus -
rough it.

1 Watt =1Vx1A

 kilowatt (kW) and mega watt (MW)
_mm watts = 10° warts




- W= (11A) (20Q)(105)
pl= 242001

the details of load and a circuit connected
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4460 watl hours
= 4.46 Kwh
ed in the month of June
= 4.46x30=133.8kwh
= Tx1338

visior which must be placed in series v
‘order 1o limit the power dissipation in
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Figure 12.13: internal resistance of 3 batl
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two wires of two dissimilar metals to
 junction is heated (o a high temperature

n. This is known as Seebeck Effect. The &l
thermoeleciric e.m.f. The resulting curre




ﬂhclcmpemun-e'f'uftﬁe | en
dat 0°C. Iis mmpcmumdepenMis divenby

.A12.16) ¥y

are constants (called thermoelectric coefficients) which
e nature of the metals.
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m}_ E]l'CLﬂtq where smlphhﬂﬂﬁﬂn E}}F Smes aﬂd

S impo s,srhlc consequently. Ohm’s law cannot be appli
‘happens when there is more than one emf in the circu:




Henct
Currel
algeh

Kirciy
electn
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is base

| Gircait where two or more components are con
-'Hﬂﬁ'ch’lhe sign of the quantity is taken into accoun




. : tansewauun of ¢harg¢: Hunm: Il:lmlioﬂ‘*s mmm,ﬁ#
law of conservation of charge.




is taken positive.
Lial ;s takm nugatm.

 from high [!'Jiﬂl‘llllll o ﬂm low ]munlm]
etion of current either clock wise or counter clockwise.

rise of pnu:mm] as + EJ thr uubh R,. the voltage (
i &, from the +ve to =ve side there 1s a fall of pntm.

2. there is a voltage drop of —IR,  apply KVL, we get
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cted Iﬂop I{uchhui‘f‘s vnllage law can be: applie
desired equations.




E=LRy+ (It D) R

5 are known, we can find the value of 7, and & frog
e currents in all branches can be determined.

two batteries are 6V and 2V and internal resistanees
ich are connected in paralle] across a 56 re
:h battery and (b) terminal voltage.










I'.I'le current in Q and X m 3130_ ;f ﬁﬂ
'reads zero, points B-and B
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Hocity with which free electrons get drifted in a merallic
the influence of electric field is called drifi velocity (V)

the magnitude of the current in metals is proportional
age as long as the temperature of the conductor is kept

opposition offered by the substance to the flow of free

a conductor is directly proportional to its length and
il to its area of cross=section and is given by




/ mﬂr mmfrﬂv per ﬁ.fhrm

: curd - resistors arc wire-wound. mep
| ' i) Rheostats i)

'f,g changes very rapidly with
Eilﬂ:ﬂﬂm non-electrical energy into u*{ﬂ'frfmf—-_: ey
electromotive force (enif).
Electrical generators, Thermocouples ete, are il

t Work is done in an eleciric circait is called electn

e delivered to a lﬂad R when the internial res :'~

..-N ﬁﬁlvn such complex cii
ff‘* algebraic sum of the
W iszero. S 1=0
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i and p2 which are connected in s
en the equivalent resistivity of the cor

1 1
()
2 P

(d) £
£

tric bulbs are 100w and 200 w. Which are ¢t
20 V. The ratio of resistance of their filament \
ihy2:1. - (c) 1:3 (d) 4:3

men t of two different metals
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ircuit problems solution. Exp
proper exaimple. -
‘to measure brain electrical actiy




m:i_'cuit? How many coulombs leave the b
(4 Q,

A e has a resistance of 0.125 £ at 20 C°. The tempe
n is -0.0005 at 20C°. What will be the resistane

e of wire 10 m long that has a diameter
Q. e
bile battery has a resistance of 0.012 Q. W







etic fiekd is an examplc of a ﬁeld of fm:e
ing conductors or by permanent magnets.
¢t of current. F
Jd lines pattern due to a long straight wire.
¢ might act on a current-carrying conductor pi aced
1
ors affecting the force on a current carrying cond

wvolving the use of F = BIL sin 0.
density and its units.
of magnetic flux (®) as scalar product of magne!
) using the relation Gy=BA=BLlA: |




¢ magnet used 1o hold

. arefrigerato

ormation

media: VHS (Video Home System) tapes contain a reel of
¢ information that makes up the video and sound is encoded on the
€ tape. Common audio cassettes also rely on magnetic tape.
s, floppy disks and hard digks record data on a thin magnetic

nd ATM cards: All of these cards have a magnetic strip on one side;
¢ information to contact an individual's financial institution and
account(s),
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es a current of 1 A. Finﬂtﬁo agni

B 1
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B=dax 10" x1/2xx1

B=2x10"T

1 apart carry current of 8 A and 2 A. W
ctween them? :







e perpendicular, so B (=0 and B - {4=0




€ rc, the current t’hmugh ﬂl&
. -tha_se factors can result in an electromagnet
an a natural magnet. For example, there is no kno
le to pick up a large steel object such as a car, bnt '
capabie of such a task. Also, if the core of the eieclmmagmt

magnetic force can be turned off by turning
clromagnet.




