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| Recap Notes:
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Charge : Electric charge is an intrinsic
properiy of elementary particles of matter
which gives rise to electric foree hetween
various objects,

*» Quantization : Charge is always in the
form of an integral multiple of electronic
charge and never its fraction.

g = £he
where n is an integer and e = 1.6 » 10 " C.

e Millikan’s ol drop experiment showed the
diserete nature of charge. Charge cannat
b fractional multiple of ¢

e Conservation of charge : Net charge
of an isolated physical svstem alwawys
remaing constant, Chorge con neither
be created nor destroved. It can be
transferved from cne body to another,

# Electriccharge is additive, r.e. total charge
is the algebraic sum of the individual
charges.

¢ Electric charge is invarnant as it does not
depend upon the motion of the charged
body or the observer.

Coulomb's inverse sguare law : [1 states

that the electrostatic foree of atiraction or

repulsion acting between two stationary
point charges is given by

L |

ine, ¢

where Fdenotes the force between twocharges

g, and g, separated by a distance r in free

space. ¢, 15 a constant known as permittivity

of free space, Free space 18 vacuum and may
be: taken to be air practically.
! =Y = t . 31_“: -

F=

inE,,

Electric Charges
and Fields

» I free space is replaced by o medium, then
by is replaced by (7 /0 or g b where K
known as dielectric constant or relative
permittivity
PO, || I . - 58 I

ame ¢ dmE K 7 AREE,

K=% ore =%

E, £
K o= 1 for vacuum (or air) and K = = for
conductor metal,
£, =885 10 " 0N 'm - and its dimensional
formula iz [ 3 'L S TEAS)
Vector form of the law (g and g, are like
charges)
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Electrostatic force due to continuous
charge distribution
The region in which charges are clisaly
gpaced is smid to have continuous distribution
of charge. It 15 of three tvpes
» Linear charge distribution

P"'-‘
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¢ Surface charge distribution
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where, @ = surface charge density
T A

Net foree on chargo gy, f o :
4me, >t el
» Volume charge distribution
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where, v = volume charge density
Net force on charge g, f =T E‘”: r
aney V| rf

Electric field intensity : The electric field
mtensity at any point due (o source charge
i= defined as the force experienced per unit
positive test charge placed at that point
without disturbing the source charge. It is
vxpressed as
£= him

w, el iy
Here, 4, — 0, Le., the test charge g, must
e small, so that it does not produce its own
electrie field.
21 unit of electric field intensity (E) is NiC
and it is 8 vectar quantity.
» Electric field intensity due Lo a point

charge
Elcetric field intensity at P is,
I : H--,:
ane, |l
. A —
" ————

The magnitude of the electric field at a
peant P is given by

Wy =0 e, pastive charge, then £ 1=
el sy Trom conares ¢ hara (i the
other homed Fap = 0 p e negmative o harpe
thien & 15 directoed foward= e seeee chargn
I
II o
I
* Electrie field due to a system of charges
or superposition principle

E=pyfy +Fy+o sk,
¥ [ L3, ‘r',.l.
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#» The electric field lines due Lo positive and
negative charges and their combinations

Elvetrie luphll'l ! Tw l|"|.|l,l.i?|| il TRV
charges 1) vach, separated by o small
distanee 120 constitute an electrie dipale
Many of the atoms nudeeules are tipales



it Electrie dipole moment, p- 251
et Phgele moment s a veetor guantity and
= direeted  from ftegnbive fo po=ative
charpe,
itk Uit of dipode moment 18 coulomb metes
it mi
iy Thimension of |_|||1|L]1~ monvent = | AT
* Intensity of electric field due o &
dipole
Adomg axis at distanee » from centre of
; 1 2p
dipaole e
e, |

———— &
-
. il
Direction of F s along the direction of
dipole moment.
- Along equator of dipole Foe o,
at distance r from centre %
pe =t i |
ang, ' Epatm 1Y
Dhirection of F r'::fr -jiﬁ..;m
is antiparallel to 3 2. ,
_‘::}u

direction of f. 7 L

- At any peoint along = +——s—
direction @

Es -‘I;'u'l-b Acos B

iRE, r

The direction of £ makes an angle [}
with the line joining the point with
centre of dipole where tan [i = "tann,

Electric dipole in a  —

uniform electric field

» The resultant electric
force on dipole i
=gE-gE=0

» Two forces |g€ and (- gE1| equal and
opposite, separated by a distance
constitute a couple ( torgquel.

» Torque on a dipole [
= pkE sin numerically.
Vectorially, _
Torgue (1) = prE

# The direction of t s perpendicular to e
plane contameng poane

B The tergee tendds to nlien the digale in the
tlireetinn ol Field

B Torgue 5 maxirmem whon 1l = MK e,
dipnle is perpendicolar (o K
2 Maximum torgue = pf
When it = (F wr 180" then e, =1

B When |:||||||a||_' T Fh.."ll':l“l'F tar #lectrac field,
it 15 in stable equilibriam. When ot s
antiparallel to electric feld, it iz in
unstatde couilibrinm.

Gauss's law : For a closed

gurface encloging a net Al .
charge g, the nel electric ' ""'f j'
Mux & emerging ;"l
ouat is riven by & .ij: . |

£y

e If a dipole is enclosed by a clused surface,
flux & 1= equal to zero
Here the algebraic
(& —q=0115zero.

# Flux from a cube
i1} If g is at the centre of cube, total Mux

(p1=A

Eq

gum ol charges

1ii1 From each face of cube, Nux = r-f

» Electric field due to a thin, infinitely long
straight wire of uniform linear charge
densily &,

A . .
E=3E”_r' where r is the perpendicular
distance of the ohservation point from the
wire,

¥ Electric ficld due to a thin non conducting
infinite sheet of charge with uniform

surface charge density ois F=

¢,

# Electric field between two infinite thin

plane parallel sheets of uniform surface
charge density o and - @ is £ =a',,




2 Multiple Choice Questions (MCQs)

1 A cnp contams 20 g of waler, Findd ik

pumber of positive charges present m the cap ol

woitloer
al 184« W ihe 1.3 = 100
el 243w 10M0 idi 243 = 100

2. The number of electrons present in -1 C of
chorge 1s
{h L the 1.6« 10"

idr 1.6 = 10"

Pal Ay o
el G 10

3. (Comsider the charges g @ and =g placed at

the vertices of an I:‘-IE1“|.|Itt'|'.I| irimngle of ench

Al |

The foree on each charge 18

ELIN . | thy #=--1"
dme ! ot [

ten y idr zern
d/F |

4. Which of the Tollowing statements 15 mol

true about electrie field lines?

fai Eleetree freld lines start from positive charge
and end at negative charge,

i Two electric field lines can never eross each
uther,

¢ Electrostatie field lines do not form any
closed loops

idi Electric lfeld lines cannot be taken as

CONUNUOUS Curve.
5. The electric field at a point is
@ always continuous
b continucus il there 15 no charge at that point
it thscontinuous if there 15 a charge at that
Pt
idi hoth thy and (c1 are correct.

B,  The electree flux through the surface

11, L o "-’/J,' v

it o Ngure OV s largest

dhh i fypEere 011 s the el

et in Rgare (1D is same as in Agure (1T hut i=
smaller than pare (1%

idt 1e the same Tor all iigures

7. Which of the fallowing statements

dipole moment 15 not troe?

it The dimensions of dipole moment i | LTAL

ihi The unit of dipale moment i cm

icr Dipole moment 15 veclor quantity
directed from negative to positive charge.

idl Dipole moment 15 a vector gquantity has
magnitude lchargei @ < (=separation between
charge 4

8. The SI unit of electrie flux is

iar NC ' m? ihi NCm™

el NC*m* idi NC'm

9. The electrostatic foree on a amall sphere

of charge 0.2 pC® due to another small sphere

of charge —0.4 pt! in air is 0.4 N, The distance

between the two spheres is

ial 4.2 10 m i 4.2 = 10 m

) 1.8 107 id) 1.8 10°%m

10. A thin dise of radius b= 23 ha= a concentric
hole ol radius aim o Gsee figare s, I earries uniform
surface charge o on it IFthe electrie field on its
axis al height hih< < g from its centre is given
us Chthen value of Cis

abamt

anil

i ]
ik i by ) 7 i

@ ] §
L] =tEy, buae, Hulk

1. The force between two small churged spheres
having charges of 1 = 107 C and 2 = 107 (
placed 20 cm apart in air i



Elecing Charges and Frelds

fa) 4.5% 102N by 4.5% 10N
fc) Bdx102N (d) 5.4x 10N

12, An electric dipele with dipole moment
2« 107" ¢m is aligned at 30 with the direction
af a uniferm electric field of magnitude
4 10*N C°Y The magnitude of the torgue acting
on the dipele is

() 2% 10° N m b} 2% 107 N m

€} 4x10*Nm (d) 4x10%Nm

13. A charge 10 uC iz placed at the centre of a

hemisphere of radiusg A = 10 cm as shown. The

electrie flux through the hemisphere {in MES

umita) 18

(a) 20 % 10°

(b} 10 = 10°

{c) 6x10°

(d} 2x10°

14, A point charge +4, is placed at a distance o

from an isolated conducting plane. The field at

a point P on the other side of the plane is

{a) directed perpendicular to the plane and away
from the plane

by directed perpendicular to the plane but
towards the plane

(¢} directed radially away from the point charge

id) directed radially towards the point charge.

15. If there were only one type of charge in the

universe, then

(@) # Edi=0 on any surface

(h) -# £47 =0 ifthe charge is outside the surface

ic) @ Ed7 =1 if charges of magnitude g were
> £
inside 1:]1-:', surface
{d} both (b) and (¢} are correct.

16. What will happen when we rub a glass rod

with silk cloth?

(a) Some of the electrons from the glass rod are
transferred to the silk cloth.

(b} The glass rod gets positively charged and
gilk cloth gets negatively charged.

(e} New charge is created in the process of
rubbing

(d) both (a) and (b} are correct.

17. Thres charges 1 uC, 1 pC and 2 uC are kept

at vertices of A, B and Cof an equilateral triangle

ABC of side 10 cm respectively. The resullant

foree on the charge at Cis
(a) 0.ON (b) ILBN f{e) 272N (d) 412N

18. Consider a region inside which there are
various types of charges but the total charge is
geroe. AL pointls outside the region

in) the electric field iz neceszarily zero

(b} the alectric field 153 due to the dipele moment
of the charge distribution only

el the dominant electric field is inveraely
proportional tao , for large r (distanes from
origin)

id) the work done to move a charged particle
along a closed path, away from the region
will not be zero.

19. An electron initially at rest falls a distance

of 1.5 em in a uniform electric field of magnitude

2 » 104 N/C. The time taken by the electron to

fall thiz distance 1=

(a) 1.3x10%s

(e} 1.6x100%5

20, If § Fdr=0 over a surface, then

{a} the electric field inside the surface and on
it 1% Zern

ihl the electric field inside the surface is

necessarily uniform
ic) all charges must necessarily be outside the

surface
{d) all of these.

21. The electric field in a region is given by

b 2.1x101%g
id) 20%10%3

- = g
E=;!_HB,||-';+{"-: k.

The SI units of A, B and C are, respectively

N!‘hi 3 | H
a Nimt,—— bl vm* Vim,
': :' C I:'|'|=IE { m-, 151 m"(’_‘
: - *NC
(c) V/m*, Vim, *!:'I..E d} "'--'m.Nm e
me C m

72, An electric dipole with dipole moment
1 % 1071 em iz alipned at 307 with the direction
of a uniform eleetric feld of magnitude
3 x 10* N C"L. The magnitude of the torque

acting on the dipole 15
(a) T 107 Nm (b) 2x 107" N m

ie) Bx10° Nm () 3x10°%Nm
23. If £, and E, represents electric field at a

point en the axial and equatorial line of a dipole.
If puints are at a distance r from the centre of
the dipola, for r>=a

{al .F-:m = F_.“J

it !.-:I.ﬂ =_1E||_'¢|I

(b E ™

(), =2E,
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24, A palythene piece rubbed with wool is found
to have a negative charge of 8 » 107 . The
number of electrons transferred to polythene
from wool is

(a) 3.76 = 10'° (b) 9.6 = 10"

(c) 9.6 = 1017 {d) 3.76 » 10"

25. The electric field components in the given
figure are £, = ax'®, £ = E, = 0 in which
= 800 N C' m*". The charge within the cube
is if net flux through the cube iz 1.05 N m2 -}

{assume 8= 0.1 m)
%

.ritl = i

I

{a) 8.30 x 10712 C (b} 9.27 = 101 C

(e) 6.97 x 10712 C (d} 6.97 =10 C

26. The dipole moment of a dipole in a uniform
external field £ is P. Then the torque ¥ acting
on the dipole is _
{a) I=PxE (b} T=F E
el T=2P+ Ey {d) #=(FP+ E)

27. The total flux through the faces of the cube

with side of length 'a"if a charge g iz placed at
corner A of the eube is

A

5. 3 & g
(b} e, (e} % (d) %
28. Which of the following figures correctly
shows the top view sketch of the electric field
lines for a uniformly charged hollow cylinder as
shown is figure?

ta) L
B,

+ 4+ + 4 4

(b

(al)

S L
. JH?—q——

T
ie) C" _;' )
Q@ -

29. The number of electrons that muast he
removed from an electrically neutral silver dollar
to give it a charge of + 2.4 C i

(a) 2.5 = 1017 (h) 1.5 = 10"

(¢} 1.5 x10-1° (d) 2.5« 107"

30. Two large, thin metal plates are parallel
and cloae to each other. On their inner faces, the
plates have surface charge densities of opposite
signs and of magnitude 16 % 107 C m™®. The
electric field between the plates is

(a) LEx10°Y NG (b 191000 N !
(e) 18x10rPNCt () 1.8%1000N ¢!

31. The force per unit charge is known as
(a) electric flux (b electrie field
(e} electric potential (d) electrie current.

31. Ubject may acquire an excess or deficiency
of charge by

{a} electric force (bl heating

{e) shaking (d) by rubbing.

33. Electric field lines provida information about
tal field strength (b) direction

(e} nature of charge  (d) all of these.

34, Four point charges are placed at the corners

of & square ABCD of side 10 em, as shown in
figure. The force on a charge of 1 pC placed at
the centre of aguare is

petuG . SNC
"o
T e
{a) TN by BN (e) 2N id} zero

35. Two infinite plane parallel sheets, separated
by a distance d have equal and opposite uniform
charge densities o, Electric field at a point
between the sheets ia

(a) @ b £
2e, Ey
(] Eero

(d) depends on the location of the peint.

6. Two insulated charged metallic spheres P
and Qhave their centres separated by a distance



Etectric Charges and Felds

of 60 cm. The radii of P and @ are negligible
compatred to the distance of separation. The
mutual force of electrostatic repulsion if the
charge on each is 3.2 107 Cis

(a) 52x107% N (h) 25x10° N

{¢) LEx 109N (d) 8.5x10°*N

37. Three charges of equal magnitude gis placed
at the vertices of an equilateral triangle of side
| The foree on a charge @ placed at Lhe centroid

of the triangle is
2y

{a) % bl % ic) Ine {d) zero

38. Two large thin metal plates are parallel
and close to each other. On their inner faces,
the plates have surface charge densities of
opposite signs and magnitude 27 x 1072 C m™.
The electric field £ in region II in between Lthe

plates is
Igl I g 1l

ta) 425 x 108N C?  (b) 628 x 1071° N C*
tc) 3.05x10°NC! (d) 5.08x107"NC
39. The tracks of three charged particles in a

uniform electrostatic field as shown in the figure.
Which particle has the highest charge to mass

ratio 7
s o i s Wl
* = —_:—"FF::,_#--E
i = = : -y _\_‘_‘_\-‘H—H"‘"'C x
fa) A ib) B icy C (d) AandB

40. Which of the following statement is trué
ahout electrical forces?
(a) Electrical forces are produced by electrical

charges.
Like charges attract, unlike charges re pel.

Electric forces are weaker than gravitational
forces.

Positive and negative charges can combine
to produce a third Lype of charge.

41. The dimensional formula of electric intensity
18
(a)
{c)

(b}
icl

(d)

(h) [MLT?Al

[IMILYT3A1]
(d) [MIL*T1Al]

[MLIT-9AY)

42. A point charge +20 pC is al a distance
& cm directly above the centre of a square of side
12 cm as shown in figure. The magnitude of
glectric Mux through the square ia

;
&
b

-
S

¢

#— |1 o —*

(a) 25x 105 Nm?C™! (b) 3.8x10° Nm?C!
() 42x10° Nm?C! (d) 29x 108 Nm?*C™!

43. Which of the following curves shown here
cannot possibly represent electrostatic field

lines?

{a)

i

44. The unit of electric dipole moment is

{a) Newton {h} Coulomb

{c) Farad {d} Debye. '
45. An electric dipole is placed at an angle of 30
with an electric field of intensity 2 = IPNC LIt
experiences a torque equal to 4 N m. The charge
on the dipole if the dipole length is 2 cm is

fa) 8mC (b)4mC (¢) 6mC (d) 2mC

46, The conatant kin Coulomb's law depends on
(a} nature of medium (b} system of units
{e) intensity of charge {(d) both (a) and {b).

47. A coin is made op of Al and weighs 0.75 g.
It has a sqguare shape and its diagonal measures
17 mm. It is electrically neutral and contains
equal amounts of positive and negative
charges. The magnitude of these charges is
(Atomic mass of Al = 26.98 g)

(a) 3.47x10*C (b) 3.47 x 10°C

(e) 1.67x10°°C (d) 1.87 % 10%C

48, Ifan object of mass 1 kg contains 4 « 107 atoms.
If ane electron is removed from every atom of the
golid, the charge gained by the solid in 1 g is
(a) 28C ib) 8.4 x102C

(e) 3610 C (d) 9.2x10%C



49, A force of 2.25 N acta on a chavge of 16 = 10710
The intenaity of eleciric field at that point is
ra) 160N G (b 16 N

(¢} 1600 N ¢! (dy 1L.5NC

50, Electrical as well ns gravitationnl afTects can
be thought to be caused by fields. Which of the
following is true of an electrical or gravitational
field ?

(a) The field concept ia often used to describe
contact forces.

Gravitational or electric field does not
always exist in the space around an object.
Fields are useful for understanding forces
acting through a distance.

There 18 no way to verify the existence of a
foree field since it is just a concept.

51. Coulomb’s law relates two charges and distance

between them deseribing the electric force as being

ta} proportional to the sum of the charges

(b} inversely proportional to the distance between

charges

proportional to the product of the charges

and inversely proportional to the distance

proportional to the product of the charges

and inversely proportional to the square of

distance.

52. When a peraon combs his hair, static electricity

iz sometimes generated by what process?

(a) Contact between the comb and hair results
is charge.

{b) Friction between the comb and hair result
is the transfer of electrons.

{¢) Deduction between the comb and hair,

{d) Induction between the comb and hair.

53. The acceleration for electron and proton
due to electrical force of their mutual attraction
when they are 1 A apart is

(@) 31 =10 me? 1.3 x10¥mg™

(b} 3.9x10¥ ms2 32 10¥ms?

(e) 25102 ms2 1.3 10" ms?

(d) 2.5 % 10% me? 1.3 x10¥%ms?

54, Adipole of electric dipole moment pis placed
in a uniform electrie field of strength E. If 6 is
the angle between positive directions of pand E,
then the potential energy of the electric dipole
is largest when 8 is

(@) 5 (b) 3

4
55. Which of the following ﬁguf‘e repregents
the electric field lines due to a single negative

charge?

ih}
L)

(d}

ic)

{d)

(e} @ (d) zero

{n) i
E —_—
] S
(el % el —D-—-—I-
— —_————
e S s

56. Which of the following statements 18 not

true about Gauas's law?

i) Gauss's law iz true for any closed surface.

{b) The term qon the right side of Gauss's law
includes the sum of all charges enclosed by
the surface.

fcd Gauss's law 18 not much useful in caleulat-
ing electrostatic field when the system has
snme symmetry,

{d) Gauss's law is based on the inverse square
dependence on distance contained in the
coulomb’s law.

57. A particle of mass mand charge g enters the
region between the two charged plates initially
moving along x-axig with speed v, as shown is
figure. The length of plate 1s L and a uniform
electric field E is maintained between the plates.
The vertical deflection of the particle at the far

edge of the plate is .
;-”"/‘I }
5] 1
|

S

] L
gEl gEL v’ Imv,
gt ) — d :
(a) P’ (b ¥y (e JEL (d) £l

58. Electric flux emanating through a sur-
face element 45 =5/ placed in an electric field
E=4i+4]+4k is +

(a) 10 unita (b) 20 units

(c) 4 units {d} 16 units

59, A non-uniform electric field is represented
by the diagram. At which of the following points
the electric field is greatest in magnitude? .-,

Ew

————————

F fe

(a) A (b) B {¢) C dy D



Electric Charges and Fields

60. Two charges g and -3q are placed fixed on
x-axis separated by distanee d Where should a

third charge 2g be placed such that it will not

experience any force? . -

<) Case Based MCQs

i 1
»-— — — iy
EL — o — i
- odind LA !
(a) * :'r th) A3 oy SR g d 1“

Case 1 : Read the passage given below and anawer
the fallowing questions from 61 to 65.

Quantization of Electric Charge

Smallest charge that can exist in nature is the
charge of an electron. During friction it is only the
transfer of electrons which makes the body charged.
Henee net charge on any body is an integral multiple
of charge of an electron [1.6 x 107% 0] js,

=+ ng
where n=1,2 3.4, ....

Hemnce no body can have a charge represented as
1.18, 2.Te, % e, ete.

Recently, it has been discovered that elementary
particles such as protons or neutrons are composed
of more elemental units called quarks.

61. Which of the following properties is not
satisfied by an electric charge?

(a) Total charge conservation.

(b) Quantization of charge.

{e¢) Two types of charge.

(dL-Circular line of force.

62. Which one of the following charges is possible?
(a) 5.Bx107¥ C (b) 3.2x10718C
(c) 4.5=107%C id) 8.6=10710C

63. If a charge on a body is 1 nC, then how many
electrons are present on the body ?

(a) 6.25x 1077 (b) 1.6 10"

() 6.25x 107 (d) 6.25x 10°

64. 1f a body gives out 10% electrons every
second, how much time is required to get a total
charge of 1 C from it?

{a) 190.19 yvears (b) 150.12 years

(e) 198.19 vears (d) 1BB.21 years

65. A polythene piece rubbed with wnul?i.s
found to have a negative charge of 3.2 » 107°C.
Caleulate the number of electrons transferred.
@l 2= 10'% (h) 8 10"

(e) 2 x 10 (d) 3=10M

Case II : Read the passage given below and
anawer the following questiona fraom 66 to 70,

Mation aof Charged Particle in Uniform Eleciric Field
When a charged particle is placed in an electrie
field, it experiences an electrical force. [T this
ig the only force on the particle, it must he the
net force. The net foree will cause the particle to
accelerate according to Newton's second law. So
f-'; = qé = i

If E iz uniform, then & is constant and
i = gE/m. If the particle has a positive charge, ita
acceleration is in the direction of the field. If the
particle has a negative charge, its acceleration
is in the direction opposite to the electric field.
Since the acceleration is constant, the kinematic
equations can be used.

66. An electron of mass m, charge & falla through

a distance h metre in a uniform electric field £
Then time of fall,

2H 2h
(a) t=,||~—'”~ R s

el eE

2eE ek
(e) = [— d) r==—
" him [ here

67. An electron moving with a constant velocity
v along X-axis enters a uniform electric field
applied along Y-axis. Then the electron moves
(a) with uniform acceleration along Y-axis

ib)} without any acceleration along Y-axis

{c) in a trajectory represented as y= ax

{d) in a trajectory represented as y= ax

68. Two equal and opposite charges of masses

m, and m, are accelerated in an uniform electric
field through the same distance. What is the



-

ratio of their accelerations if their ratio of
]
masses is — =057

;
{a) EI_]=2 ihl 'H_J:U-E
dy "
a
| (dy =+ =1
iy o

§9. A particle of mass m carrying charge § is
kept at rest in a uniform electric field E and
then released. The kinetic energy gained by the
particle, when it moves through a distance y is

(a) %quI (b} gEy (d) &%y

70. A charged particle is free Lo move in an

eleetric field. Tt will travel

{a} always along a line of force

(b} along a line of force, if its initial velocity is zero

(c) aleng a line of force, if it has some initial
velocity in the direction of an acute angle
with the line of force

(d) none of these.

Case III : Read the passage given below and
answer the following questions from 71 to 75,
Millikan's Oil-drop Experiment

In 1909, Robert Millikan was the first to find
ﬂ.lf' charge of an electron in his now-famous
u]_l-d:up experiment. In that experiment, tiny
oil drops were sprayed into a uniform electric
field between a horizontal pair of oppositely
Ehnrged_plat-&s. The drops were obzerved with
4 magnifying eyepiece, and the electric field
was adjusted so that the upward force on some
negatively charged oil drops was just sufficient
to balance the downward foree of gravity. That
is, when suspended, upward foree ¢ just equaled
Mg. Millikan aceurately measured the charges on
many ¢il drops and found the values to be whole
number multiples of 1.6 x 107'% C the charge of
the electron. For this, he won the Nobel prize.

ich gEy*

Atomizar

M. If a drop of mass 1.08 x 10-4 kg remaing
stationary in an electric field of 1.68 » 105 N 0~
then the charge of this drop is ;

(a) 6.40 10 C (h) 3.2%1077C
(e) 1.6x1071°C (d) 4.8x10719C

72, Extra electrons on this particular oil drop
(given the presently known charge of the
electron} are

{a) 4 (h) 3 fd) 8

73. A negatively charged oil drop is prevented
from falling under gravity by applying a vertical
eloctric feld 100 V m~'. If the mass of the drop
is 1.6 = 107 g, the number of electrons carried
by the drop is ig= 10 m g4}

fa) 10" (b} 10" (e) 1012 (d) 10°

74, The important conclusion given by Millikan's
experiment about the charge is

fa} charge ia never quantized

(b} charge has no definite value

(e} charge is quantized

{d) charge on oil drop always increases.

75. Ifin Millikan's oil drop experiment, charges
on drops are found to be 8pC, 12pC, 20uC, then
guanta of charga is

{a) 8uC (b 20uC  (e) 12uC (d) 4uC
Case IV : Head the passage piven below and
answer the following questions from 76 to 20

Relation between Strength of Electric Field and Density
of Lines of Force

Electric field strength is proportional to the
density of lines of force ie, electric field strength
at & point is proportional to the number of lines of
force cutting a unit area element placed normal

to the field at that point. As illustrated in the

given figure, the electric field
that at Q.

{e) B

at P iz stronger
Begion of wealk fiald

_BT-

P
-

- e S

_-_—-_—'_‘—-—_‘_
Region of strang field

16. Electric lines of for

charge are

(a) radially outwards

(c} radially inwards

{d} parallel straight lines.

77. Which of t o
lines of forepy |+ CLOWIng is false for electric

ce about a positive point

(b} circular clockwize

{a) The:.r_alwa:.rs atart from positive charges and
terminate on negative charges,

(h} They are alwa '
¥s perpendicular tot
of a charged conductor. 16 surfuce
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(¢} They always form closed loops.

{d) They are parallel and equally spaced in a
region of uniform electric field.

