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LONG ANSWER TYPE QUESTIONS

1. State and prove Gauss theorem in electrostatics.
[ANU 19, 18; AdNU 17; AU 18, 17; BRAU 18, 17; KU 18;
RU 18; SKU 17; SVU 18; VSU 18; YVU 18, 17]

. (1Y,
A, Statement : The total normal electric flux (¢,) over a closed surface is [—e—} times
0

the total charge ¢ enclosed within the surface.

Mathematically, ¢E =(§E . d?:(jEdS cos O = [GL) q

where €, is the permittivity of the free space.

Proof : i) When the charge is within the surface :
1) Consider a closed d
surface of irregular Direction of normal —:{—-9

2) L(lfrt:‘;;sidcr a small ele- l \\\\s@
ment of the surface of \\\\\

area ds at point p at a
distance 7.

*,

_b -
3) The normal to the surface ds is represented by a vector d s which makes an

angle 6 with the direction of electric intensity E along op.
- -
4) The electric flux through the area dsisd g = E-ds=Edscos® — (N

. 7 —
where 6 is angle between £ and d s .

. oaw . @ L
5) From coulombs law, the electric intensity at Pduetogis E= e 7 - (2)
0

g dscos®

6) Putting (2) in (1), we get d b = 4n€0 7

But %959 ¢ ihe solid angle do subtended by dsat ‘0",

P

Hence d§, = P —q€ - do .
MEy

—
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7} The total flux (¢;) over a closed surface 15 Py :

ekl '¢d’mf4g xdm " (jdm:4ﬂl I\

dne, mEy \

P

" ¢f:i

€y
Hence Gauss law is proved.
Y When the charge is outside the su

rface

1) Let a point charge +¢ be
placed at O outside the
closed surface as shown
in figure.

2) Now a cone of solid angle
do fram O cuts the sur-
face area ds,, ds,, dsy, ds,
at P, Q,Rand S respectively.

2) The electric flux at P through ds, = (ﬁz— 0
=0

The electric flux at Q through ds, = [%q—}dm
ne,

The electric flux at R through ds, = (4;[1- [0
ne,

The electric flux at .S through ds, = [iq—]dm
4ne,

[ " electrix flux for outward normal is positive, and inward normal is negative]

4) .. Total electric flux = el do + il dm — - do + . dw =0

4n
5 €y 4ne, 4ne, 4ne,
) Therefore total electric flux over the v B0e i
vhole surface is 2
, ' : S Zero w nvern fo
outside the surface. © when the charge is

’2, Derive an expression for the electric field due 1o unifor
ing sphere.  [AdNU 17; AU 18, 17; RU 18, 17;

A. Case (1) : Electric field at a
point outside a charged :
sphere : CTTT

. nly charged Non-conduct-
KU 1g; sSvu 17; YVU 17)

il ~ £
1) Consider a sphere A4 of radius R ' . - -—(’f‘f'm
' > ; = Uy
with centre ‘'O ° as shown in o pTe
figure. R Al T

2) Lel a charge ¢ be uniformly dis-
tributed over it.

+(’

3

— (J'tu.'.\-u;n..f
3
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3)  Let 2 be an external point at a distance » from the centre of a charged sphere.
4) l_‘cl the eleetric field at P be £. Draw an imaginary sphere of radius 7.
S)  The pomt £ hes on this Gaussian Surface.

) ¥ "
6) According to Gauss's law,(fE vdy st ;::s(_fE ds cos 0 = x4
= €

= Edds=-L  [0=0]

€y
:\E-ﬂnr::g; [‘.'(ﬁds:A-—“flm‘z] E=Iﬂ—‘éu?N/C

Case (i) : Electric field at a point on the surface : If the point P lies

4 N/C
nEy R

on the sphere, then 7 = R. Hence field intensity E= 4

Case (iii) : Electric field at a point inside the charged sphere :

1) Let E be electric field intensity at
P'which is inside the charged
sphere at a distance r' from centre
& O ]

Draw the Gassian Surface with ra-

2)
dius ' is shown in figure.
1
1) According to Gass’s law (iE cds=4-
s €g

Gaussian surface

Charge enclosed with in the gaussian
surface is given by g' = volume enclosed by it x charge per unit volume.

3
ql = *3— nrl xp
Byt p— JotBicheree _ 9
up=""yolume 4 .3
— R
3
) _ 4 I'I 3q

"t:"{}cJ

3

. 21 (r
From Gauss law Ednr )=—4 (H}
t‘n

|
) | gr
E = 4 .
4ne, K
3 Define electric potential. Derive an expression for the potential due to 2 charged

[ANU 18]

spherical conduclor.

B



(11 B.Sc. PHYSICS SEM 4 - P4 a ELECTHOST“T'E

=

Derve an expression for the electric
conductor at a point
a) Outside the sphere  b) on the surface and

Definition of Electric potential : The wor :
from nfinite to that point in an electric ficld is called electric pot
Case (1) - When point P lies outside the shell :

1)

3)

4)
5)

6)

7)
¥)

9)

10) From figure, x

11) Writing (

or
potential due to a uniformly charged spherical

¢) inside the sphere
[ANU 17; AdNU 18; BRAU 18, 17; RU 18; VSU 17]

kdone by a unit positive test charge
ential.

Consider a charged spheri-
cal shell of radius R with
centre ‘O °. Let o be the
surface charge density.

Let the total charge g 1s
distributed uniformly on the

surface of sphere.
Draw two planes AB and

CD very close to each
other, perpendicular to OP.
Now ABCD is a ring.

Let CP=x, ZCOP =0 and ZAOC =db

Thickness of the ring, AC=Rd0 [ from LAOC]
Radius of the ring, CE=Rsin 0 [ "." from ZOEC]
Circumference of the ring = g_n x CE=2nRsin 6

Area of the ring = 2nR sin 0 x Rd 0 [ *." A = circumference x thickness]

= 2nR* sin O dO
Charge on the ring (dg) =2nR’sin®d 0 x o [ " Area of ring x Surface density]
_ 4. . dgg=2mRsin0dox-1,=95n0d0
Ba=em i W i R~ 2
The potential at p due to the charge on the ring at a distance x is dV = 2 L dg
nE, X

(Every point of the narrow ring ABCD is the same distance x from the point P)

' (
qy=258940 _, 5

Bne X
2R+ ¢ -2Rrcos0;
On diffferentiating, 2xdx = 2Rr sin 0 do

sin0do= ‘l:’!r‘ - (2)
gxdx_____qdx

“ ¢ have dV =~ =
2)in (1), we have BnegRry  8me Rr =)

e ——————
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v r R re R

) qlx .
~ Potennial due to whole spherical shell, V' = J‘ dV= I @mjg_ Rr 8me Rr [r]’ -k
r=N r-
L ¢
_ R—r+Rl=—3L—x2R Jo s
\mnh‘ L ha 8ne Rr : dne, r

Case (ii) : When P lies on the surface :

In this case. rr = R.

. Potential atthe surface V= A
dne, R

Case (iii) : When P lies inside the shell :
1) In this case. the limits of integration becomes x =R — rand x = R + 7.

R+r R+»r
, dx q _ .
2) Hence V= 22 dx= R+r—R+r
v e !‘,_ 8negRr 8me Rr R:[ 8ne, Rr[ ]
p=—a 91 4
8meRr 4ne, R

Thus the potential at an internal point is the same as that on the surface.

Derive an expression for the potential due to a dipole. .
When two charges equal in magnitude but opposite in P
sign are separated by a small distance the system is
called an electric dipole.

Let us consider two electric charges +¢ and — g,
which are separated by a distance 2a as shown in the fig.
These two electric charges form a dipole. The dipole
moment of this dipole is 2aq. p 95

To determine the potential at a point P at a distance r -9 ™. ?’ @ +q
from the centre O of the dipole, let us join the points 4 Mg
and B with P. Join P with the centre of the dipole O and =
extend the line. Draw perpendiculars AM and BU. P makes an angle 0 with the
dipole.
Now potential at P due to charge + g at B

T (.i -1 (g |
41[60 BP 47te0 NP

Potential at P due to charge — ¢ at 4

V, =- b ( {[]_g__ =
471(_" A[ 471(: Mp

. Resultant potential at P is given by

4 q

1
V=Vy-V,
! NP MP

o 4Tteu 2> ()
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Lrom right angled wangle AMO,
OM =40 ¢cos 0 =g cos 0

MP=MO+O0P=a¢o80 +r=)+qcos0

Fromnightangled angle ONB
ON=0Bcos 0 =qcos0 |
NP=0OP -ON= (@ - acos 0) ‘

substituting these values in equation (1) we get, ‘
i = 1 SN .
dne | r—acos® r+cos0
_q [r+acos®-r+acosf] g 2a cos 0 }
dne, r* —a’ cos § 4ne, " - cos O
Pcos 0 ;
SN i i " 2a¢q = p = dipole moment)
4ne, (1 —a cos™ @) ( FotE

3 2 ; ) . . 2
AS>>a, a cos” 0 term may be neglected in comparison with »~.

Hence |V = 4 _cos-?
dneg”

SHORT ANSWER TYPE QUESTIONS

1. Derive an expression for electric field due 1o infinite sheet of charge.
[ANU 19, 17; AdNU 18; SVU 18; VSU 17; YVU 18]
A. 1) Consider a portion of thin, non

conducting, infinite sheet of
charge. Let o be the surface
charge density i.e., charge per
unit area.

2) Let P, and P, are two symmetri-
cal points on either side of a thin
plate at a distance ‘.

3) Imagine cylindrical Gaussion

Surface with area of crossection

A which is passing through P, and P,,

By symmetry £ is everywhere perpendicular to the pl

The contribution of electric flux due to curve

Lefi end |
cap

Right end cap

4)
5)

ane.
| | d surface of Gaussian cylinder is
zero because £ and dy are perpendicular to each other,

But end caps of Gaussian Surface contribute elect
parallel to each other. The total electric flux by th

€ end caps s given by 1
b = - ds +E - as

rie flux, because £ and dy are

s + JEds 1 0 - 0)
EA+ EA = 2FA
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7)  According to Gauss's law,
q’l = 284 = (')
)
S0 [
B
‘ Ztn

s is the expression for eleetrie field of a thin, non conducting, infinite sheet.

2. Laplam briefly equipotential surlace. [KU 18; SKU 18; SVU 17]
\ Equipotential surface : The locus of all points which have the same electric
potential 1s called equipotential surlace.

Explanation :

1) In case of uniform field. where the lines of forces are straight and parallel. the
equipotential surfaces are planes perpendicular to the lines of force as shown
in figure (a). As the potential difference between any two points on the
equipotential surface is zero. Hence no work is done intaking a charge from
one point to another point. |

I
1
T
1
1

)

;

¥

\x‘::

\
;\\séé.\\

AN

N \%

) e N e
dlemdlds i e s i <4

|

N RS [P e

.._-—a---l--|-—-|-—-_..

{a) (b)

2) ‘The equipotential surfaces are a family of concentric spheres for a sphere of
charae or a point charge as shown in figure (b).
3) The important points in case of equipotential surface are

1) The eleetrie lield along the equipotential surface 1s zero.

1) The electrie field is normal o the surface.

| i) The workdone i moving a charge on the equipotential surface is zero.
| iv) When the charge is in infimite, the equipotential surface s plane.
I

v) The cquipotennal surface act as wave-fronts in oplics.

3. What is Gaussion Surface. Obtain coulombs law from Gauss's law.
[ANU J16)
A  Gaussian Surface : Ihe surface with same electric intensity at every point 18
called Giaussian Surface
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Coulombs law from Gauss law ’

‘} (\un.\tdu an 15.0l.m.d point charge ¢ as shown i higure.
2) ONsiruct an imaginary surface. Let £ be electric inlensity at any point on
surface at a distance »* from g.

3 A corind i - ; = ( .
3)  According to Gauss's law QFE - d s = q . (ﬁEd.s' cos b = :EL [ 0=0]
€y 0

EQas =4 ey £
| ) ! BT e Lo
. = L R .
..\ {‘J
. . 4.
47{601-2 o "'T'"
Gaussian surface

5) If g, 1s the second charge
placed on the spherical surface, it experiences a force F' = Eq,

N 1 499,

-
dne, r
This is coulomb’s law, derived from Gauss’s law.

4. What do you mean by electric flux? Explain [SKU 17]

f
>

A. Electric flux (¢p) :

It is defined as the total number of electric lines of force A= 2

crossing the surface ina direction normal to the /_4_.‘ _ ,7 >
4 —_ ~

surface. . //’1'__)\

Explanation : = >

- 7 : ]

Now imagine an arbitrary closed suxjacc placed n o i g "

the field. Let the surface is divided into number ol

elementary squares. Each square of surface area ds. The scalar .

product £-ds is defined as the electric flux for the surface. The [ ds

1otal flux through the entire surface is given by .

A_,_.ﬂ E

o = (jZd? = (jEds cos 0

- = 4
tween !“f and ds

Where 0 is angle be
ken as positive, it the lines of force point outward and

For a closed surface ¢ is 12
it they point mward.

negalive
potential due o a pont charge.

Define potential and find

5. ‘ y |
Potentlal pefinition : It is the work done in moving a unit opailive change
v soint 1n the field. d

from infinity 1021
9



l_" B5.2C. r"'ﬁlgb;_?E_M ‘! « P4 ) ’J L 9 l - B ELECTHOSTAT'CSI
b F e I
) T — -o--‘ SRR TV ST o [
ty P”‘/ A I3
LT A

Consider a positive charge ¢ at *0°, due 10 which an electrie field is produced.

» ‘ \ - ’
Consider a point P at a distance » from Q. Let OF be r.

2 . ‘ q (] 4 1 2
Atsome other point A, the clectrostatic force on unit positive charge 1 41- —x Iy
| MEY

where 7 1s the unit charge along OF,

Atwork done against the electrosatic force in bringing the unit positive charge force
. o 4 is dw = —— q .
W e+ drpisdw = --___,'A.,-]“

lowal work done by the external force in bring the unit +ve charge from infinity lo a
point P on OP 1s obtained by integrating the above equation from a to r.

W =— _Jl_.?d,. . ': q
Sdmeyy | |dney|  Aney

This gives the potential at P due to point charge ¢

L
dmer
6. Derive an expression for the intensity of electric field to a point charge.
A.

Intensity of electric field (E) : It is defined as the force experienced by a um

positive charge placed at that point in an electric field. £= f— where ¢, is positive

4o
test charge.

Expression for the intensity due to a point charge : Let us consider

a point charge ¢ placed at O in vaccum. Around this charge electric field is
produced.

Consider a point P at a distance *»’ from 'O’ Let g, be the positive test charge.
According to coulomb’s law, force between two charges is given by

(g
I'. o= *]" - _!_!_Q - (l)
dne, 7
F__1 4
qo 4mey s
- b1 \ ¢ E‘
hmmmWoidwnwHddemHWmlP:t:Q'
]
L E=- 9
ane, 1
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ol = a) Charge at the centre of a cube = g

Sol -

cGiven E=2i+ 45+ 7k, §= 10/

| LECTROSTATICS
Il 8.Sc. PHYSICS SEMa.-pPa || 10 || . 1

PROBLEMS

. linked (a) with
: : C o ibe. what is the ux linke
11 point charge ¢ 18 placed at the centre of a cube, what 15
the cube 7 (b) wiath each face of the cube ?

1 P—
According to Gauss's law, the total lux = —— » Charge = e,
= -

1) Number ol taces by cube = 6

According to Gauss's law, the total flux due Lo six faces =7~ ¢
=0

L N ) {
. The Nux due 1 one face s = A

b6E,

a) How much eleetric Mlux will come out through a surface § = 10j keptin electro
slane held £=2i +4j + 7k ?

b) 11" 1 coulomb charge is placed at the centre of a cube of side 10 cm. Calculate the
flux coming out of any face of the cube.

a) . Eleetmie Qux ¢=ES=(2i +4j + 7k) - 10j
=40 units
pINetfluxo=L =1 [ g=10]
S &

‘The electric flux through each face of the cube
1 1 |

= x—=—=1884x 100N -m¥/C2.
6 ¢, 6g,

Ihe electric field in a region is radially outward and varies with distance ras

E = 2500 V/nr . Calculate the charge contained in a sphere of radius 0-2 m centred
at the ongin.

According to Gauss’s law, we have ¢ = Eg ;.. S = -

0
" _ 2
= = Eﬁ-lurtc‘SGH - Lsuﬁm_, 47U €y

But £, = 2501 =250 x 0.2 = 50 V/m’
)

| 2 ¢ e . )
. _ ———x (02 ) —

=222 % 10" ¢,

A charge of 4 = 107" ¢ is distributed uniformly on ), '
| em. It is covered by a concentric, hol)

11
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\eeording 1o Gaugs's law, ¢ - 4 - ks =¢=LScy =k dp e |
=y ) ) o . l
B gy gy A0 |
4“\:‘1} ' b (‘2 % l(l‘ 1)2 - £ :

*5. What s the eleetric potential

: at the surface of nucleus of gold 7 The radius o
nucleus 1s 6.6 x 1

m. The atomie number of pold s 79,

[KU J1g)
ol Given 7 = 79; ¢ = 79 « (6% 100" ¢ (o

L ¢ =ne)
\ F=00x 10" gy o . U9 % 10" ,)L(_?_()Ail_;c’;‘,lglll_’)
ine, 06 x 107"

\ S =17 510" volts,

| 6. A pomnt charge 1s placed at a point . The charge is 15 % 10" ¢. What 18 the
radius of equipotential surface having a potential of 30 v

Sol: Giventhat g =1.5x 1078 C . V= 30 volt

We know that I/ = L g

ane,

| o 1Sx 107" 9 % 10" % 115 % 107
3W=9.10° x—--s—%—lq——or ,:lﬁig_i%:):’ = l")L:«-I-S m.

" : . =4 : ; ;
7. A sperical oil drop, radius 10™* ¢m has on Its at a certain time, a total charge of 40

clecrons, Calculate the energy that would be required to place on addition electron
on drop. Charge on an electron = 1.6 x 107" ¢.

Sol - Charge on oil drop g =Ze =40 x 1-6 x 107" = 64 x 10" " c
_ =
Potenuial of the oil drop V' = o % Q_: 9 x 10" x _ﬁ‘ff_f_lQ_T =576 x 10" * volt
ane, r (10 " x 1079
. Energy required = V x Charge of an electron
=576 x 107* x 1.6 x 107" = 921.6 x 1072

*8. Atdistances of 5 cm and 10 cm from the surface. the potentials are 600 v and 420v.
Find the potential on its surface.

Sol = Letibe the radius of the sphere. Then V = x4 o (1)

dne, r
Given that V| = ;ﬂl-;; X m; =600 — (2)
and ¥, = 41':1;_,, =40 S )
Dividing equation (2) by equation (3), we get
O

12
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Dividing equation (1) by equation (2), we' b

——

0.2 005
Poor4005 3T
o0

= 1050 volt
| *9.

al s surlace. What is the radius of the Llrnp} 2
‘ qen o einele sphe
Charees and radius combime o form a single s

' surtace ol the new drop ?

rical

LU

Mol cGiventhat a0, ¢g=3x 107 "¢
: , | ¢
If Ihe potenuial of the sphere is given by 1= ane. I
1 - 0 _

300 = 9 x 10" % = i l.O = r=0:0054 m=054cm
. . 4 3 drome = S
) Valume ol the drop = 7 Volume of 2 drops = 3
! Let 7" be the radius of the new drop, then
| ' iA
: -;.v ::&m' orr' =27
{ ) A

- 10" ") x 10"
i Charge on new drop = *-&LT -4 57 : X x J_ 794 volts.
] 4ne 2" x 00054
! 10. Two spheres of radius 6 cm have charges 10" coulomb and — 3 x 10~ ¥
j Find the potential of the 2 spheres and

the distance between centres is 2 metre.
| Sol 2 Giventhat r=6cecm=6x 10" m

e : i 1 ¢

Potential of the sphere with charge 107 "¢ = -

dne, r
o 10" 3
=(9x 107 F—m*, =1-5x 10" volts
6% 107"

Potential of the sphere with charge - 3 x 10~ b

-8
1 (:{J=(0 x 10")(;62&_2 _

4n €g X 10-2

Potential at the mid point of line of centre

L_[107" 3x10°® l

—
13

1. 10 Me has po
. ks A AT a charee ol A~
A spherical drop of water carrying a charge TT—

potential at the mid point of the centres il

=45 % 10% yols

rential 01 300 voli,
drops ol the same
lrop. what 15 potential at the
k -

coulomb.