E on the charged particle msnlrs_.
gnetic field and the magnetic field created h)

m:wmg wnh velocity v in a m
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Figure 13.9: a charged particle in uniform
. magnetic field ' e
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th time period of the charged particle and
Ove equations.

“"g:?n of an electron shot perpendicu
0 determine its charge o mass ratio.




lectron=1.=9.109 x 10* kg

on = e=1.6x107"C
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G h a magnetic field  (b): torque on a coil

force on sides PQ) and RS is

3] _ENBIE ..(13-13)a

| si sides PQ and RS. Fig:13. 12(b) shows the directions

1 from the top. The effect of this pair of forces is a
given by

..(13.13)b
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5 :'-"é*r.':[?i'},"- angular coil=N=100 turns

4 =200 cm=200x10-" m”.

equation, = NB/A cosl,
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1. The magnetic field ats
- Sohgn and an ima:: h |
hydrogen protons -
in the body. generatad.

Figure 13.13a).MRI Scanning process




Figure 13.13(c). Example of an MRI lmagg
- - - brain, showing gray matter (blue), whfrgh
|l (yellow), and cerebral spinal fluid {red).

eter is an instrument used for detection and

that a current carrying loop placed in a mag
‘A simplified version of a galvanometer
13"14. Most modem gd[‘u’ilﬂ{}mt[ﬂ'b are nf lhe: i




3.14 : (a) galvanometer- 13.14 (b) radial field

——




...(13.16)

is cles -'tﬁntg;alwnnmeter may be miade mo
le 0 large for a certain small value of current
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| Figure 13.18: voltmeter ¢
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- Figure 13.19 : AVO meter cireait

' and its range can he selected by a selector switcl
ir electrieal circuit to the galvanometer.




to be connected in seri
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Figure 13,22 : AVO meter.
| turned to resistance measut




'S the mttgmitd magnetic field in a
tu the current passing through the

| ""ulof a solenoid is given by B=n pol
a charged particle shot at right angles to the

rrent carrying coil is T = NIAB cos 8
: for an ammeter is
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Flgure 14.1: elettric motor is the heart of
domestic appliances such 4% vacuum cleaners,
washing machines, lectric trains, lifts, and

Cars etc,,




ﬂ:ui‘! 14.3(a): When the bar magnet. Is pu
towards the <oil, the pointer in the gal
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Magnetic lines
of force




fﬁrﬂr rock pl&ms meet, creating Fnct:on.

waves through the ground, creating an earthg
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Flgure 14.4(b): A vertical-motion selsmograph.

This seismograph operates on the same prin i
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will flow in such a direction 5o as o oppose th

reminds us that the induced current opp

moverment against repulsion
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movement against attraction
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mﬁi ! | Flgure 14.5: magnetic flux Ill'llti!ll

- Once we know the magnetic pol
| current can be easily d
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lthumh]. '
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W whenever a conductor is placed in a varying magnetic
it the conductor and this e.m, [ is called induced e.m.f;

agneltic field can be brought about in two ways, therefore

two types
f

etor is moveed in a siationary magnetic field in such a way that
ianges in magnitude. Then the e.m.f. induced in this way is
induced en.f. (as in a d.c. generator). It is so called

ed in the conductor which is in motion, '
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s Stationary and the magnetic field is moving or

nf. induced in this way mmﬂedsm@ >
tis 50 called because the e.m.f. is induced in




asing the area of the recta
ventinduces acurrent/asshown.