78. Which one of the following pattern of
electric line of force in not possible in filed due
to stalionary charges ?

IS
U —
H
(el L,} }n id) —
79. Electric lines of foree are curved
{a} in the field of a single positive or negative
charge
(b} in the field of two equal and opposite charges
(e} in the field of two like charges
{d} both (b} and (e).
B0. The figure below shows the electric field lines

due to two positive charges. The magnitudes E,,
Eg and E. of the electric fields at points 4, Band

C respectively are related as

-

sl

Y

{a) Ey »Eg>Ep (b) Eg>E,>Ep
Case V : Read the passage given below and
answer the following questions from 81 to 85.

Continuous Charge Distribution

In practice, we deal with charges much greater in
magnitude than the charge on an electron, so we
can ignore the guantum nature of charges and
imagine that the charge is spread in & region in a

2 Assertion & Reasoning Based MCQs

eontimuous manner, Such a charge distribution is
known as continuous charge distribution. There
are three types of continuous charge distribution :
(i) Line charge distribution (ii) Surface charge
distribution (iii} Volumae charge distribution as

shown in figure.
P

Liter chicran A = 14f  Bwmiacn chasge 0 = ai8 - Volame change 6 = ¥

B1. Statement 1 : Gauss's law can't be used to
caleulate electric field near an electric dipole.
Statement 2 : Electrie dipole don’t have
symmetrical charge distribution.

{a) Statement 1 and statermnent 2 are true

{h) - Statement 1 is false but statement 2 is true.
fc) Statement 1 is true but statement 2 is false.
{d) Both statements are false.

82. An electrie charge of 8.85 x 107'% C is placed
at the centre of a sphere of radius 1 m, The electric
flux through the sphere is

{a) 0.2NC'm? (b) 0.1NC1m?

(¢) 0.3NC!'m? (d) 0.0LNC!m?

83. The electric ficld within the nucleus is
generally observed to be linearly dependent on ©. So,

(a) a=0 pir
oy
b) a=— d
{h) « :
ic) a=f” :
{d}u=z:f 0 e

84. What charge would be required to electrify
a sphere of radius 25 cm so as to get a surface

charge density of Loy
18

(a) 0.7 C (h})76C (c) 75C {d) zero
B5. The SI unit of linear charge density is
(A Cm MCm! @WCm? M om™

For question numbers B6-100, two statements are given-one labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer 1o these questions from the codes [a), (b), () and [d) as given below.

(a) Both A and A are true and R is the correct explanation of A

(B} Both A and R are true but R is NOT the comect explanation af A

jc] A is frue but A 5 false
{dl A is false and R s also false

86. Assertion (A) : If a conducting medium is
placed hetween two charges, then electric [orce
between them becomes zero.

Reason (R) : Reduction in a force due to
introduced material is inversely proportional to

ita dielectric constant, e .
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87. Assertion (A) : In electrostatics, elecipric
lines of foree ean never be elosed loops, as a line
can never start and end on the same charge,
Reason {_R} E The number of electric lines of
force ongnating or terminating on a charge is
proportional to the magnitude of charge, -~

B8. Assertion (A) : The electric field due to a

discrete charge configuration is not defined at
the locations of the discrete charges.

Reason (R) : For a surface charge distribution,

_;e/c}pi-c field is discontinuous across the surface, -
- Assertion (A) : Charge is quantized,

Reason (R) : Charge which is less than 1 C is
not possible, =

90. Assertion (A) : The electric flux emarn ating
out angd entering a closed surface are 8 x 10% and
2 107 V m respectively. The charge enclosed by
the surface is 0.053 pC.

Reason (R) : Gauss's theorem in electrostatics
may be applied to verify.

91. Assertion (A} : Total flux through a closed
surface is zero if no charge iz enclosed by the
surface.

Reason (R) : Gauss law is true for any closed
surface, no matter what its shape or size is. . -

92. Assertion (A): The surface densities of two
spherical conductors of different radii are equal.
Then the electric field intensities near their
surface are also equal.

Reason (R) : Surface density is equal to charge
per unit area.

93, Assertion (A) : Three equal charges are
situated on a circle of radius r such that they
form on equilateral triangle, then the electric
field intensity at the centre is zero,

Reason (R) : The force on unit positive charge
at the centre, due to the three equal charges
are represented by the three sides of a triangle
taken in the same order. Therefore, electric field

intensity at centre is zero. .

™

94, Assertion (A) : The clectric lines of forens
diverges from a positive charge and converge at
a negalive charge.

Reason (A) : A charged particle free to move in
an electric field always move along an electric
line of force, ...

o Assertion (A) : Charging ia due to tranafer
of electrona.
Reason (R) : Mass of a body decreases slightly
whemit is negatively charged, ..

9%, Assertion (A) : Range of Coulomb loree iy
infinite.

Reason (R) : Coulomb force acts betweon two
charpged particles.

97. Assertion (A) : If a point charge be rotated
in a cirele around a charge, the work done will

be zero.
Reason (R) : Work done is egual to dot product

of force and distance,

98. Assertion (A) : A point charge 15 lving at

the centre of a cube of each gide. The electric

flux emanating from each surface of the cube is
th

|

: of total flux.

Reason (R) : According to Gauss theorem, total
electrie flux through a closed surface enclosing a
charge is equal to L'e, times the magnitude of the
charge enclosed,

99. Assertion (A): A point charge is brought in
an electric field. The field at a nearby point is
increase, whatever be the nature of the charge.

Reason (R) : The electric field is independent of
themature of charge. .-

0. Assertion (A) : For charge to be in
equilibrium, sum of the forces on charge due to
rest of the two charges must be zero,

Reason (R) : A charge is lying at the centre of
the line joining two similar charges each which
are fixed. The system will be in equilibrium if
that charge is one fourth of the similar charges. -

P’ ANSWERS N

1. (b): Mass of water = 250 g
Molecular mass of water = 189
number of molecules in 18 g of water

(Avogadra’s Number) = 6.02 x 1083
Number of molecules in one cup of water

_ 250 s02x10™
12

Each molecule of water contains two hydrogen atoms and
one oxygen atom, i.e., 10 electrons and 10 protons,

Total positive and negative charge has the same
magnitude and is

= 20 X0 x10x16x10°MC = 1.34x 107 C
B
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L

2. (a): By quantisation of charge,
q= ne

_!'n: q8
n= - = 3 10 elocirons
a e ALEX107™)

3. (d}: From diagiam, farce on g,{= g} at A,

Cig,=-q)

F1:I

F
=gy 1 B

-EI=F:.;+F:;"F:'|
Here F = %;mﬂ;, is the unit vector along BC

Force on §,(= gl at B,

F. = F, + Fo=FF (here r,, isthe unit vectar along AC)
Force on gyt = —grat C

F,=F, +Fy ”[.\f}nl""Fz: +2F, Famﬁ]}ﬁ =3Fn
Here m = unit vector along the direction bisecting £BCA

or F+F+F=0

4. (d): In a charge-free region, alectric field lines can be
taken to be continuous curves without any breaks.

5. (d): Electric field at a point is continuous if there is no
charge at that point. And the field is discontinuous if thare is
charge at that point.

6. (d): As per Gauss's thearem in electrostatics, the electric
flux through a surface depends anly on the amount of charge
enclosad by the syrface. It does not depend on size and shape
of the surface. Therefare, electric flux through the surface is
the same for all figures.
7. (d): Dipole moment is a vectar guantity and has
magnitude of 2qa and it is in the direction of the dipole axis
from -qto g.
8. (a): As electric flux, ¢ = E.As

- untofgisNC
9. (b): Here, g, =0.2pC=02x10°C
gy =04 pC =04 x 108 ¢

F=04N
s F::_.EEEL
dne
f= 4% - 025107 % 0.4 107 9% 10°
4ne, F 0.4

=18 x 103 =0.18 x 107
P=(0.18 % 107%" = 0,41 = 1im=41x107m

|
10. (¢} : Electnic field due to complete disc (R =2a).
E — ﬂ_ 1= s L _.U—il— h 1
} 1E, ;Rli-.ia 1g, 341:14-&’
) _“_[]._i] (- hez )
g, a

Electric field due to disc (R = a),

Hence, electric field due to given disc,

ah
E= E-l = Ez = F_
5 o7
b Cam—
sak

11. (b) : Here, g, = <107 C g =2x 107G
r=20cm=20%107m

As F= b AR
4 1
. 910 1107 x2x107 45 % 1073 N
(20 1077
12. (d): Here,p=2x 107 cm, 8 =30°
E=4x10*NC
Ast=pEsind

52:r:'lﬂ'gﬂﬂfxmqsinﬁﬂ“:d:-ﬂﬂ'f'ﬂm
13. (€} ; According to Gauss's theorem,

Electric flux through the sphere = _*El
0
z

Electric flux through the hemisphere =

Eq
1wx=10

o JOXUWO 56 106 Nt

2% B854 %107

0.6 % 105 Nm? ! =6 x 10° Nm? C'

14. (a): When a point charge +q is placed at a distance d
from an isolated conducting plane,

some negative charge deveiops on
the surface of the plane towards
the charge and an equal positive %
charge develops on opposite side
of the plane. Hence, the field at a
point P on the other side of the

plane is directed perpendicular 10 the plane and away from
the plane as shown in figure.

N

15. (d}: According to Gauss's theorem in electiostatics

E.dF =i
@E,ds s

Here g is charge enclosed by the surface.
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if the chatge Is outside the silace, thaelofe @, 4.

Aso, =0

So both (B and (0) are conpot

16. (d) : Wihen a alass rod i rubbed with sl il then
some ol the electrans Trom the glass i get Hansfred to
silh cloth aned ths the glass ro gets posltively chaged and

the silk get negatively chaiged Ne new charge fs created In
the process of rubhbing,

17. (d)

1B. {c) : When there are various types ol charges In a reglen,
but the total chaige i+ zero, the region can be supposed
10 comain a number ol electric dipoles, Therefome, al peints
outsice the region, the dominand electric field = J!, for barge £,
19, (d): In figure, the field is upward,

S0 the negatively charged election % o =
experiences a downward force, ry

The acceleration of eleciron is

ek y
8, = iy A T +
The time required by the electron to fall through a distance
his

2h 2hm

Lb=l—|= ,— ing [i
A 2. ] = {using (i)

- lznl.smn-=mn9.1 P ™

16x10 " Cx 2= 10° ]. =29% 1075

20. () :As fEai=L
S

where qis charge enclosed by the surface.

when §E.df =0.g=0

Le.net charge enclosed by the surface must be zero, Therefore,
all other charges must be outside the surface. This is becausa
charges outside the surface do not contribute 10 the electric flux.
21. (a): The electric field in a region is given by

E= %?+ﬂ,p]'+c=’*’i

Compare it with £ = i+ £ j+ £,k

we get

A
E =—.E =By E.=
o R | y. E;= CF

22, (el) : Here, o Lo A0 em 0 = 3"

Eob# whe !
A T pF giri Al
1o 100" 5 6 108 5in 30°
Y w IO Nm
4 ip, a [
A ! ik
2,49 o Aney ! i 4nv r .,

I 2 iy

L)
24, (d): Ho, g 6w 1000 p
¢ harge on one electran, @ | 6= 10
Humber ol electrons transterred from wood i polythane

e i f 1 575 'l'“”
PR TR 1
25, {a): By Gauss's law,
o=
':II
or  g= gy

—1.05x 8854 1077 C =930 21071 C
26. (a): The torque acting an a dipole in 2 unifarm
external field £ i 3= Px £ or PEsin 0 and its directian i

perpendicular to £ and also £

27. {(a): in the figure, when a charge q is placed at corner
A of the cube, it is being shared equally by 8 cubes.

Thie total flux through the faces of the given cube
e
EE"
28. (b} : For a uniformly charged nollow oylinder, the electic
field lines are as shown in figure (b).

29, (b): Charge on single electron s @ =16 = 10719 ¢
Total charge, g= + 2.4 C
Then by guantization of charge
= na
number of electrons, n = £
et

Bl »
Fxle = ex

30, (a): Here, < & - _16xI0Y

; —m | Bx 107N’
£, BESIx|0 D
31. {b)

5“”“3" of the free electrons may get transterred from ane abject
10 olher,
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d
:.:r tld: . From figure, length of diagonal of the square
% o= ol '1‘_.] ll:||r E‘J' )
0
., |
o
ot |1‘ :.- E
Fow” 0 aFa|=
P B
@=30)  (4=-4K0)
_AG=BD= it +10" = 10JT em
_ 142 _ 10
m _ ':ﬂ - 'DE == 'DEI - :I. ﬁ

Forces of repulsion on 1 pC charge at O due to 3 pC charge,
at Aand C are equal and opposite, So they cancel each other.
Similarly, forces of attraction of 1 pC charge at O due 1o
—4 yuC charges at B and D are alse equal and opposite. 50
they akso cancel each other.

Hence the net force on the charge of 1 pC at Ois zero.

35. (b): Electric field, £= i_

36. (b): Here, gy =g; =32% 107 Cr=60cm=06m

. 1
Electrostatic force, F= —— 4.8
RE, r
_ w10’ (32x107Y
e (0.6)°

=256 x 107N
37. (d) : As shown in figure draw AD L BC.

L s N3
AD = ABcos30° = e Yig=ai

Distance AD of the centroid O from A

— Eﬂ_ﬂidz—:ﬁ: r
3 3a 1
Force on Qat O due B D c
T.I:lu:l'iargeq1 = qat A (9= g) I g = 4]
L _Ga _ 3

S ame, (15 =4n£,.r’ . along AQ
Similerly, force on O due to charge g, = g at B

Fy= 1:% along BO

and force on O'due to charge g; = gat C

Fy= 229
3= f.alung Co

Angle between forces F, and F, = 120°

L
Hy paralletogram law, resultast of F, and Fy= dig'i:;. alan OA
e,
Total force on Q= HJ‘-"J Qg
dme S Ay’

38. (c) : The value of £ in the region I, in hetwesn the
plates,
5 27= 00

39. (c) : Particles A and B have negative charges herauss
they are being deflectad towards the pasitive plate of the
electrostatic field. Particle C has positive charge herause it is
being deflected fowards the negative plate,

deflection of charged particle in tima Hn y-direction
19E

1
h= BK;J,..HF =
z m

L@ hocgm
As the particle C suffers maximem deflection in y-diraction,
50 it has highest charge 10 mass g/m ratio.

40. (a)
41. {t}:.FI'{II'I'I E=§

= LMIM =[
[AT]
42, (b) : Here, take the square as one face of the cube with
edge 12 cm.

The point charge +20 pC is at a distance 6 cm directly above
the centre of ABCD

From figure, it is clear that square ABCD s one of the six faces
of & cube of side 12 cm.

By Gauss's thearem, total electric flux through all the six faces
of the cube = L
£,

MILTT A7)

Electric flux through the square Sl
19 - 3 1 s
T, : i B e
6, E ﬁ-ff-
_.' — -
- lx_lﬂﬂ1ﬁl“ 4 Zca 8
6 BESxI07"

=38x 10° NmiC!

43. {b): Electrostatic field lines start or end cnly at %07 1o
the surface of the conductor. 50 curve (b} cannot represent
electrostatic field lines.

44. (d)

45. (d): Here, E=2x 10° N

I=2cm T=4Nm

Torque, 1= px £ = pk snd
A=px2x107%sin30° or p=dx 107Cm

As p=ql



4x107°Cm
Charge, g=%' =

0.02 m
=2x107°C=2mC

46. (a) : The value of k= é

where & is permittivity of free space

= 8854 » 107 CZN m

47. (a) : Mass of the coin = 0.75 g,

Atornic number, Z,, = 13

Atomic mass of aluminium = 26.98 g

Avogadro’s number = 6.02 x 107

Mumber of Al atoms in the coin,

6,02 = 10 33
= 75 = 1.67 x 10
N AT w75 S

As -:harge' number of Al is 13, each atom of Al contain
13 pratons and 13 electrans.

Magnitude of positive and negative charges is one paisa coin

= Nfe
=167 w10 1316107 C
=347 x10°C
48. (b): Here, number of electrons removed = number of
gtomsin1g
_ Ax10™ i

o nN= T 4 x 10}

charge, g=ne=4x 10" x 16x 10717 C

= 6.4 % 107%¢C

49. (c) : Electric field,

F_ 25N 3
E= g 15x10°C 1S00NC
50. (c)
51. (d)

52. (b): While combing hair, friction between the comb and
the hair results is the transfer of electrons.

53. (c) : Force of mutual attraction between an electron and
3 proton

1 &
Fo e, 1
_ 9x10° (.6x1077Y

(1) =23= 107N

Acceleration of electron = F

_23x10T

T oxio™
=25x10%ms?
Acceleration of proton = .

¥

=L [
T pe6x 107

_13x10"%ms? -
54. (c) : The potential energy of an electric dipale in 3
uniform electric field is

v=-p-E

U = - pEcost

For U/ to be maximum

s =—1=>8=m0 _ |
55. (b): The field lines of single negative charge are radially
inward. |
56. (c) : Gauss's law is often useful towards a much easier
teﬂn.:ulatiun of electrostatic field when the system hai.s.:.me
symmetry. This is facilitated by the choice of a suitable
Gaussian surface.

57. {a) : Here, in the wertical direction,

initial velocity, v=0

ona=E-% .0+ F=gB
gcceleration, 8 = o
Time taken to cross the field,
= distance _ L i
welocily v,

(- velocity along the horizontal direction is constant]

1
af 5= wWe+—af
2

F
deflection, ¥ =0+ l[ﬂ] [-!7-] [Using (i) and (i)}
2\ m J v,
_ gkl
i 2t

58, (b): Here E=di+4;+4k, dS=3i
Electric flux, dé = £ - 5

=[4?+4}+ 43]-[5?]: 20 unsits

58. (d): Electric field strength Is maximum where the electric
field lines are closer.

60. (b): 24 . _ag
* # ™
Mt i - d—

Let a charge 2q be placed at P, at a distance | from A where
charge g is placed, as shown in figure.

The charge 2q will not experience any force, when force of
repulsion on it due to g is balanced by force of attraction on
it due to —3q at B where AB = g

(2g)(a) _ (2q)(=3g)

ar
dne I dme, (1 + o)
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[+ df =3F
o -d-d=0
. 244 Jad 8 _d  Nd
4 2 2
I=.-|!+-.."§.n*
2

61. (d)

~18
62. (b): From, g = ne, ”=E=3_-1_&_

e 16x107?
As n s an Integer, hence this value of charge is possible.
3. (d): Charge on the body is = ne

No. of electrons present on the body s

-
pe2 o BXUTC e 100

20

e 1.6x107YC
64. (¢) : Here, n = 10" electrons per second
Charge given per second,
g=ne=10% % 1.6x 1077 C
g=16x=107"C"
Total charge, @= 1 C (given)
& Time required = Q. l o8 = 6.25 % 10%
s 1 1610710
6.25x10
= 149K,
T e e i
-7
65. (a): Asg=na n= Hﬁ_m_
1.6x107"
= f=dx 10" electrons.
66. (a): From Newton's [aw
F=ma or qE:nﬁﬂa=E=£
e m
Using, s=ut+ %ari
h=u+lxﬂl] = I= 2hm
2 m eE
67. (c)
§B. (b): Force is same in magnitude for both.
Ml &y = My
ﬂ:ﬁ-=L=2
a;, my 03

69. (b): Here, u:{l;u:if:a;}r
Using,vl—u!=255 = v1=1£_1.r
m
KE= %mrz =gEy

70. (b): f charge particle is put at restin slectric field, then
it will move along line of force.

1.08x107" %0.8
1.68 % 10°
=54 1077 ¢

6ax107
=
1.6 10

73. (¢} : For the drop to be stationary,
fotee on the drop due to electric field = Weight of the drop

gk = mg &
1.6 % 107" %10 _
g="% = =1.6x107 C
E 100
Number of electrons carried by the drop is
g 16x107°C "

e 16x100"°C

74. (€)

75. (d): Millikan's experiment confirmad that the charges
are quantized, i.8., charges are small integer multiples of the
hase value which Is charge an electron. The charges on the
drops are found to be multiple of 4, Hence, the quanta of

charge is 4 uC.

76. (a)

77. (¢) : Electric lines of force do not form any closed loops.
78. (c) : Electric field lines can't be closed.

79. (d)

80. (a)

B1. (a): Gauss's law is applicable for any closed surface.
Gauss's law is most useful in situation where the charge
distribution has spherical or cylindrical symmetry or is
distributed uniformly aver the plane. Whereas electric dipole
is a system of two equal and opposite point charges separated
by a very small and finite distance.

S0 both statements are comect.

82. (b): According to Gauss's law, the electric flux through
the sphere is

71. (@):As gE=mg = 4=

71. (a):q=ne or = A=

885 % 1072¢C
gasx10 i Nt m?
IJI'

83. (c) : For uniformly volume charge density, E = —
Eer gy

84. (a):r=25m=025m o= L2 C/m?
X

—pINC ' m?

=q_1u_=
s~

As, O = : =4 =4n:-¢{t115}2x-3—=ﬂ.?5{]
T

4nrt
85. (b): The_llne charge density at a point on a line is the
charge per unit length of the line at that point
=i
dL
Thus, the Sl unit far & s Cm™.



B ) The dielecinic constant of any material is

K= b = M = F_ﬂ = F = f!l ,where F is force when
E Fiq F K
conductor is not present between the charge. Fis 2 force after
roduction of conductor between charges. Since dielectric
constant of a conducting medium is infinity therefore F=0.
B7. {b): Electrostatic field lines of force can never fnrm_a_n','
closed Toop. Because electric field originate from positive
charge and terminates on negative charge.
88. (b)
89, (¢} : The charge gon a body is given as 4 = ne
where 1 is any integer positive or negative. _
The charge on the electren is 9= 1.6 107" C which is less
than 1 C.
80, (a) : According to Gauss's theorem in electrostatics,
= Q'ey
g=tg0 =685 x 1072 (8 % 10°- 2 x 107]
= 53,10 x 107 € = 0.053 pC.
91. (b): Gauss law implies that the total electric flux

through a chosed surface is zero if no charge is enclosed by

the surface and it is true for any closed surface, independent
of its shape and size.

92. {b): As o, =0, (Given)
X

L. W SIS _ELETE
g2 n
[Let ry and r, be two different radii]

Then the ratio of electric fiedd intensities near the surface of
spherical conductors,

E_ & 4™y @ % 6, %_,

E, dmegri’ @ 0 @ v 4 4@

ie. E,=E

93. (a) : Resultant of electric intensity at O due to Band C
is equal and opposite to that due 1o A.

11

94. () : ff the charged particle is mitially at rest in an electric
field, it will move along the electric line of force. But when the
initial velocity of charged particle makes some angle with the

' it mot akong the line of
liné of force then tne resultant pa NG 1
farce. Because electric line of fgrce may nat coincide with the
line of velacity of the charge. T
tively charged anly when
5. (c): A body becomes neqd :
mme[electmns are transfersed to the body i.8. the bady gains
some electrans. Hence its mass increases slightly, Mass of a
bady decreases only when body gives some electrons ta some
other body. _
86. (b): Coulomb's force or electric fﬂrn!lI iven by Coulomb's
law, is valid over nuglear distances {= 107" m)as well as ovar
very large distances.

k
From Coulomb's law, F = - lil:[!ﬁ'il This generally halds

r
only for charged objects whose size are much smaller than
the distance between them.
97. (a): Work done will be zera because in ratating fhe
charge in a circle, force is along the radius and direction of
mation is perpendicular 1o it.
Work done, W= F. § = F5os8
= FScos30° =0
98. (b): The electric flux through the cube, & = gl
A cube has six faces of equal area. Therefore, electric flux

through each face = %¢= :;{q.fgﬂ}.

99, (d): Electric field at the nearby point will be resultant
of existing field and field due to the charge brought. It may
increase or decrease if the charge is positive or negative

depending on the position of the point with respect 1o the
charge brought.

100.(c) : According to Coulomb's law, F = kql—qz"-.

The force on g due to A, r!
F, = ! L. A to the right

REy (ri2

B p—l
Due to B, 5 "
|

Fp=———20_ 10 the feft.

AmEy (r/2)

Their sum is zero whether gis + Q or ——

or any other value, . :

Therefore, it is not true that the third charge has 1o be (/4
only. It can be any value,

©ee



Recap Notes

Electric potential : Electric potential at a
point is defined as amount of work done in
bringing a unit positive charge from infinity
to that point. It is denoted by symbel V.

W

q

» Electric potential is a gcalar quantity.
The SI umnit of potential is volt and its
dimensional formula is IMLAT3AY].

» Electric potential at a point distant r from
a point charge g is
V= q

4TET

p Electric potential due to group of charges :
The electric potential at a point due to a
group of charges is equal to the algebraic
gum of the electric potentials- due to
individual charges at that point.

L]
v=_F--{ﬂ+£1+ﬁ+_,_i1]=_J_ e
'{-ﬁﬂ Fl I'i r3 T 4“13 oy T

» Electric potential at any peint due to an
electric dipole

.3
r
- B ot
A i
3
2a

The electric potential at point P due to an
electric dipole
| peos®_ 1 pr
dgiE, rl AmE, ri
- At axial point : When the point P lies
on the axial line of dipole Le., 0 = 0%,
Tl

""Hiufz

e

P

Electrostatic Potential
and Capacitance

. At equatorial point : When the point P
lies on the equatorial line of the dipole,
fe 8=90° - V=0

» Electric potential due to a uniformly

charged spherical ghell of uniform
surface charge density o and radius K at
a distance r from the centre the shell is

given as follows :
- At a point outside the shell Le., r> R

L
Egf 4MEgr

At a point on the shell e, r=R
_oR_ 1 4

V= i R

- At a point inside the shell Le,r<h
'I.-"=ER= 1 g

&y 4mgy R

HEIH, g = 4:|'LH.EG

The variation of V with r for a uniformly
charged thin spherical shell is shown in

the figure.
4

/

"
K |

Electric potential due to a non-conducting
golid sphere of uniform volume charge
density p and radius R at distant r from
the sphere is given as follows :

- At a point outside the sphere ie.r= R

3
F:pﬂ _._.]_"E
}Enr "I'muf

- At a point on the gphere e, r=8
p=ﬁ7_=_|.ft
g, 4mg, R




- At a point inside the sphere ie., r < R
vo BRE-A) 1 gt
¥ 12 imey,  ap?
Here q‘=%lﬂ3ﬂ

Equipotential surface : A surface on
which the electric potential is constant is
known as equipotential surface.
» Properties of an equipotential surface :
- Electric  field lines are always
perpendicular to an equipotential surface.
- Work done in moving an electric
charge from one point to another on an
equipotential surface is zero.
- Two equipotential surfaces can never
intersect one another.

Relationship between E and ¥
E=-Vv

where ﬁ'=[?%+j%+i%]
—ve sign shows that the direction of E is the
direction of decreasing potential.

Electric potential energy

> Electric potential energy of a system of
two point charges

et i
iRy ny

where r,, is the distance between g, and q,.
» Electric potential energy of a system of n
pont charges

U= . i sf =k
imeg anEm Tik ¢
» The ST unit of electric potential en is
oy BETEY
Conductors : Those substances which can
eaeily allow electricity to pass through them
are known as conductors. They have a large
number of free charge carriers that are free
to move inside the material. e.g., metals,
human beings, earth etc,
> Basic electrostatice properties of a
conductor are as follows -
~ Inside a conduetor, electric field is zero.
~ At the surface of a charged conductor,
electric field must be normal to the
surface at every point.
- The interior of a conduetor can have no
excess charge in the static situation,
- Electric  potential i  constant
throughtout the wvolume of the

conductor and has the same valup 15,
inside) on its surface.
- Electric field at the surface of a chapyey

= [ Y
eonductor, E=—H
Ey

where o is the surface charge denaity 44
4 ia a unit vector normal to the surfpeq i
the outward direction.