~ 180 Volts,
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11. A thin spheneal \'TL‘” of metal has a rads of 0:25 m and carries a ¢harge of 0-2
micro-coulomb.  Caleulate the electrie mtensity at a point (1) inside the shell. (i)
just outside the shell and On) 30 metre (rom the centre of the shell,

Sol - Gven that ¢ = 02 micro conlomb = 0:2 « 10 "¢

R=025m;r-10m
1) Electrie hield wtensity inside the thin shell
. 1 0
l'. = . = -_. — » i
s, [ " ¢ =0 mside thin shell]
n) Electrie field intensity just outside the shell
-~ l \ > '8 L
E=——L=9x 10°x L2219 588 x 10°N/C
ine, R (0-25)
m) Electric field intensity at 3-0 m from the centre of the shell
. 1 0-2 i
E= < IR oy
dne, (3)

12. A gold foil with surface density 160 mg/cm” kept on a charged, conducting surface
just rises as its weight is balanced by the electric force. Calculate the surface
charge density on the conducting surface.

=3 -3
Sol : Given that mass/area = 160 n'1g/f:m2 = Lo 2 I?; 1><1]0 kg =160 x 107 kg/m"_
(10 ")y m”
e,=8854x 10 2. g=98 m/s’
Force on conducting surface F = wt.per unitareabalancedbyelectricforce
o _mg. 9 _160x 10 %98
ZEU % 26-0
— o7 =160 % 107> x 98 x 2 x 8854 x 107"
o= 1666 x 107 e/m’.

13. A h8llow metallic sphere of 0-1 m radius is given a charge of 10 micro-coulomb. |
Calculate the potential on the surfice of the sphere. [KU J15]

Sol - Given that R=0-1 m= 10 "m; ¢ = 10 % 107 % =10""¢

. Potential on the surface of hollow metal sphere,
po g 107 1Y 2910’ V.
dne, 10

*14. Light charged drops of water, each of radius | mm and having a charge of 10° e,
combine 1o form a bigger drop. Determine the potential of bigger drop.

Sol - Given that radius of water drop # = | mm = 10 ‘ m

14
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LONG ANSWER TYPE QUESTIONS

Detine D, £ and P. LEstablish
Jation between dielectric const

I'C

The three eiectric vectors are 1) Electric intensit

3)
1)

D

- o
he relation between D, £ and P. Hence deducc i

bility.
ant and susceptid U 18, 17; KU 18, 17;

AU 18, 17; BRA
svu 18, 17; VSU 18; YVU 18, 17

[ANU 19, 17; AdNU 18, 17;
y 2) Dielectric polarisation

RU 17; SKU 17;

Electrne displacement.

Electricity intensity (E) :

The force experienced by a unit positive charge placed in a electric field is

called electric intensity at that point.

9 _
Ke,4

e, E=

2, Dielectric polarisation (P) :

It 15

The electric dipole moment per unit volume is called as dielectric pelarisation
is numerically equally to induced surface charge (¢') per unit area (4).

- _ &
je. P= y

1) Dielectric displacement (D) :

Charge per unit area is called dielectric displacement D. or It is defined as 2

vector quantity whose surface integral over any charge surface, the flux of D. is

CC

jual to the free charge only within the surface.

e, qDds=g=>D=4

Relation between D, E and P :

I) When a dielectric slab is placed between the plates of 3 parallel plate capacitor

the medium is polarised.

\
|

2) Now induced surface charges appear. The char
S ge is negative o |
n the surface

nearer the positive plate of the capacitor and positiy
¢ char en B
tive plate. B¢ nearer the nega

3) Let¢' be the induced surface charge.

4)

Now the charge ¢ on the plate of the capacitor ang induced surface charge ¢'

are related as
I

g 4 9. 5
Ke [,A E:r" €0 A

g _ 49 .9

e A Ked €

15
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9_ (9 NV [4) Los
A h"[]\' L“n-"‘] | {I ] ¥ {2)

| .
S)But —A— - g%~ pand p = ‘ﬁ

€pA A ‘

.« .
. ‘; = &y E+P

Hence D=, E+ P = (3)

This 1s the relation between . £ and P.

Relation between dielectric constant and susceptibility :

Ia 1 ( e .
1) We know that £ = —1 where K 1s dielectric constant

K eyA
{ . F:
G=Ke EoD=KeyE — (4) [‘.‘Dz%]
“D=eE [ e=Kgy
2) Putting the value of (4) in equation (3), we get
Ke,E=€,E+P

P=KeE—€;E=¢;(K-1)E
P=y E where y =€, (K- 1)= susceptibility

1=€y(K-1) =Kegy—gy=€—-g, D= +€

€5+
3) NowK:'E*z—o X K=I+J.L
€y =) €

This is the relation between diclectric constant and susceptibility.

State and prove boundary conditions at the dielectric surface. [ANU M16; AU 18]
The rules governing the behaviour of E and D at the boundary between two dielec-
trics are known as boundary conditions. There are 2 boundary conditions.
|) First boundary condition :

The normal component of electric_displacement D is the same or continuous
across the charge free boundary between two dielectrics.
Explanation :
1) Let A" B' be the surface (boundary) separating two media of absolute permi-

tivities €, and €,.

2) Imagine a small pill box (small cylinder) 4' B’ having their surfaces 4" and
B’ parallel to AB. ve.. A, B' are very close to the boundary.

3) If D, and D, are the dielectric displacements in the two media, their normal
components 10 the surface are D, cos 8, and D, cos 8,. where 0,, 8, are the
angles which the displacement vectors make with the normal to the surface in

the two media.

16
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1 q. 4 !
i | - j («f ) K e, I |
‘ Y |
| U A D’ 7y (- | I N ) |
| = e !\| = .'!l \ I"H
| | | |
' Ihe capacttance of the capacitor is given by 4l
‘ (= n.“', - € f}'"' |
! I P T i o s C= =—T*=“T |
l v _'L,f/.;flh-"n L(f-.’ll——',)] (/—fl—}_ ‘
i Zod \ { A K ' . J
f W hen the diclectric is completely filled. then £ = d. In this case, the capacitance s
l mven by
" <y IN ‘E_ll*'{g
CﬂK’d-K(f+tf_ d

| SHORT ANSWER TYPE QUESTIONS
i 1. Fxplain the effect of electric field on non-polar and polar dielectrics.
' . Non-Polar dielectric in Electric field : The dielectrics which are polarised
| only when they are placed in an electric field are called non-polar diclectrics.
! When a non-polar dielecric slab is placed in electric field, the centre of a
| positive charge is pulled towards the negative plate of the condenser and vice
i versa. Thus. the net effect of the applied field is to separate the positive charges
| from the negative charges. This effect 1s known as polarisation of diclectric.

| r— e o
| [|# - % %= H. o+ - + -] [+]- +][-
| | = 2« == % H - + - + |- +|| - + || -
-+ + + + +| - + - + |- +1l - 4+l

I+ S % =

s a =) ¥~ +|-

(s E
(a) I(b) 0 1) Ey,

e e e e i ————————

— —— -
|

When a non-polar dielectric is out of an external electric field the positive and
negative charges are arranged randomnly as shown in the fig (a).
When this non polar dielectric is placed in the electric field of intensity £
surface charges appear as shonw in fig (b). SR
The induced surface charges appear in such a way, as shown in fie (¢). that the
clecric field set up by them (£') opposes the exiernal electric I.D_‘]Li '.“m.t_ n
resultant field £ in dielectric is the vector sum ol £ ' and £, F — B “"T By The
Thus. if" the dielectric 1s placed in an electric field. “mducg(i” *t '
appear which tend to weaker the onginal field within the dielecire surlace charges
Polar dielectric in Electric field :
The diclectrics which have permanent dipole moments wip their ¢

lations as shown in the fig (a). andom orien-

T ——
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S ¥ DD,

m 3\{3 i) < ¥ PHED E
VED N D CE
> CPEPED,
2(a) 2(b)

In the presence ol an electrie field, the partial ahgnment of dipoles fakc;s place
i shown o the g 2(a). As the moledules are always 1n thermal agitation, the
Jhenment will never be perfect.
clectrie Nield. The dipole moment of a pol _ ’
P+ Powhere Pas the permanent dipole moment, and P; is the induced dipole

The ahignment 1INCreascs with the increase ol
ar molecule in an electric field will be

moment.
Deline polarisation and show that it is equal to the charge density. [BRAU 1&)
Dielectric polarisation : _ _ _ _
e electric dipole moment per unit volume is called as dielectric polarisation /
Charge density : Induced charge (¢') per unit area is called charge density. i.c.
. q'
charge density = 14—

Explanation :

1) Suppose a dielectric slab of arca
of cross-section 4 and length / is
placed in an electric tield as
shown 1n fig.

)) Let the induced charges on farces ABCD and EFGH be —¢q' and + ¢' respee-
tively. The dipole moment p will be ¢'L. As volume of the slab is A/, hence Lhc
electric dipole moment per unit volume i.e., dielectric polarisation P 1s giveil
by

-

p Y14
fi/ 1'1
1) Hence dielectric polarisation is numerically equal to the surface charge density

Deline dielectric constant and electric susceptibility.
[AdNU 18, 17; SKU 18; YVU 18]
Dielectric constant (K) :
The ratio of capacity of a capacitor with dielectric to capacity of a capacitoi
without dielectre 1s called dielectric constant,

, t
Le K = or in the other words K = — =~

Vo F
¢ Vo F

€
el!

Electric susceptibility (y) :
The rauo of polarisation vector (o the electric intensity in the dielectric is called
P ' o

Ilectrie susceptibility. re.. y i

T —

18
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Relation between A and x ¢

X = €y (K-1)
y=Key - gy
A= S
€ = x + €,
o €0 €o

Derive the relation between D, Eand P.
Relation between D, E and P :
1) When a dielectric slab is placed betw
the medium is polarised. Now induce
2) The charge is negative on the surface n
and positive charge nearer the negative plate.
Let ¢' be the induced surface charge. . N §
; Nov:] the charge ¢ on the plate of the capacitor and induced surface charge |

are related as

plates of a parallel plate capacii,

pear.
ylate of the capaci,

een the
d surface charges ap

carer the positive |

N Y

|
A=A (1)
Kegyd €4 €4
¢ __49 .4
g A Ked €4

1-e, [1?2.})4’ {%I] - ()

|
5) But —1—=g. L. _9
) Bu Ked E'A Pand D 1

: :14 =€, E+P
Hence D=e, E+P — (3)
This 1s the relation between D, £ and P,

PROBLEMS

2 i IS I ‘
values of £, D, P i air and dielectric, PHced between Plates. Calculate
"Sol : Given that A = 100 sq. em = () « 107 sq. m < 10°2
) TN TS m g - >
V=100 volts; t = (-5 ¢ < 0.5 » 02, Kl lT\., d=1¢m= 10 2 m
b =7

19
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Sol :

w

ol

*4.

- Given that K =4; E=10° V/m; €,=9 x 107" F/m

: Given that y =36 x 10 2N -m’

100
d 10

D=ey,E=89x10"x10"=84 x 10" o/m’

Polarsation P =0

In air : /- = 10" V/im

In dielectric :
Permittivity € =Ke,=7x (89 107" =623 x 10 "
D=89x10*c/m?

. D 89 *S
E=—=- 210 _ = 1429 V/m

€ 623x10° "
Polarisation P=D — €y = (89 x 10™*) - (8:9 x 107 '*)(1429)
=7-628 x 107" ¢/m’
The electric susceptibility of a medium is 948 x 10™ "', Calculate the permeability
(or absolute permeability) and relative permeability.
Given that y = 948 x 10"
The relative permeability p, =1+ =1+ (948 x 10" ")
Permeability of the medium p=p, p,
—[1+948x 107" x (4n x 107 ) = 4n x 107’
The dielectric constant of water is 78. Calculate its electrical permittivity.

Given that K =78 [ANU 2019]
c=Ke,=78x885x10""=690-3x 10" " F/m

The dielectric constant of medium is 4. Electric field in the dielectric is 10° V/m.

Calculate electric displacement and polarisation. Take €,=9 x 10”"* F/m
[ANU 18; VSU 18]

D=Ke,E=4x(9x10'%)x10°=36x 10" ° ¢/m’
P=(K-1) e, E=(@4-1)x9x 1077 x10°=27x10"*c/m’

The electric susceptibility of a material is 36 x 107 '* ¢/N—m’. Calculate the
value of dielectric constant and absolute permittivity of the material.

Take €,=9 x 10" "* F/m

€,=9 107" F/m
x 107"
! :H};HJIO‘”
X
=] +4=93

Dielectric constant K = | + -
=~

20
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T . - E/m
Nol D Gaven thay £=354x10 ", e,=885x10

Seal

+ Given that K = 1-000074; €, = 8.85 x 10~ 2 o2

cGventhat/=5mm=5x 10" K

- () ~
And pe 2 9

Mty of material ¢ = A€y =

45 10 ' 1/m.

12 ‘__ 2
15.4 x 1077 ¢ /N —-m-, Whal )

The electric Suseeptitnlity of a material 15 qty of the material ?
Values oF diclectyye constant and the permittiviy,

12
354« 10

3y

N Dicleciyie constamt A = | 4 f( =1+ .85 = 10) '

=
= l 4+ -I- = 5
12y .
1) The Permittivity is € = Ke, = (8:85 % 107 7) %3

=443 %107 ¢ /N=-nr,

. N a e < >1 S 1 A0
The diclectric constant of helium at 0°C and 1 Nmf)hphf-“c presh ure is 1.g
¢ aleulate the dipole moment induced in cach helium alom when the g,

S . . = R-85 x ]0"'c'/'N-mandm
cleetie field of 1 volt per meter. Given €= o
density of helium ~ 2:69 x 10°** molecules/meter at N.T.P.

- We know that P = € (K-1E

IT'7 be the dipole moment induced in each helium atom and » be the nu-
helium atoms per metre®, then P = np

np=ec,(KN-1)E

S0 (K=1DE (885 x 107'(1-000074 - 1) x | 4
pe=- e = 269 x 10F =243 x 10" ¢ —m.

The dielectric constant of helium at 0°C s 1-000074. Calculate its electric
cepubility at this temperature.

/N -’

7 =(K - 1)e, = (1000074 — 1) x 8.85 x 10 = 6:548 x 10~ ¢ Y
The thickness of dielectric between parallel plates of 2 condenser is 5 mm. D
tric constant is 3. Electric field in the dielectric jg
charge density on the condense

' plate, surfy
polarisation. electric displacement apd o

(89 x 10 "y % 10° = 267 C -
Surface charge density on the plage of condenser 0=267x10"°c/m’
, : ) =207 x C
Polarisation P = €4 (K~ E = (8.9 « |- 12

B =100
T8I0 e/’ < 17.8 oy

\
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LONG ANSWER TYPE QUESTIONS

State and explain Biot Savart’s law, Derive an expression for the magnetic induc-
ton at a point due to an infinitely long straight conductor carrying current.

[AdNU 18, 17; AU 17; BRAU 18; KU 18; SKU 18, 17; SVU 18; VsSu 17;
YVU 18, 17]
Biot-Savart's law : @ P
According to Biot-Savarts
i | . P
law. the magnetic induction dB at BN
P due to length of element d/ de- NS
pends on the following factors. dt
1) 1t 1s directly proportional to the
current flowing through the R
: . A
conductor 1.e., dB <« .
2) It is directly proportional to the length of the element. 1.e., dB o« dl
3) It is directly proportional to the sine of the angle 8.  i.e., dB « sin 0
4) It'is inversely proportional to the square of the distance of point from the element.
1

ie.,dB <=
2

5) Combining all these factors, dB « M =dB= —Eﬂ X M
' 7! r°

Magnetic field due to long straight conductor carrying current :

1) Consider an infinitely long Y
conductor placed in vaccum PN 6
carrying a current [ ampere as P \?D\;r
shown in fig. ] \\: R N ‘
2) Let P be a point on X-axis at a ! O\:\: —?, A
distance R {from conductor. \3\:
3) Let O s the foot of the per- \\\\‘
pendicular from P 1o the con- iy
ductor,
4) Consider a small element AB of length d/ of infinite conductor at a distance /
from 0",

S)  Let r be the distance of the element from the point £,

6) Suppose O be the angle in clock wise direction which is the direction of current
makes with the hine joining the element to point P,

22
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/ .t AB at point 2 is given by
7y The magnitude of the A8 due to element 4B atj

dl sin 0 -

My idl sin 0 (1)
dn ) o

hole ¢ or is given by
Q) The magnetic induction due 1o (he whole conduct g

o

B

woi [ sin0d
B=Jan="" | 5

1”,3 1172 ‘ { —9):8‘ Sin9=«—2—-—£—2—‘3
9) From fig. = (/" + R)" “and sin 0 = sin (n z 7+ R)

’ ' ' 1 et
Substituting the value of 7 and sin 0 in equation (2),we g

+

Ml Rl
= j 2 :3/1_')(3)
dn ° (F+R)
10) Let/=Rtan o ~dl=Rsec ada
. -T, T
The limits of integration under this substitution become 5 to 5
Moi ¢ R-Rsec oda
= A =5 B I 37
i St 4n _‘[ (R? tan” a0 + RY)*"
Hyl I R"sec‘ada':ﬂol J‘steczuda
4n R (1+tan’ )’? 4n R sec’ a
e 5
k1 2
2 +—ﬂ' +
ol [ doa Mol | T
T An = doi=——r al = 1+1
4n ‘[ Rseca 4nR '[ ik [ ]_,t 4nR [ ]
=2 - N
. B=22" Wi ortesla
2n R

12) This 1s the expression for the magnetic field induction near a long straight
conductor,

Derive the expression of magnetic field on the axis of a current loop.

[ANU 17; AdNU 18; AU 18; BRAU 17; RU 17; SVU 17]

r a circular coil of radius *4° and carrying a current *;’,
2) Let P be a point at a distance *x’ from its centre O,
3) Letasmall element 4B of length .

1) Conside

23
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4) Ler e be the dis- 'L{.-I-f” Al cos b

31 -
iy -
' b (

tance of clement

from point /7 and

0 be the angle “E : - — ;ﬁf_g;r[;[) ..... > X
which the direc- : {
fton of current ! \
makcs with the AN dn
lime joiming the
c¢lement to the
pomt ‘0", ‘
) The magnetic field ¢B at point P due to current element AB of length dl 15

given by

(B:!»luxfdlsit;‘)()“:ﬂ(_»i_d’j [ 0=90]
r dn

6) The vector @B at the point P can be resolved into

1) dB cos ¢ perpendicular to axis of the coil

i1) @B sin ¢ along the axis of the coil. _

If we take another element A'B’ diametrically opposite to AB of same length, it

will also produce dB at point P. ‘
The direction of dB now will be opposite to the previous one. This can also be

resolved into components dB cos ¢ and @B sin ¢. _
The components along the axis will add up while the components perpenditu-

lar to the axis will cancel.
10) Similarly, if we divide the whole circular coil into a number of elements, the

vertical components will cancel while the components along the axis will add

up.
11) -. Magnetic field along the axis = B = IdB sin ¢

B:aljto—;_[dlsind):%. Idl-(g} ['.‘sin¢=%]

ia
o 1

12) But Jd/ = Circumference of the coil = 2na from fig, r= (a’ + x%)'°

B =

- W, ia My 1-02
B=—F—mx2ng=—"7715>
4n(a” +x7)"° 2a” +x7)""
1, Ni @
13) If there are N turns in the coil, then B = L? —— Wb/m’ or Tesla.
2a” +x)"?

14) The direction of B is along the axis of the coil.

Mo Nia®  py Ni

1) At the centre of the coil x =0, B = =
2a 2a

24
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—

1) At very far off from the loop

2 3843 .
s>gand (@ +x7) "= x

|
|
|
|

W, Nia
h g
I8, :

2\

Derive an expression for the magnetic field inside a long solenoid carrying ,

current 7 and show that the filed at the ends of such a solenoid is half of that in th

middle. [YVU 2018,

1) Consider a long solenoid of length / meter and radius a meter.
3 Let N be the total number of turns in the solenoid.

- ~ - 2 N
2)  Then the number of turns n per meter will be {/J

P -'-...-...._...__-._L-_..L ____________ L
\ o |
b AC = rd0
] ]
I | ZABC=0
I
: dXN )
———— e = ————— [ cmm—mm e ———— -_—

4) Suppose the solenoid carries a current / ampere. We shall calculate 3 cases as
given below.

Case (i) : Field at an inside point :

1) Let P is a point inside the solenoid at a distance */” fromO on its axis.

7)) Consider the solenoid is divide into a number of narrow equidistant coils.

1) Consider one such coil of width dx. There will be ndx turns.

4) The field at P due to elementary coil of the width dx carrying a current ¢ is
given by dB = “L(,m,i{_??