_ dmng work against the force Bl1l.
di -Fv—[BH}F thh‘

2 induced in the conductor. q
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"sa:'mil can be demonstraied by changmg
[ current fd c.) s ﬂuwmg in a :::rcull:

L
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inducmme.} 18 due to tha welt induced e, mf in
ciirrent. In order 1o find the expression for me
self-inductance consider a coil of N urmns  can
at in the coil changes then, the flux linking of th
ll S6l up a self-induced e.m.f. £in the coil given by;

E N éqi: -—{Ntb}
Ar

'S dll&'baﬁ turns of coil is proportional to currﬁij:ﬁ
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circuits
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directioy
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role in electronic, electrical, electromechanical, wircless.
the properties of inductance let us consider a coil of N turns,

ed emf is produced in a coil due to increasing current then its

ys opposite to the increasing current i.e.. direction nfselfm
that of the applied voltage. On the other hand when an emf is
e to decreasing current then its direction is always opposite”
current 1.e., direction of self-induced e.m.f. will hesmasﬁ

i
ge. Thus by increasing the self-induced emf, mcmm&#ﬂ K

meortant in del:enmnmg the value of mﬁmeaa
e of a coil depends upon the following factors, %




:'_ -by_-cml ﬁ passes thmugh or h__ (5
y both the coils A and B is called mutual|

m.f. induced in coil B is known as mutually
i e.m.f. in coil B persists so long as the curra




e 1
in the other coil. Fig14,10;

rent /; Mlows in the coil A, a flux

es, the flux linking the coil B also changes

he e.m.f. induced in coil B is termed as my
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E a ) and Eq (2) we have
N 1]

X gadnmd b}r one links the other. We say then that {a
coil has its own inductance but in ddd:tmn, here |




Figure 14.11: eddy current
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| “coil which are responsible for g
agﬁishnﬁmnlalatdesmandffp-
field and so the induced electromotive
: wmiarm the field sides CD and EF gre

and so the induced electromotive force is zopy
'- fcan be determined by finding the rate of &
the coil is rotating with angular velog

¢
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6 "L'_fulglewhtch the coil makes with the field B. If vy
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Figufe 14.14 : Basic electrical components of an
AC motor,
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¢ rotates in @ magnetic field by app
u% iuduﬂademf £ 18 produced. q.m
ﬁnﬁﬂ-aamuppnse the emf V' of batte

to back emf & plus the voltage drop acrosg e

V=E+IR

5_1&!‘:{@&5&5 the eddy currents and the resulting back El
motor n:achﬂs its maximum 1 ope rating 5pt:-:c| back emf

4 0 protect the coils frum bummg out. It 15 8
‘ wl'M_t_ level and switches back in when ﬁlﬂ
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il of electric motor rotates in a magnetic R

_potential difference V an induced emf & js

is produced in such a direction so as to oppose the e
known as back emf. : ¢ the emi

that the induced current will flow in such a direction
g the  cause  that produces it .
r is moved in a stationary magnetic field in such a way

or is stationary and the magnetic field mmﬁ\!ﬂg‘_ﬁ l
induced is called statically inducedemf.
e an electromotive force by changing the ¢

used to generate electricity. Generalor IS
anical energy into electrical e
vhich is used to transform ¢
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induced emf is statically induced emf is
(b} ac generator
(d) dynamo.

et is brought near a metallic ring as sh

o

flndueed current in the ring will be
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0 A in .03s, calculate (a) the mutual ing

d in coil B. :
(a.3.5x10”mH, b. 233V}










S as unpnnant components of A. C cu‘t:mts tamwﬁm

whlch present a high resistance to alternating current).
: '.‘P«r of A.C through resistors, capacitors and inductors.
pwledge to calculate the reactances of capacitors and

dance as vector summation of resistances and reactances,
asor diagrams and carry out calculations on circuits incl ding

reactive com;mnentb in series.

h to each other.
treatment of Maxwell's e
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< | « when absorbed by body “ﬂ%
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and mln.r LIC{ [m.a! r:ql.npmcnt
an their DC counterparts.

piour of resistance, inductance and capacitance in AC
ook into the many diverse uses of these circuit elemes
heary describing relation between accelerating
Imc bields was given by James Clerk Mnmﬂ
BiC théary. The theory predicts that accelerating electne

gietic waves, which propagate at the speed of I l

ation i fihthc form of a continuous oscillation, the frequmf:y




. opposite direction; the disection of current at .'mj instant

larity of the voltages. Fig. shows an alternating voltage
resistor R. In Fig the upper terminal of aliernating vui!agf
lower terminal negutive so that current flows in the circuit
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value of alternating voltage, Vi, is M
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n most of practical circuits, alternating voltage

Thus voltage may be passing through its zero
or it is yet to pass through its zero point in
’E&i&ge-and current have a phase difference,
W0 alternating quantities of the same frequengy s
they are said ta have a phase difference. Vi