» Electrostatic shielding : It is i,
phenomenon of protecting a certain regigy
of space from external electric field.

Polar and non-polar molecules

» Polar molecule : A polar molecule is one jn
which the centres of positive and negatiy,
charges are separated (even when therg
is no external field). A polar molecule hag
a permanent dipole moment e.g., water
(H,0) and HCI.

» Non-polar molecule : A non-polar moleculs
is one in which the centres of positive ang
negative charges coincide. A non-polar
molecule has no permanent dipole moment,
e.g., oxygen ((},) and hydrogen (H,).

Capacitanee : Capacitance (C) of a capacitor

is the ratio of charge (@) given and the

potential (V) to which it is raised. i.e., C = @V,

» The 51 unit of capacitance is farad (F).

- 1 millifarad (mF) = 10~ farad
- 1 microfarad (uF) = 107 farad
- 1 picofarad (pF) = 1072 farad.

» The dimensional formula of capacitance is
[MILepiady

» Capacitance of a spherical conductor of
radius R iz (' -

TH.I!L‘inE earth to be a mﬂdu:ﬁng sphere of
radius 6400 km, its capacity will be

Ca ‘IIEﬂH Eﬁ'iﬂi =711 WwF

9x10°

Ea?nnitnr : A condenser or a capacitor is a
device that stores electric charge. It consists
of two mnﬁuctﬂra separated by an insulator
or dielectrie. The two conductors carry equal
and opposite charges +Q
(3 E'-apagltame of an air filled parallel plate

capacitor

A

e d

where ..-'1 is area of sach plate and J is

separation between the two plates,
3 ﬂapﬂutm-u:eﬂfmnhﬁﬂedajlheﬁmjmpndtnr

R

where o and b are the inner and outer radii.
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d
where a and b are the inner and outer
radii and L is the length.
» Capacitance of a parallel plate capacitor
with a dielectric slab of dielectric constant
K, completely filled between the plates of
the eapacitor, is given by

o Kegd By A
&

- When a dielectric slab of thickness {

and dielectric constant K iz introduced

between the plates, then the capacitance

of a paralle]l plate capacitor i given by
A
G |
d=11 i:

#» When a metallic conductor of thickness
t iz introduced between the plates, then
capacitance of a parallel plate capacitor is
given by

C=%=
-t
Combination of capacitors in series and
parallel
» Capacitors in series : For n capacitors
connected in  series the eguivalent

capacitance Cg is given by
1 | 1 1
—m e

":5 lIi-"'.l c‘i l':'n

» (apacitors in parallel : For n capacitors
connected in parallel, the equivalent
capacitance Cp is given by
ﬂp:ﬂ', +Ci+.... +E"

» When capacitors are Ermwlmi in SETIES,
the ch through each capacitor 18 samse.
Whennc].;faﬂmm are connected in parallel,
the potential difference across each
capacitor ig game.

» When two capacitors charged to djﬂiarl_ﬁ.':nt.
potentials are connected by a conducting
wire, charge flows from the one at h:.ghar
potential to the other at lower potential
till their potentials become equal. The
squal petential is called comumon potential
{V), where

_ total charge Oy 40, Y F 01

T otalaapacity G+ GG
It ghould be clearly understood that in
sharing charges, there is absolutely no

loss of charge. Some energy is, however,
loat in the process in the form of heat ate.
which is given by

GC¥ -1

iy = 1)

« Energy stored in a capacitor : Work done

in charging a capacitor gets stored in the

capacitor in the form of its electric potential

energy and it is given by
I TR e U
L —EC'I-’ -EQF— 3 C

» Energy density : The energy stored per
unit velume in the electric field between
the plates is known as energy density (i),
It is given by

u= étnﬂz
» When adielectricslabof dielectric constant
K is introduced between the plates of a
charged parallel plate capacitor and the
charging battery remains connected, then
- Potential difference between the plates
remaing constant Le., V=1

- Capacitance C increases i.e., C = KC,

- Charge on a capacitor increases Le.,
Q B F—'ﬂg

- Electric feld between the plates
remaing unchanged Le., E = K,

- BEnergy stored in a capacitor increases
Le, U=EKl,

» When a dielectric slab of dielectric constant
K is introduced in between the plates of a
charged parallel plate capacitor and the
charging battery is disconnected, then
- Charge remains unchanged i.e., § = &,
- (Caparcitance increases Le., C = KC,

- Potential difference between the plates

decreases i.e,, 1-r=%
- Electric field between the plates
decrepses
. _F.,}
Le., E_?

- Energy stored in the capacitor
decreases

i U{I
L, fm—
K

where @), C,, V,, E, and [, represents the
charge, capacitance, potential difference,
electric field and energy stored in the
capacitor of a charged air filled parallel
plate capacitor,




2 Multiple Choice Questions (MCQs)

1. Consider a uniform electric field in the
z-direction. The potential is a constant

(a) for any x for a given 2

{b) for any y for a given z

{e) on the x-y plane for a given z

{d) all of these

2. In a region of constant potential

{a) the electric field is uniform.

(b} the electric field is zero.

ic) there can be no charge inside the region.
{d) both (b) and (c) are correct.

3. A molecule of a substance has a permanent
electric dipole moment of magnitude 1077 C m. A
male of this substance is polarised by applying a
strong electrostatic field of magnitude 107 V m1.
The direction of field is changed by an angle 60°.
The heat released by the substance in aligning its
dipole along the new direction of the field is

{a) —6J (b} =3 J {e) 3d (d) 6dJ

. 4. The potential at a point due to a charge of
5 x 1077 C located 10 em away is
{a) 3.5x10°V (b) 365=10¢V
{c) 45104V (d) 4.5 % 10°V

. 5. Inthe previous question, work done in bringing
a charge of 4 x 107 C from infinity to that point is
{a) 24=x10"4J (b) L.8x104J
(c) 3.2x10°5J (d) 4.1 % 102J

6. Twoconducting epheres of radii r, and r, are
equally charged. The ratio of their p-utentiai i5
2

(a) A ) 2 () 2 4 L
r 'y i (d) "

7. The electric potential at a point in free space
due to a charge @ coulomb is @ x 10" V. The
electric field at that point is

(a) 12ne Q) » 10%2 ¥ -1
(b) 4ney@ = 102 V m?
(c) 12ngy@ x 102V m~1
(d) 4mesQ = 1020V ;!

.B. Acharge +gis placed at the

origin (? of -y axes as shown in ikl

the figure. The work doene in

taking a charge § from A to B .
O Aia

along the straight line AB is

90 a=b b ﬁ[*'”]
(a) ll_TI:'Eu[ atl ] o dmeg | ab
o g (a 1
o2 w23
# 16 pF capacitor is connected to B0 V supply.

T.he amount of electric energy stored in the

capacitor 18 .

(a) 4.5x 10712 J

(c) 2.5x10712J

0. The equivalent capacitance for the network

shown in the figure iz |_;:;| P
i

(b) 5.1 x107°J
(d) 3.2x10%J

1
i
—pF

{a)

400 pF 400 pF

{b)

.

ich

(d) -

11. If a charged spherical conductor of radius
10 cm has potential V at a point distant 5 cm
from its centre, then the potential at a point
distance 15 cm from the centre will be

(@) 3V (b) %r (c) %:-— (d)

12. The electrostatic potential on the surface

of a charged conducting sphere is 100 V. Two

statements are made in this regard

(1) f"‘*t any point inside the sphere, electric
intensity is zero

(i) .ﬁit :m_v point inside the sphere, the
electrostatic potential is less t

Which of the following is a correct :::?ﬂ::ﬂi::;

{a) Statement (i) is true but statement (ii) is false

(b) Both statements (i) and (ii) are false

(e} Statement (i) ig true, statement (ii) is also
true and (i) is the cause of (i)

(d) Statement (i) ig true, statement (ii) is also
true but the statements are independent.

13. A small sphere of radins r

! 1 anﬂ -Cha

18 enclosed by a spherical shell of radius Fﬁar?ti
charge 9 If g, is positive, then :

I
=¥
3
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{a) charge will flow from the sphere to shell.
(b} charge will flow from the shell to sphere.
(¢) charge flow will depend on the magnitude q..
(d) charge flow will depend on the magnitude of
charge qy.

14. When air is replaced by a dielectric medium
of constant K, the maximum force of attraction
between two charges separated by a distance
(a) increases K times  (b) remainsunchanged
(e} decreases K times (d) increases K% times

#5: Two identical capacitors are joined in

parallel, charged to a potential V, separated

and then connected in series, the positive plate

of cne is connected to the negative of the other.

Which of the following is true?

(a) The charges on the free plated connected
together are destroyed.

(-hrfl The energy stored in the system increases.

(¢) The potential difference between the free
plates is 2V. :

(d}) The potential difference remains constant.

16" If dielectric constant and dielectric strength
be denoted by K and X respectively, then a
material suitable for use as a dielectric in a
capacitor must have

(a) high K and high X (b) high K and low X
(¢) low K and highX (d) low K and low X

1;. The charge on 3 uF capacitor shown in the
i8 I ]
1

{a) 2pC lip.l" IpF GuF
(b) 10 pC
(c) &pC .
!
{d) 8 uC Al

187 A parallel plate capacitor is connected across
a 2 V battery and charged. The battery is then
dizconnected and a glass slab is introduced
between plates. Which of the following pairs of
quantities decreases?

(a) Charge and potential difference.

(b) Potential difference and energy stored.

(¢) Energy stored and capacitance.

{d) Capacitance and charge.

19. In a quark model of elementary particles, a
peutron iz made of one up quark of charge 3}3
and two down guark of charges (-% ] If they

have a triangle configuration with side length of
the order of 10-'® m. The electrostatic potential
energy of neutron in MeV 18

3.

(a) 7.68 (b} -5.21 (c) -0.48 (d) 934

20. A parallel plate condenser with a dielectric
constant K between the plates has a capacity
C and is charged to a potential ¥ volt. The
dielectric slab is slowly removed from, hetweaen
the plates and then reinserted. The net work
done by the system in this process is

(a) zero (b} 'Em-ucrl

T
@ = (d) (K-1)CV?

24. Four equal charges g each are placed at four
corners of a square of side a each. Work done in
carrying a charge —g from its centre to infinity is

1 3 1
(a) zaro (b} -{zi {c) —"E—? (d) —
ﬂ-ﬁ]ﬂ' H-E[lﬂ

227 In a parallel plate capacitor, the capacity
increases if

{a) area of the plate is decreased

(b) distance between the plates Inereases

(c) area of the plate is increased

{d) dielectric constant decreases.

23. A cylindrical capacitor has two co-axial
eylinders of length 20 cm and radii 1.5 cm
and 1.6 em. The outer cylinder is earthed and
inner cylinder is given a charge of 4 uC. The
capacitance of the system is (neglect end effects)
(a) 2.8x109F (b) 4.2x 107 F

(¢) 1.7x1070F (d) 3.4x 102 F

4. The capacitance of a parallel plate capacitor
with air as medium is 3 pF. With the introduction
of a dielectric medium between the plates, the
capacitance becomes 15 uF. The permittivity of
the medium is
(a) 5CIN"Tm? ) 156 CEN" m2
(c) 0.44 x 100 CEN1m*

(d) 8.854 x 1071 C2 N1 m~*®

A parallel plate capacitor has two square
plates with equal and opposite charges. The
surface charge densities on the plates are
+o and —o respectively. In the region between
the plates the magnitude of the electric field is

" S
(e} O {d) none of these

26. A metallic sphere of radius 18 cm has been
given a charge of 5 x 107® C. The energy of the
charged conductor is

(a) 0.2d (b)0.6J (¢} 1.2d (d) 244



2{ Energy stored in a capacitor and dissipated
during charging a capacitor bear a ratio
(@) 1:1 (b)1:2 (&) 2:1 (d) 1:3

28. Two tiny spheres carrying charges 1.8 nC
and 2.8 uC are located at 40 cm apart. The
potential at the mid-point of the line joining the

two charges i8

(a) 3.8x=10*V (b) 2.1x 105V
(c) 4.3x10*V (d) 3.6 % 10°V

29. In the previous guestion, the potential at

a point 20 ¢cm from the mid-point of the line
charges in a plane normal to the

joining the two

line and passing through the mid-point 15
(a) 1.4 x10°V (b) 42 =107V
() 29x=10%V (d) 3.7x10°V

98. A spherical capacitor consists of two
concentric spherical conductors, held in position
by suitable insulating supports as shown in
figure. The capacitance C, of this spherical

31. Identify the false statement.
(a) Inside a charged or neutral conductor

electrostatic field is zero.
(b) The electrostatic field at the surface of the
charged conductor must be tangential to the

surface at any point.
(¢} There is no net charge at any point inside

the conduector.
(d) Electrostatic potential is constant throughout

the volume of the conductor.

32. Ahexagon of side 8 cm has a charge 4 pC at
each of its vertices. The potential at the centre

of the hexagon is
(a) 2.7x10°V (b) 7.2x 101V

(c) 2.5x102V (d) 3.4x10'V

33. Minimum number of capacitors each of 8 pF
and 250 V used to make a composite capacitor of
16 pF and 1000 V are
(a) 8 {b) 32 {e) 16
34. An infinite eylinder of radius ry, carrying
r charge density . The eguation of the
rface for this eylinder is

(d) 24

linea
equipotential su

r= ™ PR +F ()]
r=ruezn’{i"|:r}—l"fr;_,]]lz
(©) r=ne Vi) -F(n)]/R
(d) r=me 2o [V =¥l
35. Equipotential surfaces

{a) are closer in regions of large electric fields
compared to regions of lower electric fields

will be more crowded near gharp edges of a

econductor
(c) will always be equally spaced
(d) both (a) and (b) are correct

36. Two metal spheres, one of radius R and

the other of radius 2R, both have same surface

charge density o. If they are brought in contact

and separated, then the new surface charge

densities on each of the sphere are respectively

@ 030 my3e30 © Y550 @ Fo.o

37. Which of the following statement is true

about the relation between electric field and

potential?

(a) Electric field is in the direction in which the
potential decreases steepest

(b) Magnitude of electric field is given by the
change in the magnitude of potential per unit
displacement normal to the equipotential
surface at that point.

te) In the region of strong electric field,
equipotential surfaces are far apart.

(d) Both the statements (a) and (b} are correct.

38. The number of ways one can arrange three

jdentical capacitors to obtain distinct effective

capacitances is .

{a) 8 (b) 6 (e) 4 (d) 3

39. Consider two conducting spheres of radii R,

and R, with R; > R,. If the two are at the same

patential, and the larger sphere has more charge

than the smaller sphere, then

(a) the charge density of smaller sphere 15 less
than that of larger sphere.

(b) the charge density of smaller gphere is more
than that of larger sphere.

{c) both spheres may have same charge density.

(d) None of these.

40. A spherical capacitor has an inner sphere

of radius 10 em and an outer sphere of radius

11 cm. The outer sphere is earthed and the inner

(al
(b}

(b)
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sphere is given a charge of 3.2 pC. The space
between the concentric sphere is filled with a
liquid of dielectric constant 28. The capacitance
of capacitor is

{a) 2x10°F (b) 3.4x10°F

(c) 4.1x10?F id) 5.2x 1077 F

41, Three capacitors each of capacity 4 pF are

to be connected in such a way that the effective

capacitance is 6 pF, This can be done by

{a) connecting them in series

{b) connecting them is parallel

(¢) comnecting two in series and one in
parallel

{d) connecting two in parallel and one in seriea

~42. Two condensers, one of capacity C and other

of capacity % are

connected to a ¥V volt ——
battery, as shown in
the figure. The work
done in charging
fully both the condensers is

(a) %m—'“ b) gcv* () %cvﬂ () 2 CvE

| |
i
—

43, A parallel plate air capacitor has a
capacitance C. When it is half filled with a
dieleetric of dielectric constant 5, the percentage
increase in the capacitance will be

(a) 400% (b) 66.6% (c) 33.3% (d} 200%
44. A eapacitor of capacitance C, is charged to
a potential V and then connected in parallel to
an uncharged eapacitor of capacitance C,. The
final potential difference across each capacitor
will be

Cy CF L o,
(a) Eﬁ{ﬁ (b} fiﬁ ie) 1+ & (d) -

45. The-electric field and the potential of an

electric dipole vary with distance r as
1 1

(a) und— (b) —and;
|
(@ = (@) ~yowd

46. Choose the correct statement.
(a) Polar molecules have permanent electric

dipole moment.
(b) CO, molecule is a polar molecule.
(¢) H,O is a non-polar molecule.

(d) The dipole field at large distances falls of'as :_2

47. An electric dipole is placed at the centre

of a hollow conducting sphere. Which of the

following is correct?

(a) Electric field is zero at every point of the
aphere

(b) Electric field is not zero anywhere on the sphere

{e) The flux of electric field is not zero through the
sphere

(d) All of these

48. An electric dipole of length 20 c¢m having

+3 % 10~ C charge placed at 60° with respect to

a uniform electric field experiences a torque of

magnitude 6 N m. The potential energy of the

dipole is

@ 281 (b) 51 (¢} -WIF (d) W5!

49. The distance between H* and CI” ions in HCI

molecules is 1.38 A. The potential due to this
dipole at a distance of 10 A on the axis of dipole is

(@) 21V (b)) 1.8V (c) 0.2V (d) 1.2V

50, Figure shows the field lines of a positive
point charge. The work done by the field in

moving a small positive charge 0
from @ to P is \\h';/

(b) positive e { ——
(e} negative .-/‘;? ] \H\'“x.
{d) data insufficient

51_A parallel plate capacitor is made of two
dielectric blocks in series. One of the blocks has
thickness d, and of dielectric constant K; and
the other has thickness d, and dielectric constant
K, as shown in figure. This arrangement can be
thought as a dielectric slab of thickness d (= d, +d)
and effective dielectric constant K. The K is

dy
iy K
i
{'a} xldl +KE'-‘ ':b] E|d| +.I.If:d!
dy + iy K + K,
KK b +dy) 2E K
(o) S1oadTep) )
Kyd, + Kyl ® K +K,

52. Which of the following statements is false

for a perfect conductor?

(a) The surface of the conductor is an
equipotential surface.

(b) The eleetric field just outside the surface of
a conductor iz perpendicular to the surface,



-

i} The charge carried by conductor ia always
aniformly distributed over e srefaee of e
conduetor

id) None of these

53, A system consigts of two chuarges 4 pC and
-3 uC with no external field placed at 6 oo,
0, 0) and (6 om, 0, 0) respectively. The amuouant
of work regquired to separale the ten charges
infinitely away from each other s

a) =114 thi 24 ) .64 1d) dd

54, A parallel plate air capacitor ia charged
to a potential difference of V volts, Alter
disconnecting the charging battery the distance
between the plates of the capacitor is inerensed
using an insulating handle. Az a reault the
potential difference between the plates

la) increases bl decreases

(e} does not change  (d) becomes zeTo

55  Find out the effective capacitance betwoen

points A and B as shown in the figure.
Here C,=C, = 20 yFand €, = C, = 10 yF

(a) 10 pF Ly

(b} 15 pF e B
(¢} 20 uF

{d) 25 uF Cy 4

5}./ Two identical capacitors have the same
capacitance C. One of them is charged to potentinl
V, and the other to V,. The negative ends of the
capacitors are connected together. When the
positive ends are also connected, the decrease in
energy of the combined system is

@ S(ni-w) ) S(rtend)

C ] u
(€) -h) @ Stieny

2 Case Based MCQs

w

87, 1 wnll in pypivalent o
e i
qpnin 5':!111:'|I'l1|"

58, A enpaeitor is mutle
of radine B ench, apparnted by o distanen

o << k. The eapaeiior is ennneetod Lo a conatan
voltago. A thin eomducting dise of rndivs r <o i
and Uhickness 1 << ris ploced at the eonlre of the
Twsttom plote. Find the i i vollnge Peguiired
po i e dise T (e munga of Lhe dise 18 .
Ty fmed J ::_"‘“ (e J m“r;i
Rtgr” ul e i
56, Which among the following statement is teue
about the work done in bringing n unil positive
chavge from point P to @ in an eloctroatatic field?
() Minimum work ia dono in cage of path L
(b Maximum work is by
done in coze of path 1 —_
{e} Work done is same "
all the three paths.
(d) Work done iz zevo in -
ease of path IL

f wile k]

pea i
conlamh e ol

all two eireulne plades

60. As per the diagram a point charge +q is
placed at the origin O, Work

done in taking another point
charge —€ from the point A
|eoordinates (0, a)] to another
point B [coordinates (a, 1)) along
the straight line AB is

() zero

(e) [ﬂ-‘:}ﬁa
"‘]TE.“ a*

Case I : Read the passage given below and
answer the following questions from 61 to 65,
Electrostatic Potential and Potential Enargy
Electrostatic potential energy of a system of
point charges is defined as the total amount of
work done in bringing the different charges to
their respective positions from infinitely charge
mutual separations. The work is stored in
the system of two point charges in the form of
electrostatic potential energy U/ of the system.
Electric potential difference between any points

A anq Bin an electric field is the amount of work
f:réa ;]n MOVing a unit positive test charge from A
ong any path agents the electrostatic foree

W "
1|II'I!‘l_1‘y..at=—d"ﬂ'q =IE'.:H.
[H]

|
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61. Atest charge is moved from lower potential
point to a higher potential point. The potential
energy of test charge will

{a) remain the same (b) increase

(c) decrease {d} become zero

62, Which of the following statement is not true?

{a) Electrostatic force is a conservative force.

(b} Potential energy of charge g at a point is
the work done per unit charge in bringing a
charge from any point to infinity.

(c) Spring force and gravitational force are
comservative foree.

(d) Both (a) and (c).

63. Work done in moving a charge from one
point to another inside a uniformly charged
conducting sphere is
(a) always poro
(c) may be zero

ib) mon-zero
(d) mone of these

64. The work done in bringing a unit positive
charge from infinite distance to a point at
distance x from a positive charge @ iz W. Then
the potential ¢ at that point is

[ i

a) 2 b} W dy Wg
5. If 1 pC charge is shifted from A to B and it
18 found that work done by an external force is
40 pJ. In deoing so against electrostatics force,
the potential difference V-V is

(a) 40V (b)) 40V (c) 20V (dy =60V
Case II : Read the passage given below and
answer the following questions from 66 to 70.
Poltential of Two Point Charges

The potential at any observation point of a static
electric field is defined as the work done by the
external agent (or negative of work done by
electrostatic field) in

slowly bringing a unit v
positive point charge Q
from infinity to the
observation  point.
Figure shows the
potential  wariation
along the line of charges. Two point charges Q,

and g, lie along a line at a distance from each
other,

66. At which of the points 1, 2 and d is the electric
field is zero?
(a) 1

{e) 3

W
(c) —
X

{b) 2
(d} Both {(a) and (b)

67. The signa of charges &, and &, respectively
HTE

{a) positive and negative

i(h) negative and positive

(el positive and positive

id) negative and negative

68. Which of the two charges &, and €, is
greater in magnitude?

(a) @, (b} &,

ic) Same {d} Can't determined

69. Which of the following statement is not true?

{a) Electrostatic force is a conservative force.

(b) Potential energy of charge g at a point is
the work done per unit charge in bringing a
charge from any point to infinity.

{c) When two like charges lie infinite distance
apart, Lheir potential energy is zero.

{d} Both {a)and ic).

70. Positive and negative point charges of equal
; d =
magnitude are kept at [11 0, = J and’ [EI. 0, TEJ

respectively. The work done by the electric field

when another positive point charge is moved

from (-a, 0, 0) to (0, a, 0) is '

(a) positive (b} negative

c) zero

(d) depends on the path connecting the initial

and final positions.

Case Il : Read the passage given below and

answer the following questions from 71 to 5.

Spherical Capacitor

The electrical capacitance of a conductor iz the

measure of its ability to hold electric charge

An  isolated spherical '

conductor of radius R

Tlhe charge @ is unifarmly

distributed over its entire

surface, It can be assumed

to be concentrated at the

centre of the sphere. The

potential at any point on

tlll &

L: s?rfaiie- of the spherical conductor will he

e, R

Capacitance of the spherical

in vacuum is C:-_Er
v .19

4me, R

conductor situated
orC = 4ng, R




ﬁ"i

Clearly, the capacitance of a spherical conductor
is proportional to its radius,

- The radius of the spherical conductor of 1 F
capacitance is B = P C and this radius is
about 1500 times the radius of the earth
(~6 % 10% km).

71. If an isolated sphere has a capacitance 50 pF.
Then radius is
(a) 90cm (b)45cm (c) 46m (d) 90 m

72. How much charge should be placed on a
mgncitanm of 25 pF to raise its potential Lo

{a) 1puC (b) 1.5 uC (c) 2 uC

73. Dimensions of capacitance is
{a) [ML2T*A% (b) [M-!L-17%al
(e) [M-L2T4A% (d) [MPL-2T*Al

74. Metallic sphere of radius R is charged to
potential V. Then charge g is proportional to

(a) V (b) R

{c) both Vand R {d) none of these.

75. If 64 identical spherez of charge g and
capacitance C each are combined to form a large
sphere. The charge and capacitance of the large

{d) 2.5 uC

sphere is
(a) G4q, C (b) 18q, 4C
(c) G4q,4C (d) 16g, 64C

Case IV : Read the passage given below and
answer the following questions from 76 to 80.
Dislectric Slab

A dielectric slab is a substance which does not
allow the flow of charges through it but permits
them to exert electrostatic forces on one another.
When a dielectric slabis placed between the plates,
the field E,, polarises the dielectric. This induces
charge —€, on the upper surface and +@, on the
lower mu'fﬂne of the dielectric. These mduugd
charges set up a field £, inside the dielectric in

the ﬂppu.ulte direction of Ea as shown,

76. In a parallel plate eapacitor, the capacitance

increases from 4uF to 80 uF, on introducing a

i - i

dielectric medium between the plates. What i
the dielectric constant of the medium?
fa) 10 (by 20 {c) B0 fd) 100

77. Aparallel plate capacitor with air between the
plates has a capacitance of 8 pF. The separation
between the plates iz now reduced half and the
space between them is filled with a medium
of dielectric constant 5. Calculate the valug of
capacitance of the capacitor in second case.

(a) BpF (b} 10pF (c) BOpF (d} 100pp

78. Adielectric introduced between the plates of
a parallel plate condenser

decreases the electric field between the plates
increases the capacity of the condenser
increases the charge stored in the condenser
(d) increages the capacity of the condenser

79. Aparallel plate capacitor of capacitance 1 pFhas
separation between the platesisd. When the distanes
of separation becomes 2d and wax of dielectrip
constant x iz ingerted in it the capacitance becomes
2 pF. What is the value of 2?7

{a) 2 (b) 4 (c) 6 (d) &

80. A parallel plate capacitor having area A and
separated by distance d is filled by copper plate
of thickness b. The new capacity is

(a)
(h)
(c)

A
(a) E'i'—b ) By A g A
d + - 2d d—b ,;f-|-b

2
2

Case V : Read the passage given below and
answer the following questions from 81 to 85.
Polarisation of Dielectric

When an insulator is placed in an external field, the
dipoles become aligned. Induced surface r.:harges
on the insulator establish a polarisation field E. in
its interior. The net field E in the insulator is ﬂm

vector surn of Ey and E, as shown in the figure.

B

{:i‘;;fz;]t;: e
n}lﬁaﬁ-.- ~r++‘+++|

(a) it
il sy i Sl .

{c)
On the application of external electric field, the effect
of aligning the electric dipoles in the insulator i
called polarisation and the field E; is known as the
polarisation field.