0a +x) ~

L
Weber /m-

rd ©
or iy =——
sin 0

_ , . 1d 0
5) From triangle ABC, we have sin 0 = Fm
dx

3

6) FromAAPO. & +xX =17 /. (@ +x) * =r

[ a8y .
W, 1 J i
B = - sin 0

Hy nicd 0 My 1 d O gy
21" ) : | [' ]

2r s 0 2smb

Jynid©® j . N
_ (5111‘0)' [:’J =sin” 0|

2smnl

w, aid O sin 0

2 —
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nplications & 1) 1015 used to determine the sign of the charge carriers.
[ he density of charge carriers can be found from this effect.
Ccan be used 1o measure the drift veloeity of charge carriers
A1 eftect s useful m understanding the electrical conduction in metals and semi

wuetors,

ORT ANSWER TYPE QUESTIONS
Cis Hall effeet? Explainat,

[ANU 17; BRAU 18, 17; RU 17; SKU 17; SVU 17]
When a magnetie field 1s applied perpendicular to a current carrying conduc-
o1, a potential difference is developed between the points on opposite side of
he conductor. This effect is called Hall effect. '

Hall Coefficient : b
consider a umiform, { y

ok metal strp placed ‘ //’H N

th its length parallel

. N J o 5
y \"- axis. N — =t - X Yy
ot a current i is  CHmel o iron (_I)I._ggr Evi|a/0 7

; / )
vassed n the conduc- 4+ + + + Vur s+ 2
"l s ‘s

or along X' - axis and a

nagnenc field B is es-
sbhished along Y- axis.
‘ue 1o B. the charge carries electrons experience a force in + ve direction of Z.
‘enee the upper side will be charged negatively while the lower side will be
suitively. So potential difference or Hall e.m.f is produced.
“the charge carries are holes or protons, the sign of e.m.f is reversed.
"hus we can find the nature of charge carries by determining the sign of Hall
m 1 which can be measure with potentiometer.
e to displacement of charge carries (electrons) transverse field is generated.
'1s is called Hall electric field £, as shown in fig.
1= tield acts inside the conductor to oppose the sideway drift of the charge
dITICT. : '
“en the equilibrium s reached, the magnetic deflecting forces on the charge
‘riers are balanced by the electric forees due to electric field.

laenetic deflecting force = g(V,; » B)
I electric detlecting force = g/,

the net force on the charge carrers become zero.
(V,«BYy+q E, =0

(- V,«B)y=+ VB ;

Writing i terms of magnitude only |

C1d = J/ng Herve J = current density
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0, 0, 0, ;

7) B= IdB Mo 21 Sin © 0‘!0 - Mo = [~ cos 0] = g - [cos O, - cos 0,] — (1)

0 0, . . % .

Here 0, and 0, are the

semivertical angles subtended

at P by first and last turn re-

spectively of the solenoid as
shown n fig.

8) At any axial point P when

it 1s well inside a very

long solenoid, 6, =0 and

0,=m.
] ni
9) Hence B= “02’” [cos 0 — cos n] = —-—pﬂz [1=(-1)]
W B=pomi
This is the field at the centre of a long solenoid. .

Case (ii) : Field at an axial end point :
In this case, 8, =0 and 0, = 90°

B= pﬂ % [cos 0 —cos 90°] = !-lozm

This shows that the field at either end is one half of its magnitude at the centre.
Case (iii) : Field at the centre of a solenoid of finite length :

1) Consider that point P is at the centre i.e., it is a distance ) from either end.

/
2) In this case, cos 0, = 2 = /
, . a + d) lm R
LWy /
3) Andcos(n-6,)= s (g]zlvz - Aa* + )"
2

/
@4d + )"
4) Putting these values in equation (3), we get

and cos 0, =

_Homir T O O A . 11
2 [(4(1 24 P2 (4az+12)"3] 2 @+ @a+
l—'-u‘N

(42 ,.)1/2

This expression gives the field at the centre of the solenoid of finite length.
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. ~ Coefficient. Write the applica-
Explain Hall effect. [)c.-n-;":.:'c:gr;:::)r;::yilg’-11: AU 18, 17; BRAU 18;
apphied pcl‘])cnd|cular to a current Lﬂ@-
between the points on opposite

tions of Hall eflect.

Hall effect : When a magnetic field 1s
me conductor. a potential dilterence 15 (lt\'(‘l(:ptd_
m-k of the conductor, This effect1s called Hall effect.
Expression of Hall coefficient :

1Y Consider a umiform, .

thick metal strip placed : =
/
with 1ts length parallel an r N
to \-axis. 0 ¢ )
2) Let a current s Pf————— = = A : lc-;,
Current y : S
pa.sed in the conduc- TN Electron g)__é Em\ d |
= I ) ; I T T T A f
tor along X~ axws and a gt * * o %

magnetic field B 1s es-
tablished along Y- axis.
3) Due to B, the charge
- carmies electrons experience a force in + ve direction of Z. _
4) Hence the upper side will be charged negatively while the lower side will be
positively.” So potential difference or Hall e.m.f is produced.
5) 1fthe charge carries are holes or protons, the sign of e.m.f 1s reversed.

6)  Thus we can find the nature of charge carries by determining the sign of Hall
e.m.f which can be measure with potentiometer.

7). Due 1o displacement of charge carries (electrons) transverse field is generated.
This 1s called Hall electric field £,, as shown in fig.

%) Ths field acts inside the conductor to oppose the sideway drift of the charge
carrier. ‘

()]

When the equilibrium is reached, the magnetic deflecting forces on the charge

carriers are balanced by the electric forces due to electric field. |
10) Magnetic deflecting force = ¢(V, x B)

Hall electric deflecting force = ¢E,,

I1) As the net force on the charge carriers become zero.
gV, «By+ g E, =0

Ey=(-V,xB)y=+ VB

| .~ Wniting in terms of magnitude only|
12) But Vd = J/ng Here J = current density

i = number of charge carriers per unit volume,

. kfi | 4 |
+Fn= g |8 where Ry = - = Hall coefficient. . g - Zu
/ "y ©o Ru=p
13) If the R, ncgative the chare
: charge carries are electrons tyd
ronb J *hhar »
carriers are holes. end positive the charge
|

28



__MAQ!!ETOSTATICS

.Sc. PHYSICS SEM4.Pa  |[ 35 ||

Applications t 1) 115 used to determine the sigh of the charge carriers.

2) The density of charge carmiers can be found from this effect.

3) It can be used to measure the drift velocity of charge carriers

4) Hall elTect s useful w understanding the electrical conduction in metals and semi

conductors,

SHORT ANSWER TYPE QUESTIONS
What 1s Hall effect? Explain it
[ANU 17; BRAU 18, 17; RU 17; SKU 17; SVuU 17]
1) When a magnetie field 1s applied perpendicular to a current carrying conduc-
tor. a potential difference is developed between the points on opposite side of
the conductor. This effect 1s called Hall effect.

2) Hall Coefficient : o

Consider a uniform, £ y

thick metal stnp placed //"B N

with 1ts length parallel ' |

to .\ - axis. P ‘ g x X ﬁn
3) let a current i is ey !-3!;;1;:”— (g’:__éf?" ?‘: (} 0 T

passed in the conduc- ’ e e R S e e

tor along .\ - axis and a > :

magnetic field B is es-

tablished along Y- axis.
4) Due o B. the charge carries electrons experience a force in + ve direction of Z.
3) Hence the upper side will be charged negatively while the lower side will be

positively. So potential difference or Hall e.m.f is produced.
6) 1f the charge carries are holes or protons, the sign of e.m.fis reversed.
7) Thus we can find the nature of charge carries by determining the sign of Hall

¢.m { which can be measure with potentiometer.
&) Due to displacement of charge carries (electrons) transverse field is generated.

This is called Hall electric field £, as shown in fig.
9} This field acts inside the conductor to oppose the sideway drift of the charge

carrier. .
1) When the equilibrium is reached, the magnetic deflecting torces on the charge
carriers are balanced by the electrie forces due to electric hield.
11) Magnetic deflecting force = g(V, x B)
Hall electric deflecting lorce = gf),
12) As the net force on the charge carriers become zero.
gV, =« B)+qE,;=0

E,=(~V,xB)y=+ VB

| . Writing in terms of magnitude only|

13) Bt 1l = J/ng Here J = current density
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1= number of charge carmers per unit volume.
i i oefficient
= ].m where R, - Hall coefficient.
Ny i
Ly
e d tive th
I the R,, negative the charge carries are electrons end posi ¢ charg,

o
Ry,

camwers are holes.

Derive an expression for [orce on a current carrying conductor.

1) The electric current in a conductor is due to the motion of c_onductrqn elec-
trons. When such a conductor is placed in a magnetic field B, 1t exert side way
force on the conductor carryimng a current.

2) If the charge is infinitely small. then dF = dg (V x B)
where V' is the displacement of the charge per unit ime.

. dl dq X X X : i
. dF =dg [;(; X BJ:_(}f (dl < B) % = % F X x B x i
ol X -
[ r=4] J
% % A S N x
dF =i ((” X B) X * X X x x

3) On integrating the above equation, we get /= i(/ x B) = Bil sin 8
Case (1) 1f0=90° F = Bil

Case (i1) If6=0°, F=0

Define Hall effect. Mention the applications of this effect. [AU 17; SKU 18]
Hall effect : When a magnetic field is applied perpendicular to a current carry-

ing conductor, a potential difference is developed between the opposite sides of the
conductor. X

Applications : 1) It is used to determine the sign of the charge carriers.

2) The density of charge carriers can be found from this effect.

3) It can be used to measure the drift velocity of charge carriers.

4) Hall effect 1s useful in understanding the electrical conduction in metals and sem!
conductors.

Explain Biot - Savarts Jaw. [ANU 19; AdNU 18, 17; VSU 18, 17

Yvu 18, 17
Biot-Savart's law :

According 1o Biot-Savarts law, the magnetic induction dB at P due to length ©'
element dl depends on the following factors.

1) It1s directly proportional to the current flowing through the conductor.
e, dB =i

2) It is directly proportional to the length of the element.
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1LC. Y ol
3 Ttis duectly proportional to the -
sine of the angle 0. B il

@Kr

LC. dB o sin 0 _
4) It mversely proportional o (he o
square ol the distance of point
from the element.

1.C.. ol « I—,

r

e Wy idl s
5) Combming all these factors., dB o ol s;r] ! =>4 = L) X . q:n g

r 4n 4

il xr
3
p

o My
0) In vector form dB = —
fLe

Explain the divergence and curl of magnetic field.
div. B : Divergence of magnetic field B cxplains the non existance of isolated

magnetic poles. It is also known as Gauss law of magnetism.
According to Biot-Savart law,

1‘3’2&1(1/?:

4n  r

By ntegrating the above equation, we get the magnetic field due to a whole current
loop.

(ﬁdB Ho Ia’l-xr Fln] fd[xr 1)

taking divergence both sides, we get V- B = ;L:; 1 (j) V. [{” - r} - (2)

3
r

- =

usmgV-(zxg)=§-6x§— (Vx B)
> Bl 2 o R
V-B:;;[(i)? (del)~dl[ x—;ﬂ—-—)(B)

since (?! 1s not the function of x, y, z, so V x dl=0 - (4)

-

V' {}:—ex ‘;{l‘)
o &

we know curl of gradiant is zero

v,-’{:_vxvf-’l—]zo - (5)
¥ d

using equations (4) and (5), equation (3) becomes V- B = (.
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Phus, diy crgence of h’ VECTOP IS 2010

A current loop s zet .
Henee it proves that the mapnene held due tooa closed current loo] cra thy ‘

explams the non existanee of single magnehe pole.

Curl B :1t1s the differential form of ampere's law

According to Ampere’s eicutal law,

(.hR l lﬁ . “ni —> (])

But we know that, / = ”:} : cf.": - (2)
From egns. (1) and (2)

éB'WZthIJ%5-+(ﬂ
But according to strokes theorem, the closed line integral of the vector B 15

equal to the surface integral of its curl,

G- =[G xBy-d5 -
From (3) and (4) H(‘? x B) - dS = Ly, ”7 ds

VxB=J
which 1s the differential form of Ampere’s law. Thus the curl of a magnetic ficld
at any point is equal to the current density at that point.

State and prove Ampere’s circuital law.

Ampere’s law : The line integral of the intensity of magnetic induction field 8
around any closed path in air or vaccum is equal to p,, times the net current /
through the area bounded by the closed path.

$B-di=pi
where 1, is the permeability of free space.

Proof : Consider a long straight conductor carrying a current

- as shown 1 gur I~
i as shown in the figure. i B
Taking the point O as centre, if we consider a circular path of
Radius R. then the magnelic induetion B at point of the circular R0 pld
path will be

R
B = —— (Biot Savarl law) A

2nR

The direction will be along the tangent of circular path. Re-
carding B. two pomts should be remembered.

1) The magnitude of B 1s constant at all points on the cirele.,
i) This is parallel to the circun element df,

The line integral of B along the circular path is given by
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a4

Ml

B

Sol : Given that i, = i, = 20 amp;, d=4cm=4x 107" mp,=4nx 10

- Given that,

GB-dt = pBatt cos0” = B [l = B 2nR)

where (j)dl = 2R = circumierence of the circle.
Substituting the value of B from equation (1) n equation (2) we get

KLl

(ﬁh’ sl = 2RR = i

2nR

-

Mus. the linc mtegral 01'(_{) Bedl is 1, times the current through the area bounded by
the cirele.
[his 1s Ampere’s law.

PROBLEMS

A copper strip 2 em wide and | mm thick 1s placed in a magnetic field with
B=1-5w/m" with its thickness parallel to B. If a current of 200 amp is set up the
<trip. what hall potential is developed across the strip 7 The number of conduction

electrons in the copper strip is 8-4 x 10™ / m’

B —1.5 Wb/m>, i = 200 amp; n = 84 x 10%/m? ¢ =1-6 x 10" " ¢; 1= 1 mm = 10""m

iB 200 x 1:5
gt (84x 10®) x (1-6x 107" x 107°

=2232x 10" °volt=22:32 pv.

Hall potential Vj, =

Two straight parallel wire each of length 10 cm are one above the other separated
by 5 cm distance. The same current flows through the wires in opposite directions
such that the upper wire is supported without falling. If the mass of the wire is
5 gm, find the current in wire.

/- Given thatlz]Ocm:Hlo—m:d=5(:m=ﬁ5—m;m:5gm=5x 10" ke;

100 100
Leti, =i, =1
. B il if /
We know that F = —————
2md
dmx 10 >0 10 _
5 100
311’ p 4 (TIS‘)J
. 549.8x%10
T 41000

5% 10" %98

. 1= 350 amp.

A current of 20 amp flows through each of the parallel long wires which are 4 cm

apart. Compute the force exerted per unit length of each wire.
7

33



~ MAGNETOSTAT|C:
____fﬂ—-#_ﬁ—___-_—:_-\“*"

11 B.Sc. PHYSICS SEM 4. pa | [ 40 ] [_) e < | |
e i an 10202209107 Newton
loree exerted per unil length is, ,; :n:!- o« d w10

‘ind the magnetic fielq al
nmA. T
4. Annfinnely long conductor carrics a enrrent of '

apomt 10 em away from it

. O 1m
| A [0 cm
Nl s Onven that, 7= 10 MA = 10«10 "A =10 AR

|
R0 Mol i 10 10" 0.01591 A/m
Magnetie tield /7 TR “opR 2mx 01 2W |
| . s oleetron ravels with a Vclocny 0}
5.\ long straight wire carries a current of 104, An electio

_ and in a direction opposite to 1},
S 107 ms parallel 1o the wire 0:1 m from il and in a ¢

f)
. i - erent exert on the electron 9
current. What foree does the magnetic field of current €

SiltGiventhati =104; F=5x10°m/s; R=0:1m it b
The magnetic mductmn B about straight conductor 1s g
o0 dax 107 x 10
2R 2ax 01 | P
When the electron 1s moving parallel to the wire, then V' 1s perpendicular to 5.
Henee. F=¢ VB sin90" = ¢ VB
_3 -7
=(1:6x 107 ") x (5 x 107) x 2 x 107°) = 1:6 x 10" " Newton.
6. Aninfinitely long conductor carries a current of 100 mA. Find the magnetic fiel
at a point 10 em away from it. l
ol - Given that. i = 100 mA=100x 10°4=10"A:R=10cm=10""'m
Hof  dmx 1077 x 107"

. B= =2x 10" Tesla. 3
. 2R 2nx 10"

I»
H

=2 x107° wh/m’

*7. In Bohr model of hydrogen atom the electron cnculates round the nucleus in a pat
ol radius 5-1 x 107" mata frequency 'f” of 6:8 x 10" rev/s.
) What s the value of B at the centre of the orbit ?

b) What is the equivalent dipole moment ?

Sl - Given thatr =51 x 107" m; /= 6-8 x 10" rev/s

, . charge (q) i
a) We know that i = Lt;ni_(t-;t‘ = charge (¢) x frequency (/)

(16107 ") 68 x 10 = 1.1 1o

A
The magnetie ficld at the centre of the orbit,
e 2miN 7 2nx (11 x 107° ) x 1
. . = JO " x — = 11. \
. n S0 x 0! 13-6 weber/m? ~ 14 Tesla

b) LEquivalent dipole moment = i = x )¢ _ (11 x 10 " x 1 x (5:-1x 10"y
1 x
=0 107M 2

\
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A long straight copper tube having inside radius of I em and outside radius of 2 cm
carries a current of 200 amp. Compute the magnetic field at a distance of 0-5 cm
and 4 ¢cm from the axis.

s Given that 7, = Temand ry = 2 em,
The distance r = 0-5 cm lies inside the tube. lence A, =0
Now, Cnl'Nidcr the distance » = 4 em. This distance 15 outside the tube. Hence

Mot (4nx 10 ’) x (200)

- 10 " weber/m’.
2nr 2nx (4 x 10 )

B =

A current of 1 amp is flowing in a circular coil of radius 10 ¢cm and 20 turns.
Calculate the intensity of magnetic field at a distance 10 ¢m on the axis of the coil
and at the centre. [SVU 18; V5U 18]

Giventhatr=10em=10"m;n=20;a=10cm=10""m

Hoin  4nx 1077 x 10 x 20
2a 2x 10
Magnetic induction at a distance 10 ¢cm from centre is given by

= 4n x 10”° weber/m’

B centre —

B'-& nia’ _4it>¢10'7x20><]:-<(0-1)2
== == 5

2 () (01 + (0-1)]2

_2nx 1077 x (01 _wx107"_ 314x 107" x 10
(0-1)’ x 22 (01)2 2
=157 x 10™ * Tesla.
). A circular coil of wire of diameter 10 cm and having 100 tums carries a current of
I amp. If it is placed in a uniform magnetic field of induction 0-57. Calculate the

maximum torque on the coil.
- Giventhatd=10cm;a=5cm=5x10"7m; n=100;i=1amp; B=0-5T

T, = Bind = Bin(na’) = 0-5 x 1 x 100 x 3-14 x (5 x 10°)* = 0:3928 N - m.

. Two similar coils of wire having a radius of 7 cm and 60 turns have a common axis
and are 18 cm apart. Find the strength of magnetic field at a point midway be-
tween them on their common axis when a current of 0-1 amp is passed through
them.

': Given that, a = 7 cm = 0:07 m; N = 60; i = 0:1 A;.x:—l;:9cm=0-09m
B Nia®

The strength of the magnetic field H= — = ———
Ho  2(a’ + r)

60 % 0-1 % (0 07) 600049

—_— — — }

2((0:07) +(u 09)°* ] 2(0-0049 + 0-0081)>
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2.

15.

Sol -

16.

=9917 amp — tum/metre 19.834 amp — turn/metre

: /
ﬁ . " . o cotls 21
~ Strength of magnetic field due to tWo € Calculate the magy,

passed through ;¢
[KU 201;

would on (L
A solenod of length 100 em has 1000 furms

rrent ol 2 amp 15
‘ - i { ¥ ] [ vl
(icld at the middle pomt of 1ts axis W hen a ¢

| - 4 )
: Given that, [ = 100 cm = 1 my N =1000; 1= 2 amj

- Number of tums/meter, n = pE

b/m’.
Now. B =, ni = (4r x 107 7) x (1000) x 2 = 0-002573 % -
magnctic induction at |

N 1000 _ 1000
I

‘ e e
A long solenoid has 20 turns per cm. Calculate tl
mterior point on the axis for a current of 20 mA.