: 1

between zero points is the angle of phase dlffﬂt&nmﬂl T
| degrees or radians. The quantity which passes

said to leading while the other is said to be lagging, §

ities have the same frequency, the phase difference
me. Phasor of waves can be ad

ded as vectors to pr

shown by waves in Figure. Thus in Figl5.1,
2810 point ‘0" and is rising in the positive

through its zero point *M® as shown in fig and is s
- Therefore, phase difference between voltage and cu

ok terence at other points P and N is PN (= 0

V = Vinsinwt (i)
I = In sin (t-¢) (i
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i iﬂidal vﬂltage wave V and mnuamdal
e out of phase such that the voltage is leading







pous values of voltage and current. Figl5.12 ¢
positive except at points L.M and N at which if drop,

ltage source is constantly delivering power to -
circuit. O The cirey




| =22020= 114
power P dlsmpated in the mmstorm

P=VI= zm:{l

mum value of an .alternatmg cutrem fm =

s for voltage and current is
& [ =T, sin(ax)

in(314r) & I=1555sin(314r)

1 h Pure Inductaneg

1S a two-terminal electrical cc
pin thmughmltconsists _
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i8¢ in L or C. Therefore, we come to the cnnclusm q
voltage produces true or active power whereas current o

1ge contributes to reactive power i.e.

! .ohlpx&mm in phase with voltage
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) "|fu|: the voltage across it.







offered by capacitance to ¢
ed the capacitive reactance Js} e

sistance and is. tht,rafnre

= VX













¢=(EZJ I(RIZ)=I"R [ .cus¢=g ,, : l 71 A




maﬂgle whu'se
~ This triangle




X, =2nf L=2nx50x31.8x10" =10Q

i = Z_:IRE-}-XE':_?"-HGI =12.20
I=ViZ
) - =220/12.2=18.03A
""."Z".:I.-—x,_ Jﬂ-mf?




2 ; ifl
; the phasor AB.
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| or voltage and current are:
V=V sinwr ; 1, sin(@t + @)

(Pr=AV)(1)




Phaseangle, & =tan’ 1.33=5
[ =Ix\2 = I,=2x2=2.828A
" 0=2rf=2rx50=314rads"’
)

quation for current is [ =2.828sin (3141+53")
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5 are very useful for us, which inclu
sitive reactance, In this section, we

4 resistor (R), an inductor (L), and a G
ed 4 series RLC circuit. The simplest and mos
yze is the series LRC circuit, illustrated in Fig
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Flgure 15.25(a); Maximum power Is transferrad
source to a load when the load resis

Internal resistance of tha source, _."
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s that a c:bangmg magnetic field gives rise to an. elmﬁﬂlﬁ-
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gw& o changmg Spctdic and magnéuc' fields. ’Hm
 the form of an alectromagnenc WaVe.







t was emitied. The study of the Tight emiytest

i . .
mﬁanen, which has wavelength stonger ﬂmﬁ, visible
it | mm), is commonly emitted by atoms or molecules when
ional or vibrational motion. Infrared radiation is an
transfer and is sometimes called heat radiation. The
1 you place your hand near a glowing light bulb is primarily
d radiation emitted from the bulb.
omagnetic radiation (called "thermal radiation:") because of
jects of temperatures ranges from , 3 K 10 3000 K emit their
al radiation in the infrared region of the spectrum,
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ric ozone, which has been depleted in recent years a
ions with fluorocarbons released from aerosol sprays,
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Physics of Solids.....]

ag this chapter the students will be able to:
‘between the structure of crystalline, glassy, Eﬂ‘lorphom

s the deformation can be tensile or compressive. J
‘behaviour of springs in terms of load-extension, Hooke'sla i |




e e supi ors

o m and extremely well. Tr&n:pm'l ve!ﬁmw
as trains can be made to “float”™ on
it p(asﬂibh‘r 10 | sirong  superconducting  magnets,
virtually eliminating friction between the
seties for use in | train and its tracks, It can attain an
incredible speed of 361 mph (581 kph),
ﬂl"ll;ums or clusters of | On the other hand conventional
y close proximity. The electromagnets waste much of the
s of a solid and its electrical energy as heat.

nlmr:ly related to the
megement of atoms within

angement of atoms is
adic. The concepts of
it cell help us in
alomic arrangement

 structures - are analyzed
fraction technique : .