E, J,F
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The dipole moment per wnil volume of the dielectric
i& known as polarisation ().

For linear isotropic dielectrica, p=yJi, where
1 = glectrical susceptibility of the dieleelric
medium.

81. Which among the following is an examploe of
polar molecule?
{a) Og (b} Hy (e) N (dr HCI

g2. When air is replaced by a dielectric medium
of constant K, the maximum force of attraction
between two charges separated by a distance
(a) increases K times (b) remainsunchanged
i) decreases K times (d) increases 2K times.
83. Which of the following is a dielectrie?

{a) Copper (h) Glass
{c) Antimony (Sh) (d} None of these

2 Assertion & Reasoning Based MCQs .

2

B4, For n polnr malecule, which of the fullowing
stoloments i troe ¢

() The contre of gravity of eloctrons and protons
coineldo.

The cenbre of gravity of electrons nnd protons
di not eoineldo,

The charge dintribution is alwiys nymmistrical,
The dipole moment is nlways zect.

Whan n comb rubbed with dry hair attracts
pioces of puper. This is beeause the

eomb polurises the piece of paper

comb induces a net dipole moment opposite
to the direction of field

aloetric field due Lo the comb is uniform
comh induces a net dipole moment
perpendicular to the direction of field

I

el
{al)
B5.

{a)
(b}

{e)
{d)

For question numbers B6-100, two statements are given-gne labelled Assertion (A) and the other labefled Reason (f).
Selact the correct answer to these questions from the codes (a), {b), {c) and {d) a5 given below.

(a) Both A and R are frue and R is the correc! explanation of A

(b) Both A and R are true but R is NOT the correct explanation of A

fc) A s frue but R is false
(a) A is false and R is also false

B{‘Mleﬂiun {A) : When a dielectric medium
is filled between the plates of a condenser, its

capacitance inereases.

Reason (R) : The dielectric medium reduces the
potential difference between the plates of the
condenser. .

“ Assertion (A) : A capacitor is connected
to a battery. If we move its plate further apart,
work will be done against the glectrostatic
atiraction between the plates and the energy of
the capacitor gets decreased.

Reason () : The energy stored in capacitor i3
dissipated in the form of heat energy. -

- Aggertion (A) : Circuits containing
capacitors should be handled cautiously even
when there is no current.

Reason (R) : The capacitors are very delicate
and so quickly breakdown. - -~

4. Assertion (A) : A capacitor can be broken
by placing large amount of charge on it.
Reason (R) : After breakage potential, capacitor
is destroyed, . .

H'ﬂf/ Assertion (A) : If the distance between

perallel pates of a capacitor is halved and
diclectric constant iz made three times, then the
capacitance becomes six times. = ° ~

Reason (R) : Capacitance of the capacitor does
not depend upon the nature of the material of the
plates.

9% Assertion (A) : Charge on all the condensers
conmectad in series is the same.
Reason (R) : Capacitance of capacitor is di rectly
proportional to charge on it.
§2-Assertion (A) : Increasing the charge on
the plates of a capacitor means increasing the
capacitance.
Reason (R) : Capacitance is directly proportional
to charge. .
93. Assertion (A) : The surface of a conductor

is an equipotential suriace.
Reason (R) : Conductor allows the flow of charge. -

94, _Al.aaertiun {A) : Conductors having equal
positive charge and volume, must also have same
potential.

Reason (R) : Potential depends only on charge
and volume of conductor. | -



.

95. Assertion (A) : No work is done in taking A
positive charge from one point to other inside a
positively charged metallic sphere while outside
the sphere work is done in taking the charge

toward the sphere. _ 1
Reason (R) : [nside the sphere electric potential

is same at each potential, but outside it is
different for different points. © f

96. Assertion (A): An applied electric field will
polarize the polar dielectric material.

Reason (R} : In polar dielectrics, each molecule
has a permanent dipole moment but these are
randomly oriented in the absence of an externally
applied electric field. * -

97. Assertion (A) : Electric potential of the

earth is zero.
Reason (R) : The electric field due to the sarth

18 Zem. ., ..

i ¥ S |

98: " Assertion (A) ! Capacity of a parallel plate
capacitor increases when distance between the
plates is decreased,

Reason (R) : Capacitance of capacitor is
inversely proportional to distance between themn. .

,'H'.fﬁusartinn {A) : When air between the
plates of a parallel plate condenser is replaced
by an insulating medium of dielectric constant
its capacily INCreases,

Reason (R) : Electric field intensity between the
plates with dielectric in between it is reduced. =

100. Assertion (A) : The dielectric constant for

metals is infinity.
Reason (R) : When a charged capacitor is filled
completely with a metallic slab, its capacity

becomes very large. . . .

P’ ANSWERS N

1. (d): As the electric field in the z-direction fs uniform,
equipotential surfaces are in xy plane. Hence the potential for
given Z is constant on x-y plane, for any x in this plane and
for any y in this plane. 5o all the given options are correct.

2. (d):In a region of constant potential

E= —% =0 (- V =constant)
Le., electric field is zero, so there can be no charge inside the

region.
3. () : Dipole moment of each molecules = 1077 C m.
As 1 mole of the substance contains 6 x 102 molecules
Total dipole moment of all the molecubes
p=bx 108 x 10 Cm=6x107"Cm
Initial potential energy, U, = —pEcasB
=—6 x 1077 x 107cos0° =6 |
Final potential energy, Uj=—6 = 107 % 10" x cos 60° = -3 )
Work done = — [Change in potential energy]
== [(-3) - (-6} =- 3]
4. (c):Here,q=5x10"Cr=10m=01m
Potential, /= 1 E=9xlﬂ9x5xm"’
4me, 1 0.1
5. (b): Work done, W= gV,-V)=4x 1079 % 4.5
x 100 =1.8x10"%)

=45x%10% V

E =-—-q— =L

6. (c}: Here W, 4:':Eﬂr,’h5 T
LI
b

Q
% - R 101-1
7. (b): Here, V i Qx

dnggr = 1071 i)
Now BT o OXAmE, A’EFG (Using (0}
dme,r?  (Amegr¥  (107VP

E = 4me,Qx 107 ¥ m”™’
B. (b): Potential at point A is

¥, -t 2
4RE,; a
Potential at point B is

Work done in taking a charge Qfrom Ato Bis

" Q'?[I |]_Q‘?[b—n]

We iV -—F)= i st r_a

“Cr-t2 aneglb al dne,l ab

9. (b):Here, C=16pF =16 107" f
V=280V

As u=%c-ﬂ =%:-:1Ex‘|l:r"'2:-c(8l3]2 =51x107¢

10. (a): Iu;lmpp
I\
CI
400 pF 400 pF
| | [ |
IL_! IE[

1 3 L L
100 pF v WY
| |
1
Cy

Capacitance of C, = C, = 100 pF
Capacitance of C, = C, = 400 pF
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supply voltage, V= 400V
Capadtors C; and C; are connected in series,

Equivalent capacitance, %-.-.l pod

o=
i=—1-+L=im‘C'= 200 pF
£ 400 400 400
Capactors Gy and €' are in parallel
Thelr equivalent capacitance
C" = '+ G = 200+ 100 = 300 pF

Capacitors C* and C, are connected in series

Equivalent capacitance CL=J-+_1- caleacli

1200
Cog™ =5 7F
11. {c} : The potential at any point inside a charged
conductor is same as on its surface,

q g

¥ 4me,r 5 4me, =10 {rechilom) i)
Atr=15cm
PO |
dmeg #15
oy 2 i
praesusy {using {i})

12. (a): At any point inside a charged conducting sphere,
E=0and V= —‘fti = potential on the surface = 100V

&

of Es==——= s F is constant)

13. (a):

As the charge resides always on the outer surface of the shell,
therefore, when the sphere and shell are connected Dy a
wire, charge will flow essentially from the sphere to the shell,
whatever be the magnitude and sign of charge g;.

F

14. (c): As F, =—KE

. the maximum force decreases by K times.

15. (c) : When the two capacitors cha;ggd 10 same potential
are connected in series, then total potential difference
F'=R+¥;=F+F=1IF

16. (a) : The matesial suitable for using as a dielectric musl
have high dielectric strength X and large dielectric constant K.
17, (b) : Since ail the capacitors are connected in series,
equivalent capacitance is

s Cog=1pF

]

Charge on each capacitor is same [+ V=10V)
g= C ¥ =Ix10=10pC

18. {b): When battery is disconnected, charge remains
constant, On introducing glass slab, capacity increases.
Potential difference and energy storad decreases,

19, (c) : Figure shows the quark model of u
neutron.
Here, r= 10" m % ;
Potential energy of neutron 3

|
U= mnr["""" +u + G| g

oxi0(—eY-e) (2t} (2] ¢ ].3&.!9"_;[1_:]
T [{TIT}[TIT}[ 3 IJ } Taidll OO
gx10° a1 14
=H]T{:I_E:-=I:I:I i {_E]d ~7.68x107" ]
=—4.8x 107 eV = — .48 MeV
20. (a)
21. (b): Potential at the cantre O of the square due to four
equal charges g at four comers

V= 4q _ Vg

433.,{::-4'5}.“2 TE 52

Jig

E':,_H,. = "'I'l'r"_.,u =—|:—q:“"'j mﬂn
22. (c) : Ina parallel plate capacitor, the capacity of capacior

o= Keod

B

i, Coe A

The capacity of capacitor increases if area of the plate is
increased.

23, (c) : Here, length L= 20 cm = 20 % 107 m

inner radius r;= 1.5 cm = 1.5 = 1072 m

outer radius f,= 1.6 om = 1.6 1077 m

charge g= 4 puC = 4 x 1078 ¢C

Capacitance,
co fmel 2wl =Ian.Eleﬂ'uxlﬂxzm'l
hg,[f:] z.mgm[f:] z.mamgm[—i':::';;]
=1 7x107" F
24, (c) : Capacitance of a parallel plate capaditor with air is
Capacitance of a same parallel plate capacitor with the

introduction of a dielectric medium is C* = %

where K is the dielectric constant of a medium

or %=x ar x=%=s or H=§:

of  e=MKey=5x8854x 107 = 04427 x 107 AN m7?
25. (b): The magnitude of the electric field between the
plates is



=l

5] 1]
Lk [ B,

26. (b): Here r=18Bcm=18x= 10

Iﬂxlﬂ'z =11
Tl =21xI0" " F
As €= dmter = g

Energy of charged conductor s
<l 3
g WX o eass

Ll'-—h--

¢ 1x2x107" ‘
27. (c) : Half of the energy is dissipated during charging a

capacitor.
e a2

a
g, |
En

Ym,g=5x 1078 ¢

Energy stored in a capacilor
Energy dissipated during charging o capacitor
28. (b): Here, g, = 1.8 uC=18x10°¢

G =28uC=28%107°C
E
-E: — 'EI
CIL it -5 e
T 0m o B3m
. 040 m =

Distance benween the two spheres =40 cm =04 m
For the mid-point, s =r, = % =0.2m

Potential at O,
-4
F__r___[ﬂ+ﬂ]=9xlﬂ-’{1.ﬂ+2.3:x10 Mot o
4mggn 1 0.2

29. (a): From the figure, potential at P,

i g
A o
02 m 02m

F = .?.I b h
dmes(FA)  4mey(PH}

- : (g +q2) (- PA=PR =ra,|'m.2}’ +(0.2)* =0.28 m)

4E,( PA)
—&
L0 8+28)x107 s

0.28

As shown in figure, +q charge spreads uniformly on inner
surface of outer sphere of radius ;. The induced charge —q
spreads uniformly on the outer surface of inner sphere of
radius r,.

The outer surface of outer sphere Is rarthed
Due to electrostatic shielding
E=0forret,and E=0forr=rn

In the space between the fwo spheres,
Potential difference between two spheres,

_E._[L " 1]

Tame|n f

V= _L[_'L:.ﬁ] i)

(using {i})
3. {h,'l:irl!le_clrustati: properties of a conductor are as

follows ; -
(i) Electrostatic field is zero inside a charged conductor or

neutral conductor,

(i) Electrostatic field at the surface of a ;harged conducior
must be normal to the surface at every point.

{iii) There is no net charge at any point inside the conductor
and any excess charge must reside at the surface,

{iv] Electrostatic potential is constant throughout the volume of

the conductor and has the same value (as inside) on its surface,
E(4uC) Di{4puc)

32. (a) ppOyF C (4 pc)

ATAUC) B (4uC)

As shown in the figure, O'is the centre of hexagon ABCDEF

of each side 8 cm. As it is a regular hexagon OAB, OBC, eic,,

are equilateral triangles.
OA=C0B=0C=0D=0E=0F=Bcm=8x10""m

The potential at O s

g _ 6x9x10% x4x107
Fefx = 27x10% v
dmegr Bx10™ =
33. (b): Minimum number of capacitors in each row
_ 1000 _,
250

Therefore, 4 capacitors connected in series.

If there are m such rows, then total capacity
=mx =16
m=16/2=8
Minimum number of capacitors = 4 x 8 = 32

3. (0):

——y
; A ;
U
|
IUI; jtr:l'mlm eyhinder
Craussion surface

Gaussian surface of radius rand length |
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According 0 Gawss's theoram

L] Ey E111
Eq}b{lai"{nr.f.n. A M
2 2mEr
VA - Mr =~ [Edf= " jop,
InE,, ’

i
For 20 equipntential surtace of given Wn,
r_dmEy . 3
lns.;— % iR =i

s I'I.',|_'_:‘H.l = Wl

35. (d) : Electric field, E-T_'% OF b

. - E
Le. equipotential surfaces are closer in regions of large

ehectnc fiebds compared to regions of lower electric fiekd. At
ﬂ-am_ﬁt‘[__:-esdnfa conductor, charge density is more. Therefore
alecinc held is stronger. Hence equipatential surfa

e crowded. i
36. (b): Before contact, charges of each spheres,

¢ = O4&R" and g, = gdn(1R) =g,

Wher: the two sphere are brought in contact, their char
are shared till their potentials become equal ia, V, = Vfi

% o
4xE R A (2R)
q:= 1q; wee )
HMEHHMufmmgeinﬂwpmcm
i+ 42 =G + 4y = + 4q) =5, = 5{o4xR’
of gi+lg= So4mRs tusillg )]

q;=%-cr-i:h'1 andg’ ulq{:?{mldt’}

@ _3 4 5
—="g and @, = L
et oy P i
37. (d): in the region of strong electric fields equipotential
surfaces are dose together and in the region of weak elactric
fiekds, equipotential surfaces are far apart.
38. (c)
39. (b): Here, ¥, = V,
o - R,
dmegly  dnegR, 0
8.5
s R
Given A, > A,
g > g
- Larger sphere has more charge than the smaller sphere.
Now charge densities
5, = N wde =T

HE'"":'E,. ﬂ'] =

&=

o BA _R
o, R‘| RE. F"

ﬁfl' H- ;'FJ.IF'FF.@E ";| = 0y
Charge density of smalkar sphere is more than the change
density of larger sphere
40. (b): Here, inner radir, £ = 10em=10x=10"m
Outer radius, r,= 11 cm = 112 107 m
Charge q=32pC =32 = 0% Cande, = 28
Capacitance,
e 1 107°

e | Bx10x107" =11

1’:rﬂl“;tlli'llﬁ"",l 9w 10 1_’!I—IIII]~:-.‘tl:Fj

=342 = W07F

41. [c) : To get equivalem capacitance & uf, o 4 ".F
capacitors are to be connected in series and third one is
connected in parablel.

4 uF 4 pF
bt

{using (il

4 pF
it

From figure, equivalent capacitance,

4x4
! 4=2+4=6
T A
42. (b): q

-
|

As the capaditors are connected in parallel, therefore potential
difference across both the condensors remains the same.

i
qi=1::'.ll:q2_= EF

Ao g=g+q=0CV+ %F ;%c‘r
Work done in charging fully both the condensars is given by

1 1 3 i
We-gV=—x|2c¥ |F =22
2 2 [1 } 4

43, (b): As, E-EﬁTﬂ i}
When it is half filled with dielectricof K = 5, its capacitance
becomes C, which is a series combination of
c=Kepd  Egd _ gpd

V" di2 TdiIE  drin

= C.‘

3
1Tdr
L1, 1 dio di2 gdis)
fs G G g g g K
Segd SC :
=5 rj:i-#.=T (LEsing (i)



L
room eq, (1) and (i,

Percentage increase in capactance :
4 A " P s .F‘lﬁg --]—t‘ _{‘[ L ]

= E.J“:_f‘_ﬁlm o :1_‘ —. [ | i“"'“-m"-{"[".h"n'- s J“.-r+qa'|ﬁ:] S T T

i L

. KoKy (o 4 of
44, (a):When a charged capacitor of capacitance Gifs - K= —}—E{'I—'r;—h."*}
fmﬁmadinmralklmﬂnlmhargedcwaﬁmnfc.macitaﬂte L s
G,. the charge s shared between them till both attain the 52. (d)
common potential which is gieen by, 53, (a): Here, O ;;1 pl. g;=- P r=10m =01 m
) : ] Gl ic potential energy.

mmm-_ﬁ"’?‘.{l = i - E|EE!H:I5H-1. Fd: o

G+G G+ Lo | @ o A0 x(=Nx10"

1:=E;El;t=wm = & =-1.1]

45. (d)

46, {l.!'-: HHIIMI’DE[EIIIHHH *ukdﬂ*m 54. [.j :
55, [b): Here, G and C, are in series. Hence, their effective L)

E1 'E: ] 1 .

47. (b): When electric dipole is held in the sphere, electric
on the sphere. However, net electiic -onaeitance G is given by

field is nat zero anywhere
flux through the sphere is zero. e 4 1 L] s
48, [“:mwﬂfﬁpﬁﬁﬂtlﬂuﬂ=lﬂx 1072 m E;-E.'I'+E;1 E'7=E+EE
Charge g = + 3 x 1073 C, 8 = 60° and torque T =GN M g
i ¥ F R )
As 1 = pEsinB = C'=104
: T .
W E=—m—m—— N similarly, = =="+="
psinf  g(2a)sin® ¢ p=q2e) EI G G
; [ T N (.,
: =1 NCT! et =" o |
Here O and C~ are in paralrlle;\EHenr:e. the equivalen 4
i is

s Em &

X107 20510 xsin60® 593
Potential energy of dipole, U = —pEcos = —gl2ajcost capacitancs between
Ca= Gre O = 10+5=15pnF

=-3x107" 2,107 _
Ll b "'E:Emw 56. (c) : Initial energy of the combined system
=njxlﬂ‘ﬁxlu:elui‘_zﬁl u.;%{?ﬂ=+%tril=_§:{y;=+ﬁ=] |
Hiauz On joining the two condensers in parallel, commaon potential
49, (<) :Hers, 2a=138x 107" m,r=10x 17" m j,ﬂcmmgpqm -
charge, = 1.6 x 107" C C+C "
As iaoential, 7= o q-[zu;; Final energy of the mmb:n&d systerm
AmEyrt  ANEQr U :.1.{E+C)(ﬂiﬁ]
9107 x1.6x107"7 o i .
= X :l{l.- Hlﬂ_ Hl,!ﬂ.ﬂ!lﬂ_ =“-z v Mrﬁ“ ln E‘“'ETEII
{Iﬂxlﬂ'mf I 3 3 1 K 4V i
50. [ﬂ:inmuﬁngamllpﬂsfm:lmrgefrmﬂmﬁmrk 2 2 2
hﬁﬂhﬂdﬂ?&h&ﬂﬂeﬂa’nﬂagﬁﬂfﬂgiﬂﬂﬂtdeﬂﬂfﬁﬂi_ =E[3|[p'|3+|-r:1]_m+pﬂzj|
Therefore, work done by the field is negative. g_ 4
=;[1F|= +1I.I'=:] _Hj_ sz -EHFI]E'I{H _'_Illrz'll -. .

51. (c) : The capacities of two individual condensers are
7. (c) : Sl unit of electrostatic potential is volt.

G !i:]-::%.ﬁ“"“1 Ga= Kd’ -
The arrangement is equi:alent to two capacitors joined in 1 volt= | joule  _ joule
SEries. | coulomb  coulomb
. Equivalent capacitance, I T SO : PRiE: | R
w — I —— B2 —_—
qu o G Kyegd Kyggd F
1 [, ]t K Kidh v | d
E-:--"'L:: +KzJ egd| KKy rﬁﬁﬂgqtr 4
KK ;
ar Cl'q. =Eu_.,{[___lln—] R H: Dm
mea As shown i figur, the disc i i touch i
shown in figure, the disc is in touch with the bottom plate. g
Also €, = el i) The electric field on the discis E = Vid i

¥ d+dy



Therefore, charge g transferred to the disc
= = El{]l'r = E i
g'=C [ i Ey dﬂ-l"
Force acting on the disc, F = Q-EE[EBEM:]E

e
F= EIIF'JJ
If the disc is to be lifted, F> mg,

B -
e, :,,Fnr* =mg (for minimum V)

l-' = EE:{
REQr™
59. (c) : Work done on a unit tharge +q by the electrostatic

field due to any given charge canfiguration is independent of
the path, and depends only on its initial and final positions.

60. (a) : Work done is equal to zero
because the potential of

Aand B are the same = )9
! : 4RE, a
No wark is done if a particle

does not change its
potential energy.

Le., initial patential energy = final potential energy

61. (¢) 62. (b)

63. (a): Since, E = 0 inside the conductor and has ne
tangential component on the surface, no work is done in

maving & small test charge within the conductor and on its
surface.

64. (b): The work done in bringing unit positive charge fram
infinity to a point which is at a distance x from the positive
charge Qs defined as the potential at the given point due
to the charge Q. Therefore ¢ = W

65. (b): W, =qgaV
B6. (c) : As F:f:,ﬁ:r. the negative of the slope of ¥
versus rournve represents the component of electric field along

AT, o

]
a, )

r. Slope of curve is zero only at point 3.

Therefore, the electric field vector is zero at point 3.

67. (a): Near pasitive charge, net potential is positive and
near a negative charge, net potential is negative. Thus, charge
(@, is positive and @ is negative.

68. (b): From the figure, it can be seen that net potential
due to twio charges is positive everywhere in the region left
to charge Q. Therefore the magnitude of potential due to
charge Q, is greater than due 1o Q.

69. (b)
70. (€} : It can be seen that potential at the points both A

and B are zerc. When the charge is moved from A to B, work
done by the electric field on the charge will be zero.

71. (b) : Here C = 50pF =50 x 1072 F,
R= %-E‘=9x 10° mF~" % 50 x 10-12F

e
=45% 10 m=45am

72, (d): As g=CV=25x 1077 % 10° = 2.5 uC

73. (c)

74. (c) : As charge, g = CV = (dne, MV

g depends on both V and A.

75. {c} : 64 drops have formed a single drop of radius A.

Volume of large sphere =64 x Volume of small sphere

%nﬂs =64§ﬂr3 = R=4randqQ,_,, = 64q

C'=dneg R = C'=(dmey)d4r = C'=4C

76. (b): k= Cﬂpfﬂﬁnﬂﬂfﬂﬂl dll.'-l_l:th'lc
Capacitance without dielectric

4 uF
T7. (¢} : Capacitance of the capacitor with air between plates

_ B4 _
0 == —gpF

With the capacitor is filled with dielectric {k = 5) between its
plates and the distance between the plates is reduced by half,
capacitance become

c=50M B X5X4 _ 400 t0x8=80pF

di2 di2
T8, (d) : If a dielectric medium of dielectric constant K
is filled completely between the plates then capacitance
increases by K times.

79. (b): As c=E'TA=1pF ' 4

A
c’;x_‘n'ﬂ._= ii
2d) 2 pF - )

Divide (i) by (), ¥2 =21 = x=4
80. (c) : As capacitance, ¢, = EpA
d

After inserting copper plate, ¢ =_:["1
81. {d) : In polar molecule the centres of positive and
negative charges are separated aven when there is no external
field. Such molecule have a permanent dipole moment. lonic
molecule like HCl is an example of polar molecule,

B2. (c):As F,, =%

The maximurn force decreases by K times.

P



» Drift velocity depends on electric field as
vy E. So greater the eleciric field, larger
will be the drift velocity,

» Unit of drift velocity is m s and ita
dimensions is [M" L T,

» Relationship between current and drift
velocity
I = H-.l'qf i.-'l._r
where n is the number density of electrons
or number of electrons per unit volume of
the eonductor and A is the area of croes-
section of the conductor.

» Relationship between current density and
drifl velocity
j = Jtl!'l!d
where symbols have their usual meaning.

Mobility : It iz defined as the magnitude
of drift velocity per unit electric field. It is
denoted by symbol p,

lvg | gEtfm
u=g=5g==L

where g, T and m are charge, relaxation time

and mass of a charge carrier respectively.

» The SI unit of mobility is m® V- 5! and
its dimensional formula is [M-1LT24].
Ohm's law : It states that the current (f)
flowing through a conductor is directly
proportional to the potential difference (V)
acroge the ends of the conductor, provided
physical conditions of the conductor such
a8 temperature, mechanical strain ete. are

kept constant.

Vel or V=RI

where the constant of proportionality R is

called resistance of the conduector.

» The graph between potential difference
(V) and current (I) through a metallic
conductor is- & straight line passing
through the nrilg'ih as shown in figure,

The reciprocal of slope of line gives
resistance.
V 1

R=T=Gnetwope ol IV)
!

slope = tani)

2 ¥

p» The resistance of a conductor is
obstruction posed by the conductor to the
flow of current through it.

[

[

w

The SI unit of resistance is ohm “f_:;;“‘ﬂnd
ita dimensional formula 18 IMF_.‘!T A
The resistance of a conductor is
R

Hn:ﬁi;; ‘—f‘[ =p :f wI1En'p=Tr;j1
where m is the mass of electron, e is charg,
of electron, n is the number density of
electrons, T i8 the relaxation time, [ is the
length of conductor and A is its area of
cross-section, p is the specific resistance
or resistivity of the conductor.
Resistivity : The specific resistance offered
by the conductor of unit length and unit
cross-section area. It is denoted by p.
- The SI unit of resistivity is {2 m and its

dimensional formula is [ML3T34-2
If the conductor is in the form of wire of
length ! and a radius r, then its resistance
15

pl
R=—
xr’

If a conductor has mass m, volume V and
density d, then its resistance R is

= !}_.i|= EI-I- EE E-{i = F'_I:ld

A Al OV "
If length of a given metallic wire of
resistance R is stretched to n times, its
resistance becomes nR but its resistivity
remains unchanged.
If radius of the given metallic wire
of resistance R becomes n times, its
resistance becomes (1/n*)R.
If the area of cross-section of the given
metallic wire of resistance R becomes n
times, then its resistance becomes (1/niR,
ﬂu,u:l_unthrity : The reciprocal of
resistivity is known as conductivity or
specific conductance. It is denoted by
symbaol o,

1 ne':

W (4]
O T e [ﬁuptfuﬂ]

fi
- The 81 unit of conductivity is &' m™" or

1
Sm™ or mhg m? and its dimensional
formula isg [M-IL-SpSa2y

Relationship between Ji o and E
j=oE

Itisa microscopic form of Ohm's law.
Ohmic and non-chmic conductors

[

E:_I:Liu conductors : Those conductors
ich obey Ohm's law are known as



Curment Flectncity

ohmic conductors, e.g. metals. For ohmie
conductors, the graph between current
and patential difference is a atraight line
passing through the origin,

» MNon-ohmic conductors : Those

conductors which do not obey Ohm's law
are known as non-chmie conductors e.g.
diode valve, junction dicde.
For non-ochmic conductors, the graph
between the current (I and potential
difference (V) has one or more of the
following characteristics:
- The relation between V and [ is

non-linear.