- Given that, 7 = 20 turns/cm = 20 x 100 = 2000 furns/m;

i=200mA=200x100"A=2x10""A

~ Magnetic induction at the interior point

=3 -5
B:uo!”=(4n)(10-7)x2000)(2)(10-‘:16nx 10 :SO-24X 10 WCbCT/[T

- A solenoid of 1000 turns is would uniform on a glass tube of 50 cm long and |

¢m in diameter.  Find the strength of magnetic field at the centre of solenoid wh.
0-1 amp current is flowing through it. [ANU 201"

Given that, N = 1000: / = 50 em =-;—m

Number of tumns per meter n = = = —— = 2000
1=0-1amp

- Magnetic field at the centre of solenoid is }f B
Ho

! 1 =2000 %01 =200 A — ums
metre

=

2 c¢m is closely wound with 200 turns. Calculate the magnetic field intensity
either end of solenoid when the current in the windings is § amp )

Given that, N = 200 turns; [ = 20 em = 2 x 107"
N 200

—
==

Mii=35 amp

n= - = 1000 turns/metre

¥+ 2x107"
. \ B w,ni
- The field at the end of the solenoid #7= 2 _ Mo ™ 1000 « S
o p2 1"‘5‘* = 2500 amp/m
A wire of 60 cm length and mass 10 gim g suspended by

a magnetic field of induction 0-60 weber/m? What are
tion of the current required to removye the lension iy,

Pair of flexible |ead
© Magnitude and
the supporting |-

(0 = 90")
X
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LONG ANSWER TYPE QUESTIONS

What 1 seltf inductance ? Define coellicient of sell induction and obtain an expres-
stion for selt inductance of a solenoid. [ANU 17; AdNU 17;

BRAU 17; RU 17; SKU 18; SVU 18, 17; YVU 17]

Self inductance : The phenomenon in which an e.m.( is induced in a coil due

1o the change of current or magnetic flux through it is, called self mductame [tis
discovered by J. Henry.

|
‘
|
I

Explanation :

1)

2)

Def. of coefficient of self induction :

1)

2)

[ inereasing i decreasing
A6
\/

SR PR |
¢ ¢

. —

Curremt
(a)

(b) (<)

When a current flows in a coil, magnetic field is set up in it as shown in fig(a).
If the current passing through the coil is changed, an induced e.m.f is set up n
the coil.

By Lenz’s law, the direction of induced e.m.f is such as to oppose the change
In current.

When the current is increasing, the induced e.m.f is against the current shown
in fig (b).

When the current is decreasing, the induced e.m.f is in the direction of the
current shown n fig(c).

50 the induced e.m.f. opposes any change of the original current.  This phe-
nomenon 1s called self induction,

The total magnetic flux ¢, linked with a coil is proportional to th
Mowing in 1t ;

1. Gy 41 = ¢y =Li where L 1s a constant called the coelficient of self
nduction,

It1s defined as the ratio of magnetic flux linked with coil to unit current flows
through .

¢ current i,

do, - d(Li) Lli
de i i
It s also defined as the ratio of induced e.m.f in (the coil

Andem.f, ¢ = -

to rate of change of

current in the coil. 8.1 unit of self inductance is Henry.
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Soll inductanca of a Iong solenoid :

Definition of solenoid :

U Adlong wire is bent into the form a spiral 15 called solenond.
&
<) “‘“l‘l‘t\%u there 1s an i core solenoid of length /. aumber of turns \ arey

Lross-section 4 and current lowing /.

Then & = MoV
. Ly Vi
3) I lux through each tum = B4 = -F—”—,—
T L Vid
4} Total flux through V turns ¢ = N tﬂ-j—l ~
Mg N id
- = ()

5) Buto=1Li — (2)
6) From equation (1)and (2), we have
_ M, N4

- ."V - .
7) If G number of turns per unit length. l

Then L =y, n* Al. Henry.

Define Faraday’s laws of electromagnetic induction, Express the Faraday's law in
integral and differential forms.

[ANU 18; BRAU 17; KU 18; RU 18; SKU 18; VSU 18; YVU 17]
Faraday's laws :

1) When the magnetic flux linked with a circuit is changed. an induced e.m.( 1s set
up 1n the circ. ™,

2) The magnitude of the induced e.m.f is directly proportional to the negative rate of]
change of magnetic flux linked with the circuit,

If ¢, be the magnetic flux linked with cireuit at any instant and ¢ be the induced

f" Gy

e.m f, then ¢ = — | 7J This law 1s called Neumann's law. [l there are N tums in
= =i

(d by
the coil, then e = NI 0 J - (1)

vector form of Faraday’s law (integral and differential forms) :

1) Suppose a closed cireunt O of any shape which encloses a surface § is keptin o
magnetic lux density £ as shown in fig,

2y 1'he magnetic flux through a small arca dS is B
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f’i) Now the ux through the entire circuit is

do=[B-ds - @)
5
4) When magnetic flux s
changed. an electric field 1s
mnduced around the circuit.
5) The line integral of the
clectric field gives the in-
duced e.m.f in the closed
circuil.

Thus ¢ = fZ - r?l - (3)

where £ 1s the electric field at an element d! of the circuit.

6) Writing equation (2) and (3) in (1), we get

- = . d o --r.
dE - di=— !B-aﬂs - (4)
7) This is integral form of Faraday’s law.

8) According to Stokes theorem, we have qE -dl = I(V x E)-dS — (5)
5

= d - -
9) Fromequation (4)and (5), wehave J(V xE)-ds= ) B ds
5 5

J(VxE)-ds:+J%-ds

10) It follows that V x E = Z{;—?Q (or) curl E=— (aaﬂ

This is the differential form of Faraday’s law.

Explain the terms self inductance and mutual inductance. Prove that M = VL.L,
where the symbols have their usual meanings. Define the coefficient of coupling.
[ANU 17; AdNU 18; AU 17; KU 18; VSU 18]

A. Self inductance :
1) The total magnetic flux ¢, linked with a coil is proportional to the current /,
flowing init. i.e.p B o i= ¢p=Liwhere L = coefficient of self induction or

self inductance.
2) It is defined as the ratio magnetic flux linked with coil of unit current flows

through 1t. It’s S.I unit 1s Henry.

Mutual inductance :
1) Leta current i in primary coil P produces a magnetic flux ¢ in the secondary

coil .S.
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positions. the

flux linked with *S" coil is |

2) 102 and S coils are in relative fixed

. Proportional to the current in '’ coll. - al 1

3) Thus ¢, i = ¢, = Mi where M = coefficient ol mulu
Imductance,

4) 1tas defined as the ratio of flux linke
through the ‘P’ cireuit.

Coupling of two coils with flux linka

1) Consider two closed coils having number of Wwms N, and N

sduction or mutual

d with *§" cireuit o d unit current flowing

f coupling :

ge or coefficient ©
Let i,, i, be the

currents flowing in them. N,
o N o B |
2) By definition of self inductance L, = —*‘—: b — ()and L, = s * A
: 2

where ¢, and ¢, are magnetic fluxes.
linked with 2" coil.

3) When current i, is passed in the 1% coil. magnetic flux ¢;|, Wil
Suppose M,,, is the mutual inductance due (o i, in the 1 coil. then

N &y = M,y
4) When current i, is passed in the 2" coil, m
Suppose M,, is the mutual inductance due to 7, 10

Ny & =M yi,.
5) If two coils are coaxially wound on the same core, then the coupling is perfect.

6) Now ¢, =¢,and ¢, =,

The situation is known as maximum flux linkage situation.
In this situation, applying the reciprocity theorem, we have

‘Mll‘ =M, = Mg
Sj Then NI ¢I =MM:)A. [l and Nf ¢’2 - MMax.iZ 4 (3)

d with 1* coil.

agnetic flux ¢ linke
" coil, then

the 2

7)

9) Multiplying equation (1) and (2), we get

f—: max 2
)

3 4 ﬁNI¢’I N:¢2 2}
M rI‘:"AA/EIVQ d)l q’!‘:pA/[muh___;__ X Aff _L[L‘J
|

LLEF Y
A”nu\ - "Lll‘l
11) Now we express the mutual inductance between two collsas M = K \Ull[”
where K is called coefficient of coupling. "
12) It is defined as the ratio of maximum flux from one coil links with the other to
the square root of product of self inductance of 1" and 2" coil.
Describe the principle, construction. working and theory of a transformer with the
help of a neat diagram. [ANU 19; AU 18; BRAU 18; SVU 18; YVU 18]

Transformer : A device, decrease or increase of voltage is called transformer.
Principle : The transformer is based on the principle of mutual induction.

Construction :
1) It consists of two separale coils wound around a closed soft iron core.

2) To prevent the loss ol energy due to eddy currents the core is a Jaminated one.

40



10:50. PHYSICS SEM4 . P4 |[ 49 ][ rircmnonactimic MOVCTIC)

pe— e e ——

— - ' Q supply.
3)  One of the coils is of Tow resistance and is connceted to A.C.Source of supply

It1s called the primary coil, .

4) The other s L‘.':Ilt‘d the secondary coil. It is connected to the load which may
be some device which draws current and uses electric power

$) In o step up transformer the secondary coil has more turns than the primarys
and i step-down transformer, the secondary coil has less turns than the pﬂ-l
mary.

Working | . £ in the

1) The alternating emf in the primary coil induced an alternating eml in

secondary conl, flux finkage
) The presence of iron core in the primary and secondary makes the flux linkag
between the two coils very large.
_ . . . : ‘ €
1) The altemating emf in the primary coil makes the magnetic flux in the cor
also to vary periodically. , .
4) This varying magnetic flux in iron core induces an alternating emf in the

sccondary.
d | | 2
i - P q T T
v, A IR N, b
= |
/0 F i \_L|_:,Z]
|
: ] \Secondary coil
Primarycoi] | '<—————rm———e—-
Theory :
1) Let the flux ¢ through the iron (core of the transformer) be changing at the rate
d
of I

2) If n; be the number of turns in primary, the flux linked with the primary is

—do__ do

¢, = n¢ and the induced emf in the primary is £, =

dt dt’
3) Similarly the flux linked with the secondary is ¢, = n,¢ and the emf in the
: - d, dd,
secondary is £, = di T
£ %,
E, n, = U

4) Now since the resistance of the primary is low, we can take the induced emf £ .
to be very ngariy equal to the applied voltage to be open (its resistance is large)
s0 that terminal voltage ¥, is equal to the induced emf £,

L5 5 .
V,“E,*ul—’()
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q : -- ) a “[‘ 1,
b ng Slep-up nanstormer, 1, » F, and ther .
'mm”' <) yand therelore ny < oy '
|
V) ) ’
0} Now , 'S called the ranstormation rato.

H ses 1.c.. the power inpyy ;.

Y 0 the case of an ideal transfonmer there are no losses | P put |,
cqual 1o he POWEr oul

| put v are 1, and I, respective|y

M Powg mpul = £, % /,

. ;
Powey output = £ x /,

Sy

" :" [
Fily = Edor) 3 = 1= (3)

=

1 3 » p
) In a step-up ranstormer £,>E butl, <.
Ina step-down transformer Ey<E butl,> 1.
1) Thus, whatever is the gain in voltage is the corresponding loss in current and

VICC versa.
V. :

12) Efficiency : It is defined as the ratio of power out put to the power input.

1 —_————

- Elll - Vl[l .
SHORT ANSWER TYPE QUESTIONS

What 1s self inductance ? Explain. Give its S.I unit.

Self inductance : The phenomenon in which an e.m.f is induced in a coil due
10 the change of current or magnetic flux through it is called self inductance. It is

discovered by J. Henry,
Explanation :

i Increasing i decreasing
." W
o e
e —
Current
(a) (b) (c)

1) When a current flows in a coil, magnetic field is set up in it as shown in fig(a).
2) i the current passing through the coil is changed, an induced e.m.fis set up in

the coil. J
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A.

3)

4)
5)

O)

Def. of coefficient of self induction :

1

What is mutual inductance? Explain it.
Definition of mutual inductance :

linked with neighbouring circuit is called mutual induction an
which show it are said to have mutual inductance.

Explanation :

1)

2)

0)

Andemf e=-

By Lena's law, the diveetion ol induced e.m. [ is such as o opposc the change

In current,

When the current is increasing, the induced e.m.f is against the
when the current is decreasing, the induced e.m.f is in the
cunrent hg(c)

So the induced e.m.f. opposes any ¢hange of the orig
nomenon is called self mduetion

current fig (b)
nal current. This phe

The total magnetic flux ¢, linked with a coil 1s proportional to the current /

flowing in it

1. Ppci =¢,=Li where L i1s a co
mduction.

It is defined as the ratio of magnetic flux linked with ¢

through 1t.

nstant called the coelficient of self

oil to unit current flows

doy —d(Li) -Ldi
dt d— di - _
It is also defined as the ratio of induced em.f in the coil to rate of change ol

current in the coil.
S.I unit of self inductance 1s Henry.

anges, there is change in the magnetic flux

When the current in the circuit ch
d the pair of circuits

Let a current i in primary coil P
produces a magnetic flux ¢, in
the secondary coil S.
If P and 'S coils are in rela- 0
tive fixed positions, the flux [
linked with *S" coil is propor-
tional to the in ‘P’ coil. 7 3
Thus ¢, « i = $g=Mi where
M= coefficient of mutual in-
duction or mutual inductance.
It is defined as the ratio of flux linked with *S® circuit to a unit current flowing
through the ‘P’ circuit. |
The induced e.m.f in the secondary S is given by
-do, -d,,,. ol
¢= —(/I = {E‘ (Mi) = -—MH}
If it also defined as the ratio of induced e,m.f in the S circuit to unit rate of
decay of current in the / circuit. S.I unit of mutual inductance 1s Henry.

dircetion of the
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A. 1) Consider two co-axial
solenoids 4 and 2.

2) A4 isthe primary solenoid
and 8 is the secondary
solenoid,

3) Ttis assumed that there is
no leakage of magnetic
flux.

4) Number of turns of pri-
mary solenoid = N,

Area of cross section = 4

Length of primary coil =/
5) Number of tumns of the secondary coil = N,
Current flowing through the primary =i

N,i
6) Magnetic field at any point inside = a / '

' Mo NiA
7). Magnetic flux through each turn of the secondary = ]
. Ho NV, iAN,
§) Total magnetic flux through N, turns of the secondary, ¢ = A
9) Butd=Mi
- Mz R Nioid

| [
| N,N.
| - m= bl

4. Derive an expression for the energy stored in a magnetic field.

[AdNU 18; AU 18, 17; BRAU 18; RU 18; SKU 18; VSU 18, 17; YVU 18)
A. 1) When the current in a coil is switched on, self-induction opposes the growth of

the current .
2) The current flows against back e.m.f and does work against it.
di]

g p L, P AL
dw:e:dt—*[,dlld! [-f-- Ldf

3) Hence total workdone in bringing the current from zero to a steady maximum

value i, Is,
tdi T,
W=1 fg;-dt:[,j:d::é—l,:;,
] 0

4) This is the stored energy in a magnetic field.
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3. Derive the expression for mutnal inductance of (WO [RU 2017)
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C State and explam Lenz's law [AdNU 17; BRAU 17]

\ Statement : Thc direction of induced e.m.f or current in a closed circuit is stch
that 1t opposes the orgimal canse that produces it

Explanation of Lenz's law

Y Suppose the north pole of a mag-
nel s moved owards a coil con-
heeted tooa galvanometer as
shown i fig.

2} As the magnet 1s pushed towards
the cirewt, an induced current is
scetup in the coil.

3) Due to this current the coil behave
as a magnet.

) The face of the coil towards N-pole of the magnet becomes a north pole.

) So there will be a force of repulsion between them.

6) Due 1o this force of repulsion, the motion of the magnet is opposed. This causes

a change of magnetic flux in the coil.
) Thus the direction of induced current is such as to oppose the motion of the
magnet.

6. Define Coefficient of self induction and coefficient of mutual induction.
[VSU 2017]

\ 1) Defination of coefficient of self induction:
1) Tt1s defined as the ratio of magnetic flux linked with coil to unit current flows

through it.

dbs —d(Li) -Ldi

dt — dt T dt

2) Tt is also defined as the ratio of induced e.m.f in the coil to rate of change of
current i the coil.

3) S.1unit of self inductance is Henry.

11) Defination of coefficient of mutual induction:

1) It1s defined as the ratio of flux linked with *S’ circuit to a unit current flowing
through the * P’ ¢circuit.

2)  The induced e.m.f in the secondary S is given by

di

dt

3) If it ulso defined as the ratio of induced e.m.f in the S circuit to unit rate of
decay of current in the P circuit. S.I unit of mutual inductance is Henry.

Andem.f,e=—-

-d o
il > (Mi)=-M

7. Write a note on transformer. [AdNU 2017)

\ Transformer :
1) A transformer is an A.C static device which transfers electric power from one

¢ircull to another.
2) It can rmse or lower the voltage in a circuit but with a corresponding decrease
Or INCrease 1n current,
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a) Ih Works on the prineiple of mutual induction.
'& shows a basje translormer
%) P - | '
1 The transformer consists o prmary coil and secondary coil wound on a o,
mon C(”‘Cl
i.‘\, » . 3 o lia viae > g
o I hey are clectrically insulated but magnetically linked.
the energy from one coil 1s transferred to other coil by means of magnet;.
coupling,
8) There are 2

types of transformers. 1. Step-up transformer (N, > N,) 2. Step.
down transformer (N, >N,)

9 The principle of transformer is given by
N, L

10) The efficiency of a transformer is defined as the ratio of output power to the
Mput power.

T Output power V41,

~ Inputpower V.,

8.  List the various losses in a transformer and explain how they can be minimised.
\. There are four main cnergy losses in transformers

') Copper losses : Primary

and secondary coils are made with copper. Heat is
produced in the primary and secondary coils due to Joule’s heating effect. The
power loss = "R. Where / is the ourrent flowing and R is the resistance. This loss
15 called copper loss. This is minimised b
they have Jow resistance.

o . |
Yy using wires of large diameters so that |

1) Eddy current losses or Iron losses : When the tlux linked with the
core of the transformer changes, closed circuits of currents will be induced in the
core. These closed circuits of currents are known as Eddy currents. The formation |
of eddy currents m the core results in the loss of energy in the form of heat energy |
developed in the core. This loss can be minimised by having the core made up of |

several thin sheets of an alloy of steel known as stalloy. The different sheets arc
bound together to form a laminated core.
111) Hysteresis losses : There is a loss of power in magnetising an iron corc
and tuking 1t through a complete cycle of magnetisation.  This loss In power Is
called hysteresis loss. This 1s minimised by using lron-Silicon core (soft-iron
care).
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l ) Magnetic flux Ionkngo tn
- confined entirely 1o the yron core

an *M'.ml 1|.m~af‘n| mer ”'IL m.u..uuu, flux 15 not

but some the flux lines return through air. Ths
eakage takes place both in the primary and the secondary coils. This 1s pmimsed

I\ ““‘”“‘- a '\h\ ll \hdpk (l COre,
wiite about eddy currents.

Ly currents ave loops of eleetrical current induced within conductors by a chang-

me magnetie field in conductor according to Faraday's law ol elcctromagnetic '
induction. |

Lddy currents flow m closed loops within conductors. in planes perpendicular (o
the magnetie hield. They can be induced within nearby stationary conductors by
nme varymg magnetic field created by an AC.,

The magnitude of the current in a given loop is proportional to the strength of
the magnetic field, the area of the loop and the rate of change of flux and inversely
proportional to the resistivity of the material.

Eddy currents are used to heat objects in induction heating furnaces and equip-
ment and 1o detect cracks and flows in metals in metal parts using eddy current
resting nstruments.

10. Explain electromagnetic damping,
When a charge is passed through the galvanometer, the coil sets swinging. Be-
cause the coil moves in the field of permanent magnet, an induced current is set up
n 1. This current gives rise to a couple on the coil. Now the coil soon comes to
rest and its motion is said to be damped. The damping which arises due to the
induced current in the coil during its motion in permanent magnetic field is called
clectromagnetic damping.

PROBLEMS

1. Calculate the self inductance of a solenoid of length 1 metre and area of cross-sec-
tion 0-01 sq —m” with 2000 turns,

al Giventhat, /=1 m: 4=0:0]1 sq - m; N=2000 tums

ZOOOJ

L=y’ Al = (47 % 10‘7')[ (0-01) x

=4 x 107" x4 x 10°%x 107* = 16 x 3- 14 x 10™? = 005027 henry.

2. A solenoid of length of 0:50 m wound with 5000 turns/m of wire has a radius 4 m.
Calculate the self inductance of solenoid,

il Given that n = 5000 turns/m, / = 0-50 mand » = 0-04 m
L=(4n x 10 7) (5000)" x 7(0-04)’ x 0.50 = 79-02 x 10" * henry
= 7902 mH.

*3. What is self inductance of a ::On.m long solenoid with 2em diameter and having 200

urns 7 where 1, = 4m x 1077 H/m (KU m16)

R
Yol ; Given that, / = 50 ¢cm = s d=2cmir=1cm= o P
S 2 Lx 1077 my N =200 turns
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Mo =4 % 10 " 11hm

N4

! s 0 (20 & (“ull‘ 0
158~ 10 ¢ henry ol Find the celf inducty,
: IRE

4. A coil has 600 s, s self inductance is 1000

another same type of coil hay mg SO0 turns. i iums Lg = )
M Gven that N, = 600 tums | £, =100 mHEN, =2

Ly (Ny
We know that - :L\‘}
L, N,

Ly /2500y 25

100 = w\ {"00' ] = 1_.? = 3(; x 100

L Lo =0944 mN.