Llll: and extensively emplﬂyed by Bragg. The real crystals

different kinds. The study of crystal geomelry helps us. m

: hr.imvmr of solids in their mechanical,

d optica The :mpnrfumans in tul W can.
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nallad as  grains
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(IndTereusly Ariemiod Crystal)

Figure 16.2; crystal grains

M—crysta]lme} solid is composed of randomly orientated
or molecules that do not form defined patterns or lattice
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cooled liquid or amorphoy
amorphous solid form by ra
. e IIH Eml’lﬂsnf el

glass and plastics are very useful maﬂrinls‘-w&
struction, house ware, laboratory ware, etc, T
tm; of the best materials for converting sunlight jgty

| rubber is used in making tyres, shoes soles ete. -
1= Thereft

angement in two dimensions in cases of the three classesof merely
geometi
The sp
skeleton
crystal
by placi




ia.lmt call
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Reciangular lasiice s # b ¥ = 907)

(ajtwo dimensional attice points with each
having an identical environment.







urmmg force is
ns of stress and
jon is expressed in
n. For elastic solids,

In crystalline solid, the properties like elec
conductance, refractive index, thermal e

Amisotropy and the substances with this

are called Anisotropic. A crystalline solid
is (} ar or | clean surface after cleavage with knife ra
(8) and Bulk | thananirregularbreakage.

Young mod ?ﬂ’:ﬁﬁ‘ i

f¥(Pa) _' I ,: et
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i defined as the ratio of tangential dtfmmmgfmlﬁ'lp -3
g sheared, i.e.

Shear stress = £ A1)
A

i is the ratio of displacement of the sheared face Ax and the fixed

_ displacement of Sheared face
displacement of fixed face

«(2)

¥
bed in terms of angle 6, which s called as angle of shear. Hence
ar (164) '







r' a
ake different forms in the situations shown in the Fig, (

nations the stress and strain are proportional to each other.
: " :Iaw-

| MS k %(strain) .(16.10)

oportionality constant and is knnwn as modulus of elasticity.
an empmcal law and is found to be valid for most materials.

are some materials which do not exhibits this linear relationship

S-STRAIN CURVE I

. stress and strain are usually measured using a machine that
erial at a fixed linear rate and records the stress. :
is gradually increased in steps and the change in length is
are then plotted on a graph .A typical graph for a metal is
The stress-strain curves vary from material to material, These |
0 understand how a given material deforms with increasing loads.
¢ can see tha: in the region betwaen D o A, 1he curve ﬁlmm.



Plastic
Deformation

e points C and D are close, the
> material is said to be ductile.




=riment 10 measure Young's modulus, 4 |
2.4m long, of cross section 16em® was found
‘un-stretched length. What is (a) the stress?
ng’'s modulus for the steel of which the wire is composed?

ua wire = x =.30cm = 3x10m
ion of wire =A=.16em’ = 1.6 x10°m?

=t 00 0N
_ X m"

g B4 qj . o
Ymmg's.h’[uduiuﬂ- Y= Eﬂ'ﬁ = ——ﬂ—— =2.48x10"Nm=

Strain  1.25%10°

cal properties of solids l
l | properties of a material are those propertics that involve a

0 applied load. The mechanical properties of metals determine the
s8 of a material and establish the service life that can be

al properties are also used to help classify and identify

05t common properties considered are strength, ductility,

ice, and fracture toughness. __

eneral ability of a material to withstand an applied force.
ness is a measure of how easily a material can be
Ve a low resistance to impact. Well known hard m
high carbon steels.




; 1’ a material can be worked. Goad e
jum, wrought iron, low cﬂrbun steels &m_i

- before the cnmponent frac:ureq Dl.ll‘..ll.ll'.tjf
measure to assess the level of mpuntm 3
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Figure 16.11: stretched wire curve

the wire duning siretching = (average force) x (extension)
~=area of shaded strip -(16.11)

WS ﬂm F'is not constant during the extension. However,
10 be drawn quite wide for clarity, we can imagmﬂ
wish, and the thinner it is, the smaller the ch __.'"fﬁ._mgﬁ';.r"
ndingly small extension.
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Figure 16.12 (a) : Energy band structure for an
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tremendous :
. made in | rigure 16.13: A graph of resistivity e
: temperature for a superconductor show:
a sharp transition to zero at the critic
temperature Te. ;=
High temperature s
verifiable Tc




" a magnetic substance (where mag]
aving a north pole and a south pole of
etised substance, the molecular magn
, shown in Fig. 16.14 (a). The north pole
ncels fhe':' effect nf the south pule of the of







into three categories wiz. |
tic. The behaviour of these thre

| ~ external magnetic field.