I

v
- The relation between V and I depends
on the zign of V.
I(mA)

TiwA)

— The relation between V and [ is not
unique, ie., there is more than one

value of V for the sgame current 1.
I {mA)

¥

_ In the temperature range in which
resistivity increases linearly with
temperature, the temperature
coefMicient of reaistivity o is defined
as the fractional increase in remistivity
per unit increase in temperature.

» For metals, o is positive ie., resistance
increases with rise in temperature.

» For insulators and semiconductors, a ia
negative f.e., resistance decreases with
rse in temperature.

Cells, emf, internal resistance

» Electrochemical cell : Tt is a device
which, converts chemical energy into
electrical energy, maintains the flow of
charge in a circuit.

» Electromotive force (emf) of a cell
_ Tt is defined as the potential difference

between the two terminals of a cell in
an open circuit f.e., when no current
flows through the cell. It is denoted by
symbol €.

— The SI unit of emf is joule/coulomb or
volt and ite dimensional formula is
[ML2T-3A71.

— The emf of a cell depends upon the
nature of electrodes, nature and the
concentration of electrolyte used in the
eoll and its temperature.

» Terminal potential difference : It
is defined as the potential difference
between two terminals of a cell in a
closed circuit i.e., when current is flowing
through the cell.

« Effect of temperature on resistance and
resistivity
» The resistance of a metallic conductor

increases with increase in temperature,

» The resistance of a conductor at

temperature £°C is given by

R‘t = RI:I “. + [l.il:l'

where R, is the resistance at ¢ °C, R,

is the resistance at 0°C and o is the

characteristics conatants of the material

of the conductor.

_ Over a limited range of temperatures,
that js not too large. The resistivity of
a metallic conductor is epproximately
given by p, = pgl1 + by,
where @ is the temperature coefficient
of registivity. [ts unit is K='or CL,

Internal resistance of a cell

— It is defined as the resistance offered
by the electrolyte and electrodes of a
cell when the current flows through it

- Interngl resistance of a cell depends
upon the following factors:

Diatance between the electrodes.

The nature of the electrolyte.

The nature of electrodes.

Area of the electrodes, immersed in the

electrolyte.

Relationship between g, V and r: When

a cell of em{ ¢ and internal registance r is

connected to an external resistance £ as

shown in the figure,

The voltage across K is



FEIR
L1
R'-hr

or £ = IR +[r
orV=g_Jr
or € =Valr

O r= E{E - ]}

*» During discharging of a cell, terminal
potential difference = emf of a cell —
voltage drop across the internal resistance
of a cell. ie., terminal potential difference
across it is less than emf of the cell. The
djmﬂtjnn of current inside the eell is from
negative terminal to positive terminal.

3 l]mmg charging of a cell, terminal
potential difference = emf of a cell +
voltage drop across internal resistance
of a cell i.e., terminal potential difference
hﬁmm_ea greater than the emf of the cell.
'F‘he direction of current inside the cell
18 from positive terminal to negative
terminal.

Grouping of cells : Cells can be grouped in

the following three ways:

Rrouping
Parallel grouping
Erouping

» Series grouping : If n identical cells
each of emf £ and internal resistance r
are connected to the extermal resistor of
resistance K as shown in the figure, they
are said to be connectad in series grouping.

__Il-;-_it.l'r_r.; ....... {z r

I -

R

R’
E = RE and Fog =T
. Current in the cireuit, /===
R+nr
Special cases

- fR<<nr, then =%
Rr F

- IfR > > nr, then J=%_

» Parallel grouping
: If m identical cells
each of emf £ and
internal resistance r
are connected to the
external resistor of
resistance R as shown

&l

in figure, they are said to be connected in

parallel grouping.

s
Bo = E and 7, =

- 1 i r.— T
s The current in the circuit, o ( - J
m

Special cases : ;
M | L =z R, then |r=ﬁ.
L

£
. If £ >>R, then I=m_.
m

Mixed uping : If the cells are
g mnnactadgrn:sﬁmvn in figure they are said
to be connected in mixed grouping. Let
there be n cells in series in one row and m
auch rows of cells in parallel. Suppose all
the cells are identical. Let each cell be of

emf e and internal resistance r.

=R —

HHi---1H
S S
H i i

\ & I
R
A
FIr FRE

Eq=1ﬂ andr;"—'-— .'.f=—'-m
R+|—
M

In case of mixed grouping of cells, current
in the circuit will be maximum, when
HF

L

i.e., external resistance = total internal
resistance of all cells

Kirchhoff's laws : Kirchhoff in 1942 put

forward the following two laws to solve the

complicated eireuits. These two laws are

stated as follows :

» Kirchhoff's first law or Kirchhoff's
junction rule or Kirchhoff's current law :

It states that the algebraic sum of the

currents meeting at a junction is zero.

- Kirchhoff’s first law supports the law
of conservation of charge.

- According to sign convention the
current flowing towards a junction
is taken as positive and the current
flowing away from the junetion is taken
ag negative,

» Kirchhoff’s second law or Kirchhoff's loop
law or Kirchhoff's voltage law : It states
that in a closed loop, the algebraic sum



=

Cuvrent Electricity

of the emfs is equal to the algebraic sum

of the products of the resistance and the

reapective currents flowing through them,

Er=FElR

- Kirchhoff's second law supports the
law of conservation of energy.

- According to sign convention while
traversing a closed loop (in clockwise
or anti-clockwise direction), if negative
Fnle of the eell is encountered first then
its emf 18 positive, otherwiae negative.
The product of resistance and current
in an arm of the circuit iz taken positive
if the direction of current in that arm
is in the same sense as one moves in
a closed loop and is taken negative if
the direction of current in that arm is
opposite to the sense as one moves in
the closed loop.

Wheatstone bridge : It is an arrangement
of four resistances P, @, R and S connected
as shown in the figure.

B

Their wvalues are so adjusted that the
galvanometer ¢ shows no deflection. The
bridge is then said to be balanced, When this
happens, the points B and I} are at the same
potential and it can be shown that .

P R

_——

Q §

This is called the balancing condition. If any
three resistances are known, the fourth can
be found.
Meter bridge or slide wire bridge
» [t iz based on the principle of Wheatstone

bridge. . .

" melir seads _ﬁ_{

Wire AC s 1 mhmg.ﬁ'n;rtmnhnm:d
and § is @ slendard resistance of known vadue.

Potentiometer
» Principle of pote

—Z{'L . whers

» The unknown resistance, B = e

I is the balancing length of metre bridge.

atiometer : It Iis
based on the fact that the fall of potential

across any portion of the wire is direl_‘:'!.lji
proportional to the length r:r‘f that portion
provided the wire is of uniform area of
eross-gection and a conatant current 18

flowing through it.
ie., Ve I (IT ] and A are constant)

or V=Kl ) _
where K is known as potential gradient

i.e., fall of potential per unit length of the

IVen wire,
!E}‘umpnﬁmn of emfs of two cella by

using potentiometer

E]iu galvancaeeter and F, =
theostat. 1, 2, 3, are terminals
of a bwo way ley
o
£ h
where I}, I, are the balancing lengths of
potentiometer wire for the emfs £, and £
of two cells respectively.
» Determination of internal resistance

of a cell by potentiometer

wherel, =balancing length of potentiometer
wire corresponding to emf of the cell,
l; = balancing length of potentiometer
wire corresponding to terminal potential
difference of the cell when a resistance R
is connected in series with the cell whose
internal resistance is to be determined.
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Joule's Law of Heating : According to
Joule'’s heating effect of current, the amount
of heat produced (H) in a conductor of
resistance R, carryving current I for time £ is
H = I*Rt (in joule)

I*Ri

o He= " {in calorie)

where J iz Joule's mechanical equivalent of
heat (= 4.2 J/eal).

Electric power : It is defined as the rate
at which work is done by the source of emf
in maintaining the current in the electric
circuit.

Etﬂ:h‘l{'pumrPne ic work done

time taken

2
PeVi u.!;R =""T-

» SI unit and Dimensions :
~ The SI unit of power is watt (W).
- The practical unit of power is kilowatt
(kW) and horse power (hp).
- Dimension of power [MLZ T A%
» Power dissipated in connecting wires,
which is wasted is P, given by

PR
P =PR.= —3*

s IfP,, Py, Py ... are the powers of electric

appliances in series with source of rated
voltage V, the effective power consumed ia
N R e X
E - E - E— + E .+ ...... |
» If P,, Py, P, are the powers of electric
appliances 1n parallel with ‘a source
of rated voltage V, the effective power
consumed 18
Pp=Py+Fy#Fg+ .
Electric energy : It is defined as the total
slectric work done or energy supplied by the
source of emf in maintaining the current in
an electric circuit for a given time.
Electric energy = electric power x time = F = ¢,
» The ST unit of electrical energy is joule (J).

» The commercial unit of electric energy iz
kilowatt-hour (kWh),
1 kWh = 1000 Wh = 3.6 x 10% J = one unit
of electricity consumed.

» The number of units of electricity
consumed is n = (total wattage x time in
hour V1000,

N e



< Multiple Choice Questions (MCQs) ==

1. The directio

electric cireuit i;l Sl Nt
(a) from low potential to high potential

(b) from high potential to law potential

(c) does not depend upon potential value

(d} current cannot flow through circuit,

é In the circuit shown, current flowing through
¥ cell is

m'.isvl mg{_mul 'Ev h

551% waf n_-.ﬂ%]mg [~

(a) T2A (b} 10A
() 124 (d) 1424

3. In a Wheatstone bridge if the battery
and galvanometer are interchanged then the
deflection in galvanometer will be

{a) change in previous direction

(b) not change

{c) change in opposite direction

(d) mome of these,

& Which of the following velocity of electrons
determines the current in a conductor? -

{a) Drift velocity only.

(h)} Thermal velocity only.

{c) Both drift velocity and thermal velocity.

{d) Neither drift nor thermal velocity.

5. In a potentiometer of 10 wires, the balance

point is obtained on the T wire. To shift the

balance point to 9 wire, we should

(a) decrease resistance in the main eireuit

{(b) increase resistance in the main circuit

(e} decrease resistance in series with the cell
whose emf iz to be measured

(d) increase resistance in series with the cell
whose emf is to be determined.

#® The resistance of the wire in the platinum

resistance thermometer gt ice point is 5 0 and at
steam point is 5.25 (2. When the thermometer is
ingerted in an unknown hot bath ita resistance
ig found to be 5.5 0. The temperature of the hot

bath is

fa) 100°C (b) 200°C (c) 300°C (d} 350°C

7. Which of the following I-V graph represents
for ohmic conductors?

L, =L
A 2N

In parallel combination of n cells, we obtain
[a]l more voltage {b) more current
(e) less voltage {d} le=s current

9. Ifn cells each of emf & and internal resistance
r are connected in parallel, then the total emf
and internal resistances will be

(a) e~ (blenar (¢} eI (d) nenr
L i

10. In the series combination of n cells each cell
having emf ¢ and internal resistance r. If three
cells are wrongly connected, then total emf and
internal resistance of this combination will be
{(a) ne, (nr-3r) {b) {ne- 2e), nr

(c] (ne- 4e), nr (d) (ne = 6e), nr

M. 1 Ampere current is equivalent to
{a) 6.25 = 1018 elettrons s~
(b) 2.25 = 10" electrons 5~
(e) 6.25 = 101% electrons 57
(d) 2.25 = 10" electrons s

: A current in a wire is given by the equation,
f= 2!2 3t + 1, the charge through cross section
of wire in time interval f = 3stof =535 s
(a) 32.33C (h) 43.34 C
{c) 45.5C (d) 42C

13. A current carrying wire in the shape of a
circle as the current progresses along the wire
the direction of current density changes in
an exact manner while the current I remains
unaffected. The responsible factor for it is



("

td e viiegea bl

thi eleetvie (ol prodwesid by vhonrgon
meevmn it on (s moe fnee ol wire

el the ehinrges fust Beliind o given sogoent of
wire which pual thew, dust right way by
repulaion,

(d} none of theas,
14, The IV charnctorintios 4

shown in figure (s reprenont for

(a) ohmie eonduetors o L™ o
(b} nen-ohmie eonductors ,,—_"

(c) insulators

(d) superconductors.

15¢"The electrical rosintanes of a conductor
depends upon

(a} size of conductor

(b) temperature of conductor

(e} geometry of conductor

{(d} all of above,

16. The battery of a trunk has an emf of
24 V. If the internal resistance of the battery is
0.8 £2. What is the maximum current that can be
drawn from the battery 7

(a) 30 A (b) 32 A {c) 33 A (d} 34 A
17. A battery having 12 V emf and internal
resistance 3 O is connected to a resistor. If the
current in the circuit is 1 A, then the resistance
of resistor and lost voltage of the battery when
circuit is closed will be

(a) TOQ, TV (b) 802, 8V

(e) 90,9V (d) 90,10V

18. Acell having an emf £ and internal resistance
r is connected across a variable external
resistance R. As the resistance R is increased,
the plot of potential difference V across R is
given by

v
(d) i
R

19. A uniform wire of length / and radius r has
a regiatance of 100 L. It is recast into a wire of

radius ‘;- The resistance of new wire will be
ia) 40082 (b) 1002 (c) 2000 (d) 16000

WOy CBSE Board Term-l physjcy Class 1,

311’_ Wovnggis ool rendntivity for metals in

iy " Omiinom

e 10T m b JO-B 2 m
fe) 1I0*Dmie 10" m
iy 10" gemto 10 ¥ 0 m

21, Which of the following ia correct for v.p

graph n good conductor?
¥ ¥
(m) } .-_"" (h) J i
! !
¥

¥
(e) id)
1 !

22¢ A charged particle having drift velocity of
7.5 % 107" m 5~! in electric field of 3 = 1070V m~!

mobility is

(a) 6.5x 104 m2v-1g1

(B 2.5 x 10% m® v-1 g1

{e) 6.5 x10%m?®V-!gl

(d) 6.5x104m?v-1g!

23..The resistance of a 10 m long wire is 10.0,
Fl:’;flangth 15 increased by 25% by stretching the
wire uniformly. Then the resistance of the wire
will be '

) 12-5_5.'.! (b) 1450 (e} 156 0 (d) 166 0

- Awire has a resistance of 2.5 0 at 28 °C and
a resistance of 2.9 Q at 100 °C. The temperature
coefficient of resistivity of material of the wire is
(a) 1.06x 1072 °C~!  (h) 3.5 1072 °(-1
() 2.22 x107%=C1  (d) 3.95 x 102 =}
5. Variation of resistance of the conductor

with temperature is as shown. The temperature
coefficient (o) of the eonductor is

26. An electric bulb marked ag S50W-200V is
connected across a 100 V supply. The present
power of the bulb is

(a) 3T5W (b) 25 W (¢ 125 W (d) 10W
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27. Resistances P, @, § and R are arranged in

a cyclic order to form a balanced Wheatstone's
network. The ratio of power consumed in the
branches (P + @) and (R + §) ig

(a) 1:1  (BYR:P (o) P2: Q% () P?.RE
28. Fourresistancesof 3,3, 3and 40 respectively
are used to form a Wheatstone bridge. The 4 0

Tesistaﬂce is short circuited with a resistance R
in order to get bridge balanced value of R will be

(a) 100 (b} 110 (c) 120 (d) 130

# In the given figure bridge is balanced, the
current flowing through 2 () resistance is

g
{d} A

11
(b} ?h

11 13
{a} ?ﬁ. ':c} ?.al.

367 The temperature dependence of the
registivity of a semiconduetor is given by
u]

i}
= -
(a) ;%/ (h) E \
g, =remr—rid | Tempemtire |
[ [
£ £
(e) E (d) 2
Tempemtiire r Teinperahire ¥

31. Ina Wheatstone'’s network, P=20, @ =211,
B =20 and § =3 Q. The resistance with which
§ is to he shunted in order that the bridge may
be balanced is

{a) 182 (b) 2 02 (e) 4152
32. In a potentiometer a cell of emf 1.5 V gives
a balanced point at 32 cm length of the wire.
If the cell is replaced by another cell then the
balance point shifts to 65.0 ¢cm then the emf of

second cell is
{a) 3.06V (b) 206V {c} 405V (d} 606V

33. In a potentiometer the halnnc!’ng with a
cell iz at length of 220 em. On shunting t.h:e cell

(d) 6 L2

with a resistance of 3 (2 balance length becomes
130 em. What is the internal resistance of this
cell 7

fa) 450 (T80 {c) 630 (d) 2.080
34" Figure (i) and figure (ii) both are showing
the variation of resistivity {p)with temperature
(T for some materials. Tdentify the type of these
materials.

Razistivary (o)
Resdstivity {p)

Temperature TIEC] Temperature T[K}
(i) (ai}
fa) Conductor and semi conductor,

(b) Conductor and Insulator.
ic] Insulator and semiconductor.

id) Both are conductors.
35 With increase in temperature the

conductivity of

{a) metals increases and of semiconductor
decreases

(b) semiconductors increases and of metals
decrepses

(c} inboth metals and semicondyctors increases
{d} in hoth metal and semiconductor decreases.
36. Abatteryofemf 15V and internal resistance
of 4 01 is connected to a resistor. If the current
in the circuit is 2 A and the circuit is closed.
Resistance of the resistor and terminal voltage

of the battery will be
(a) 250,68V (b) 350,86V
(e) 250, 7TV d) 3.50,7TV

37. Point out the right statements about the

validity of Kirchhoff's junction rule.

{a) Ttis based on conservation of charge.

{b)} Outgoing currents add up and are equal to
incoming currents at a junction,

ie) Bendingorreorientingthewiredoesnotchange
the validity of Kirchhoff"s junction rule.

id) All of these.

38. The resistance of a heating element is 99 0
at room temperature. What is the temperature
of the element if the resistance is found to be
116 3 7 (Temperature coafficient of the material
of the resistor is 1,7 = 10730 =1
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ta) Don, g by 1006 3 :I:
fed 10202 (d) 1037, 1°C

39. 3V potentiomptorused for l,hudnl,ﬂrmlnnlinr:
of intornal rosintance of n 2.4 V coll, The hn]nlﬂi-'vl

point of the cell in open clreuit, in 706.8 em. W mr;
o resiator of 10.2  is usod in the oxlerni

eireuit of tho coll the balance paint shifts Lo
68.3 em langth of the potentiometer wire, The
intornal resistance of the coll is

1

]

0.2 2
{a) 2502 (b) 2.25 Q2
(e) 1,120 (d) 320

40. AB is a wire of potentiometer with i-l:lﬂ
increase in the value of resistance R, the shifl
in the balance point J will be

R
__ﬁ__[ :,.__..,.-,F-,ﬂ,..._._

ol
{a) towards
(b) towards A
(e} remains constant

(d) first towards B then back towards A,

41. A wire connected in the left gap of a meter
bridge balance a 10 £2 resiatance in the right gap
to a point, which divides the bridge wire in the
ratio 3 : 2. If the length of the wire is 1 m. The
length of one ohm wire is

(a) 0.067 m (b) 0.067m

(e) 0.3Tm (d) 0.134 m

47. Five cells each of emf £ and internal
resistance r send the same amount of current
through an external resistance A whether the
cells are connected in parallel or in series. Then
the ratio (:RJ is

I |
() 2 (b} = (e} r

43 A of battery 7 V with internal resistance
3 2 and a 3 V battery with internal resistance

A

d) 1

l1|
: “1
[ £1Dre ennnected Lo T L resinlgy T
]

figure, the gurrent i 10 C2 LT in

—[—_w.zu _%_E w,m,_‘
1 -
i

‘i In a clreuit a coll with iirtt:fﬂﬂj ﬂ}u:im_lnn
r |8 connoecled to an elxt[-.rnﬂl FURTA L e k. I::
condition for the maximum current iy, il
from the coll is

(o) R=r by Rer (el B it
45, In given cirewit, the value of eurropy,
and f; are

er

fe) R=r

]rIH

4

4

‘ —
(@) 3A, ZA, 3 A () 2 .34, =]

2
(¢) BA 44, -3A (d) 74,3
)E'"When a current of 2 A flows in a battery
from negative to positive terminal, the polentia)
difference across it is 12 V. If a current of
3 A flowing in the oppesite direction produces
a potential difference of 15 V, the emf of the
‘hattery is :

(a) 128V (b) 13.2V¥

(e) 13.5V¥ (d) 140V

47<7A current of 6 A enters one corner P of an
equilateral triangle PQR
having 3 wires of resistances
2 (1 each and leaves by the
corner B, Then the currents
I, and I, are

(a) 2A 44

(b) 44 24 ¢
(e) 1A 2A

(d) 24,34

48. A charged particle having drift velocity
of 7.6 x 10~% g1 in electric field of
4x 10712 ¥ -1 mobility is

(a) 6.5 % 107 m? y-1 g1

(b) 1.8 x 108 m?2 y-1 g1

el
l"'ll Iu'.l

by -'-!
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(©) 7.2x10% m2y-1g-1
(d} 4.5 x 10* m2 y-1 gt

49, Space between twg concentric spheres of
radii r; and ry, such that Py < Py is filled with
a material of resistivity p. Find the resistance
between inner and outer surface of the material

@

rE Fo—
w23 LI =

i
@ Fot (d) None of these

50. A potentiometer wire of length 200 cm has a
resistance of 20 (2. It is connected in series with a
resistance of 10 Q and an mwe a8y

accumulator of emf 6 V S
having negligible internal f—»21~ — B
registance. A source of 2.4 V
is balanced against a length ‘——&——

L of the potentiometer wire. mye

The value of L is

fa) 100em (b) 120cm (c) 110ecm (d) 1 4 O
cm

51. Four resistors are connected as shown in
the figure. A 6 V battery of negligible resistance
iz connected across terminals A and C. The
potential difference across terminals B and D
will be s

|
.-r;_it.:-s

' sﬂfnsu mnTmﬂ[

(a) Zeroe (b) 16V (e 2V (d) 3V

5. ﬂcurrentnfﬂﬁﬂminasyabem&f!mism
ag shown in figure. The potential difference

-

() ‘Ev (h) 6.6V (c) 33V (d) 99V

33. A potentiometer wire of length 100 cm has
A registance of 10 £} It isa connected in series
with a resiatance and a cell of emf 2 V and of
negligible internal resistance, A soures of emf 10
mV is balanced againat a length of 40 em of the
potentiometer wire. What is the valuoe of external
registance 7

fa) 79002 (b) B900 fc) 9900 (d) 1000
54, Acircuit has a section ABC as shown in figure.
If the potentials at points A, B and C are V|, V,
and V; respectively. The potential at point O ia

A4

{e) Zero

F,
@ [Eazy :i}]ffﬂ R+ )
55. Figure shows currents in a part of an electric
circuit, then current [ is

T4
b A

I3A

24
!

(@) 1.7TA (b 37A () 13A (d) 1A

56. What is the value of unknown resistance
R, if galvanometer shows null deflection in the
given meter bridge set up 7

65 02 R

{1 -

(b} 1050
(i 1100

ia} 97.50 0
(c) 1300
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57. Which of the following is the correct

Kirchhoffg loop rule?

{a) The algebraic sum of the currents meeting

at a junction is zarg,

The algebraic sum of potential drops acrosa

all resistors in g circuit is zero.

{c) The algebraic sum of the currents across all
the resistors in a eircuit is zero,

{d) The algebraic sum of potential drops across
all resistors plus those across sources in a
circuit is zerg,

38. Copper and Germanium are cooled from

room temperature to 100 K. Then the resistance of

a8} Germanium decreases, Copper increases

(b) Germanium decreases, Copper decreases

le} Germanium increases, Copper decreages

(d) Germanium increases, Copper increases.

S Case Based MCQs

(k)

59, Which statement ig true ?

(i} Kirchhoff's law is not equally pr!iﬂﬁhig "

both AC and DC. N

(i1 Semiconductors !mwa a positive ter"p“f'alu,.ﬂ
coefficient of resiatance, N

iiii) Meter bridge is least senasitive whep e
resistance of all the four arms of y,,, h"'l'dg@
are of the same order.

(iv) The emf of a cell depends upon the Size ang

ea of electrodes. -
fa) {E;?nnd fiv) (b} (i} and rjy)
{c) (iii) and (iv) (d) None of theg,

60. When a metal conductor eonnecteq |, le
gap of a meter bridge is heated, the balancip,

point . )
(a) shifts towards right (b) shifts towards left

(c) remains unchanged (d) remaing at zZérn

Case I : Read the Passage given below and
answer the following questions from 61 Lo 65.
Electric Curremt and Current Density

The flow of charge in a particular direction
constitutes the electrie current. Current is

measured in ampere. Quantitatively, electric
current in

Area per unit time,

The given figure shows a steady current flows
in a metallic conductor of non uniform cross
section. Current density depends inversely on
area, 80, here J) > oJ,, as A, <A,

61. What is the current flowing through a
conductor, if one million electrons are CTOBSIng
in one millisecond through a eross-section of it 7
(a) 2.5 x 10717 5 (b) 1.6 = 10710 4
(e) 7.5x 1094 (d) 8.2x10°11 4

62. Bl unit of electric current is

(a) Ce (b) Na? (o) Ca? (d) ol

o

63. Asteadycurrent flows in a metalli; conduetgy
of non-uniform cross-section. Which of thege
quantities is constant along the conductor?
{a) Electric field (b} Drift velocity

{e) Current (d) Current density

64. A constant current / is flowing along the
length of a conductor of variable Crogs-section

as shown in the figure. {T—ﬁ
7

The quantity which
does not depend upon
the area of eross-
section iz

(a) electron density
(c) drift velocity

(b} current density
(d) electric field

(a) 4 A/m?® (b) 1 A/m?
{e) 2 Atm? (d) 8 Afm?
Case IT ;: Read Passage piven below and

answer the following questions from 66 to 70,
Temperature Dependence of Resistivity

_ the resistance at ¢ °C, R, is the
resistance at Qeog and a is the characteristics
onstants of the material of the conductor
Over a limited range of temperatures, that is not
8. The resistivity of & metallic conductor is
“PP’fm:lmataely Eiven h;l.?' py= F"ﬂ'll + ).
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where a 18 the temperature coefficient of
resistivity. Its unit is K or 1

For metals, o is posilive [.¢., resistance increases
with rise in temperature.

For insulators and semiconductors, o is negﬂtwe
i.e.,resistance decreases with rise in temperature,

i B
2 i % l.
- ;
I oz EJ 1o
£ §
= i1 o0 .
.E LN & 0000 B R
.T:.-11_1rn1h.m= T Temperature T}
Resistivity prof coppesr as s Resistivily py of nichrome as o
fesctiom ol semperature T fuietzon of lemperature T
r
Termperature depemdence of the

resistivity of & typical semicarductor
66. Fractional increase in resistivity per unit
increase in temperature is defined as
(a) resistivity
{b) temperature coefficient of resistivity
(¢) conductivity

{d) drift velocity

67. The material whose resistivity is
insensitive to temperature is

{a) silicon (b) copper

(¢} silver (d) nichrome

68. The temperature coefficient of the
resistance of a wire is 0.00125 per C. At 300 K
its resistance is 1 ohm. The resistance of wire
will be 2 ohms at

(a) 1154 K (b} 1100 K

(e) 1400 K (d) 112TK

69. The temperature coefficient of resistance of
an alloy used for making resistors is

(a) small and positive (b) small and negative
(¢} large and positive (d) large and negative
70. For a metallic wire, the ratio W/
(V = applied potential difference and I=
current flowing) is

{a) independent of temperature

(b) increases as the temperature rses

{¢) decreases as the temperature rises _
{d) increases or decreases as temperature rises

depending upon the metal

Case III : Read the passage given below and
anawer the following queations from 71 to 75,

Kirchhoff's Aules

In 1942, a German physicist Kirchhoff extended
Ohm's law to complicated ecircuits and
gave two laws, which enable us to determine
current in any part of such a circuit.