; . Its cross-scctiony

- Anair core solenoid has 1000 turns and is one melcrionxg 10”7 h/m). G

186 % 107 Sq-m. Calculate its self inductance (}, =47

, N_ 1000 _ 1000

Sol - Given that, /= 1m; A =6 x 107 m’, N=1000: =" =

and W, =4n x 107" Wm

s 3 o
- Self inductance, L = p, n’l4 = (4n x 107 7) x (1000)" x 1 x 6 x 10
=7536x107° henry.

6.

Caleulate the self inductance of an air cored toroid of mean radius 20 cm 2
circular cross-section of area 5 em®. The total number of tums of the toro

3000. [ANU Ji1§)
(S0l - Giventhat N=3000: A=5cm’=5x 10" ng®

R=20em=02m; p,=4nx 1077 - b
amp- m

~. The self inductance of an air cored toroid L=y, [N;A]

) v 7| (3000)° x (5 x 107) .
=(4n x 10 )[ 2% 314 x 0.2 =4'5x103henry=4-5mH.

A 20 henry inductor carries a steady current of 2 amp. How can a 200 voli
induced e.m.f can be made to appear in the inductor?

Given that L =20 henry ; e = 200 volt

| Sol -

di di .
¢=-L = L 7 (numerically)
di e 200
— === —= 1) /hv ‘s
% =1 20 10 amp/sec
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5. ALTERNATING
CURRENTS

LONG ANSWER TypL QUESTIONS

W AC voltage is applied 1o a series 1-R cireuit. Derive the equation for the

carrentompedence and phase angle with the help of phase diagram.
[ANU 19; AdNU 17; BRAU 18; VSU 17]

et consisis of resistor of resistance R and inductor of inductance L connected

m series. An ALC voltage £ = E, sin o) ¢ s applied to it. Let 7 be the current at that

mstant ol time ¢,

Back e.m.f. developd across inductor is — £, 5-?
dt

lotale.m.'= = E,smo =L S(}h
7 .
L
According to ohm'’s law, this must be equal to iR 3 —
di
E,sinel=L ==
%7 =iR
di N !
L +iR=E,smwr— (1)
dl
Let the trail solution of equation (1) is @ F—Fsmo!

i=1i,sin(®r—¢)—(2)

Differentiating, we get %: =@ cos (o f - ¢) —(3)

Substituting equations (2) and (’3)"'!1"11 equation (1)

o L i, cos (& t - §) + R iy sin (0t — ) = E, sino ¢
=E, sin {(w1—¢) + ¢}

= £ sin(w (- w)cosd + E, cos (@'t —¢) sin ¢ = (4)'

Comparing the coefficients of cos (w ¢ — ¢) and sin (& / - ¢) both sides

wLi,=Eysind —>(5)
Ri,=E,cos$p—(0)
Squaring equations (5) & (6), then adding
i [K + (@ L)]: ﬁ',-‘, (sin> ¢ + cos’ ¢)
iR+ (L)) =E;

£,

— 7 =»(7)
\r\’ + (ml)
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[mpedance (7) = "

i [
Z=NR A (1) 5 (8) |
Iwading cquation (§) by cquation (6) |
‘o LdF sin g

R U7 I.” COS O
m/ fon /)
lan == d=Ilun ' |- (¥}
“ A t but vol
1th current but volta,
Vector diagram ! . i phase with € e
I'he voltage ncross resistance always remaiis
across inductance lead over current 907 [es. 1he
. I it ar' ! S
In Cgure £, and £, are mutually at right i"gmw £,
e aniked A AT ‘cpres )
vector O represents £, while the veetot OB re) OR rcp-f
x P d
By the parallelogram law of vectors, the diagon A
resents resultant voltage £,

L B =R+ B
(i7) =(iR)’ + (ol) 0
Z =R +(oLy
Z=\NR + (0 LY.

2. An alternating e.m.f is applied to a circuit having
series. Derive an expression for the current and impe

I
i
[
'
I
1
I
'
L
1
L

A

capacitance and resistance 1
dance. Draw a vector diagram.
[BRAU 18, 17)

\. Circult containing resistance R and a capacitance ' In SETIES. connected to an A.C

voltage E=E, sin o . L |
Let g be the chafe and i be the current at that instant of time £. Back e.mf
ACTOSS capacitor 1S — q C

C R
| |
lotal em.f=E, sin » —-‘é N0, | |
According to ohms law, this must be equal to iR
’.
E,sinwt-L=iR ”
7

iR+ 4= E,sinot

¢
o e di 1 de
Differentiating, R T + = :hl =FE,mcos o/

F=Fysimw!

i i v ; /{
0 T S e
R st L, mcoswt—>(1) [ Ji= (h’)

[et the solution of eq (1) is i = i, sin (w ¢ — 0) — (2)
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Differentiating. :;: =, mcos (1 - §) > (3)

Substituting eguation t2) and (3) in equation (1)

fy g
i Reos (7~ ¢)4 c sin(m s - ¢) =L, mcosml

=[5, cos [(07=¢)+ )
= E, o cos (w7 -¢)cos d - L, osin(ol- d)sin §) -» (4)

Comparing the coefficients ol cos (o /- ) and sin (¢ 1 = ¢) both sides

iyo R = Eymcos ¢

in R = E,cos$ —(35)

o . .
C=" E,sing

Iy .

~——=[,sin ¢ = (6)

«
Squaring equations (5) and (6), then adding
9 | &
iR +|——

Flac) .
s x40
SR+ —= A=
2 i (m CJ /

E,
2 l 3
R- L
+LoC)

E ,/ - o’
Impedance (Z)——*Q— R‘+(-l—) — (8)

’-u o C

= E [cos’ ¢ + sin” ¢]

= =
-

—(7)

fh =

/00 C

Dividing equation (6) by equation (5), Tan ¢ = R

¢ ="Tan : (mé'R] —(9)

Phase diagram : 0
The voltage across resistance always remains
¢

same in phase with current but voltage across con-
denser lags behind by 90°. The vector OA represents
£, and the vector OB represents E. The resultant Fey

veetor OR represents E. B | siosimnmrdmesd
-7 4] 7
BB+ B d

—
'
—

—

Y

- =

A _J_3
(zy = {iR) +\(mC]
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P A

[m(_] » (10)

_ *efreuil cont

3. Derive AN Expression for the current in the A.( L“:,;Itcma
ance and vapacitance all i series with the ;11“"'!“‘ ‘-uil ¥

N meant by the resonance of the LOR series A( BL:‘AU 17

[ANU 19, 18, 17; AdNU 18; AU 18, 17; svu 18, 17;

G CUHRENTS

qining resistance, induc.
ting ¢ m.f. Explain why

; RU 18, 17; SKU 18;

VSU 17; YVU 1g,

- 1 —'q‘-— £i—l:: |
E smnom¢ C Ld{ Ri

(—b-+Ri+g:=E,,sin o/

Let the trial solution of equation (1) is i = iy sin (o t—¢) — (2)

where /, and ¢ are constants,

. : di .
Differentiating equation (2), g =l cos (wr - ¢)
2.

/ . ,
and ‘('l—,' == fy o’ sin (e f - b)
ar

Substituting above values in equation (1), We get

."".
— Liy 0 sin (wr =) + Riy » cos (ot — ¢) + (i:lsm (w1 ¢)

— Eu MmCcosm/i = Euw cos {(w 1 - ¢) * ¢}

= £y cos (f — §) cos h — £, o sin () ¢ —

) sin¢ — (3)

52

e ( are connected jp,
q capacitance .

A A conductor of resistance R, an inductance /.. and a La:ourcf-‘ of alternating e.m.f
SCIes and the combination is connected ‘JF""OSS e qiunt { and ¢ be the charge.
E=Esmor Letibe the current in the circuit at any 1ms
: ey
I'he potenuial difference across the condenser = — C

. . di
Back E.m.f due to inductance = - . =
dt L
—— R ¢
[ di
=F, sin mt-—l—l. g
' C dr
According to Ohm’s law this N
must be equal to Rj. R E, sin wr
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W‘l‘- Sl
( 0!11(;;&;1 ing the coetlicients ol sin (o t~ &) and cos (o ¢ ~ ¢,} on bnlh sides ol equa-
lll)ﬂ

i
_Liy o ‘F Ly o sin
]'n

[ L m * L, o sin i

L.
(0 !.—m'(.l.l- Ly sing —» (4)

and R w dy = £, o cos ¢
Ri,=Eycos ¢ —> (5)
squaring and adding equations (4) and (5)

s P n
)[R +((0L “(u (] J-l;;,lsm"'di-kcosl ¢

'R +[(IJL——1—“J :E:::

o
E
\/i;-e— ({0 L~ ——I—J-
wC
, E,
i, = 7 - (6)
\/Rz + (w L - _)
oC
: E, . _
Thus i = 77 Sin (wt—-¢) = (7)
\/RZ - (m L - WJ
\ (@)

Dividing equation (4) by equation (5), we gct

mL-—%; mL—JF
o= Tun' Rw = R”-»w)
Impedance £,
E, : i
B=2=VR+ wfnd-cg] 20 T Ll 2
fo oC & E, - Ec /E
orZ=vR + (X, - X.) / ,
where X, = » L = Inductive reactance .= - J'
R
A= i - ("apacitive reactance
)
Vector diagram :
In series LCR circuit the P.D across the !'esis- Ve
0“

lance £, is in phase with the current. iy 18
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oA = Ki, ht‘
the Meak alue of the Cuny Ih "y centeddn by the e h : TM
voltage o s . - ance of the current,
S e

o0 ady he
whectance AN which 1s 90 “

\ Q\H\]ut‘ n i oy l,‘ !
S AV the L ARTRITA N | . o Wich s HY g
o (

sl ~{
The resuliant of the two represente

L] !

s the current Thus I-,‘ and

/ ¢ WY Ul\!]l\‘\ 1T

| by

\

/ } |
‘. L 1he resultant of Fe and £ ¢

an b ohtained by veey,,
i (

addine -
et methsd. Yhigie represented by OR.

‘ (ORY ARLY + 0’ e 1 = | ]
\ o

i-‘ R‘ + M L '
3 \ o ()

R = Iy
OR ILR +[n[_ﬁ__]‘=,_'"

\ o

-

O |

E T 'y
Thus Z= " <|R +|mL- 1 \i
hy i- \ m (“
wil - -—I——
From figure 1an o= Rm C

Series resonant circuit :

parti e 1
So a1 a particular frequency, the total reactance 1n the circuit is zero (@ L = ——

! oC
The current becomes maximum. Such a condition is called resonance and the cir-
cuit under this condition is termed as serics resonant circut.

Al rcmnancc( wl- —-—-‘ 0
\ (!JCJ

The corresponding frequency is given by o L = 4.

— i — el |

o C
® = 1
W == or(-)zv_
' t
I I
T R/X :
2n YLC
. _ .
The vananon of curnrent with frequeney y
1s shown in the above hgeure.  The currem oy

increases as the frequency increases until the
resonant frequency 1s reached where it is
maximum. There atter the current falls,

T frequency
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Give the theory of paraliel resonant cireuit ? Define quality factor.

‘Oﬁ =[5, sin w /

Consider a parallel resonant cireuit consisting of an inductance L and resistance R
m series in one branch and a condenser of capacitance C' in another branch as
shown in the figure. A source of an alternating e.m.f £= E,sin (18 co.nnccted to
the circuit. If the total current at any instant is f. the current through the inductance

branch and capacitance branch are i, and i,.
From Kirchoff’s law.

i=i+i, = (1)

Let Z be the impedance of the circuit.
Z, = Impedance of inductance and resistance = R+JolL

Z, = Impedance of condenser =

E Jo C
Usi i ) EUHE_;, Ej
sing equation ( ,~Z——Zl-+—z-;
' E, E;
—= +
Z R+Jol V/JoC
1

L . je€
Z \R+JolL

Now admittance (Y) = ,lZ = E—Hl—*—-' +Jo C

3+ J L
_ (R-Jwl) v dis &
R-JoLR+JoL)
o b -U“'l,-L,,) +Ja C
(R +o’L")
y_R+J(OCR +0'L'C-0l)
R +ol’

The magnitude of admitance is given by

yi=VE PR o 'C-o L)
R: + L
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e, CR m‘f" /-0 f
ore LC ) coR |
m 1 ) ‘l /‘
] ( ] \ 1
(43} "U \! ] }\‘
l( !’ .
. P e ———
t \' | R g~ fa
2R L.C L’ y Frequency

yence theeur rent 1S minimup,

At thisfreguenc - 19 Ml and |

e _ v Thiscircui
Suchafrequencyiscalled asresonant frequency. Thiscir
resonant eireunt.

Quality factor :

Mic e At . » average energy loss per
Iis 1s defined as 2n times the ratio of energy stored 10 the averag gy per

penod
O - 2x  Lnergy stored
= Energy loss per period
, wl |
Q=—" (or) —-.
R oCcR

SHORT ANSWER TYPE QUESTIONS

Write a short note on Q- factor.  [ANU 17, J16, M16; AdNU 18; RU 18, 17;

SKU 17; YVU 18, 17]
The quality factor is defined as 2n times the ratio of the energy stored to the
average energy loss per period.

Energy stored

O = 21 = 3
=R Energyloss per period
. Energystored
=2nf:— .
* Power loss per period
| , >
5 L i
;2 2nfl o L
OQ=2nf-—= =
2"
I
Similarly it can be shown that O = o CR’ We have seen that the power factor
SIS
OL et s b e
(cos ) = R i an L circuit, cos ¢ = - ina C - R circuit.

OQuality factor is equal to the power factor of the cireuit.
Derive an expression for the power in an alternating current circuit Explain th

POWET factor. [RU 201 8]
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The powern an electric circuit is the rate at which electrical encrgy 1s cc.:nsuml:.;dl;l':
the cireuit. Letan et 2 = £ sin wr he applied to the circuit. The L:'Ul'“-"?‘ and
circuit £ = iy sin (o 7 — ¢) where B 1s the phase difference between AC voltage
current. The instantancons poweras gven by £7 = Iy d, sinm £ sin (o 1 - )

!
| _[I:‘nf: p

| Av crage power (/) = ; I!z‘.,!,, sinw rsin (ot — )t
t Itfl ’
| 1]

!
o,
P = ; I 5 “[cos (w1 - W7+ ) ~cos(wt+ W [~ §dt

=]

!

-

A [ [.‘l'l(‘ﬂ f
=7y [Icos ¢ dt - Jcos (20 1 = )]
0 0
1 Lo " [sinQui- gy
oo sSin wil-
=5 [feosd =T
s 2 J' ¢n | 2w }"l
1 £ .
= l,- ——;ﬂ [T cos ¢ - L isin (2o T—¢) —sind} ]
] = 2(.')
I Eoly 1 . 2. .
. 3¢ —=—- sinl2 =8 sl
T [Tco:.(b 3 ¢ IS0 ,\._ 7T ¢) sin ¢}]
1 Egi, . b
_Pz?-—z--chvf_- 5 o3¢

Iy 2 s
P: ’) ) __J__z_ \:Ob - : l'!ile lfn‘sx cos ¢

=>P=E_  xi, cosi

nns
Here cos ¢ is known as power factor.

3. Write a short note on power factor.
. "Power factor is defined as the ratio of true power to the apparent power".

True power  E, . i,,,c0s ¢
Apparent power E .

ms ms

Power factor =

Power factor = cos ¢
In a pure resistive circuit, ¢ = 0, power factor = |
In a pure inductance cireuit, ¢ = 90°, power factor = ()

In a pure capacitance circuit ¢ = 90°, power factor = ()

, w L
Inan L - R circuit, cos ¢ = =

R
‘—q_—-_______—
57




M ———ALTERNATITT ——_—— s
“ @;rfuvmcs SEM 4 . P4 ” 72 H ﬁl:ﬂ = B

—

i

‘ ] ) ! J ftll’ I '
nan ( Rewemn, cos K o (

{I o m ( / |1
Inant { D : ks = .
fooemt, tan ¢ R .
L] {\, ——
| Power factor (cos §) —T Al B
] { _7_-_____"_—.__-_____
\[R | l(r! , .l —
m(
4. Wnie the advamages of A.C over D.C ? ‘ o up of step down the voltage 5,
V1) Using a transformer with A.C we can either step Uj

- voltages. This type of transformg
our choice. We can get a wide range of A.C voltage

ton 1s not possible with D.C. ‘cally more robust and
; . ‘hanica nd
-1 AC mduction motors and other appliances are mecha Yy
clecneally simple ‘o
: . ' - a even over long dis-
Y} The lne losses n A.C power transmission are Very low g
ances . »
: ' . : : sing rectifiers,
#) A.C can be readily converted into D.C. When r_equ‘red‘ hy 8 rfciable loses of
) In A.C. circuits the current can be reduced without any app :

power, with the use of a choke or a capacitor.
5. Denive the relation between RMS, average and peak values of voltage in an A.C.
circunt. |
') R.IMLS. value of voltage (or) current: |
The RIM.S value is the square root of the average of the sum of the square of

the instantaneous values taken for one cycle.
E .= E, and i = ly
rms ,\,'; an lem ' S ,_E

ii) Average value (or) Mean value : -

|
The average value is obtained by integrating the instantaneous value over half - cyle|

1

-
Average value = = x £, |
T[ |

Where £, = Maximum voltage.

iii) Peak (or) Maximum value : The value of a]temating voltage (or) cur- |

rent which has higher magnitude in a cyele is called Maximum value (or) Peak
value. |

|

L., and i represents the maximum values of voltage and currents |

6. Distinguish between £. - € ~ R series Fésonance anc |
: ) : S re ¢al ; es ircui |
. 1d paralle| resonance circuits. |

[BHAU 4. Mt 1R‘I|
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series resonant circuit

i p.S¢. !’EYSICS

.
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1) SCHes resonant frequeney

s independent of resistance resistance
g
e J PRV A
3 N i ™ )
2rVLC o LC L

*) AL resonanee curent 1s
max M.
11 AL resonance impendance
s mmum.
1) A series resonant cireuit
called the aceeptor circunt,
<1 \1 resonance the cireuit
hibits a voltage magnification

SEMA.p4 . |

[ 73] [‘r"ni.fi:'riii'mmn CURRENTY
il ,__1__._,_%

Paraliel rosonant clrcuit

— - ——

1) Parallel resonant etreutt depends on

2) At resonance current is minimum.
1) Al resonance impedance is maximum.

4) A parallel resonant circuit called the
rejector circuit,

5) At resonance the circuit exhibits current
magnification equal to O - factor.

cqual to Q - tactor.

7 Obtain relation between voltage and current in an a.c circuit containing pure ¢a-
pacitance.
. lLet us consider a capacitor of capacity C to which an C
A.C. source 1s connected. The alternating e.m.f. ap- —
plied is given by
E=E,sinwt = (1) T

|t the instantaneous current through the capacitor at

any time ‘1" is /. q is the charge on the capacitor at that

time 1.

The potential across the capacity V'= g.— which is equal to e.m.f °E".
q

a

E=Eysinwt

;. E=E,sinwt=
(= E,csmnwt.

differcniating w.r.t. time, %‘f = '(% [E,C sin wt] = E, Cw cos wi.

= dy_ E, ¢cw cos wl
dt
, n 8 n
= E', cwsin (W! + E] < I = [u sin wi + E — (2)

Here [, = E,cw, which represents maximum current.
. , n
From equations (1) & (2) the current leads the e.m.f. by 2

PROBLEMS
1. I A.C main supply is given to be 220 volts, what would be the average e.m.f
during positive half cycle ?
Sl E, = 220 volt
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L
i RS
| "y O E = N2 L.
l o) V) )
! | a a ,,'.) ‘I" \l"“ '

J o o ” . . ITL ’
| e Werage ¢.m during a half cyele is given by
|

! 2

| . ] 2~ ‘” 2
l Werygy

n 14 4 oot
. _ e () resistanc,
- stance 0-01H, N
Calewlate the current n an A.C. series cireuit of indue

“Withan e fof 200 v s with 50 Hz frequency.
VL=001H,R=50, £, =200V

1982 volt

ra

Liven thy
I=S50Hz

=

2nf= 2n X 50 = 100n

——

| Z=Fi e - VST (100m)  (0-01)°
! £=N\25 y 9868 - V34868 Z=5.906 Q

< E
| ( urrent (,rms) = ‘——‘nz-‘-‘—': = 3‘199{()16- =133.86 amp.

An alternating voltage of 110V -

50 cycles is applied to a circuit containin,
inductance of (.02

H, and a resistance of 10 ohms. Determine the current and |
| Sof :

W=

2n/=2 x 3.14 x 50 =314 rad/sec
L=002H.R = 100

2N oL =TT

(314 x 0-02)”
= V100 + (6:28) = V1394 =118Q

v
" The current 7,) = 2 _ 110

The phase angle ¢ = Tyun™! (%[—‘] =Tan™! [ng_gJ

¢ =32°%
We know that the current in an inductor will be lagging behind voltage «
| hence the phase lag is 32°%’.