-« the orbital and spin axis of the electrons in an
ﬁalﬁ support each other and the atom behaves mﬂ ny
are called paramagnetic materials. |
substance (e.g2. aluminium, antimony ete.) is plaeeﬂ‘w
substance is weakly magnetized in the direction of the apphied ‘
: Pﬂaﬂ&ﬂgﬂetlt, substance is weakly attracted by a strong magaee |':

ﬁljhstanc:b are called diamagnetic malgnah
s substance (¢.g. copper, zinc, bismuth ete.) i

substance is weakly magnetized in a direction appﬂmwm
field, Therefore, a diamagnetic substance is weakly
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8.16: (a) & plece of ferromagnetic material which is not
L C uﬂme the domain poles are not aligned; (b} the domain
v ”f g with an external magnetising force (H]. -

g
. |

ymagnetic substance (c.g. iron, nickel, cobalt etc.) is placed m a
el substance is strongly magnetised in the direction of the apphed
ffote, ferromagnetic material is strongly attracted by a magnet. The

an pammagncmm are weak forms of magnetism. However,
bstances exhibit very strong magnetic effects.

IYSTERESIS i

ent is passed through a coil of wire, the coil acts like a bar
le at one end and a south pole at the other. In other words,
gnet. If a bar of soft iron is placed inside the coil. the
gnet | muchmmased.'mmmbecauwmcmdﬂ- |
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' of magnﬂtiﬂucn. B a[wa}’s !ags behind - H 50 thag th;-
- forms a closed loop, called hysteresis loop. : :

s loop, a number of magnetic properties of a material are

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

mmetism or Residual Flux - the magnetic flux density that

Is the opposition that a ferromagnetic material shows to the
nt of a magnetic field. Reluctance is analogous to the

a mgnzuc materials such as iron or silicon
magnetic hysteresis loops resulung in very small amounts
ing them ideal for use in relays, solenoids and
! -ﬁew;ﬂ 'm.gneusadandde-magneused

: overcome this residual magnnusm. wmi
resis loop “?r‘“h the ghergy b |






..: ine) Solid is composed of mn&ﬁmlrmi

u:-'ﬂ;vm{ is called unir cell.

onstant and it is called elastic modulus
external force F 10 the area of cross-section







qmunns is followed by four m

= x.-.r.'r- -

l‘imgth?
modulus (b). Bulk modulus
) '_:'i.‘.r'f el'asﬁt:i:ty (d] none of the above

(b) Nickle
(d) Nope of these

(b) decrease

the same (d) doubled

¢ is a point where

Changes 10 paramagnetism

n changes to diamagnetism

changes to paramagnetism
Bhﬁﬂgﬁm fmemagmusm



d Modulus of Elasticity. =
nce in the length of a 20 meter steel girder

s

8 nwd in concrete beams to prevent crath:tng,
forcing should be placed in a concrete h-e:anx?

by the elastic limit of a material.

) be thicker than the upper part? Given reasons fo
elerence to the tensile and compressive str&ugth.
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el rod 0.50m long and lem in radius is subjected to 4 ten ,F‘ﬁ

-
|

it ame mt does the rod stretch?
{{a} 031 x 10 Nm? (b) 1.6 x 10 {c}nsx :n*m)

metched length of 12m and it stretches by 1.2x10%m
ﬂ'Nm lsapphad Whatmthastmm : per uni







lectronics

chapter the students will be able to:
n intrinsic and extrinsic semiconductors,
en P & N type substances.
cept of holes and electrons in semiconductors.
trons and holes flow across a junction,

[junction and discuss its forward and reverse biasing,
ation and describe the use of diodes for half and full wav

€quation and apply it to solve problems on transistors.
e of transistors as a switch and an amplifier.

-







fa)
-

letely occupy the valence band leaving the conduction
35 in the valence band are full, electrons cannot be
tmna in the valence band do not possess enﬂugh
ction band. Therefore, an externally applied electric




the cnnductmn band, an amplj' stul:

= s in the conduction band and the e
o ter ver vacant levels, within the resp
applied, current flows in the crystal at
define intrinsic semicons T
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Figure 17.14: (a) N-P-N transistor 3
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amplifier. The energy required for amplificatior
¥ % most of the cases. CE mode is preferred hem’m
high and power gain is the highest.
Junction is forward biased therefore input resistance is
the collector junction is reverse biased therefore output
current is transferred from low-to-high resistance circuit.
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A GPS satellite is a satellite used by the NAVS
Global Positioning System (GPS) (Nay
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Positioning System (GPS) is a space-based sal
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£t us begin by reviewing a few fundamental facts that are
y familiar. The nucleus is made up neutrons and protons, two.
h are about 1840 times more massive than electrons. m;rm
ively as nucleons Fig 20.1(a). i

| number of nucleons A |
ger closest o 1ts mass
p¢ the number of

number 11 and mus.«:l

‘contains 11 protons and .
NUCLEUS  ELECTRONS

vﬁ?}r hght Im_cteus:' 3 Figupe 20.1(a): atomic nucleus
nuclens U™, which
tains 92 protons and 143 neutrons. The mass of the nucleus is
the mass of the ator; in kilograms it is the atomic weight




of the isotopes .U and a small py
s of atoms are uranium atoms,

e, U™ . Others examples are C'; ¢%; c"; and 7
. lI-P‘..,,lll*ﬂmzl H* are three isotopes of hydmgenq;_







o f& mass m of the ion.
, 1ans of different masses
~will strike the photographic
‘plate at different places, so,
. I*Mum. different isotopes