Aceording to KirchhofTs first
rule, the algebraic aum of the
currents meeting at a junction
in a closed electric circuit is
zero. The current flowing in a
conductor towards the junction
is taken as positive and the
current flowing away from the junction is taken
as negative. According to Kirchhoff's second rule,
in a closed loop, the algebraic sum of the emf’s
and algebraic sum of the products of current and
resistance in the various arma of the loop is zero.
While traversing a loop, if negative pole of the
cell is encountered first, then its emf is negative,
otherwise positive.

71. Hirchhoff's I¥ law follows

(a) law of conservation of energy

(b} law of conservation of charge

(e} law of conservation of momentum

{d) Newton's third law of motion.

72. The value of current [ in the given circuit is

{a) 45A 4 A

(b) 3.7A , i
(el 204 ia
(d) 25A 5 A

73. Kirchhoff's IT" law is based on

ia) law of conservation of momentum of electron
(h) law of conservation of charge and energy
{e) law of conservation of energy

id) none of these.

74. Point out the right statements about the
validity of Kirchhoff's Junction rule.

{a) The eurrent flowing towards the junction
are taken as positive.

(b} The currents flowing away from the junction
are taken as negative.

(¢} bending or reorienting the wire does not
change the validity of Kirchhoff's Junction
rule.

(d} All of the above



75. Potential difforence between A and /1 in the

cireuit gshown here is "
(a) 4V B A o T
(b} 5.6V L

c) 28Y

(d) 8V
Case IV : Read the passage given below and

answer the following questions from 76 to B0,
Potentiometer : An ideal Voltmater

Potentiometer is an apparatus used for measuring
the emf of a cell or potential difference between
two points in an electrical circuit accurately. It is
also used to determine the internal resistance of
a primary cell. The potentiometer is hased on the
principlethat, if Vis the potential difference across
any portion of the wire of length { and resistance
R, then V o | or V = & where k is the potential

gradient. Thus, potential difference M{ﬁagﬂ?:f
= By

portion . of |E| L,
potentiometer Primary elrcuit
g - il i

wire is directly A
proportional  to Secondary circuil wire

: g<e
length of the wire —é

ofthat portion. The
potentiometerwiremustbeuniform. Theresistance

of potentiometer wire should be high.
76. Which one of the following is true about
potentiometer?

(a) Ita sensitivity is low.
(b) It measures the emfof a cell very accurately.

(c) It is based on deflection method.

(d) None of the above.

77. A current of 1.0 mA is flowing through a
potentiometerwireoflength4cmandofresistance
4 (). The potential gradient of the potentiometer
wire 18
(a) 10 Vm™! (b) 10 Vm™

(c) 2x 109V m™ (d) 4% 103 Vm!

78. Sensitivity of a potentiometer can be

increased by

(a) decreasing potential gradient along the wire
(b} increasing potential gradient along the wire
{c) decreasing current through the wire

(d) increasing current through the wire

79. A potentiometer is an accurate and versatile
device to make electrical measurements of EMF

because the method involves

atantinl gradients

H:; .IF: eond HLin ol ni ereenl flow thromigh Lhe
alvanomelar »

fed :r comhbinntion of sinllw, grlvanometer and
roaiplanc

(el calla.

80. In n pullmi.iumnf.ur pxpariment, the

when the two eelly

balaneing length in 8 m, W
g, and E, are joined in gories. Whan the L
I ; el i opposition this belarneing

colls are conned
length is 4 m. The ratio
(E,/Ey) 8

fa) 1:2

() 1:49

Canse V 1 Rea
answer the following ques
Heat produced by Electric Current
Whenever an electric current 18 passed through a

conducter, it becomes hot pfter some t.imu.l’l"he
duetion of heat in &

ol thiv s, m. £oof bwe e 1

thy 2:1
fdy 8:1

d the passage given helow and
tions from 81 to B5.

phenomenon of the pro
registor by the flow ol an — Y——r
i A A B

electric current through it
is called heating effect of
current or Joule heating.
Thus, the electrical energy
gupplied by the source of -
emf is converted into heat. In purely registive
cireuit, the energy expended by ﬂ“’. AOUTCE
entirely appears as heat. But if the eircuit has an
active element like a motor, then a part of the

energy supplied by the source goes to do useful

work and the rest appears as heat. Joule's law of

heating form the basis of various electrical

appliances such as electric bulb, electric furnace,

electric press etc.

81. Which of the following is a correct atatement?

{a) Heat produced in a conductor 18 independent
of the current flowing.

(b} Heat produced in a conductor varies
inverasely as the current flowing.

(¢} Heat produced in a conductor varies directly
as the square of the current flowing.

(d) Heat produced in a conductor varies inversely
as the square of the current flowing.

82. If the coil of a heater is cut to half, what
would happen to heat produced ?

{a) Doubled. (b) Halved.

(¢) Remains same. (d) Becomes four times.

83. A 25 W and 100 W are joined in series and
connected to the mains. Which bulbs will glow
brighter ?

1
| L
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ta) 100 W (b 25 W
le) both bulbe will glow brighter
td) none will glow brighter,

84. A rigid container with thermally

C insulated
wall containg a coil of

rezistance 100 0,

o Assertion & Reasoning Based MCQs

For question numbers 86-100, rwo

carrying current 1 A, Change in its internal
energy afler 5 min will be

ta) 0 T thy 10 k.

e 20 kJ (d) 30 kJ

BS. The heat emitted by a bulb of 100 W in 1 min is
ta) 100J (b} 1000J (c) 600  (d) 600G

statements are given-one labelled Assertion [A) and the other labelled Reason (R).

Select the comect answer ta these questions from the codes (a), (o), (c) and (d) a5 given below.

fa) Both A and R are true and B i
(b} Both A and R are true but B is
fe) A s true but R is false

{d} Ais lalse and R is also false

.EE, Assertion (A) : The drift veloeity of
‘electrons in a metallic wire will decrease, if the
temperature of the wire is increased,

Reason (R) : On increasing temperature,
conductance of metallic wire decreases.

“E:n ﬁﬁﬁ'ﬂrﬁﬂ'l& (A) : The current flowing

rough a conductor is directly proportional to
the drift velocity.
Reason (R) : A= the drift velocity increases the
current following through the conductor decreases.

_BB. Assertion (A) : Chemical reactions
involved in primary cells are irreversible and
in secondary cells are reversible,
Reason (R) : Primary eells ean be recharged,
but secondary cells can not be recharged.

_39. Assertion [A) : The average thermal
velocity of the electrons in a conductor is zero.
Reason (R) : Direction of motion of electrons
are randomly oriented.
90. Assertion (A) : If the length of the
conductor is doubled, the drift velocity will
become half of the original value (keeping
potential difference unchanged).
Reason (R) : At constant potential difference,
drift velocity is inversely propoitional to the
length of the conductar: :
91. Assertion (A) : The temperature coefTicient
“‘of resistance is always positive only for metals.
Reason (R) : On increasing the temperature,
the resistance of metals and alloys increases.
92, Assertion (A) : Material used in Ll}e
Ponstruction of a standard resistance 18

constantan or manganin.
Reason (R) : Temperature
constantan is very small,

coefficient of

the comect explanation of A
NOT the comrect explanation of A

5.-3' Assertion (A) : kWh is a commercial unit

tsed for'expressing consumed electric energy.

Reasor (R) : Kilo-watt hour is the unit of electric

pOWer,

34. Assertion (A): The 200 W bulbs glows with
“ more brightness than 100 W bulbs.

Reason (R) : A 100 watt bulb has more resistance

than a 200 W bulb.

95. Assertion (A) : Heater wire must have high
résistance and high melting point.

Reason (R) : If resistance is high, the electric
conductivity will be less,

96. Assertion (A) : Fuse wire must have high
Tesistance and low melting point.

R;imu (R) : Fuse is used for amall current flow
only.

97. Assertion (A) : A person touching a high
’power line gets stuck with the line.

Reason (R) : The current carrying wire attracts
the man towards it.

98. Assertion (A) :Though the same current
‘flows through the live wires and the filament
of the bulb but heat produced in the filament is
much higher than that in live wires.

Reason (R) : The filament of bulbs is made of
a material of high resistance and high melting
point.

_99. Assertion (A) : The current in a wire is due
to Nlow of free electrons in a definite direction.
Reason (R) : A current carrving wire should
have non-zero charge,

_100.Assertion (A) : Current is a scalar quantity,
Reason (R} : Electric current arvizes due to
eontinuous flow of charged particles or ions,
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% (B} : The direction of flow of curment theough in electric
CINCuit is from hlgh potential tg low potential,

1 g

3. (b) The deflection in Jalvanometer will not be changed
due to niterchange of battery and the alvanometer,

4. f(a) Curment in Conductor | = nedy,

= | ¥

Hence current i & conductor is determinag by drift velacity
and does pgy depend

upon thermal velocity.
5. (d):To shift the balance point on higher
il gradient of the wire is 1p pe decreased. The same
<an be obtained by decreasing the CUrTent of the main jrcyit,
which Is possible by iNcreasing the resistance in series of
Potentiometer wire,
6. (b): Here, R, = 30, Ry, = 5250
R=550n
AsRy= Ry al -
i iga ~

i i)
Let the emperature of hop bath be e

A= Ryl + ap
ﬂ:%ﬁ

vuefil)
From equations (0 and (i), we get

1. {a): Ohm' law V= IRis an
Henge | . v tharacteristics for ohmic conductars is also 3
straight line and j1s shope glves resisiance of the conductor,

8. (b): In parallel combination of cells the voltage across

the terminals i same and resistance s minémyrm, Therefora

m V= IR The current drawn from el combinatin will be
more

Bquation of straight lino.

9. {(a):Inthe parallel combination,
5_=-E.L+.5_+I___+E£
' R oK "
| ety |
—!!-I-I=_F+_".---+_
re K R A
Er=£2=ﬂaﬂ'.._..=gnht
|l'|=f2=||'3:l_l_l|f“|=|r

1
.||
b

I
From {i} and (i),

Egg = uExr —HHEH—rzt
" Fo F R

10. (d) : Since due 1o Wrong connection of eah eqy) the

le=16x 10719 ¢

=6.25 x 10'% |,
mﬁ 25 x electrons/sec
40

[

12, (b): Current, § =
aQ = o
W=(2F =314 1)

r=$

[ 0= I{2r2=3.|'+l]-.:ir
=3

o=]2¢ a2 7
e
J

—-]ﬁ-‘hl‘_ﬁ—-ﬂ}

2 3
= -3- HES-—IT] = -E{ES =T+ 2:}: 4334 ¢

= E 1 1 3 1
[]ES 3}“5[5

is the direction of

: th is passibip due tg
elfa::lnc fieid Produged tharges =SCcumulated an the surfage
of wire.

14. (a): The figure s showing 1 Characteristics of ngn.
ORMiIC ar mon linear nductors,

I



Current Electricity

16. (a):Here.e= MVandr=080
For the maximum current from the battery.

s=F (. R=0)
E M
fo e 50N,

1. (:iHeree=12V.r=30and =14
V=IR=¢-Ir
H= E-J'r-ﬂ—l.}ﬁj

i ;
and V= lRe= 1l x9=9Y

18, (b):
N

R

Current in the circuit,
[

e

=12-1=90)

Potential difference across A

L-*-m:[ X ]n
BE+r

V=
13L
K
When A=0, V=10
R=wm V=¢
19 (d): Resistance of a wire of length £ and radius # is given
by
R=E=F—!}{£ =E—U-:l:ﬂ- |:-'|'F=MJ
A A A wrt

Here, B, = 1000, r=rn= 3, A=

L]
3_:=5-1[}] = 16R, = 1600 Q
2
20. (c) : The typical range of resistivity for metals is

wénmto 1078 Q2 m,
21. (a) : For a good conductor the graph between voltage
and current does not obey exactly ohm's law, it shows some
deviation from straight line.
22. (b): Mohility of charged particle
p_ = _Ff_|= _1'5 il ]“:
E axio”
=25x 105m?y s

: i
23. (c) : Resistance of a wire, R = p— = 10 Q

where {is the length and A be area of cross-section of wire.

25 ]
New len el —=l==1
gth, | J'+"m y

-

As the volume of wire remains unchanged on increasing
length, hence, AT = Al

1y 4
emafL)-
i 77

=

B i0=1560
T:

24, (c):Here A, =250, Ty=28"C
A, =290 and T,= 100 °C
As Ay =Ryl +afT, =T
oo 29=25[1+ (100 - 28)]
29
—S-l=ary
1 289-25
A=—0x
T2 .5

L Y T TN e
7223

25. (d): Equation of the line,

R=Ry+m(T-Ty )
We know, A= Ry 11+ (T= T i)
Comparing egns. (i) and (ji), we get
RBpo=m .. a= 2
26. (c)
27. (b): Far balanced Wheatstone's bridge
£_ER i)
[ Y
Power dissipation in resistance A with voltage Vis VA,
Frep R+S ...{ii)
Fres FPH+Q
From equation {j)
L 1=t
o &
FP+p) R+8 R+8 §
g 5 Fip D
Using (i), we get
R+5 R Prep R
P+Q P Pres P

28, (c) : The bridge will be balanced when the shunted
resistance is of the value of 3 0

s 4= 7
d+ 8
12+ 3R = 4R A=12



29, -
{a) ; Ler b 1he current "Dwmq through PO then the

turent flowing ivough PSR | (- NA

Now sing
Thn::lugh :;Tﬂaluanu:-nprm shovees o deflection .l,m”,,.._,n,._agp
POR i M a5 the m'!agp Il'lrl:ll..l-gh atm PSR

{4+ 2= i2-pr104 5
Bl= 30 -15 4

217 = 30

foe 2010

]
Hence the current through 2 €2 resistar is 17 A

iicu. (<) : The graph (a)is true for tnndm:tnrs?;lmnse resistivity
s reases with temperature. But for sermiconductors, resictivity
treases as the number of condicting elecirons increase with

rise of temperature.

3. {d}: Letxbethe resistance shunted with Sfor the beidge

to be halanced,
For a balance Whearstone's bridge

32. (a): Here, in the balance condition of potentiometer

L
B 4
5= T.E‘Hlﬁ =32 i, f;=|554.‘r'|"|
i
= &
'E-E E:lil'f‘rr
65

= lLsx—==305V
32

33. (d): Here, [, =220em ), =130cm
A=310)

; =]
Internal resistance, r= (!'TIJR
¥

200 =130
= —— 3:2_{'&_‘1
( 130 J"

34. {a):In conductors due to increase in temperature
the resistivity increases and in semiconductors it decreases

exponentially.

= par

¥ B

35, (b): Sermiconductore hawing neqgative temperan
coofficient of resitivity whereas metals Aré havig
pasitive tempezature coefficent of rasistivity with increage
in temperature the resistivity of metal increases wheres,
resistivity of semiconductor decraases

36, (d): Given, k= 15V r=d{3,T=2A

Mo, far rasistance of the resistors

F=Ir=¥= R

fo=-2wd=2xH

15-8=2R

7
A= 3 =351}

Terminal voltage of battery

V=IR=2=x35=7W

37. (d)

38. (d): Hers, R, =99 (L
A= 1160
a=17x10" *C’

Ay = Ry {1 + alT- Tyl
%-n:::cr-r,}j

Ty = 27°C

1[ns=99]_ 17 o AF
F-Ty= E[_-gg ]‘E'u Taxioe 99
1’ ;
—T, = =—=1010.10°C
e
T= 10101 + Ty = 1010.1 + 27 = 1037.1 °C

39. (c) : Internal resistance of cell

R[f_u_J]
&

A= 1020,/ =758 cm
L = £8.3 cm

T5.8
= 02| =——-=1 1.1282
Sl 1[53.3 ]*

40. (a) : Due to Increase in resistance A the current through
the wire will decrease and hence the potential gradient alsa
decreases, which results in increase in balancing length. So
J will shift towards 8.
R 3

41. tHere, ===,8=10¢2

(b} 5 2

Re= 2x§=2x10=150

2 2

As the length of wire is 1 m.
length of one ohm wire = 1/15 = 0.067 m



Cument Electricity

;‘?' (d) : In sefies, the current through the exteral resistance
is

nE __3&
m+fR  Sr+ R i)
In paraliel, the current through the external resistance A is
g B ol K i
r+nk Ft 5E .-[if)

=

-
—+R
T

As per question, /= [
SE 5E
=
Sr+ R r+5R

or Sr+R=r4+5R

or R=r or E:l
s

43. (c) : Using kirchhoffs law in loop A P, P, DA

10 +21=-7=0

0L+ 21=7 o (|
Using kirchhoff's law in loop P, P, CBP,

3+ 1i-K)-1014=0

A £
I

i i
_L‘H-’.Eﬂ. LI
iz

(=114 =3

I=3+114 il
From (i) and {ii),

1WhH+2@+115)=7

‘ 3 - ;

104 +6+224=7 .. 324=1
L=132=0031A
44, (d)
: ? MV 20
45. (a) g_i p
Ly loop I
ITV &0
Pl i
j'31l IJ
iy =l
M A A N
Applying Kirchhoff's voltage law
Inloop | =27 =6, =24, + 24 =0
bl + 21, = =3 wfi]
Inloop 1l =27 - 61, + 4l = 0
Bl — dly = =27 i}

Atjunction By~ L=k =0 i)
Solving equations (i), (i) and ({iif), we get

“~=

46. (b): Let £ be emf and r ba internal resistance of the

battery.
In first case,

11=g=-0r -]

In second case,

15=g+ 3r iy
substract {ii} from (i), we get

Fe E o]

5

Putting this value of rin eqn. (i}, we get

g=12+ 222000 80,0y

5 5 5

47. (a) : Applying Kirchholf's first law at the junction P, we get
=l +4 (i)
Applying Kirchhoff's second law to the dosed loop PQAP,
we gel
=2 -2+ 20, =0 or, M +2,-2L=0
o, 4h=2=0
Solve (i} and (i), we get
L=2A L=4A
48. (b): Mobility of charged particle

lvel TSw107' _ 1.8 % 108 mé V- 5

p= L=

E dxlo"®

o (11

49, (b): Since ﬂ:pi

dl
o dR=p A
e

{where lis any radius and df is small element).
Total resistance,

ot B AT R A T
. 4#3‘-1_4::[ fr_fi[q EJ

nzale
R [w J&

30. (b): The currant in the potentiometer wire AB is
L

20+10
The patential difference across the potentiometer wire is
V = current = resistance = 0,2 = 20 =4V
The length of the wire is /= 200 cm. 5o, the potential -gradTent

f= =024

along the wire is -

¥ 4

k=—=—=00 -

e Tk
The emf 2.4 V is balanced against a length L of the
potentiometer wire,
i 24=k

24 24
o L = = —=

! X 120 em



51. (a) : The given figureis a circuit of balanced Wheatstone
beidge as shown in the ﬁguml.

6V
Points B and D would be at the same potential,

52. (b): Let | be the current is flowing through arm DAB,
then the current flowing through DGB will be (8 - )
Then, K5 + 6) ={B-A{4 + 2

MNi=Bx6-61
17 1= 48
48
= ﬁ.ﬁt
Voltage across 5 €2 resistance
_ 48 . 20 0]
VQ-V‘=II H— l?_:":s— 17 W

Voltage across 4 £ resistance
vn- VE = (a e '} E4 4

subtracting (i) by (ii) we get,
V=Y, —(Vp- Vg 220 32 i}
17 17

53. (a): The current in the potentiometer wire ACis

J o —
10+ R Wmy O

ol

1M

R
| e
w

The potential difference across the potentiometer wire is

V= current = resistance = a1

10+ R

The length of the wire is /= 100 cm,
50, the potential gradient along the wire is

()

I Lo+ RS 100

The source of emf 10 mV is balanced against a length of
40 cm of the potentiometer wire
je. 10x 107 =kx40

o2 30 wsing Gl
o 10x10 _{ll]+!?.’]-}:lﬂ 0

ar  H=790 102

L)

Applying jgn::t'mn rule to O
“l~ =0

ie, h+h+h=0

Let, V, be the potentia

resistances Ay, Ay and As
“,I' -V j = J'|H|J'
WE- 1.-“;! =LA, and (V- Vi) = LA,

¥ -k} , (k=)
ar I|={FE L:II j':=_.-';'—'!ﬂ-l _,l'!_———l'z

i

Al
| at point 0. By Ohm's law for
respectively, we get

<o substituting these values of Iy, I, and 5 in eqn. (i}, we get

T T 1. L.
—f e p— | =] — & + =
"5{&1*'_;:*&] [R., B &

PN P A L+L+LIL
"‘[n. 'BRIR TR TR

55. (a) : Applying Kirchhoff's first law,
[=24+2-1=13=1TA

56. (a) : For null deflection in meter bridge

E . |

R, (100-7)
54 4
R 100-40 60

60
R, = 65x 20 _9750
o

57. (c) : Kirchhoff's loop rule : It states that the algebraic
sum of potential drops acrass all resistors plus those across
SOUICES [ @ Circuit is 2e10.

58. (c) : The temperature coefficient of copper is positive
and of germanium is negative, Hence the resistance of copper
decreases and germanium increases when they are cooled
from room temperature to 100 K.

59. (a)

60. (a): When metal wire is heated, its rasistance increases
R, increases, |, increases,

—-—“—-an.—
{ I
V] T
R)| Ry

The null point shift to the right.

B1. Iblg=108x16x 10" C =161 1078 ¢
b= 1075
o4 Lexut

=16x10710 4
! 1



Current Elociniciny

62. (€) : The unit of electric curent b5 5~

63. {c) : The current flowing thrasugh a conducins of non-
uniform cross-section remain same In the whale of the
conductor.

64. (a): When a constant current is flowing through a
conductor of non-unifarm cross-section, electron density
does not depend upon the area of cross section, while current
density, drift velocity and electric field all vary inversely with
area of cross-section,
65. (a): Given, /= 40A; A= 10m?

Current density, J = L oo pe M i Ar?

A 10

66. (b) : Temperature coefficient of resistivity is defined
as the fractional increase in resistivity per unit increase in
temperature,
67. {l:fj: Nichrome {which is an alloy of nickel, iron and
chromium) exhibits a very weak dependenice of resistivity with
temperature,
68. (d): Using, Ay = Ry(1 + aT)

A _ Roll+al) _2 _ (I+afy)

Rr  Ryll+al)) 1 (1+ox300)

= l+axbl=1+aT,
1= e (T, -600) =

= B00°C = T,~ 600
T, = 800 - 273 + 600
T,=1127K

69. (a) : The temperature coefficient of resistance of an alloy
used for making resistors is small and positive.

70. (b): The resistance of a metallic wire at temperature [C
is given by

A= R, (1 + af), where o is the temperature coefficient of
resistance and R, is the resistance of a wire at 0°C.

For metals, o is positive, Hence, resistance of a wire increases
with increase in temperature,

U

I
o015 2 600)

Also, from Ohm's law
¥
—_— ﬂ
!

Hence on increasing the temperature, the ratio ¥ increases.
71. (a) : Kirchhoff's [*' law is based on law of conservation
of charge whereas Kirchhoff's I law is based on law of
conservation of energy.
72. (c): ik
i 1A
A

5 A

According to Kirchhoff's junction law

L

11]}”:::';!4.“[il‘.ﬁ.iif-’:hh{--iﬂ.]-ﬂ
f+hA-BA-D of I=2A

73. (¢}

74, (d)

75 (b : eV g "
_7'1 bR ¥l 11'1..' KL

=
L2

Apply KVL in the given circuil,
6=Bi-4-2I=0

o, 2-10i=0o0r I=2110=01A

=4 +ixB=4+02=xB=58V

Vag
76. (b}
77. (a): Given, I=1.0mA= 102 A=40;L=4m
Potential drop across potentiometer wire,

V=IR=103 x4V

v 4x10”

Potential gradient, k = o
78. (a)
79. (b): & potentiometer is an accurate and varsatile
device to make electrical measurements of EMF because the
method involves 2 condition of no current flow through the
galvanometer. It can be used to measure potential difference,
internal resistance of a cell and compare EMF's of two sources.

= 10~y m!

80 1.1}-5__@ 844 12 3
TR, =L B-4 4 1

B1. (c) : According to Joule's law of heating,

Heat praduced in a conductor, H = IRt

where, | = Current flowing through the conductor

R = Resistance of the conductor

t = Time for which current flows through the conductor.
He P

82. (a) : If the coil is cut into half its resistance is also

halved.
pt
MHs—r  H' =12
-3 R 2
2 ¥
: 1 P= — A=—
B3. (b) : P 7 o Iz

The bulbs are joined in series. Current in both the bulbs will

same.
. The heat produced in them is given by H = £ At

of He A = Hu:—'-
F

Therefore the bulb with low wattage or high resistance will
glow brighter or we can say the 25 W bulb will glow brighter
than the 100 W bulb.



84. (d): R=1004x /= 1A;1="5min.=5x60=3005
change in intemal energy = heat generated in coil

= F Rt =({1)¥ x 100 x 300 J

= 30000 J = 30 k

85. (d) : Here, P=100W, t=1min=60s

Heat developed in time §

H= P t={(100W){60 s) = 6000 )

86. (b) : On increasing temperature of wire the kinetic energy
of free electrons increase and so they collide mare rapidly
with each other and hence their drift velocity decreases.
Alse when temperature increases, resistance increase an
resistance is inversely proportional to conductivity of material.
87. (c) : Consider a conductor of length /and area of cross
section A, Time taken by the free electrons 10 CrOS5 the
conductor, = #v,

Al = re
Hence, current, | = g_Alxne
r ;.l'r'lr'ld'
of, [=Anevy
o, [l Wy

Thus current is directly proportional to drift velocity,

88. (c) : Primary cells cannot be recharged because they
irvalve irmeversible reactions. Secondary cells can be recharged
because they involve reversible reactions.

89. (a) : In normal conductor, the direction of electrons are
randomly oriented such that the total sum of their velocities
is equal 1o 2ero.

90. (a) : Drift velocity of free electrons is given by,

eE

Flj=. —T
i

P Potential difference  V

wher = =g
g, length I
vy EEET i.e., vy= 1/iwhere, £ is constant.

mil i

it mean if [is doubled, the drift velocity will become half of
the original value.

91. (b): The value of temperature coefficient of resistance
is positive only for metals and alloys and is negative for
samiconductors and insulators.

92. (a): These alloys (constantan of manganin) are
used for making standard resistance because they possess
high resistivity and low temperature coefficient of resistance.
93, (¢): 1kWh=1kW x 1 hour

— 1000 (joulefsec] x 3600 sec = 36 x 107 joule

i &. kWh is the unit of electric energy and used for expressing
consumed electric energy,

il
gd, (b): The resistance. R= 7 he. R 1P

., higher s the wattage of a bulb, lesser is the resistanc,

and so it will glow bright. -
g5, (b): Heater Wire must have high resistance and higy
rm;ltfng point, because in SE."H ‘”"ffﬂlﬂr-&m ains, same
therefore according 1o I.lnuIES law H=FRt/a, ‘1'.' hias

duced is high if F 15 high. Melting paint must be high 5
pro melt with increase in temperature.

that wire may not : .
96. () : Fuse wire must have high resistance because in
cgrigs, current remains same. Therefare according to Joyle’

o =222 heatproduced i highif i igh The mling

' - ire may melt with increase |
gint must be low S0 that wire vi :
fﬁmarature..&.s a current larger than the specified value flows
through the circuit the temperature of the _fusi? Wire increases,
This melts the fuse wire and breaks the circuit

97. (d): Because there is no special attractive force thay
keeps a person stuck with 3 high pawer line. The actual
reason Is that a current of the arder of 0.05 A or even less is
enough to bring disorder in OUr NENOUS 5}'SII-E'I'ﬁ. A% & result
of it, the affected person may lose temporarily his ability ta
control his nervous system 1o get himself free from the high
power line.