4. A potential difference with a frequency of 50 Hz is g

, Pplied to a coil of 10000 +
inductance 2/, calculate the Power factor of the cireuit, [July 201¢
Sol: f=50Hz, R = 1000 Q,L=2H

W=2nf=2x314x50=1314 rad/sec

Z=VR 7o'l =[ 10°Y + G14y(2)” = 1394382
Z=1180-8 Q
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J - From the specifications of the |

ol -

MH

1.

Sol . L= 10mH = 10 x 107°H
— C=1lpF=1x 10°°F, R=1KQ

ﬂZ=\l;+(mL—w—IET

P4 ” 7#"”“‘*‘_-—- R
- ALTERNATING CUﬂ‘nElITS
PU“’CT 1‘HC‘()]" COs ‘:\) R “" "“ B - - _——ﬁ
411808 08467,

How large an inductanee should |
bulb, s 10 operay d be conneeted in series with a 120 V and 60 W

. normally whe 3 o
SOH2 line mains 9 y when the combination is connected to a 220V,

60 W amp
¥

1= nor- 0-5 amp

_120¥
054
Even when the bulb is connected to 220V mains

220V
Y|
Z 054 40 QQ

7=VR +o?L’

R=240Q.f= 50Hz, @ = 2nf'= 2 x 314 x 50 = 314 rad/sec
Z2=R+o’L’

(440)° = (240)° + (314)*L?

(314)’L* = (440)° — (240)’ = 680 x 200

%0
1= NB0XIW 4 s bt

314 x 314

A.C voltage of 200V with frequency 50 Hz is connected in series with a resistance
60 Q, capacitance of 4jLF and an inductance of 3H. Calculate i) Impedance of the
circuit and ii) Potential difference across the inductance.

E =200V, f=50Hz, R=60 Q, C=4uF,L=3H,0 =21 X 50 =100n

R =240 Q

V(60 + [3 » 1007 — 1/(4 x 107" x 100m)°
= V3600 + (9423 — 795:6)°
- 3600 + (146-7)7 = 3600 + 21520

Z=25120 = 1585 €)

e.m.f 200 1262 a
=i = ]}i m
Current (i) = Impedance  158:5 ‘ 3

PD across inductance = @ Li = 1007 x 3 x 1:262 = 1189 volt.
Calculate the resonant frequency of an LCR parallel resonant circuit with

L=10mH, C=1pFand R=1KQ

_1x10°Q
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_ g.ELECTROMAGN ETIC WAVE
- MAXWELL’S EQUATIONS

LONG ANSWER TYPE QUESTIONS
What are the b

asic laws of ¢lectricity and magnetism on which Maxwell’s electr,. |
magnetie theory is based. [A‘*’NU iy 13}:
he basic laws of electricity and magnetism on which Maxwell’s c]ectromugnm_,u
theory is based are

) Gauss's law
The o1l electric |
by the surface.

in electrostatics :

I
Tux through a closed surface is equal to the total charge encloge |
|

(:fE gy = 4/ €, !

But il p be the charge density and /¥ is the small v
g = j pdy

¥

(}E-(.’.\':-el—-ledVor (jen[.;‘-ds:.[pdlf’

g,

. |
olume considered.

v

D ds = [pav ¢ p- s E}' |
:

According divergence theorem

4D -ds= [(v-Dyaw

v

¥

So [V Day- [pav
d

V-D=porV-E=p/e,ordivE = P/,
1) Gauss’s law in magnetism :
The total flux of magnetic induction over a closed surface

(jf;-f;.:-:o

Transforming the surface integral into volume intep

1S always zero.

ral

* ce |
vy = -BdV =0
(}B s ‘IV ¢

As the volume is arbitrary, the inte
VB =1

gral must pe zerq.

——

i
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i) Fraday’'s law of electro

s law states that an electyye fie

d
Lff ol = ";}T"l’.
- :“B'tl.\ = !ﬂf oy

Applying Stoke’s theorem (} Edl

on

I(V xE) ds =~ a obi

L]

ey

—— —
a.5¢ PHYSICS SEM 4. pg e
= Q@ | ELECTROMAGNETIC WAVES
- LA

Tagnellc InTiijctlbd t
dis produced by ¢changing magnetic field

- I(V x 1)+ dly

I'his equation is true for all surfaces

-

C
) Ampere's law :

- 0B
V X = ——""‘_‘ (or) curl E= _O‘B.,
cl =]

!

This law states that the amount of woikdone in carrying a unit magnetic pole once
Lround a closed arbitrary path linked with the current is p, times the current 5

- =
4B dl=p,i
lIsing Stoke’s theorem
$8-di=[(VxB) ds
!(V x B) - ds = py IJ-d.s'
V x B = ""'OJ
Replacing J by J + € %E;
oE
V = o i
xB=p, [J + €y 3-‘]

Deduce the eq
of light in free space.

Let us apply Max _
dielectric medium containing neit

tric is one which offers infinite resis

zero.
Hence J=0,p=0,0=K €k

Hence Maxwell’s equations for a dielectn

VE=0 - (1)

uation of the electromagnetic wa
[AdNU 17; AU 18, 17; SKU 18; SVU 1T VSU 17;

well’s electromagnetic equatio

ve and hence evaluate the velocity

YVU 18, 17]
ns to a homogeneous, isotropic,
her electric charges nor magnetic poles. A dielec-
tance to a current and hence its conductivity 1s

eFand B = pg pf = pdl

¢ become

J-B:O —(2)

63



iiilfrnday‘s law of o)
This Taw states thay gy cle

-d
T (}!’.‘- ol = “‘i‘-‘}'
dr

. é—if- !n-m - I‘;’f s

Lev ][ ELECTROMAGNETIC WAVES)|
octromngnolle lnduo_ti;l‘ri N

Fis produced by changing magnetic field

——— —
crie el

Applying Stoke's lheorem(}l-.‘ dl = I (V xE£Yy. dy

J(V xE)-ds=- ji‘f ds

T'his equation is true for g surfaces

. Vx E:ﬁ(or)curl E-—-:——aﬁ.
ot et
V) Ampere's law :
This law states that the amount of wo;
around a closed arbitrary path linked

s —>

OB-dl=p, i

‘kdone in carrying a unit magnetic pole once
with the current is K, times the current j.

Using Stoke's theorem
$B-di= [(V x B)- as
[VxBy-ds=p, [J.as
V x B:.-—p,oJ

E
Replacing J by J + € %;

VxB=|.LU[J+ E“%ﬂ

2. Deduce the equation of the electromagnetic wave and hence evaluate the velocity
£1; ) aCE. NU 17; AU 18, 17; SKU 18; SVU 17; vsu 17;
of light in free sp. Lad YVU 18, 17)

Let us apply Maxwell’s electromagnetic equations to a homogene
dielectric medium containing neither electric charges nor magnetic

tric is one which offers infinite resistance to a current and hence
zero.

Hence J=0,p=0,D=K e, E=€Fand B = Mo i H = nH
| Hence Maxwell's equations for a dielectric become
' VE=0 (1)

V-B= - (2)

ous, isotropic,
poles. A diclec-
its conductivity s
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Vx&-208

a @)

. o
) \’ X I} 3 “ [ ¢ =
! a @)

‘ | -liminating £ in equg;;
I By obtaining wave equation in dielectric medium by eliminating Quatiqy,
and (4)

Taking curl of cquation (4), we get

VXV){B:V _a_E_‘:: —a-g}
XU e y TH= an’

0
= —(V
“661( x E)

=pé 2 (=28 VxE:ﬂ} from equation (3)
or\ o o )

Weknow that Vx v x g= v (V-B)-V’B

VXVxB=V(0)-VB - (6) from eq.(2)
Substituting equation (6) in equation (5)

, &'B
- V== —
HE ar
3 B
VB= > —>
ne Sl )

Similarly from equation (3), V?£ = ne %i’f;: - (8)
¥
Equations (7) and (8) represents the wave equations.

The general wave equation is V’y = "lz- %} - (9)
Y
where v = velocity of wave and Y = displacement
Comparing equations (8) and (9)
1

v
> 1
V'impr——
pe
v-—-TJ—; - (10)

. l
For free space v —— _, (11
Ho€g ) :

My =4m x 10" " and €p=885x 10" I

\
———
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e 1] T —————

““—w_,:__;;{_ e A
an x 10 T 8.85 10T = 3 % 10* m/sec
Thus the velocity of the

. ooy propag
velocity of ight. '

aion of variation of £ and /1 is the same as the
3. What 1s poynting vector

ia.. Derive ex
cquations. Give its ¢l

aracteristics?

pression for poynting vector from Maxwell
[ANU 19, 18, 17; AdNU 18; AU 18;
BRAU 17; RU 17; SKU 18; SVU 18]
ate at which energy is transmitted through unit area

rection of propagation of energy is
, o b called poynting vector
and 1s represented by P, : ad P

Let us consider on ele-
mentary volume in the form

'\ Poynting vector : The ¢

. E d
ol a rectangular parallel- :
lopiped of sides dx, dy, ¢z. : B
lts volume is dv dy dz. If the —1» :y _______________
energy 1s supposed to be dr RN =
propagated in the x-direc- 2 dz

tion, the surface of area

dv dz is perpendicular to the direction of propagation of energy. If the electromag-
netic energy in this volume is U.

du - —
Then the rate of change of energy (a_:J = -—(jP ~ds — (1)

The negative sign is used because the integral on the right hand side of the
equation is negative when energy is entering the volume.

dr-as==2Y 2
s ot
The energy per unit volume due to electric field is j'lj €, E° and due to magnetic field
| _1' g
5 H .
L =t e et H
g == 2 €9 2 Hy

The rate of decrease of energy in volume dV'is given by
:_a rl_ 2 l 2 dv

a’ [2 GUE + - p’UHJ

" Rate of decrease of energy for volume I/

~3U -0 () _ 2.l ;-f] dV
—_— = = E W }‘l
o1 ot (2 . 2™ :

V

g i o
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Stmlarly taking curl 8 we can show that

ol
—*=0ork = constant
R} Y

; . : onstants as r.
o £ and Fl, arec S TCuyr,
- ; i« shows thal E
The above mathematical analysis sh cnits and hence no part g

- (afic Compﬂll
to imie and space. 1.¢.. these represent stati
-

e e o e H 4 KE,
wave motion. Thus £ :f E +k E. and =y

- o 1] do not contain any y-cq, .

Since the clectrie vector £ ulfnd mzl..l.!ne“‘f VL:'_::: ;{ t(he wave. both the)s(c R"LT.‘.I: '
nent, a-direction being the dircutlon‘ot propagall Hence Maxwell's electromg,
are perpendicular o the direction of propagalion: -
e waves are purely transverse in nature. .
Describe hertz experiment for the production and detection of electromagp,,
waves. [ANU 19; BRAU le; RU 1.8; SVU 18; YVu 1y
The schematic arrangement of Hertz experiment 15 shown n ﬁgt{re- A a”fj B.,
two brass square plates. These plates are placed veﬂlcal]y ata distance of (1,
seperation. These plates serve as the plates of a capacitor. Usmg," large area capa -
tor plates and Seperating them by a large distance makes the region of influence
the electromagnetic waves considerably extended.

The opposite faces of 4 and
B are connected to thick wires
carrying highly polished brass
spheres C and“D. The brass
spheres (Buttons or knobs) are
seperated by a gap of about 2 cm
1o 3 cm. An induction coil is

; D /_\ |
connected across the wires at- \’? q,%c\ E |
tached to the plates, So that the ¥ 7 t

Metal Plate

To induction coil

capacitor plates A4 and B can be f B /R
charged to a suitably high poten- | .~ Metal Plate
tial. R

When the D.C voltage sup-
plied by the induction coil becomes suffic
brass buttons C and D gets jonized. Th
provides a path for the electrical disc
oscillatory discharge through the ¢

waves,

Detection : To detect | S— -
Slightly open ring R m.‘ﬁ'"fvll' Wa“‘b anducud n the spark gap, Hertz empl®*
g i . n aimost closed circular thick i 5ap. ds ol 1he
¥l|1l: i)f::s]st};dhle);-ci 5?1::(!] l;?hshed brass sphere These 1\::‘:‘ “T:; ebtWD enE_ andf-

s E ¢ 7 sery ‘ S¢ are called buttons
an inductor. Thus in the detect 4 capacitor and connecting V" :

‘ently high, the air in the gap betweet
¢ airin the gap becomes conducting **

¢ between the two plates A4 and 5 |
nducting ajr produces an electromie™"

harg

€ as the plates of
or also we j

ave pot g sers
- 8Ol a series LC circuit.
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[ the ¢enlar ¢
my Ras placed

- ‘ L : n s { i} i J Vi it ;
ol the £ZM waves produced he s ey b oy brimhern
et will e tnddcad W the spark gap passes (hrough (. then an alternating
ol o chu mundnlhc cirenlar wire.  The oseillatary ¢ f across the

s auses a small spark (o pass ' ' '

AR spark to pass between them when the e et

is ol sullciently hagh value., e

The diameter of the eret
Wi IU‘ of the cwrcular wire 15 altered until the natural [requency of the
¢ ] ccomes cqual with the [requency of £Af waves produced in the spark
cap between Cand D.

) I

In the resonance condition, the amplitude of the oscillations in the detector
circuit incréases. Consequently a spark will be produced between £ and £ of the

detector. Thus the EM waves can be detected.
SHORT ANSWER TYPE QUESTIONS
1. Explain what 1s meant by displacement current 7
[BRAU 18; KU 18; RU 18, 17; SKU 17; VSU 17; YVU 17]

s in a medium are displaced when an electric field is applied, due

When the dipole
produced which is called displace-

to displacement of charges a small current 1§

ment current.
Ampere’s law 1n vector form can be expressed as V x B =, i

laking divergence of this equation, we get

V. (V « B) =div curl B =div Wy = Py div/

{ divergence of curl of a vector is always zera, hence divJ/ =0

We know tha .
contradiction with the equation ol continuity which states that

Above equation is In
-
P .
divJ+ 2L =0
et
So Maxwel realised that the defimtion
modilied the eguation 45

of the total current density is incomplete and

curl 8 = ., J 1 something
ometlng. maywell postulated that similar to the electric tield

[ here would ho o magnetic field due to the chang-

I order 10 know this s e
due to changing magnetic i

I

_ B -
- —s —

SR
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Sol -

Sol -

- . urvalent to a cunem
e cleetne tield. Thus a changipg electric field is eq

: roduced the same magnetc .

Mows as long as the eleetric field is changing an]quwn 2« displacement cunen.
feet as an ordinary conduction current. This 15 | .
in differential form and mtegra- orm.
[AdNU 17; RU 17; svudn, YVU 15, ¢,

i s of “1ity and magnet; \
In 1862 Maxwell formulated the basic laws of elecl:;,l;);eamo\mbas :qn:xl: 1
Sy L - R - y
lorm of four fundamental equations. These equalic .
cquations. l

* 3 ’ w-

The differential form of Maxwell’s equations are given belo

Write down the Maxwell’s equations

1) div £ =P
=)
HdivB=0
. —-0B
eurl £E=—=
) cur Py

4)curl B=y, (J+ € %I::J

Integral form of Maxwel] equations are

1) (fE cds =4 (Gauss law)
©

1}

2) (iB ‘ds =0 ( Gauss law is magnatism)

-+ - d¢ﬂ i
3) CjE cdl =— >y (Faraday’s law)
4) (}B ~dl = p, i (Ampers’ law).

PROBLEMS

Relative permittivity of paraffin x — 2-1. Find th - -

; i % ¢ p..'
gation velocity of e.m.waves through it. ¢ refraction index and the pre

Given K =2.]

p=VK =\2.1 = 1.45

Viy

‘)

Yo _3x10°
|

v=207 % 10" m/s.

P

Relation permittivity of distilled

_ | Water 15 § ot _ o gnd
propagation velocity of e.m.waves Ihrollg; ) L. Caleylage its refractive index 3"
Given K = 81 ‘

= VK =V81 =9

\/
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/- Power = 3-8 x 10* watts

va e —at—= 333 x 10" m/s,

T'he sun radiates with a power of 3.8 x 10% watts. Calculate the magnitude of poyn
ting vector in case of the surface of a sphere having a radius of 7 x 10" m..
[ANU 17)

Radius (1) =7x 10°m
Power _ P
Surface area 4 x ;2

= 3-8 x 10™
4 x 314 x (7 x 10%’
_38x10"
6154

=6:175 x 107 watt/m*
(Calculate the velocity of electromagnetic waves in free space.
[Given €, =885 x 107", p, =4r x 107 ]
£,=885x 107"
m,=4nx 107’

] 1
Ve, Vanx 10 x 885 x 107

Poynting vector =

C

= =3 x 10°mys.

* & %k

70



I B.Sc, p BASIC ELECTRONIC DEViggs
——>C PHYSICS SEMa-Pa || 90 || ﬂs

DEVICES

| LONG ANSWER TYPE QUESTIONS

The function of diode is to generate electrons and to collect them. The regq,
which generates electrons is called a cathode and the one which collects ther |
called anode. These two function can be performed by a P— N junction. The|
addition of impurities to germanium (or) silicon during crystal growth can be 5
adjusted that part of the crystal is n-type and the rest P- type. Then P~ N junction |

's formed. An important property of the P — N junction is that it conducts electrc
<urrent much more readily in one direction than in the other.

‘1. Whatisa P-N junction diode? Discuss the working of £ —N junction digd.:
Explain forward bias and reverse bias? [ANU 19, 17; BRAU 18; Ry 17,
SKU 17; SVU 17; VSU 18, 17; Yvy 18]

| A.

Working : In the absence of external field some electrons in the n-region
neutralise holes near the junction and

some holes from the P- region move
to the n- region. Thus neutralising the

P |

charges by recombination. Thus near ®+ ®+ i@|®: @, @_ ’
!

® .

the junction, over a small region, the : 1
n- side 1s more positive and P- side is O @* © @j @—
negative. This region where the

charge carriers are neutralised is @* O* i@@f @- @-

called depletion region. The potential ' :

1 1 2
difference across the junction is called ‘
Jjunction barrier. The potential barrier can be increased (or) decreased by applying
an external voltage.

Forward bias :
When a positive terminal of 3 battery is connected to P- region and negative
terminal i1s connected 1o n- region, The P — N diode is said {0 be in forward bias.
In the case of forward bias, the holes from p. type semiconductor are repelled
by the positive terminal of a battery and move towards the junction simultaneousy
the electrons in N- type are re-
pelled by the negative terminal of P N
a battery and move towards the
junction. This decreases the deple-
tion layer and the potential barrier,
The charge carries cross the junc-
tion and electric current flows in
the external circuit. This is a low
resistance for the P — N junction.

e—.d—.
~—® 0
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~Reverse bias :

[

2%

conducts. Now a current flows in the circuit and there is a voltage drop across R,.

When a battery negative termi-
nal is connected to P- region and
positive termunal is connected to p-
region. The P - N junction diode is
satd 1o be in reverse bias.

The holes in P- region are at-
racted towards the negative polarity
and the electrons in the #- region are
attracted towards the positive polar-
ity. Thus they are move away from the junction. This increases the potential
barrier.  Due to thermal agitation a small current still flows across the junction
which can be read on only a micro ammeter.

v — I characteristics :

A graph shows the relation between the voltage V and the current /. As the
‘orward bias voltage increases, the current / increases steadily at rearly exponential
rale. As the reverse bias voltage increases the reverse current increases first slowly
and then rapidly.

How is the P — N junction used as a rectifier? [ANU 18; VSU 18]

Rectifier : The process of converting alternating current into direct current is
called rectification. The semiconductor diode can be used as a rectifier.
Half wave rectifier :

Input A.C

D Output D.C

B }/\/\/\

——

Figure shows the half wave rectifier cireuit, The A.C voltage to be rectified is
applied 10 a single diode connected in series with a load resistance R,. For the
positive half cycle of input A.C voltage the diode D is forward biased and hence it
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in figure. For the negative ha]rCYCIL-_

n t conduct. Now no current ﬂOWg
ly a pulsating d.c wave.

This constitutes the output voliage as Sh(_“:{ o4 110
the diode 1 is reverse biased and hence it (:)L;l on
m the circuit. The output is not a steady d.c

0:406 EL
EMciency of the half wave rectifier (1) = _};]._Rl.

- ~wave rectifier 1s 40-6%
The maximum value of rectifier efficiency of a half-wa

Ripple factor : d.c compon
Ripple factor is defined as the ratio of the a.c components to PRI, !