‘can be separated from one
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inss Spectrometry
e Drug Discovsry

_‘ N -> anlear Masses I

It is known that a kilogram- mole of any element should
adro _s numher of atoms: 6. {32%{10"’ dmrnt:f I-:g mole. Thus the mass

-and nuclear masses are expressed in term of unified (U]
lified mass scale is a scale based on assigning a massexmlh'lg-
of €. On this scale one, mass unit, called an Wﬁ

W ¥ of the mass of the carbon atom ,C'2. All other

hﬂ’ﬁ“ﬂitb’! Comparison. The relation of & ,,n;




1u=(1.660 Mﬁw,{;&;tmw
C =149x107)
Sineg leV =160x10"j
1.49x107"

108 1“=W eV=931x10"V

Tu=931x10°eV =931 MeV

el ectron, proton and neutron on u —scale are
m, =9.109x10" kg=5485x10"*u=0.51 MeV
m, =1.673x107" kg = 1.007u=937 MeV
m, =1.675x10 kg =1.008u=938 MeV

ass defect and binding energy '

Why should a large unstable nucleus release energy when it
oactive change takes place? The potential energy of a system
position of the particles in the system, relative to each other. A
| is one in which the potential energy of the system is at its lowest.
le system becomes more stable, it changes to a state of lower
;:u:r.btnnsand theneutronsi:aanuclem amh:ldtogaﬂ'ﬂ'bya
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.;m*sesqm-usua]ty ﬂ;praf;a&d in alomic mass unit (u).
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binding energy £, (in MeV) = 931 x Am

hmdmg energy per nucleon = %’L

(Packing fraction)

of protons in the nucleus,
1
A = The number of neutrons and protons,

S0 A—Z is the number of neutrons in nucleus.

5l nucleus is 234993330 The mass of a proton = 1.00728'
cutron = 1.00867u. Calculate the binding energy per nucleons of a.




~ Whena o U™ nucleus undergoes fission, the WO fragmen;
each comprise about half the number of nucleons. Therefors the
per nucleon increases from about 7.5 MeV per nucleon foy
about 8.8 MeV per nucleon for the fragments.

~ Thus the binding energy per nucleon increases by about | MeV for every
" nucleon which-means that the enerey released from the fission of a single
¥ fissionable- nucleus is about 200 MeV. The mass of a U nucleus is

~ about 4x10°kg.

‘ mtﬁq{y wais discovered
g L ._ in Paris by Henry Becquerel
when he was conducting research
effects of x-rays on uranium
He had discovered that
substances  exposed o
ow and continved to glow when
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that the radiation passes through g
ed with energy to make it emit radiations and was therefore emittir
Achive :F_'.' i :
C ed his research on X —rays and passed the investigation of radio
/his research student. Marie Curie. Within two years, Marie curie and
pand Pierre had discovered other substances which are radioactive, .
bg two new elements, radium and polonium. Becquerel and the curies were |
i the :]b'pﬁzc in physics for their discoveries 1903.
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~life of a radioactive isotope is the time taken for half the number
of the isotope to disintegrate., Suppose 10000 atoms of a certain
1sotope “X" are present initially. The number of atoms decreases.
~ From 10000 to 5000 after first half life, then
~ Frgm 5000 to 2500 second a further halflife, then

i Frqn:l 2500 to 1250 third a further half life, etc.
' of the

1.5::{::-;;:.




n equation 20.7 the decay rate is

. -ﬁﬂ vy ++(20,8)
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leraction of «— particles with matter .
b |

ticle travels & small distance in a medium before coming 1o
distance is called the runge of the particle. As the particle
ough 4 solid, liquid or gas, it loses energy due to excitation and

of atoms and molecules in the mater, The mmm{m may dne
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ility is about 100 times less than
A & w"jﬁ range is about 100 times more thay
cles are more easily deflected by collisions thag

'ﬂma the path of - particles in matter is nntm
we :._magglmg or scattering. The range of f—particles is
the effective depth of penetration into the medium not by
erratic path. 1f the density of the material is more through f
icle moves, the shorter will be its range. o and - particles

m:gy as X -rays photons when they are slow down by the

eld of the charged particles in a solid material.