98. (b): As filament of bulb and live wire are in series, berce

i
=R
current through both is same. Now, because =*4_: and

resistance of the filament of the bulb is much higher than that

of live wires, hence heat produced in the filament is much
higher than that in line wires.

99, (c) : The current in a wire is due to flow of fre electrans
in a definite direction. But the number of protons in the wire
at any instant is equal to number of electrons and charge on
electrons is equal and opposite to that of proton. Hence, nét
charge on the wire is zero.

100.(b) : Current is a scalar quantity, it is justified by the
following two observations

(i) If current carrying wire is bent at some point, then 2159
current in the wire remains same, while a vector quantly
always changes by changing its direction.

lii) ~ Current flowing in the circuit do not follow the laws
of vector additian. It follows according to ordinary rul2 of
algebra. This makes it clear that current is not a vector bu!
a scalar quantity. Also current is defined as rate of flow of
tharge through the wire | = dg'at,

Qe



2 Multiple Choice Questions (MCQs)

1. A cup contains 250 g of water. Find the
number of pesitive charges present in the cup of
waler.

{a) 1.34 x 10" C by 1.34x10° C

(c) 2.43= 101 C (d) 2.43x10°C

2. The number of electrons present in —1 C of

charge 18
(a} 6x 10 ib] 1.6 % 10
e} 6% 10 id) 1.6 % 10

3. Consider the charges g, 9 and =g placed at
the vertices of an equilateral triangle of each
gide { The force on each charge 1s

e b F=-—T_
W ang,) dte,f
o B
() F_J":'E“.ri (d) zero

4, Which of the following statements is not
true about electric field lines?

ia) Electric field lines start from positive charge
and end at negative charge.

Two electric feld lines can never cross each
other.

e} Electrostatic field lines do not form any
closed loops.

Electric field lines cannol be taken as
eontinuous curve.

5. The electric field at a point i3

{a) always continuous

{b) continuous if there is no charge at that point

e} discontinuous if there is a charge at that
point

id) both (h) and (c) are correct.

6. The electric flux through the surface

{h}

id)

——— Illr||

V. "'.’:[{.) /I| II."III

vy

50 18, P

{a) in figure (IV) is largest

(b in figure (111 is the least .

{¢) in figure (I[) ia same as in figure ([I1) but is
smaller than figure (1V)

{d) is the same for all figures.

7. Which of the following statements about

dipole moment is not true? .

ial The dimensions of dipele moment 18 [LTAL

ikl The unit of dipole moment is cm.

i) Dipole moment is veclor qguntlty and
directed from negative to positive charge.

(d) Dipole moment is a vector quantity has
magnitude (charge) ¢ = (separation between

charge) a.
8. The S1 unit of electrie flux is
{a) NC' m* ib) NCm™=
(e} NC ¥ m? (d) NC*'m™

8. The electrostatic foree on a small sphere
of charge 0.2 nC due to another small sphere
of charge —0.4 pC in air is 0.4 N, The distance
between the two spheres is

() 4.2=107%m (b) 4.2%10%m

(el 1Bx10%m (d) 18%10%m

10. A thin dise of radins b= 238 hea a concentrie
hole of radius &in it (see figure). It carries uniform
surface charge o on it. If the eleetric field on its
axis at height i {h< < a) from its centre is given
as Chthen value of Cis

8] i u] o] o
i (b) o W

1l llllF‘“i.l ﬂel.l

11. The force between two small charged spheres
having charges of 1 x 107" C and 2 x 10 e
placed 200 con apart in air is



Magnetic field : It is a region or space

ardund a magnet or current L'i'll‘“l"_'lu'iﬂ!_',

conductor or a moving charge, in which its
magnelic elTect ean be felt,

p Mapnetic field is a veetor quantity and its
dimensional formula is IMLT A1) The
SI unit of magnetic field is tesl (T or
weberimetre® (Whim®, The CGS unit of
magnetic field is gauss (G,

1 tesla = 107 gauss
» The sources of magnetic fields are :
A current carrying conductor
- Changing electric field
- Moving charged particle
~ Permanent magnet and electromagnet
el

» Conventionally the direction of the field
perpendicular to the plane of the paper i1s
represented by @ if into the page, and by
% if out of the page.

Force on a charged particle in a uniform

magnetic field :

» When a charged particle of charge g,
moving with velocity © 18 subjected to a
uniform magnetic field £ the force acting
on it is

ﬁ:qhh-cﬂ'] of F=ejll'.ﬁ5-iI:|H ’
where 1 is the angle between voamd B.

The direction of this force is pe rpendicular

tu the plane containing v and .

f—o if i=0, ie., a charge at rest does

nol experience any magnetic force.

Pt if B=0"or180° L., the magnetic

force vanishes if ¥ is either parallel or

antiparallel to the direction of i

Moving Charges
and Magnetism

Frree will be masimum if th=1HF ¢ Af

isperpendicularto i, the magnel 1 foree
given hy

has a maximum value and is
Frn:r: ™ E"'!'H'
Lorentz force : When a charged particle of
charge g moving with velocity & 1= suhjected
to an electric field £ and magnelic field &
the total foree acting on the particle is
F=F +F, =.||I:."+q||"m‘i‘1=q|i-+f- < [}
This force is known as Lorentz force.

Biot-Savart law
According to this law, the
magnetic field at a point P &
due to a current element
of length d4f, carrying /
current [, at a distance r d
Hdl % F)
L}

from the element is
=M it sli:nﬂ' ; gii= Mo

47 5 4n r
where @ is the angle between o and 7 and u,
is the permeahility of free space,

py=dnx 107 TmA™ = dnx 107 WhA m!

o L= B 1’ hewnrv!m.
4n

» The dimensional formula of y, is
!MLT"‘!ﬂ j!. The direction of jg i to that
of @ «7F, which iz perpendicular to the
plane containing 4 and /. and iz directed
as given by right hand serew rule,

p The direction of magnetic field due o a
straight current carrving wire is given by
right hand thumb rule, According to thes
rule, il you grasp the wire in your right
hand with yvour extens | thumd pointing
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Magnetic field due to a straight current
CATTYINE Wire

L] Iy

&
|
|
&

"
|
] : =
I
i o)

B The magnetic Geld B at a point P due to
a straight wire of finite length carrving
current [ at & perpendicular distance r is

I
B= E]';r [sin iz + sin 3]

» Special cases:

- If the wire is of infinite length and
the paint P lies near the centre of the
straight wire, then o = [} = 90°
G L

E lifg 2nr
If the wire is of infinite length and
the point P lies near ane end, then
potal
4fir

Magnetic field at the centre of a

current carrying circular loop

The magnetic field at the centre of

a circular coil of radius a carrying

current [ is

pe b 200 _ gl
in da

If the circular loop consists of N turns, then

oty 2N NI
48 @ da

The direction of magnetic field at the centre

of a circular coil carrying current is given by

right hand thumb rule.

Magnetic field at a point on the axis of
a circular current carrying loop

.
x=—, f=0"
3 P

i ' I

[T I

=}

The magnetic ield at a pmnt on the axis of
thye cireular current earcying coil s
i 2aNIn
“ JJ-."! lir =%
where a 1% the radias of ol x is the distance
of the point on the axis frovm thes centre of the
coil. N is the number of turns in the coil,
» Special cases :
[fthepointliesatthecentrealthecoil e,
x = 0, then
H= Ho JH'?EI':{_-I P i = u':'_'l
47 (g AW @ 2
- fx » »a, then
goto 20NI® iy INIA_ i, 2M
4R x ar k' dAm oy
where, NTA = M = magnetic dipole moment
of current loop, A = cross sectional area of
loop.

Ampere's circuital law : The line integral of
the magnetic field B around any closed loop is
equal to pg times the total
current [ threading through
the loop, f.e.,

#ﬁ-d‘f:p.u!

» Magnitude of mapnetic field due to a
straight wire using Ampere's circuital law
bl

2nr

= Magnieti
fiedd lises

Magnetic field due to a straight solenoid

2 oE

N R

(5 G5 2 o
* At any peint inside the solenoid, B = pgnl
where, n = number of turns per unit
length.

*» At the ends of the solenoid, B = l;-l.L."!‘
b
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« Magnetic field due to toroidal solenoid

» Inside the toroidal solencid, B = ugnl,
N
where n= e N = total number of turns

» In the open space, interior or exterior of
toroidal solencid, the magnetic field is zero.

« Motion in a magnetic field : When a
charged particle of charge g and mass m
moves with veloeity 7 in a uniform magnetic
field B, the force acting on it is F = guB sinf.

¢ The following two cases arise :

» Case I : When the charged particle is
moving perpendicular ‘o the field ie,
A = 80° In this case . . is circular.
Radius of cirenlar  th is

my _ J2mK

H= =
Bg g8
and time period of revolution is
po 2TR_2mm
v gB

» Case II : When the charged particle is
moving at an angle 8 to the field (other
than 0°, 90° or 180°). In this case, path is
helical. ?
Due to commponent of v, perpendicular to &,
ie., v, = vsind, the particle describes a
circular path of radius R, such that

2 v sin @
Y HI¥

= qu‘LE or 4B r 4B
Time period of revolution 16

3 2nR * Inm

psin® g8

» Force between two i. i
parallel current carrying
conductors : Two parallel &g, 5
conductors carrying currents
in the same direction attract
each other while those |, _ . _
carrying currents in the
opposite direction repel each ather.

-

» When two parallel conductors separated
by a distance r carry currents I, and [,
the magnetic field of one will exert a foree
an the other, The force per unit length on

Mo 210

4n

» The force of attraction or repulsion
acting on each conductor of length [ due
to currents in two parallel conductors is

iy 20,

im r

» When two charges g, and g, moving with
velocities v, and v, respectively are at
a distance r apart, then the foree acting
between them is

either conductor is F=

F

o i :'l i
s r

Torque on a current carrying coil
placed in a uniform magnetic field :
When a current earrying coil is placed in
a uniform magnetic field, the net foree on
it is always zero but different parts of the
coil experience forces in different directions.
Due to it, the coil may experience a torgue
or couple.

When a coil of area A having N turns,
carrying current [ is placed in a uniform
magnetic field B, it will experience torque
which is given by

1 = NIAB:in#

Moving coil galvanometer

It i3 an instrument used for the detection
and measurement of small currents. It
works on the principle that when a current
carrying coil is placed in a magnetic field, it
experiences a torque.

In moving coil galvanometer the current [
passing through the galvanometer is directly
proportional to its deflection (0),

I =8 or, I=0G8

, [
where (i = —— = galvanometer Constant
MAK

A = area of the coil, N = number “f mrﬁl
in the coil, B = strength of magnetie field,



k = torsional constant of the spring 1.re.,

restoring torgque per unal dwist

» Current sensitivity : It is defined as the
deflection produced in the galvanometer,
when unit current flows through it.

, 8 _Na

I i
The unit of current sensitivity is rad A~ or
diva-t,

» Voltage sensitivity : It is defined as the
deflection produced in the galvanometer
when a unit voltage is applied across the
two terminals of the galvanometer,

f 8.0 NAB
v IR kR
The unit of voltage sensitivity is rad V' or
div V-1,
L-l!' - i rl’

» Conversion of galvanometer into an
ammeter : A pgalvanometer can
be converted into an ammeter
of pgiven range by connecting
a suitable low resistance S called shunt in
parallel to the given galvanometer, whose
value is given by

(st
wherefliathemrmntfurﬁﬂlam]e:
deflection of galvanometer, [ is the current

to be measured by the galvanometer and
(7 is the registance of galvanomaeter.

¥ El'l.m:l'm_'lfr

1
|
i
_L_
e
! L

Iri order to increase the range of an ammeter
n Limes, the value of shunt resistance tg
be connected in parallel is 5 = Giln - 1),

Conversion of galvanometer into
voltmeter : A galvanometer can be

converted into voltmeter of given range
by econnecting & guitable resistance R

in series with the galvanometer, whaose
value is given by

R=1--G
wher; V is the voltage to be measured,
is the current for full scale deflection of
galvanometer and G is the resistance of

galvanometer.

e il
Iy 1____R ....... i

< p =
Voltmeter is a high resistance instrument
and it is always connected in parallel with
the cireuit element across which potential
difference is to be measured. An ideal
voltmeter has infinite resistance.
In order to increase the range of voltmeter
n times the value of resistance to be

connected in series with galvanometer is
R=(n-1)G

=~




2 Multiple Choice Questions (MCQs)

1/ When a magnetic compass needle 1% carried

nearby to a straight wirp CAFTYing enrrent, then

i[1 the s-:tlrajght wWire cause a noticeahle
deflection in the compass needle,

\IT) the alignment of the needle is tangential to
an imaginary cirele with strai ght wire as its

centre and has a plane perpendicular to the

WIiTHE

(1) iz correct

(IT) is correct

(€} both (I) and (IT) are correct

(d} neither (T) nor (II) is correct

2. Current flows through uniform, square

frames as shown in the figure. In which case is the
magnetic field at the centre of the frame not gers?

(e
by

ia) (bl

et (d)

-T
e

A galvanometer of resistance 10 0 gives
full-scale deflection when 1 mA current passes
Lhrough it. The rezistance required to convert it
into a volimeter of reading upto 2.5 V is
(a) 24.90 B Y I -+
) 2490 0 {d) 24900 0

A A4 Acurrent carrying loop congists of three
identical quarter circles of radius 5 e¢m lying in
the positive quadrants of the x-y, y-z and z-x
planes with their centres at the origin joined

together, value of F at the origin is
(b) %{-h}dﬂ

la} %J'l{h J-BT

€) Boifufuyr (d) 1opgli+ j+h)T
5
= A voltmeter which can measure 2 V is.
construeted by using a galvanometer of resistance
12 02 and that produces maximum deflection for
the current of 2 mA, then the resistance R is

/

(a) BREN : *

(1
(k} 9A5 0
(el 8980 I_C ‘
(d) 9939 03 2v

6. Along straight wire carrying current of 30 A
reats on A table. Another wire AR of length 1 m,
mass 3 gm carries the same current but in the
oppoesite direction, the wire AR is free to slide up
and down, The height upto which A8 will rise is
{a} 0.6 cm (by 0.7 cm

el 0.4 cm id) 0.6 em

Two moving coil metres M; and M, have
e following particulars, B, = 10 O; N, = 30;
A =36x107m% B, =025 T; R, = 14 (; N, = 42;
Ay=18x10*m% By =060 T
The spring constants are identical for the two
metres. What ie the ratio of current sensitivity
and voltage sensitivity of M, to M7
(al 1.4:1 | {b) 1.4:0
(c) 28:2 d) 28:0
The value of current in the given circuit if

he ammeter Iis a o @
galvanometer with a I
30 ¥

resistance R, = 50 02 is

(a} 0.048 A
(b) G023 A
{c} 0.061 A l

(d) 0.094 A 5 I‘.’

A galvanometer of resistance 70 0, is
converted to an ammeter by a shunt resistance’
r, = 0.03 €. The value of its rosistance will
become
fa) 0.026 0 (b) 002202
{e} 00350 (d} 0.030 0

A8 Accircular coil of radius 10 cm having 100
turne carriez a current of 3.2 A, The magnetie
field at the center of the coil is

B BN T *
(b) 584 =109 T

(e) 2641078 T

(d) 5.64 =107 T




11. For a circular ¢oil of radius 5 cm having
100 turns and carrying a current of 2.0 A, the
magnetic moment is

(a) 12.95Am® (b) 26.79 A m?

(el 1.6 Am* id) 24.79 A m*

12. The nature of parallel and anti-parallel

currents are

{a) parallel currents repel and antiparallel
currents attract

(b} parallel currents attract and antiparallel
currents repel

izl both currents attract

id) both currents repel.

13. A straight wire having mass of 1.2 kg and
length of 1 m earries a current of 5 A If the wire
is suspended in mid-air by a uniform horizontal
magnetic field, then the magnitude of field is
ia) 0.65T (b} 153 T

(c} 24T id) 32T

14. The energy of an electron having a speed of
298 x 10" mstis(m, =9.1 =10 kg)

{a) 2.2 keV (b) 2.6 keV

{c) 2.8 keV (d) 3.0 keV

15. A cubical region of space is filled with some

uniform electric and magnetic field. An electron

enters the cube across one of its faces with

velocity v and a positron enters via opposite

face with velocity — v, At this instant, which one

of the following is not correct?

{a) the electric forces on both the particles cause

identical accelerations.

the magnetic forces on both the particles

cause egual acceleration.

both particles gain or loose energy at the

same rate.

(d) the motion of the centre of mass (CM) is
determined by B alone.

. Acircular loop of radius R carrying a current [

is placed in a uniform magnetic field of B

perpendicular to the loop. The force on the loop s

(a) 2nRIB (b) 2nRI*B3 -

(c) ‘nR*IB id) zero

W. 2.5 meter long straight wire having mass
of 500 gm is suspended in mid air by a uniform
horizontal magnetic field B. If a current of 4 A
is pfsipg through the wire then the magnitude
of the ﬁPEId is (g = 10 m s7%)

fa) 0.8T (b) 06T

fe) 0.25T (d) 0.8T

(b}

[e)

anomeler ol resistance 50 L1 ig
connected to a battery of -'1-_ V along with
a resistance of 2950 £2 in series .'*L Fuﬂ_ seale
deflection of 30 divigions ia [Ii}tﬂfrlﬂd in r:i-..;
galvanometer. In order to reduce this deflection
to 20 divisions, the resistance in series should be

(a) GORO L) (h) 4450 L2
ic) 50600 idy 5E50 €2

19. The magnitude of the magnetic ﬁchj at
the centre of the tightly wound 150 turn coil of

A A galv

radius 12 ¢m carrying a current of 2A 8
m) 180G (hy 19.7 G
) 157G idy 17.7 G

20 A straight wire carrying a current of 1.3 A
is bent into a semi-circular arc of radius
9 om ag shown in figure. The magnetic field is
1.5 » 10~* T at the centre of arc, then the

magnetic field due to straight segment is

n
{a) 1.5=10%T (h) 265= 10T
{¢) zero (dy 3=107%T

M A current of 10 A is flowing in a wire of
length 1.5 m. A force of 16 N acts on it when
it iz placed in a uniform magnetic field of 2 T.
The angle between the magnetic field and the
direction of the eurrent is

{a) 30° (b) 45°

{e) 60° {d} 90~

22. A solenocid of length 50 ¢m, having 100 turns
carries a current of 2.5 A. The magnetic field at
one end of the solenoid is

(a) 3.14x 107 T (b) 6.28 x 10~ T

(c) 1.57=1074T (d) 942 x 10 T

23. Twoidentical current carrving coaxial loops,
carry current [ in opposite sense. A simple

&mp-_ari&n loop passes through both of them once.
Calling the loop as C, then which statement is
correct?

(a) GBdl =52,
(b) the value of $5 4 isindependent of sense of C.
le) there may be a point on € where B and dl

are parallel.
id} none of these,
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2 Agalvanometer havin B A resislance of Bi) £,
gives a full seale deflection far 5 current of (L0F A,

The length in moters of a resistanee wire of aren

of croas section 3 = ]_ﬂ"": cm‘-'! that can he uaed

to convert the galvanometer into an ammeter
which can read a maximum of & A current ia

| Specific resistance of the wire P=8x 107 3 m)
jal 9 (h) 6

ey & (dy 1.5

25. Atightly wound 80 turn coi] of radius 15 em
has a magnetic field of 4 x 104 T at. its centre.
The current flowing threugh it is

la) 1.06 A (bl 244 A

(] 3.44 A (d) 4.44 A

26:"An element of 0.05/ m is placed at the origin
as shown in figure which carries a large current

of 10 A. The magnetic field at 5 distance of 1 m
in perpendicular

direction is 2

fa) 4.5x 1037

(b) 5.5 = 1037 Im

(¢} 5.0x108T

(d) 7.5 % 108 T =+ 2

Ar =005 m
21. A cireular loop of radius 3 em is having a
current of 12.5 A. The magnitude of magnetic
field at a distance of 4 em on its axis is
{a) 565 1075 T (b) 6527 =105 T
(c) 6.54x=10°°T (d) 9.20=10°T

28. If an electron is moving in a magnetic field
of 5.4 107 T on a circular path of radius 32 em
having a frequency of 2.5 MHz, then its speed
will be

(a) 8.56 = 10%m g1 (b) 5.024 « 108 m 571
(e} B.56=10ms™!  (d) 5024 x 109 m 5™

28. The correct plot of the magnitude of magnetic
field B vs distance r from centre of the wire is, if
the radius of wire iz B

, &
(a) ——\ (b}
i B I Ly ‘:* id
a i
(c) » (dj A
i t: i 4 & <%

30. Ampere's circuital law is given by
(a) §H di=pgl, (b} 4B ol = pplee
(c) §h-df=pyJ (d) A df=py

31. Two particles of equal charges after heing
aceelerated through the aame potential difference
enter in a uniform transverse magnetic field and
describe cireular paths of radii R, and Ry Then
the ratio of their respective masses (M /M,) is
la) R/R, (h) (R /R,*

(e} (RyR ) (d) (R /R,

32. A solenoid of length 0.6 meter has a radius
of 2 em and is made ap of 600 turns If it carries
a current of 4 A, then the magnitude of the
magnetic field ingide the salensid 1=

(a) 6.024 = 1077 T (b} 8.024 « 10°*T

(¢) 5.024=1079T (d) 7.024 = 102 T

33. Which of the following statements is correct?
(al The magnetic field in the open space inside
the toroid is constant,

The magnetic field in the open space exterior
to the toroid is constant.

(e} The magnetic field inside the core of toroid
13 constant.

The magnetic field inside the core of toroid
is zero.

(b}

{d)

34. The inner and outer radius of a toroid core
are 28 cm and 29 cm respectively and around
the core 3700 turns of a wire are wounded. If the
current in the wire is 10 A, then the magnetic
field inzide the core of the toroid is

fa) 2.60 = 1072 T (b) 2.60 =103 T

ic) 4.52x10°2T (d) 4.52= 10T

35. A 200 turn closely wound cirenlar coil
of radius 15 em carries a current of 4 A. The
magnetic moment of this enil is

(a) 36.5 Am® (b) 56.5Am*
(e) 66.5A m? (d) 108 A m®

3§ Acurrent carrying loop is placed in a uniform
magnetic field. The torque acting on it does not
depend upon

ia) shape of loop

(ed wvalue of current

i

(b) area of loop

(d] magnetic field

3¥ Acircular coil of wire consisting of 100 turns
each of radius 9 em carries a current of 0.4 A
The magnitude of magnetic field at the centre of
the coil is = g

() 24 =107 T (bl 35=x107 T
(¢) 2.9 = 1074 T (d) 3=107%T

38. If a long straight wire carries a current of
40 A, then the magnitude of the field B at a moint
15 em away from the wire is

(a) 5.34 % 1075 T (b} 8.84x10°°T

(¢} 9.6x10°T (d} 10.2 x 10T

e



- A circular coil of 70 turna and radins
A0 om earryving a current of B A i\ Hllﬁ]]f'['lftﬂd
vertically in a uniform horizontal magnetic field
of magnitude 1.5 T. The field lines make an
angle of 30° with the normal of the coil then the
magnitude of the counter torgque that must be
applied to prevent the coil from turning is

a1 33 N m ib) 3.3 N m

e) 33x10%Nm id) 33«10 Nm

_4B-Twa long and parallel straight wires A and B
are carrying currents of 4 A and 7 A in the same
direction are separated by a distance of b cm.
The force acting on a 8 cm section of wire A is
(a) 3x10°N (b} 6= 10°%N
tc) 9= 10" N (d) 12x10°°N

“~%n & cm long wire carrying a current of 10 A4
is placed inside a solenoid perpendicular to its
axis. If the magnetic field inside the solencid is
0.3 T. then magnetic force on the wira is
ia) 0.14 N (b} 0.24 N
tel 0.34 N id) 0.44 N

e magnetic force per unit length on a wire
carrving a current of 10 A and making an angle
of 45° with the direction of a uniform magnetic
field of 0.20 T is

(a) ziium" (b %nm-'
ic) “'—:Nm-' (d) #ZNm

43~ A circular coil of 25 turns and radius 12 em
is placed in a uniform magnetic field of 0.5 T
normal to the plane of the coil. If the current in
the coil is 6 A, then total torque acting on the coil is
{a} zero (b) 34N m

fc) 3BNm (d) 44 Nm

44 In a moving coil galvanometer, the deflection (9
on the scale by a pointer attached to the spring

1B

NA N
@ (35 ® (g5)

MNAE . [ NAE
@ (5K @ (%)

& If the current sensitivity of a galvanometer
is doubled, then its voltage sensitivity will be
{a) doubled ib) halved

{¢) unchanged (d) four times

#A long straight wire in the horizental plane
carries a current of 75 A in north to south
direction, magnitude and direction of field B al
a point 3 m east of the wire is

(gl 4= 10 B yertical up

ihy &= 10 i yertical down

ich B= 1675 T, vertical up

idy 4= 10T, vertical down

ymeter coil has a resiatance of
metre shows full scale deflection
4 mA. To convert ithe meter inda
IH 1|'|'| t-hE TEqu.rEd

A pgalvane
15 €2 and the

for a current of
a voltmeter of range 0 to

3 resistonce i8

(a) GRBH Q in series

(b} 4485 €2 in serics

{c) 5885 02 in parallel

(dy 4485 (2in parallel

48. If an electron i8 projected with uniform

velocity along the axis of a eurrent carrying long

solenoid, then

(a) the electron will be accelerated along the axis,

(b} the electron will centinue to move with
uniform velocity along the axis of the

solenoid.
e} the electro

axis.
id) the electron will experience a force at 457 to
the axis and hence executes a helical path.

49, A 90 em long solenoid has six layers of
windings of 450 turns each. If the diameter of
solenoid is 2.2 cm and eurrent carried is 8 A,
then the magnitude of field inside the solenoid,
near its centre is
(a) Bl (3

() T2r G

n path will be circular about the

ih) 60r G
id 80n G

. The magnitude of torque experienced by

a square coil of side 12 cm which consists of
25 turns and carries a current 10 A suspended
vertically and the normal to the plane of coil
makes an angle of 30° with the direction of a
uniform herizontal magnetic field of magnitude
0.9 Tis

(a) 16BN m (b} 1.2Nm

ic) 14N m (d) 1.8 Nm

A circular eeil of 20 turns and 10 cm
adius is placed in a uniform magnetic field
of 0.10 T normal to the plane of the coil. If
the current in the coil is 5 A, cross-sectional
area is 107% m® and coil is made up of copper
wire having free electron density about
10% m™, then the average force on each electron
in the coil due to magnetie field is
(a} 25x 1005 N (b) 5x 0¥ N
(e) 4x 1075 N {d) 3x10% N
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52, Aproton and an a-particle enter in a unifarm
magnetic field perpendicularly with same speed.