_ s value of all a.c components

~ d.cvalue of components

Y

(Ir)rnu - K@g
1= Ifk = Vdr (l)

Ripple factor of half wave rectifier is 1-21
Full wave rectifier :

Input A.C »
Ly - — Output D.C
- aYaYa¥a'a\
|\ RL |

—

A full wave rectifier can be con

structed with two P— N junction diodes as
shown in the figure. The secondary

' of transformer s centre tapped. Its two ends
are connected to the P- region of the two diodes D, and p.. The two n- regions arc
joined and between this terminal and the centre tap, the load resistance K, 'S
connected. ‘

e the positive half cycle of A.C input the diode D, is forward biased i.¢

it conducts the diode D, remains non-conducting. be ; g

: - bDeing . Duninz
negative half cycle of A.C input the dj ® DCIng reverse biased

ode D, is forward biased je ; ts. The
diode D, remains non-conducting being reverse biased tased ie it conduc |

The efficiency of full wave rectifier is M= M

Trt R, ‘

ciency of a f o

the f();r{r:: ‘:*.n:l“ Wave rectifier is 81-2% il
aclor of the 0lltput voltage of a lu

The maximum value of rectifier effy
Ripple factor 1 We know that

rectifier is s /N2
ve i fN2
wa A 21, /n 111

T ——— A
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al l ']
|
¢ rectifier s (.48,

Tha S > 21 AT e
What 1s the transistor Describe the operation of PNP and NP transistor?

Ad -
"Transistor 111t‘a|]q[[[- "_L-' _‘7" AU_ 18, 17; SVu 18, 17; VSU 17; YVU 18, 17]
§1s S ransfer of resistance. A transistor 1s sandwich of one type of
seniconductor between two lavers of the other type”

T'here are two types of transistors,

1) P — N — Rransistor 2) N - P — Ntransistor
)P — N - P transistor :

The ripple factor y 5 Y T“"‘.m}
/

de )

Ripple factor of full way

E®e— p N P —e

l
B ¥
E

When a layer of N- type material sandwiched between two layers of P- type
material, the transistor is known as P — N — Aransistor.

Figure shows a PNPtransistor with emitter basejunctionasforwardbiasand
collector-base junction as reverse biased. The holes of P region (emitter) are
repelled by the positive terminal of battery ¥, and move towards the base. This
constitute theemitter current/;. The base region is lightly doped only 2% to 5%
ofthe holesrecombine with the free electrons of N-region. Thisconstitutethebase
current/,. The remaining holes (95% to 98% ) enters the collector region. They
aresweptup by thenegativeterminal ofbattery V.. They constitutethe collector

current /.. When one hole

reaches the collector, an elec- F N P

t_ron Is emitted fr‘om the nega-

live terminal of battery and —}‘> e |
neutralizes the hole. Noyv a £ .

covalent bond near the emitter

breaks down. The evolved 5 o 0| o
electron reaches the positive z z =
lerminal of battery ¥, and the T l

hole immediately move to-

}’Vards the emitter junclion. N P— %}

I'his process is repeated again o e Vo9

and again. So the current con-
duction in PNP transistor is holes.

fo=1y + 1
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n two layers of p. vn

n as VPN trans

N - P - N transistor @
When a layer of 72 type !
e = '
material. the transistor 18 Know

re— N |P NA:]——'(' B
k
llj :

ith emitter-base junction as forward ;..
ed. The electrons in n- region (emj.
f battery Vg and move towards

istor. 5

Figure shows a NPN transistor Wil
and collector-base junction as reverse bias
are repelled from the negative terminal o
Junction and enters the base region.

: N P N
The base region 1s very
thin and lightly doped,_ a few > o> 0> |0—>|0—> O0— |
electrons combine with the <I T
holes in P region and are lost i o o—| 0— O— {
as charge carriers. Now the
electrons in N region (collec- o o ol o o—>
tor) readily swept up by the. : r &
positive terminal of V.. Then I & T '
an electron from the negative
of V,, enters the emitter re- s ls I
gion. So the current conduc- ~—0 | o 1
tion in NPN transistor is car- Ve Vee
ried out by electrons.
lp=1,+1.
4. Whal. dorifou underStand by hybrid Parameters? Define the j- parameters of Ut
transistor’
. xed”. Thes (KU 18; RU 18, 17; YVU 1¥!
A. "Hybrid means mlxec_i', These parameters have mixed ('1 Ay a;1d for this
reason are called hybrid parameters" : Imensions

h - parameters ar o f) ; -
I’reqwncpies a lransisufr ;Z?Jusem At high frequencies, pye to this fact at =’
i OW INput impedance. | - : ..
transistor can bt' ConSldered to be & l dellLL dI'ICI hlgh Olltpllt lmped'dllu

four pole
e » DTk ae « 1
: Pole network as shown in figure.

O_L\ I |
Q| ) X
Vi Inpu

+
; ) |
- é}\ 3 Output Va |

The left side 1w (o
nals represent out pyy ¢

rminals ye

; Preseny
erminals, nput te

- _ e
‘Minals. The right side two et

_/
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IFor cach pair of lerminals, (he

| it
; ¢ variables are the velioren y T
’ this case 7, and v, taken g indapt I‘ P "LI”K P e gt
s : ‘Pendent variables ile ¢ i, are taken as
| dependent variables. arlables while v, and i, are taken a
|

V) -_-_f'(l"'. V)
('_, :f(’.h VI)J e )

Ihe same can be expresse

Hence
|
d as
vi=hyd by, 2y
L=hayiy+ vy — (3)

here iy ly, by and by, are nothing but four hybrid parameters.

By appropriate choice of open circuit (/
apphed to equation (2) and (3)

Hybrid parameters are now defined as

1 = 0) and short circuit (v, = 0) conditions

a VI Vl
by =h;= 2 =Ty = Input impedance with output short
Plvy =0 bl =9
cv, V) b
hy=h,= £ = = Reverse voltage ratio with input open
Bl P .- | PR
ai! i'l . -
hy=h,=|—= = = = Forward current gain with output short
oI, i 0 By % =10
ai1 i] - . .
ey =y = |—= =|— = Output admittance with input open
OVl [Vsls=p

Here /1. 11, h, and h, are the hybrid parameters.

Hybrid parameters of a CE transistor :
[)In put impedance (h,) :

“The input impedance is defined as the ratio of change base-emitter voltage (A Fag)
1o the change in base current (A/,) at constant collector voltage (V.,)

II :[—lﬁl}
A]ﬁ V”__.

The units are ohm.

\__‘___
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in base-emitter voltage Vo) 1, "

) Reverse voltage ratio (h,,) !

"oy . it 'yh'ﬂljlf
The reverse voltage ratio is the ratio of ¢h

ase curre
/Y at constant base ¢
change 1n collector voltage (AV,) at conslé
ho- ' .\l'M]
AV, ),

R

This has no units.

3) Forward current gain (h,) :

: . urrent (A/.) to the Chang, .
Forwa.d current gain is the ratio of change is collector ¢ o o

base current (A7p) at constant collector voltage (V)

L (Al
P ~{§; :

R
This has no units,
4) Out put admittance (hy,) =
Out put admittance is defined as the ratio of change

the change in collector voltage (AV,) at constant base current (Zp).

Al J
[;m_ :[

This has the units Siemens.

Define @, B and y in the case of 4 transistor. Derive the expressions for the rels-
tions between them, [ANU 17; BRAU 17; ku 18; SKU 18; svu 18, 17)

Current amplification factor () ;

"The ratio of the collector current to the emitter curr

of a signal is called the current amplification facior ofa

o= ]—‘ when signal is applied o - Mg
[ .

« value varies from 0.9 10 0:99

Current amplification factor () :
The ratio of collector current to the bhase
signal is called the current amplificatioy factor () ofa
F P Al
B=-" when signal is applied § = ¢
Iy Al,
[3 value varies from 20 1o 500,
Current amplification factor (
The ratio of emiter current 1o 1}

v h{i‘;a‘ Cll]'t'ﬂ
: . . i i 10y
signal is called the cyrren amplificatjoy, factor of ¢ (";

/) &

7

€ ELECTRONIG DRy,

- eurrent with out the application vt

T

\

\sl

nt (/)

in collector current (\/ 0

ent without the application
CB transistor"

C'E transistor.

|
— e
ith out the application of J

ransistor.
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(o2

S~

I_._

Y:

—!

R

— —

Al
Relation between o and 3 ;

e
/ ]

when signal is applied y = Al

PN
We know that o = -© ¢ -
¢ I and 3 =

lo=1y+ 1-(or) ]B:[E._lr
o

I I/l
B: { = C £ = .. 3 B:‘-‘
lf'.‘_!f‘ 1 _(](/!{:) l — O ] =k

pll-a)=a : p-Ba=a=p=a(l+f); a=7is
+
1
(1+P)

Relation between and y:

I
We know that y = .I_E and o = %
8 E

It can be seen that (1 — ) =

Iy=1g—1¢
K | 5 b, ;
le—t Q=Ldl) 1-a’
Relation between o, 3 and v :
!
(14 P

.
Y =

We know that (1 — o

1= =(1+)
| -«

Explain the common emitter characteristics of a transistor,
[AdNU 18; BRAU 18, 17; RU 18; SKU 18]

ls p ; L——Q/}h—— -
L)

@, ()

!

WA
>
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' B
In the circuit, the battery y

 PNP transistor.
Fraure shows common emitler “\lv ;”1!10 help of poten
provides forward bias to emitter-base wil 11 A battery Vee
: # 3 ent.
base-cmitter voltage. /, is the base curre

y o

tial divider R,. v

#i 15

1s connected betweg,
The positive terminal of ,

. ntial divider R ‘ .
collector and emitter through a potential terminal is connected to e

. ' @ rative
buttery 1s connected to emitter while the neg

collector. So that the collector- base juncti
emitter voltage and /7, is the collector current.
Input characteristics : Veg=1V 2V
The curve between base current /,
and base-cmuitter voltage Vg, at constant  /u(pA)
collector-emitter voltage V¥ represents I
the mput characteristics.
The collector emitter voltage Vg is
fixed. the base emitter voltage V- is var-
ied with the help of potential divider R,

on is reverse biased. gz is the collector

v

and the base current /, is noted for each
value of ¥,,. A graph is drawn between

I, and /,. The curves so obtained 4
is known as mput characteristics
Output characteristics :

The curve between collector
current /, and collector emitter I
voliage V,, at constant base current
/, represents the output charac-
teristics. '

The base current 1, is fixed, the
value of V. is varied in steps and

=
S

le(mA)

30 pd

20 pd

[B'.— 10!

the collector current /.. is noted for — Vcg (volts)
cach value of ¥, .. A graph is drawn between l-and V
known output characteristics. -

SHORT ANSWER TYPE QUESTIONS

' 1. Wrie a short note on Zener diode”

RU 18,

A. " A properly doped PN junction diode which

[ANU 18, 17; Adanu 18, 17; AU 18;
7 SKU 17; vsy 17; yvu 18, 17]

has sharp breakdown voltage when Operated j ———
the reverse bias condition js called Zener g L

ode" The symbol of zener diode

V - I characteristics ;
The V-1 characteristics of a Zener

the charactensiics are same

15 shown in figure

di(ldc
‘ as that of ordin
voltage 1s increased beyond zene
current Increases .shurply,

IS shown ip figure.
ary diode

I voltage (V) (or) the

\

In forward bias:
In the reverse bias, o
break down voltage, the

|
|

- The curve so obtained 15|

-
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dll‘l‘t.‘l'L‘I'll ¢ne
across zenerdiode yem
the diode can e

(or) stabilizer,
Zener diode as volt
The zener diode 1S ¢
through resistor R
the zener diode.

Feurrents, the
ams consiang e
used as g volt
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voltape /
nee .

f‘
aRe regulanor /
, ¢ ' d
age stabilizey L il
mnected 1o
The battery

he load R, s connected J
across the termimals of ener diode, The value

. : “ ok oY 1 2 !
of R s selected in such 4 wWay that in he ab- :
sence of load R, Maximum safe

a battery g il
B reverse-bias

. I
current Nows in the Zenerdiode. W ~O—
The load draws a current. The : ‘
current through the diode lalls by -
the same amoumt but 1he voltage = 5 @ V R,
actoss the resistance R almost re- 3 Ziberdlin 4 v
. HEr di (&
mans constant. In this way vari-
auon m load current hardly affect 1
» . . e 5,
the voltage ¥ supplied to 1.
2. Wnite a short note on LED.
\. LED is a light emitting diode. 1t is a forward biased p —n junction diode. which
converts electrical energy into light energy.
- 4
’: ‘n % RL
n
i
Working : When a junction diode is forward biased, electrons from s — side and
holes from p — side move towards the depletion region and recombination takes
place. When an electron in the conduction band recombines wntlh a holc m‘the
valence band, energy is released. In case of semi conducting materials like gallium
drsenide (Ga Ay, gallium phosphide (Gaf) and G‘d|llllﬂ'l-ﬁl‘SEﬂIdi‘-p!’\OSphld':'
(GuAsP) a great percentage of energy 18 given out in the lgrm ql light. If the semi
conducting material is translucent. light is emitted and the junction becomes a light
source,
o . ” ' a')
3. Explain three types of transistor wnﬁguralu;ns.
- tion (CB) :
" |)Common base configura _ N
In this configuration base 1s common to both input and output. Base terminal
1s earthed and input 15 given across base-emitter and output is taken across base-
s earthed : -
collector as shown in figure.
e
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f\/‘ «

e
- { .
L P ‘ N’ » ‘“". N Output
- - Ingt H
Input l Output P .
[ ) - /. 9

2) Common emitter configuration R § hy input and output. The emutter |
In this configuration emitter is common ‘lo bot 1-|“ f ot is taken across colle. |
18 carthed and input is given across base-cmitter and outp .

tor emutter as shown in figure. |

i ¢ E

—

P
A N B B
— utput :
| 4 Input . Qutput
Input r - B o
PR E
—lcs

3) Common collector configuration (CC) : .

In this configuration collector is common to both input and output. T'he collec-
tor is earthed and input is given across base-collector and output is taken across
emitter-collector as shown in figure.

E
— —o
2 ¢
Input Output
¢
Explain how transistor acts as an amplifier? [ANU 19, 18, 17]

The process of raising the strength of a. weak signal is known as amplification and

the device which accomplishes this job is called an amplifier. Figure shows the
basic transistor amplifier.

i C Cs
T
I ;
RB R(' ‘g
Vi @) Input Vo

-I- Vi = Vey
| T

e

-—

The input signal voltage V; is applied to the input side through a capacitor C).
50 that the biasing dc voltage ¥, is blocked from going towards the source of
signal. The output is taken from the collector resistance R,. The dc voltage Ve in
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—
ed to the mpul

(the output 1s blocked with the help ol capacitor ¢, If V, is apph

yase-cmitler side N Pl
base-comitter side, v will change 7, The collector current would also change. [hu

ransistor 1s used as an amphfier,

PROBLEMS

1. A hall wave reetifier supphies power to a 1K €2 load. The input supply is 220 V.
Neglecting forward resistance of the diode. caleulate i) Fy, i) 1, 1ii) ripple volt-
age (rms value),

X
.l,'r‘ )’ = m:".’T o = 7_.-"
5 1 Ui - < ( - ,m_\fzr)
—\2 x 0318V = 0-45V = 0-45 x 220 = 99 volt.

_ Vi 99

iyl =

1) /g R, % 10° 00 mA

. ( ll}l)m'l.\' ‘ .

m)y=- T — (Ol') (]/;)mls =N th

dc

1.21

5 WY = 100 ¥ 99 = 11979 volt.

2. The applied input a.c power to a half wave rectifier is 100 W. The
power obtained is 40W. Find the rectifier efficiency.
sol : P, = 100 W, Py =40 W
Pdl.' 40 100
n_PuL- =100 = 0-4 = 40%.
3 A P - diode is used in a half-wave rec
forward resistance of ideal diode is 10€, ca

d.c output

tifier with load resistance of 1000€2. [ the
lculate the efficiency of half-wave

rectifier.
Sof R, = 1000€2, r= 1002

n= UfiR_L -Q_@E_X_IQQ_Q - 04019
17 R, 1041000

A= 40-19%.
4. A full-wave rectifier uses two dio
having neghgible forward resistanc
ol R, = 100Q =00

CO0BI2ZR, 0-812x 100 _ 489

= —————= =
1 re+ R, 0+ 100

des with load resistance of 100Q. Each diode is
e. Find efficiency of full wave rectifier.

nN= 81-2%.
ged by TmA, 1S collector current

r current of a ransistor1s chan
rent gain and

ulate a) 1ts common hase short cireult cut

an

When the emitte
995 mA. Cale
¢ short gircuit eurrent gain.

]

changes by 0
h) its common emitie

e ——
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i Whatis the binary system of numbers? Fxplain the binary arithmetic n detail
connection with addition, subtraction, multiplication and division. -
. Binary system of numbers : A system of numbers which makes use of these

o digits alone 1s called the binary system of numbers.
In the binary system ol numbers we make use of the digits 0 and 1 only.
L (10011),= 1 x2' 4+ 0x 2"+ 0x 27+ 1 X AR T

=16+0+0+2+1=19
pinary addition : In the binary addition, the highest digit is 1 only. When we
2dd two digits in the binary system and get a value more than one then we have to
carry the 2 as | to the left side and put 0 in the original place.
Rule 1,0+0=0
Rule2,0+1=1
Rule3.1+0=1
Rule 4.1+ 1 =1 withacarry of |

E.g. Add (1011), and (1001), in binary system.
1011
71001
10100
1) Start from right side end

ii) 1 4 1 =2 and this is to be carried as 1 to left side and 0 is to be placed in the
original place.

iii) 1 (carried) + 1 = 2 and this is to be carried as 1 to the left and 0 is to be placed
in original place.

iv) 1 (carried ) + 0+ 0= 1. No carry 18 needed. Place | in the original place.

v) 14 1 =2 is to be carried as 1 to left and 0 is to be placed in original position.

Binary subtraction : Here the subtraction rules of binary system can be stated

as follows.

Rule 1,0-0=0

Rule2,1-0=1

Rule 3.0 = 1 = | (with a borrow of 1 from next higher column)
Ruled, 1 =1=0

kg 1101
- 1010
00l
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1) Start from right side end.

i) 1 - 0= 1. Place one in the original pnsmun._. i place from right end left
40— 1. To achieve this, borrow 1 from lel side (3 P

~ wards) , econd place and hence We h
This 1 in 3rd place will have a value 2 in the sec

ave In

) . 'Te 15
sccond place, 2 -1 = 1. | .cond place and there
i) The one in the 3rd place is already borrowed o the sc¢

only zero remaining. 0 =0 =10

v)1=1=0. - artial prod-
Binary multiplication : In the case of binary 'mu"’p'_‘cftl?g(’j:l};;pwe have to
ucts are added using binary addition. In adffilﬂg the Par_i'a hp decimi;l multiplica-
tollow the same shift and add procedure that is followed 1n the

tion procedure.
Rule.0x0=0
Rule2.0x1=0
Rule3. 1 x0=0
Ruled4. 1 x1=1
E.g. 1: Let us multiply (11), by (11),
The first number is called the multiplicand and the second number is called the
multiplier.
Il — multiplicand

[T — multplier

1) Write the multiplier just below the multiplicand in a proper way. Start partial

multiplications by the last digit on right hand side of the multiplier
I

Il — shifted
1001
1) 11
]

[T — is obtained as the first partial product.
i) Then start the second partial multi
wards) digit of the multiplier.
I
I

11 = This is to be shifted left wards by one position to become 110
B _ e
1v) Now add the two binary numbers which are the partial -
tion a% Products of multiplica-
I

plication by the secong (from right end left

110

1001 This final product gives us the result of multiplication
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~ g 2: Multiply (1010), by (1111),

Here multiplicand is (1010), and multiplier 1s (1111),
1010 = multiplicand

1111 = multiplier

1010 — (1) First partial multiplication.
1010 — (i1) Second partial multiplication, shifted one position left wards.

1010 —> (iii) Third partial multiplication, shifted one more position left wards.

1010 — (iv) Fourth and final multiplication, shifted one more place left wards.
10010110 (v) Add all the above partial products to get the result of multiplication.

Binary division: This method is also called restoring - division method. This is
actually a shift and - subtract method.

Rule 1,%=0
1
Ru]eZ,T:I

E.g. Divide (111), by (10),

Here (10), is called the divisor and (111), is the dividend. After division we geta
quotient and remainder.
Dividend : ( divisor x quotient) + remainder

Dividend
Divisor 10) 111 (11 quotient
— 10 _—» i) subtract the divisor from left end on wards.
11 ii) Bring down the digit in the next position.

10 iii) Subtract the divisor again result is 1.

| "1 In quotient we again get 1.
l iv) As (10), is larger than | and there is no further digit in divide«
we stop bringing down any digit and write 1 as the remainder.
We want to extend the division.
10) 1 (01
;H)_-_—» (i) As 1 i1s not divisible by 10, we put a binary point. In the quotient and

10 bring down a Zero,
~10 (ii) Then subtract the divisor,. We get 1 in quotient and 0 as the result of

00 subtraction and hence the division is over.