of gamma rays with matter I

Photons of y-rays. being uncharged, cause very liitle

fﬂim,:ms are removed from a beam by either scattering of

m:mdium They interact with matter in three distinct
& matinly on their energy.

s (less than about 0.5 MeV), the dominant process

s from ahcarn is the photoelectric cﬁ%ct.




rope Y of absorbing radignt energy of ﬁ;g]; 1
J of low frequency in the visible région of elec

‘neutrons with matter I

g neutral particles, are extremely penetrating pamchs To
slowed, a neutron must undergo a direct collision mth a
me other particles that has mass comparable to lht of
ials such as water or plastic, which contain more Iow ma#a
t volume are used to stop neutrons. Neutrons prodi :
ization when they interact with materials containin ;
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possible to change the structure of nuclei by bombarding them
icles. Such collisions, which change the identity or pmpenﬁsm
are called nuclear reactions.

anucleus “X” is bombarded with some light pamclu

: ldae, the product nucleus “¥” and a light pmnc!c “B” 1
9€ represented by the equation.

X+n——=¥Y+b
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Q=-0.001281x931
Q=-1.192 MeV

w'mg the fact that the emission of a [ particle increases the
) ""..':nue Fermi and hiv. co- '.t.urkl.rr.{lgm} attcmptedmmuchmﬁn




'-alculatmn 15 given below
.1 . lfllhll Mmasses
Ba" =140.9139 4
At = 91.8973y
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of neutrons wﬂl increase rapldl}r Thus, n chs ‘
7(b). The fission would pmduce at an ever -

"_' th"e Whnle of U wnu]d be transfnrmn& vith

1f thf: ch:;un reaction is to start, it 18 necessar]f ﬂﬁt !;bﬁ
. be greater than some minimum mass called the cnhml-




.-ﬁssmn chain reaction is a o controlled ope.
for any of the several purposes | mm
mmmdlmm topes, etc. Tha ﬁ,rstreamr

dnwu the neutrons to thermal energies, so that they
clei. When a thermal neutron strikes a uranium atom,

which results in the splitting of the uranium atom and

ﬁst Jmi:tmns These fast neutrons strike the materials and
ed collision with the nuclei of the material and get

se thermalized neutrons strike another piece of uranium and

I'B;us a chain reaction is set up. Whenever this chain reaction

01! mﬂ which is a strong absorber of neutrons is inserted

ainer so that the nentrons are absorbed and the rate of reaction

0.8) shows the schematic diagram of a nuclear reactor.
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num 13 used, pIutumum s producad in thﬁ nncleur
i md&ffemnt aluminium cans in cylmdncalmds 4

e chain reaction, once started, can liberate an enormous amount of
_nut nf hand and this can even blow up the macmr-'l‘a'amiﬂ

LT ' rodscaube inserted into urdrawnnut efthe maﬂtnrﬁwiml
1l that absorbs neutrons, e. g. cadmium, boron. nrhntn;un
"mdsare:used Ifrhe.serndsamdrawn out, tbaammtyﬁf'
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reactor, the water is prevented from boiling, bmngw
L water is used to hoil another cireuit of water whwﬁ
rotation of electricity generators,

ctor are designed to make use of U™ which is abaut
uranium. Each ., U** nucleus absor bed a fast neutron atﬂ
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B},’ fast peutrons, hencc‘ moderator is nul-lm;ﬂﬁd-,ii

§ "hﬁ? a blanket of U"'“ Neutrons that escape fromﬂl{
h the blanket pmducmg l;h:re by “Pm Thus more
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fusion power plant have not get been dwelopad,a sreat

, unde: way to harness the energy from fusion reactions :irrﬂm

¢ exothermic reaction in stars, including our own sun = ~ and

“nearly all of the energy in the universe — is the fusion of

) helium nucleus. This can take place under stellar conditions

uf processes. In one of them, the proton —proton cycle,

srotons result in the formation of heavier nuclei whose

| hﬁhum nuclei. The other, the carbon cycle, in a series of

sn nuclei absorbed a succession of protons until they
pha particles to become carbon nuclel once more.
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ad un The atmosphere acts as a shiéid to abmbsmrﬁ "
1l as ultraviolet rays. In recent past, the depletion of ozone
yhere has been df:tccied which paﬂiculm'ly fill&r Ulh'a".i'lu?&

} higher from radon inside than outside. A good ventilation
mmdc the building. AII twes of fmﬂ also contain a little
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Fig 20. 10 :the Co™ source of y-radiation is
rotated around the patient.

s 1thym[d is treated with /""" radioisotope. Some
dioisotopes are planted close to the ummr and can h
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