(111), + (10), = (11-1), in the binary system,
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2.

discrete components.

v 18; SKU 15;
u 19, 18, 17; R
.'Ec'l'l 18, '11: vsu 18; Yvu 18, 17)

Draw the diagrams for AND, OR and NOT gates using

Faplam their working with truth tables.

AND gate (Multiplication):

An AND gate has two (or) more inpul Sign
called an AND gate because the out pul voltage is hig
The symbolic representation of two input AND gate is $

P out put
Fyva— .
X=AR
In put
; &——

()
Fig (ii) shows the diode implementation of two input AND gate.
D,

als but only one out put signal. l_l is
h. when all inputs arc high.

hown in figure.

A
out put

D, l
B F_,JL|Q_A_._,_I R

14
(if) ;
i) When A and B are zero, the cathode of each diode is grounded. There fore the
positive supply forward biases both diodes in parallel. We know that conducting
diode has very low resistance and out put voltage (between anode and earth) will
be zero.
IHence 4 and B are zero, out put is also zero.

i) When 4 is zero and B = 1 (High), the diode D, is forward biased and diode D, is
reverse biased. Therefore the output will be zero.

iii) When A is 1 and B is 0. The diode D, is reverse biased and diode D, is forward
biased. Hence output is zero.

iv) When A =1 and B =1, Both diodes are reverse biased. Hence the out put is
equal to the supply voltage (5v). Therefore out put is high.

Al B| X=48
0| 0 0

0| 1 0

1] o 0
L[

Note : Here OV = ()
5V=1
OR gate (Addition) : An OR gate has two (or) more input signals but only one

out put signal. It is called an OR gate because the output vo| Ay
: tage i
all of the input voltages are high. ge s high if any (or)

—
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The symbolic representation of OR gate is shown in i

gure.
A . X=d+1
- N

FFigure (1) shows the diode implementation of two input OR gate.

e | " S——
D, ;
B Q‘J—Dll"’ %RL
D,
Fig (i1) i :?L-‘

1) When both mputs (4 and B) are zero, i.e.
nonconducting, and .X = 0

1) When 4 =0and B
1) When

5 A¥0 and B =0 both diodes are

= 1. the diode D, will conduct and output X = |.
A=Tand B =0, the diode D, will conduct and output X'= 1.
W) If4=1and B = 1, both diodes D, and D, will conduct and output X = |

Truth table
A B Y=A38
0 0 0
0 | 1
1 0 1
] 1 1

NOT gate: The NOT gate is a gate with only one input and one output. When

the input voltage is high, the output is low. When the input voltage is low, the

output is high. The NOT gate is also called an inverter. Figure (1) shows the
symbol for the NOT gate,

A Xwud |
0\—4 >O———0 (or) 0—“—0{ >——0
A X=

Figure (ii) shows the common emitter circuit which is v
| used as a NOT gate. =

1) When ¥V, is high, the transistor is driven into

saturation. So that V__ is low. —<

ol

R /
i) It ¥, is low, the transistor is in cut off. So that P.—WW&—
Vs 18 high. s

Truth table
A X=4
0 l
1 0

S
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1
(ANU 17; Af,":"." vsu 17; YVU 18]

3. State and prove De-Morgan's theorems,
I o variables 18 cqual to

BRAU 19; KU 18; RU 18; SKU 18, _1::“;") e
A Theorem 1 t"1he complement of the sum ol ty

the product ol the complement of the vanahles.

) N ;r = A - n
{1+ B=4-R A+ B N A———*D‘}'j !
| 41+ N
;=
n

B

Proof : Here we would like to prove that A + B =
\W¢ have lour cases

VW When4=0,8=0

Hence 4+ B=A"
1) When4=0,8=1

| HS=A+B=0+1=1=

LHS=A+B=1+

RHS=A4-B=1-0=01=

chccA+B=.»_i-E

w)WhenAd- ,B=1

LHS=A+B=1+1=]=0

RHS=A4-B=1-1=00=0

Hence A +B=§-;i

Al |48 A+B
0 o | |
0 |1 0 0
1 o 0 0
1| 0 0
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Theorem 2 : |} Compliment ¢
1o the sum of the Complements of 1

{ - B=4+ 8

——

T E——
n

AR

Proof': Here we would like to
We have four cases

N Whend=0.8=0
LHS=d-B=0.0=0~
RHS=A+B=

= ]
0+ :]-|.1.=1

chceA-B=2+§
) When4=0,B=1

LHS=4 -B=0-] “g=1
RHS= A48 £ ol

Hence A -B=A+ B
iii) When A = 1. B=0

LHS=4 -B=1-0=0=1
RUS=A+B<] 40041

HenccA-B=2+I_3
) WhenA =1 B=1

LHS=4-B=1-1=1=0
RHS=A+B=1+1=0+0=0
Hence A - B=A + B

IR

provethat 4 - B= 4 + g

der and full adder and give their truth tables?

[ 111 | DIGITAL ELECTRONICS

f'the product of two

| (or) more Variables is equal
1¢ variables,

17; BRAU 18, 17; KU 18; RU 17;

AU 18
' SKU 17; VSU 17; YVU 18, 17]

4158 E A+ B
AR 1 |
[0 1 1
0§ 0]
4 Discuss the working of half ad
[ANU 19, 17; AdNU 17;
S
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| AL

{
\_

: i .um and a carry to
Half adder ;: "A logic cireuit that adds two bits producing a U Y

be used m the gher position is called a half adder”.

1 .

»>-— J“"‘v __E arry = A-8
‘ B A l — Carry
‘ g »__‘;Huffurrh‘f‘ Srm

i B e

o ‘:)D Sum=1@ 8

Fig shows the circuit of a half-adder. It consists of a exclusive = OR gate and
AND gate. The output of a AND gate is called the carry while the out put of a
exclusive — OR gate is called the SUM. Figure (2) shows the circuit symbol of a
half-adder. We know that the AND gate produces a high output only when both
inputs are high. Hence the truth table of a Half-adder 1s developed by writing the
truth table output of AND gate in carry column and the output truth table of ex
— OR gate in sum column.

Fig (2)

Truth table : A B | Carry SUM
0 0 0 0
0 1 0 1
1 0 0 1
] 1 1 0

Full adder : It is defined as a logic circuit that adds three bits - two bits to be
added and a carry bit from previous addition, which results in SUM and carry.

A B U

. I L
I=lDan

[ f—— >—Cuarry
- o+ J L

* - " T~
.
I I o
TI I~ — _— Co-—-~L_Full adder | SUM
LT y
I :
> ‘,'!! o SUM

Figure shows a full adder circuit. Figure(2) shows the symbol of a full adde

It has two inputs A and B, plus a third input C. Input C is s called th UC:RR‘

IN as it comes from a lower order column. There are (WO outputs SUMZ d arr)‘
nd ¢

The output carry is also called the CARRY OUT a5 i
o goes t i
column. The truth table of a Full adder circuit is shown below. 0 the next highe
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Truth tablo -
A B C_ | _Cany SUM
0 0 0 0 0
0 0 1 0 |
0 | 0 0 |
| 0 0 0 l
0 1 I 1 0
| 0 1 1 0
| | 0 1 0
I ] 1 1 1
Describe a parallel binary adder. Explain its operation. (ANU 19; BRAU 18]

By cascading a number of full adders, we can get an n - bit binary adder circuit
which is generally called a parallel adder.

A four bit binary parallel adder circuit is shown in figure. The two numbers
being added are A,, A,, 4, 4, and B,, B,, B,, B,. Their sum is §,, S;, 5;, S, and S,
as shown in figure,

™

Ay Ay Ay ' Ay
r—ﬂz r—'lc Eq
A B A B A B A B
G A Ch TG e ol S b O Loy o et
s __s s | s
& }3: Isc Isl ‘30

The full adder circuit in each position has three inputs A, B and C (CARRY IN)
bits and it produces two out puts "SUM" and "CARRY OUT" bits.
For example. Full adder has inputs 4,, B; and C, and it produces output §, and
C,. The procedure is repeated for other full adders.

Operation: [ X
The actual operation may be f 1
understood with the help of | [_' _I
figure. Suppose, we wanl (o -r:‘_—Jr o] e e
add the following two four L 3 T
bit numbers. st L—J»—T l

1010 — — l

i r 3

+lon ghubE HHHE

10101 e -
e ——

1) The first adder performs 0 + 1 binaryaddition. Thisgivesasumoflandacarry
of 0. The two bits 0 and | are supplied from two registers A and B simuliancously.
"l"hc sum | appears on the display panel and cairy 0 is passed to the next full adder.
1) The second adder | + | +Ocarry=sumO with carry 1.

i) The third adder performs 0 + 0+ Lcarry= 1 with carry 0,
V) The fourth adder adds 1 + | + Ocarry=sum0 with carry |

91



(1 B.Sc. PHYSICS SEM

| | ———— 77 ELECTRONICS
SEM4-Pa | [17a][__ DIGITAL ELECTRONICS|

)

-~

SHORT ANSWER TYPE QUESTIONS o

. 5 ; : 14 method.
What 1s 1" complement method? Explain the subtraction W'lh,ljhal' its cach zero (0)
the 17 complement of a binary number is obtained by changing {t |
mto one (1) and each one (1) into zero (0). ‘
Fogo 17 complement of (10011 ), = (01100),
I complement subtraction: rhis 46 dotie b

' i This 1s
1) We first find the 1" complement of the subtrahend number. Y
changmg all its 1" to 0" and all its 0" to 1"

is 1 ; ‘ ‘ e subtraction is
2) Now we add this 1" complement to the minuend from which th |
requured. ,

30 1 there is a 1 cany in the most significant position of the result obtained by
addition in step (2), Then this carry is removed and perform the end - around
carry of the last 1. .

4) If there is 0 carry (No carry), Then the answer is recomplemented and =

negative sign is attached to it, to get the final result.

What are NAND, NOR and X-OR gates ? [AdNU 17; SKU 17; WU 1?]
NAND gate : The NAND gate is called a universal gate since any logic circuit |
can be built by using NAND gates only. NAND gate can be obtained by connecting
a NOT gate in the output of an AND gate" ’

4 ¢ A—] =
B— B—
_ () 2o (1) |
'his zate gives an output of 1, if its both inputs are not 1. In other words, it
aives anoutput 1 if either A or B or both are 0.
Fhe ruth table for a 2-input NAND gate is given in table

L
|
|
MA=0,8=0,X=00=0= |
|
|
|
|

]

A=0.B=1,X=0]=0=]

A=1.8=0,X=10=0= 1|

t=1LB=1,X=]]=)=0

A B X
() ( ]
() I |
| 0 I
{ | | ()

The NOR gate : i s the combination of OR and
of OR gate 15 connected 1o NOT pate (he combinatio
output of a NOR gate 1s 1. if and only if both the inpu
of NOR galte 15 given in table

NQT gates, When the output
N 1s called a NOR gate. The
IS are each (. The truth table

R

|
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A . _ A . — ‘
p n ) o Y= a4 )l
it A=10 B=0,N=04+0=0=1

—

J‘\

1=0B=1,X=041=1=0
A4=1.8=0,X=1+0=1=0

A=l Bel, X Ue ) ) =g

A| B X
0 0 1
0 1 0
1 0 0
1 1 0

Exclusive OR gate (XOR gate ) : Digital clectronics allows as to build
circuits that can add and subtract. For subtraction, the circuits used are called the

exclusive OR gate.
40 Be- ¥ o
L X=A®B AB+AB

In this gate. the output is 1 if its either input but not both. is 1. In other words it
has an output 1 when its inputs are different. The output is 0 only when inputs are
the same. The symbol @ denotes the exclusive OR operation.

If 4=0,B=0.X=00+00=01+1.0=0+0=0
A=0.B=1,X=01+01=00+11=0+1=1
A=1.B=0.X=10+10=11+00=1+0=1

A=1.B=1.X=11+11=10+01=0+0=0

B X
0 0 0
0 | !
) 0 I
1 | 0

Ixplain in detail why NAND and NOR pates are known as universal gates with
[ANU 19; AdNU 18; AU 17, 18; BRAU 17; KU 18;

RU 18; SKU 18; YVU 18]
NAND Gate is a universal Gate @ The NAND gate is called a universal
gate since any logic circuit can be built by using NAND gates only. NAND gate

can be used as NOT gate, AND gate and OR gate,
When all the inputs of NAND gate are connected together, the

suitable examples.

For example :
resulting circuit is a NOT gate.
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lr. = * ~ s B— -
4=1_ the ou Put of NAND pateis 4 - A=1-1=1=0

1t -1l =0 . the }»ut put of NAND gate is /1 - A = (;_6 =6= | |
he use of two NAND gates 10 produce and AND gale is shown hig (i1). fig
(m) show OR qgate,

NOT
—_ v _‘ AND
.'1--— LL )}« - I4O_—J AB X:AB
— B O——
W (ii)
| A '
A
wDﬁA +B
B &— B
(iii)

MOR Gate is universal gate :
! NOR gate is a universal gate because,
functions OR. AND and NOT.

it can be used to perform the basic logic

| —
| A A+ B C=A+B
B ; :

(i)

i (iti)
Fig (i) shows, th{é‘)output of NOR gate is A + B . Now using another inverter in
the output, the output is inverted and becomes C =4 + B. This is logic function 0!
a normal OR gate. So NOR gate can be used as OR gate,
Fig (ii) shows, two inverters are used for each input before they are applied to ¢
NOR gate. The out put of two inverters is A, B . When this is applied to NOR galc

the out put is AB.
Fig (i11) shows the two inputs have been tied together the out putis 4 + 4 ~A4. So:
NOR gate can be used as NOT gate.

4. Differentiate between analog and digital circ

A Analog circuits Digital circuits -

1) A continous varying signal (voltage 1) A signal (voltage (or) current) that
(or) current) is called an analog can have Qn_ly two discrete values y
signa), called a digital signal.

uits.
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Tﬂ L or example.a sinusordal voltaee 18 NI
- . O L',\I.ll]] ’lc. O s o Wi . .
an analog signal, PIE. 4 syua neisa

digital signal.
L) I an analog electronic eireunt. the

output voltage changes continuvusly
according 1o the nput voltage variations

3 In digital cireuits, output voltage !\
can have two values, either 7
low (or)high. '

4) An eleetronic circuit that 1
designed for two stage operation is

called a digital eircuit,
. G L = o Al " : i .
& What 15 2" complement method? Explain the subtraction with this method.

Y number is obtained by adding 1 to

1 The output voltage can have an infinite
number of values,

2 complement : The 2" complement of a binary
s 17 complement.

[hus 2 complement = |** complement + 1,
Ex: 2" complement of (1101),

1" complement of (1101), = (00 10),

2" complement = 1" complement + |
=(0010), + 1
=(0011),

2" complemental subtraction :

1) Change all 0" to 1" and 1* to 0" of subtrahend to get the 1” complement and
then add 1 to get 2" complement.
2) Now we add the 2" complemental to minuend.

3) Ifthere 1s a carry in the result, it is dropped.
4) If there 1s one (1), then the answer is positive and needs no recomplementing.

5) Ifthere is no carry, we recomplement the result and attach a negative sign to it.

l:xplain the laws of Boolean Algebra ? [RU 18; SVU 18)
1) OR law : In Boolean algebra (+) sign indicates OR operation. E_Bi(_‘j
0+0=0
0+1=1
1 +0=
l+1=1
The OR laws in general form may be expressed as
A+0=4
A+1=]
A+A=4

A+ 2 =1 where A1s complement (or) negative of A,
2) AND law ; In Boolenalgebra the AND operation is represented by multiplication |

1‘!” ::_(T—_]

e ———
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'1 0:0 =0 In general

0-1 =0 A0 -0
'l' 100 A =4
| 111 = | Ad=A

; . - is an ov
3) NOT law : 1t is a complementation operation and its symbol is @

— : [
| A= IJ |
0=1

1=0
1 4) Commutative laws : | |
|1 A+B=B+4;, AB=B4A
5} 3) Assosiative laws :
| 4+ (B+Cy=(A+B)+C ; AHBC)=(AB)C
! 0) Distributive laws :
|
| HB+CY=AB+AC : (A+B}(A+)=A+BC
'5 7) Absorptive laws :
ﬂ 4+ AB=A
\ AA+B)=A ; Ad+B)=4B
|
8) De Morgan’s theorem : |
JA+B=A-B; ii)A-B=A+B
PROBLEMS |
1. TIind the binary equivalent of 576. '
Sol: 12 576 Remainder |
2 288 - 0
2 144 - 0
| 2 72 -0
|
; 2 306 . ()
1 2 18 - ()
| 2 9 0
‘ 2 4 -
\ 2 2 - 0
I - 0
- Binary equivalent of 576 1s (1 001000000),
_—‘—_‘_--_-—‘--——
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7 Pind the decimal Lqun.\hnl of IIII e
=X 2 I 2 2y, " S
=8+44+241=18§ :

Convert (LTOTTD) 10 decimal numbyer » l
(LTOTTD )y = (1 % 27) 4 (1 % 2% 4 (0 = ; et
=24+ 16040444241 :
- (55),, |
Convert binary number 0101 10 a decimal

0101), =1 x27 "4 0x2 4 57!

2V 241 x 2y 4 ) -

r2

number 9

+0 4

[ | =

8
=0:5+0+0125
=(0:625),,

5 Convert 0-1100101 to decimal number.
(0-1100101), =1 x2 "+ 1 % 2-73+0..g< 2 i i X T O T e 1 T
1 I Q. _@ b 0 i
=23t gt ag tieat 18

=05+025+0+0 +"O.'.0125 +0+0-0078125

=(0-7890625),,,,.
6. Add binary numbers 110, 111 and 101.
v Step | Step 2
110 1101
111 101
1101 10010

Thus. the result of addition of given three numbers will be 10010.

7. Subtract (0111), from (1001),.

ol 1001 Ist column, 1 =1=0
-0111 21d column, 0— | =1 (with a barrow of 1)
0010 ird column., 1 = 1 =0

4th column, 0-0=10
8 Subtract (111001), from (1110001),.
ol 1110001
111001

—_—

111000

% Multiply (10011), by (11011)..
Rule ] »0x0=0
\”!. IOOII RUICQ » () % | 0
' y‘]O]l RU]LJ ,.l,(” ()
10011 Rule 4 —> | x =1
\.____.__;
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{11 B.
r s —
I 10. Carry out the binary division 11001+ 101
! Sof : 101
f LN R Rl 1 - 0710
: 10l Rule 2 » 171 '
| 101
: 101
000

11.

\(lr"

| PR
il

-._._

—_————

15.
Sol

\.u/ ¥

Subtroct (101), from (111), using | complement method.
111 — Mmuend

010 — 1" complement of subtrahend 101

(1) 00l

Add carry s 1 < [ndround carry
Final result = 010
Subtruct (1101), from (1010); using 17 complement method.

1010 « Minuend

0010 < 1" complement of subtrahend 1101

No carry 1100
recomplement 0011 «- As there is no end - around carry.

_ 0011 « Final result.

——

Subtract (101101), trom (1 10011). using 1" comp
110011 « Minuend

L 010010 <« 1" complement of subtrahend 101101

lement method.

(1) 000101

L | « [ndround carry

—————

000110 « Result

[sing 2 complemental subtract ( 100111), from (110011)..
011000 « 1”7 complement of (10011) -

| « Addone
011001 « 2" complement of (10011)
Now 11001) « Minuend
011001 € 2" complemental
Carry (1) 001100
Discord carry 001100« Final result,

Use 2 complemental to subtract (1101), from (1010)
2 "

0010 « 1" complemental of 110]. /)
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1 Addone
DL
0011 « 2" complemental

| Now 1010« Minuend

+ 0011 « 2" complemental

No carry 1101
Subtract |
1100
Recomplement 0011
Final result = - 0011

16. What is the Boolean expression for the output X of fig i ? Compute the value of X,
when 1)4=0,B=0 iWA=1,B=1

P -
NOT %,_yims
DOE |
, " Nor _ OF
(1) (i1)

vl - The output is showing figure (ii). As shown in fig (ii) both inputs to OR gates have
been inverted. i.e., the outputs of both gates will be 4 and B.

Now the inputs of OR gate are A and B. Thg\output willbe X=4 + B
)when4=0,B=0,thenX=0+0=1+4+1=1

i)when4=1,B=1thenX=1+1=0+0=0

17. De Morganize the function AB + C .

il Step 1 : Complement the given functioni.e., AB + C
Le., AB + C which should be as (4 - B) + C

Here put - between the variables
Step 2 : Replace * by + and + by * in step 1
A+ By C

Step 3: Complement variables

A+B)-C=(A+B)-C

. HencedB+C=(A+B):C
| :18.

Prove this by Boolean algebra and De.Morgan’s theorem
| ABYBC+CA=AB+BC+AC

WT,} ~AB + (BC+CA)
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