The ratio of time periods of hoth particles [Lv]
will be

fa) 1:2 by 1:3

ed 2:1 d) 3:1

M conductor of length 2 m CATTYING current
2 Ais held parallel to an infi nitely long conductor

carrying current of 12 A at a distance of 100 mm
the force on emall conductor is .
jal 8.6= 109N (b} 6.6 = 1075 N
) 76x10°N id) 96« 10% N

54. If a velocity has both perpendicular and
parallel components while moving through a
magnetic field, what is the path followed by a
charged particle ?

(a) Linear (b} Circular

el Helieal {d) Elliptical

?!T'The range of voltmeter of resistance 300 0
is 5 V. The resistance to be connected to convert
it into an ammeter of range 5 A is
(a) 10 inlsem'.e.s (b} 1%in parallel
e} 0.1 10 in series {d) 0.1 Q2 in parallel

Z/Eﬁ-*“'hiﬂh one of the following is correct
statement about magnetic forces?

fa) Magnetic forces always obey Newton's third
law.

Magnetic forces do not obey Newton's third
law.

For very high current, magnetic forces obey
Newton’s third law,
(d) Inside low magnetic field, magnetic forces

/ﬁj obey Newton's third law.
resi

£

(b}

{c)

If the galvanometer current is 10 mA,
stance of the galvanometer is 40 W and
shunt of 2 W is connected to the galvanometer,
the maximum current which can be measured

by this ammeter is

2 Case Based MCQs

fa) 0,21 A ih) 2.1A
gl 210A idr 21 A

. The final torque on a coil having magnetic
moment 25 A m? in a 5 T uniform external
magnetic field, if the coil rotates through an
angle of 60° under the influence of the magnetic
field is
(a) 216.5 N m (b) 108,26 N m
fc) 1025 N m id) 258.1 N m

A8, A current I is flowing through a loop. The
direction of the current and
the shape of the loop are as | A
shown in the figure. The
magnetic field at the centre

]

n
of the loop is ”‘T'gf times f
(Here, MA = R, MB = 2R, g
2DMA = 90°)
5

(a) out of the plane of the paper.

(b} 2, into the plane of the paper.

lé
(el %, out of the plane of the paper.
id) i into the plane of the paper.

v(mmring coil galvanemeter can be converted

irito an ammeter by

(a) introducing a shunt resistance of large value
in Beries.

(b) introducing a shunt resistance of small
value in parallel.

(c) introducing a resistance of small value in
series.

(d) introducing a resistance of large value in
parallel.

Case I : Read the passage given below and
answer the following questions from 61 to 65.
Ampere's Circuital Law

Amperes law gives a method to a‘:alcu]_ate Ithe
magnetic field due to given current d.i_au'l_huuun.
According to it, the cireulation r}B-;ﬂ of the
resultant magnetic field along a closed plane
curve is equal to py times the total current

I —

crossing the area bounded by the closed
curve provided the electric field inside the
loop remains constant, Ampere's law is more
useful under certain symmetrical conditions.
Consider one such case of a long straight wire
with circular cross-section (radius R) carrying
current 7 uniformly distributed across this
cross-section.
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61. The magnetic field at a radial distance from
the centre of the wire in the region r > R, 18

B Mol
3 2Rr ! TR
IR* .3
icl gty () Polr®
IRr IR

62. The magnetic ficld at a distance r in the
rogion r < R is

I 3

() (b} Hglr
a 2R

I W lr

i) |‘1_|'| id) '] =
ar = Rt

&3, A long straight wire of a circular cross.
section (radius o) carries a steady current [
and the current I is uniformly distributed
across this cross-section, Which of the following
plots represents the variation of magnitude of
magnetic field B with distance r from the centre
of the wire?

[ 3

{al

(e (d]

P !
L
L=} a =

64. A long straight wire of radius K carries
a steady current J. The current is uniformly
digtributed across its cross-section, The ratio of
magnetic field at B2 and 2R is

I

ial ! (b} 2
2

feh J td) 1
4

1 I Mows along the length of

ap] o LH 7
65. A diri el ¢urr LrnighllhiHWEdIEd p1pn,l‘.he-n

an infinitely lnng 8

« M mebir I-IE'II.[ e .
.:h: ::ni’}nrm Lhrnughmd the pipe but niot 2ero
a

C

; point in
zoro at any po pe
idy maximurm AL ihe centre and minimum at the

dges. )
{‘aa: ?IE:‘H: Read the passige given below and

answer the following questions [rom B6 to 70,

Mation of Charge in Magnetic Field

An electron with speed U <<€ moves in a Eirc!g
of radius ry in & uniform magnetic fild. This

electron is able to traverse a vircular path as

i i ular to the velocity
magnetic field 1s perpendicu .
ufﬂgt;:e electron. A force acts on the particle

i ; i, This force
ndicular to hoth vy and ﬂ._ |

E::Eluﬂnﬁly deflects the particle E]:d_E"I.I.ra:'?rg
with . its speed and the particle will
move along a circle p&rpendicular ta the field. The
time required for one revalution of the electron

is Ty

o

MM K K K ¥ ¥ OB
o= M W W W M

66. If the speed of the electron is now doubled
to 2vg. The radius of the circle will change to
(a) 4r, (b} 2ry

{c) ry (d) ry/d

67. If v, = 2v,, then the time required for one
revalution of the electron will change to

{a) 4T, (b) 27,

(e} Ty (d) Ty'2

6B. A f:hargcd particle is projected in a magnetic
field B ={2i+4;) x 10* T. The acceleration of the
particle is found to be d= {x}+2}} ms . Find
the value of x.

(W) 4aet (b) =4 m 5%
() 2me® (@) 2

69. If the given electron has a velocity not
perpendicular to B, then trajectory of the
electron is
(a] straight line
(e] helical

I:b} circular
E.d ] Eiﬁuzﬂg
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70, W Lhis elewivan of eharre ieria N T
1:.|r:||11'1 Lo vnalorm magnedie Dehl with constant,
veloeity v the Terce aeting on the eleelron i

1wl fin RN
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(nse 11T lRead the poassnpe miven bolow and
qnswer the Tollowing questions from 71 e 76,
giot-Savart Law

A magmelie feld can be produced by moving,
charpes or electric cuorrenta. The hasic sgualion
poverning the magnetie field due to n curront
distribotion is the Biot-Savart law.

Finding the magnetic field resulling from o
purrenl distribution involves the vector product,
and ts inherently a caleulus problem when the
distance from the current to the fcld point is
eontinuously changing.

According to this law, the mapgnetic field at a point
due to a current element of length 4] carrying
current I, at a distance » from the element is

g < Mo 16X

47 r""
Biot-Savart law has certain similarities as well as
difference with Caloumb's law for electrostatic field
pg., there is an angle dependence in Biot-Savart
law which is not presant in electrostatic case.

71. The direction of magnetic field a8 due to
a current element fof at a point of distance 7
from it, when a current I passes through a long
eonductor is in the direction

{a) of position vector # of the point

(b} of current element of

(¢} perpendicular to both i amd F

(d) perpendicular to af only

72, The magnetic field due to a carrent in &
straight wire segment of length L at a point
on its perpendicular bizsector at a distance r

ir==L)

1
{a] decreases as % (b] decreases as -5

rl

1
(e) decreases as —
F

{d) approaches a finite limit as r —+ =

73. Two Jong straight wires are set parallel to
each other, Each carries a current i in the same
direction and the separation between them is
2r. The intensity of the magnetic field midway
between them is -

—

(hi Apgafr
fed) ppifdr

74, A long atrnighl wire carries a current along
3:“. z-nxin for any two points in the 2 - v plane.

fny gt

(¢} wero

fhich of the fullowing ik always falac?
i1 The magnelic fields are agual.

b1 The directions of the magnetic fields are the
HALITE,

{ﬂ The magnitudes of the magnetic felds are
egual.

id1 The field al one point is opposite to that at
the olher point,

75. Biol-Savart law can bhe expressed

alternatively as

{a) Coulomb’s Law

by Ampere’s circuital law

ic) Ohm's Law

id) (Gauss's Law

Case IV : Read the passage given helow and
answer the fallowing questions from 76 to 80.

Conversion of Galvanomeder to Vollmeter
A palvanometer can be converted inte voltmetar
of given range by conneeting a suitable resistance
R, in zeries with the galvanometer, whose value
15 given by

v

R, =—-G

"rE
where V is the voltage to be measured, [ is the
eurrent for full scale deflection of galvanometer

and (3 15 the resistance of galvanometer.
(@ —
A ki,

« v >
Series resistor(R,) increases range of voltmeter
and the effective resistance of galvancometer. It
also protects the galvanometer from damage due
to large current.
Voltmeter is a high resistance instrument and it
is always connected in parallel with the circuit
element acress which potential difference is to
be measured. An ideal voltmeter has infinite
resistance,
In arder to increase the range of voltmeter n
times the value of resistance to be connected in
series with galvanometer is R, = (n - 1)G.




76. 10 mA current can passg through o
l_:“i"-' anometer of registanee 25 £, Whal pesistaner
in geries should be connected through i, se Ll
il is converted into o volimeler of 100 ¥

ta) 0LOTH O (h1 989.Th {2

el 075 L) i) HENT R L

37. There are 3 valimeter A, #, © having the
same range but their resistanee are 15,000 £,
10,000 € and 5,000 () respectively. The beal
volimeter amonget them is the one whose
resiglanee 12
tal BOMD 0
ich 15, 000 0O
78. A milliammeter of range 0 Lo 26 mA and
resistance of 10 £2 is to be converted into a
voltmeter with a range of 0 to 26 V. The resistance
that ghould be connected in series will be

tal 9300 (b) 9600

(eh 990 L3 idy 1010 £

79. To convert a moving coil ;:alvanuméter

IMCG) into a voltmeter

(a} a high resistance R is connected in parallel
with MCG

(b} a low resistance K is connected in parallel
with MCG

i) a low resistance R is connected in series
with MCG

{d} a high resistance R is connected in series
with MCG

80. The resistance of an ideal voltmeter is

{a) zero b} low

{c} high {d) infinity

Case V : Read the passage given below and
answer the following questions from 81 to 85.
Magnetic Field Due to Solenoid

A solenoid is a long coil of wire tightly wound
in the helical form. Solenoid consists of closely
stacked rings electrically insulated from each
other wrapped around a non-conducting cylinder.
Figure below shows the magnetic field lines of
a solenoid carrying a steady current I. We see
that if the turns are closely spaced, the resulting
magnetic field inside the solenoid becomes fairly
uniform, provided that the length of the solenoid
is much greater than its diameter. For an “ideal”
solenoid, which is infinitely long with turns
tightly packed, the magnetic field inside the
solenoid is uniform and parallel to the axis, and
vanishes outside the solenoid.

(bt 10, 000 £
(d) all are equally good

as BOO turns per metre
rrent of 1.6 A flows
induction at the end

81. A long solenoid h
length of solenoid. A cu
through it. The magnetic

of the solenoid on its axis 18 I
(a) 16x107"T by 8= 10— T

fc) 32x 10T (d) 4= 107°T
82. Choose the correct statement from the

following. .
(a) The magnetic field inside the solenoid is less

than that of outside.
(b} The magnetic field inside an ideal solenoid

is not at all uniform.
(¢) The magnetic field at the centre, inside an
ideal solenoid is atmost twice that at the

ends.

(d) The magnetic field at the centre, inside an
ideal solencid is almost half of that at the
ends.

g3. The magnetic field (B) inside a long

solenoid having n turns per unit length and

carrying current [ when iron core is kept in it
is (py = permeability of vacuum, y = magnetic
susceptibility)

(a) ponl(l-x) (h) pgynly

(e) pgnd® (1 +x) (d) pynl(l+y)

84. A solenoid of length [ and having n turns

carries a current [ in ﬂﬂ{i:!mkwisg direction.

The magnetic field ia

(a) pynd

il
(c) along the axis of solenoid
(d) perpendicular to the axis of eoil
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gs. The maugnitude of the magnetic field inside
a long solenoid is increased by

ia) decreasing its radius

2 Assertion & Reasoning Based MCQs

(b} decreasing the current through it
{c} increasing its area of cross-section
(d) introducing a medium of higher permeability

For question numbers 86-100, two statemeants are given-one labelled Assertion (A) and the other labelled Reason (R).
Select the comect answer to these questions from the codes (a), (b), (¢} and (d} as given below.

(a) Both A and R are true and A is the correct explanation of A

(b) Both A and R are true but R iz NOT the correc! explanation of A

fcl Ais frue bul R is false
(d) A is false and R is also false

B6. Assertion (A) : In electric circuits, wires

carrying currents in opposite directions are
often twisted together.

Heason (R) : If the wire are not twisted together,
the combination of the wires forms a current loop.
The magnetic field generated by the loop might
affect adjacent eireuits or components. .

87. Assertion (A) : When two long parallel
wires, carrying Current in the same direction,
hanging freely are connected in parallel to a
battery, they come cloger to each other.
Heason (R) : Wires carrying current in opposite
direction repel each other. . .

88. Assertion (A) : When the observation point
lies along the length of the current element,
magnetic field is zero.

Reason (R) : Magnetic field close to current
element is zero.

89. Assertion (A) : A solencid tends to expand,
when a current passes through it.

Reason (R) : Two straight parallel metallic
wires carrying current in same direction repel

each other. - T
90. Assertion (A): In a conductor, free electrons
keep on moving but no magnetic force acts on a
conductor in a magnetic field.

Reason (R) : Force on free electron due to
magnetic field always acts perpendicular to its
direction of motion. AEHERE

91. Assertion (A) ; When force is zero, the
charged particle follows linear path._ _
Reason (R) : A charged particle enters in a uniform
magnetic field, whose velocity makes an angle 8
with magmetic field will cover a linear path. - -.

92. Assertion (A) : When current iﬁ! mpre_.qented
by a straight line, the magnetic field will be eircular.
Reason (R) : According to Fleming’s left h.ar-d rule,
direction of force is parallel to the magnetic ﬁ_eJId.

P oa B

93. Assertion (A) : An electron and proton
enters a magnetic field with equal velocities,
then, the force experienced by proton will be
more than electron.

Reason (R) : The mass of proton is 1999 times
more than the mass of electron. .« :

04. Assertion (A) : Magnetic field is useful in
producing parallel beam of charged particle.
Reason (R) : Magnetic field inhibits the motion
of charged particle moving across it. -

95. Assertion (A) : When a magnetic dipole is
placed in a non uniform magnetic field, only a
torque acts on the dipole.

Reason (R) : Force would act on dipole if
magnetic field iz uniform. . -

96. Assertion (A) : Magnetic moment is
measured in joule/tesla or amp m?*.

Reason (R) : Jouleftesla is equivalent to amp m*,

97. Assertion (A) : Voltmeter is connected in
parallel with the circuit.

Reason (R) : Resistance of a voltmeter is very
large. .

98. Assertion (A) : Magnetic field lines can be
entirely confined within the core of a toroid, but
not within a straight selenoid.

Reason (R) : The magnetic field inside the
solenoid is uniform,

99, Assertion (A): An ammeter is connected in
series in the circuit.
Reason (R) : An ammeter is a high resistance
galvanometer. :

100.Assertion (A) : The magnetic field intensity
at the centre of a circular coil carrving current
changes, if the current through the coil is
doubled.

Reason (R) : The magnetic field intensity is
dependent on current in conductor. -
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1. (¢} : Both points are correct and these are the fesill af

expenments done by Dansh physscist Hans & hyistean Dersted
in 1820

2. (d) : In amangements {a), (b} and (d), the field at the
centre due to the currents flowing in the square frames, 1%
zero The field here in aptinn (c) due 1o the currents flowving n
and ount of the frame is non-zero

3. (c):Here fy=TmA=1x 1WA G=101L

V=15V ._;:—.@—-MEI‘-"—"
From the figure A f
™ I-

I
=l (G+8) ofr Re—-0
4 'i‘!'

Substituting the given values, we get,

=—:|'5_1'._'— _10Q=25000 =108 = 2490

%107

4 (d):As B=B_+B_+8, A1)

where 5. =Malof 5 -Malg;p _Melgy
ix R ix R dm R

h&miluung these values in equation (i) we get,

=

A= ﬂl+_,r+ir|

Here, B-E.I=l Aand B=Sem=5x%10"m

j=hx 2 x%{h}#ij

=10pgii + j+ 0T

I_.l
5. (b): R=T -G

Putting V=2V, [,=2mA=2x 1034 G=120,

Re—t —12=1000-12=938 O
2=107
6. (a):Heref =k =30AI=1m,
m=3;|=3:cm'3kg
in equilibrium position,
o B 20
in k&
e _E 107" x Ex]ﬂxlﬂxi_uﬁcm
4! g 1x 1077 210

7. (a): Formeter My Ry =005 N, =30, A =3 6= 107" m;

B, =025k =k

|
Enre dmielel M? ﬁ? 14 {1_. Hl-" - "1.l;l, lq:: 13 ¥ ”.l Fn'i‘
B, = 0501 K k
1 - ."\-Hl"|
&0, current sansitivity, I K |
I, Nyfyd:'hy _ A2 w0 A LRI 'k-l.d
P Juﬁ‘,-#, F, 1r|-u2'i;a'1hﬂlﬂ Ik
EI H
sithity, 17 = -—
amd vohage sensitaly, 17 -
by N (kR Mo Rk
il NBATIRRY - N B ARE

4;:-:" Sl } Hs-tll'r Yy Jflft p
- Iflz-cl',l""ixﬂﬁrlﬂ ]:-*I-if}
- The ratio of current sensitivity and voltzqe sensitwity of
the M, to M, 55 14:1
8 (d): As=505L A=31,
Total resistance of circuit in Senes,
Roq =Rz +F=30+ 3=5302
. Cument, | =..5_ = 0,004 A
9, (di: R= _.r:_
RII'|
Hﬁ= O£, fg= 0.03 £
_ 70x0.03
" 70+ 0.03

Here,
= (.02998 = 0.03 £2

=100, I=3.2 A,

10, @) :As B=2E,
R=10¢cm=10x10%m
;4;xtﬂ'-"x|m:ﬁl1
2wl
11. (c) : The magnetic mament is given by
m = NIA = Ninr®
=100 2.0 x 3.14 = (5 = 10792
=100x20x314x25x10%=16Am?
12. (b}
13. (¢} : For mid-air suspension, the upwaad force Fon wire

due to magnetic field B must be balanced by the force due to
gravity, then

=200=1070 T

Il'B=mg
g="E
i
Here, m=1.3kg, g=10ms= [=SA /=1m
B = I'z”"iﬂ;-,.‘”-
31 M



v i e
54, (b} : Given v= 2,88 % 107 m s

|"|']F=E|.1 s 1|::|3-I kq
s electron is @ maoving charged particle, its total energy is
contributed by kinetic energy only.

2

il i
£ o= my (298 % 10 =d0xin" 3

a“

i i
=—®9 %10
2

= r—-—_iz:?}_:;ﬂxlm:z_sxm‘ eV =25keV
15. (a 16. (d}
17. (a) : Here, m= 500 g = 0.5 kg,
j=df;f=2.3m
as F=fxf = F=[IBind
mg = NB gin 90°, 573
_me_ 5= 10

I d4xx5
18, (b) : Total initial resistaree = G+ R
= 58004 2950 0 = 30000
v
SO0 O3
If the deflection has to he reduced to 20 divisions, then curment

e ImA -3
.|r -iﬁl HIU

Let ¥ be the effective resmann:ﬁ of the arcuit,
=
3 mA

B = 90° and F = mg)
—=[5T

Current, [ = =lx107 A=1mA

IV=30000x1mA=xLx

ar :=3c-m:~¢|x-§~-45mm

Resistance to be added = (4500 ©2 - 50 Q) = 4450 02
19. (c) : Here, N= 15(;
r=12em=12x%10%m
I=2A
= T _ 2wl Tx150%2
iR 12107

=157 x 10 T=157=10*T=1576
20. (c) : Since of and r for each element of the suaight
segments are parallel, Therefore

=15Tx107* T

dixif=0
Hence, B is also zero,
e
_21. (a): F=ilffsing or sind=—p
- n-_i_=!
Sl = iixg 2
gr @=30

22, (a):Here, 1= 254 1=50cm=050m
- 100 _ a1
and m=oh = 200 m

pgrd x0T % 2 2

B=—l = . =214 10¥T
23. (b)
24, () 50 _005xS0_ 25 350 S0
T=T  F-005 495 495 o)
_ _
S_.-'! or /= m
(35107 m')

= 31.0m
W (531077 Qim)

25. {a): Here, N =190

A=15am=15% 1072 m B=d x 107°T
g oM

2R

- 4

I|,=IJ'E.!:I' 2x15=10 ::dxlﬂ i EA

My 4a=107" =90

25- {':] dﬂ_u_nlrdllil:ﬂn
e

Here, of=Ax=005m [=10Ar=Tm
sinfl = sin 90° =1,
dﬂ:]u‘%%:usnxmﬂ=s.nxur‘r
polfe?
T
Here, 1=125A A=3cm=3x10%m
x=dem=4x10"%m
o3 #:niu'?xlljt{hlﬂ'ﬂz
T AR + (4x107 2 P
28, (b): Hete, B=54 % 107°T;
r=32am=32=10"0m;
w=25MHz=25x% 10°Hz
The speed of electron oa crcular path
¥=Fr 2mu
=31 102 %2 %314 % 25x 10
= 502.4 % 10* =5.024 x 108 m s
29, (b) : The magnetic field from the centre of wire of radius
Ris given by

27. (a): B=

=5.65%107 T

E'=[E%'{i=]r r<l) = Bor
and Ee% (r=B) = 3«}

From the above descriptions, we can say that the graph (b} £ 2
correct rapresentation



i

30. (b)

; [3q1"
3. (b): b =5 M7 o v= | SF i
And By = ,'l.;.!

W M [gV _ Jlg'M

o By=—r =5 5 {Using {i}

Bair? BigR*

ar M= qu"-'- =55
M o R + B.qond ¥ arc same for the
e g:iw:n (LT ] FB.!'tilﬂﬁ-

M (R
i M:_(Rz]
32. (g} :Here,

&00
= — =10 ams (m, fe=d
T sl Feth

I=06m, r=00Im .. LI P Yy pea

Hance, we tan use long solenoid formula,
B=pgnl = 4mx107 x10° x 4= 30.24x10™
= 5024 % 107°7

33. g}
34, (a) : The number of tums per unit length for the given

torold m = &2
in,

The average raETHi of toroid

g4
28+2% g sem=285x10"m

3700
r=
131 14% 28 5x1070

Now, B = pl = dm x 1077 x 2067 = 10
= 250615.2 % 1077 T= 260 x 10727
35. (b) : The magnetic moment & given oy
|| = NIA = Ninr?
= 700 x 4 x 3.14 x (15 = 10722
— 700 x 4 x 3.14 % 15 x 15 % 107 = 56.5 Am*

36. (a)

37. (c) : Here N =100
A=9em=9%10"mand I=04A
Pl 2mx107 x100x0.4

2R 910~

Fﬂ=

= 206727 = 2067

Mow, 8=

—

1;3.1::-:[14}: 10 =0279%107° T=279x1074 T

38. (a): /=404
re 1Sci=15% 1078m

ul 21070 B0 g %5 T

B T

39, "J]': N= 70
F=Som=3x |I:I-EITI.“E||"|
E|'=1.E11’a|1dl:|=5|ﬂ“ _ . |
The counter torgue 10 prevent the coil from turning will be
equal and opposie 1o the torque acting an the coil,

+ = NIAB sin 0 = Nirr*Bsin 30°

" i
= T8 clax(sa Ty 15 %3 = 1297 Nm

=3 AMNm
40. Icl:HeTe.I1=ﬂ.ﬁ,iz=?A
d=5rm=511ﬂ‘2m,f=ﬂcm=ﬂx1ﬂ'ﬂm

= 1
potu bl 107x2xdxT g0
an o Sl

_goEs 10 N=9x 107N

41. (b): F= MBsint

Here, 6 =90°1=10A,
j=Bem=8x10%m B=03T
F=10% 8 x 1072 % 0,3 x 5in90° = 0.24 N

42, (b): /=108 6 =45, 8=02T
F=IIxh = F=IiBsinf

?- [Bsind5° = 10=x02x ;}2.= :% Nm
43. {a) : The torque acting on the coil 13 =l x Bl = mBsing
Here the circular coil is placed normal to the direction of
magnetic field thus the angle between the direction of
magnetic moment (m) and magnetic field (&) is zero.

1 = mésing = mBsin 0° =0
44. () : Since magnetic torque on the coil, t = NIAB
This torque & balanced by counter torque

ki = NIAB or g:[%}f
where k is torsional constant. It is a scalar quantity having

dimension of torque or energy Le. [MLET2,

45. (c) : Current sensitivity of galvanometer is deflection per
unit current i.e.
¢ _NAB

SR A

Similarly voltage sensitivity is deflection per unit voltage i.e.

i:(ﬂ]i_[f“‘fﬂ | li
F \k Jvy Uk Jr .- i

From (i) and {ii)

r={



Morng CﬁJI’ﬂI‘S and I'I-'i..?g':"rﬂfj;m

phtage SENSitivity = current sensitivity se ——1

s Besistanee
higw if CLrTent sensitivity is doubled, then the resistance in the
arcuit will 2150 be doubled since it jg Proportional to the length
of the wire, then voltage sensitivity

= [ 5 ourent sensitivity ) - F__
{2 = H-:gi-;lj,uqn:]

| CUFTERN SCnSitivity)x

Resistonge
Hence, voltage sensitivity will remain unchanged,

46. (<) : From ampere circuital law
Bx 2R =pol .
T Inl " = 3 =50 T

The direction of field at the given point will be vertical up
determined by the screw rule or right hand nde.
47. [b): The gahanometer can be transformed nto a
voltmeter by applying a high resistance in series. If the series
resistance i A, then total resistance in circuit = (15 + A 0
Now 154 R=F =18 _18x10° . o
I a0 4
A=4500-15 = 4485 Q)
48. (b): Let the electron (&) is projected with a unifarm
velocity (W in a uniform magnetic field 8. The magritede of
fonce o L is
| Fl==¢|#x = -evBsink
fhs 9=0, |Fl—avBsind=0

Herce the election will continue to move with a unifprm
velocty along the axis of the soleroad

49. (c) : For six Layers of windings, th
= b x 450 = 2700
Nows number of turns per unit length
”-_'."'{z 270 2
T S [
Then the field inside the solencid near the centre
E=|.I.ﬂ.||ﬂ=4‘||:.!Tﬂ_iﬂ3mjiﬁi??ﬂHT':'4T=?lﬂG
50. (&): = NiABind
Here, W= 25, /=104, 8=008T 6 =30°
Ae@=12%102x12x 108 =144 107’
=75k x4 W =00 xan30"=16Nm

= of turns

KLY

ad o ey =—
L nAd

”]. ;-HIEHVJ
51. (b): Force oneachelectron, ey 8= — /

Here | =SAB=01Tn=10%m3 A= 105wl
o, pa —E- =L A

W0 s
52. (a) : The time period of revalution of a charged particle in
a magnetic field i

5 IS N

r="_nf’
Ry
For pratan, Ma=m qo = g
y 20
fig
Mow, lor o-particle,
m, = dn g, = 2y
=2t (2 T
Bi24) B fp 2

53 (d): Here, |, = 2A, = 124
F=l00mm=01mi=2m

The force per unit length on small conductor due to long
conductor

_Ell‘?'rl"‘
dn F

Now total force on length | of smal’ conductor

Togd B d
Fopalaydhlzy W0 x2nanlI2_, o0 iortn
T i1

54. {c) : Due to perpendicular component the charged
particle will desoibe a circular path and due to parallel
component jt will move linear distance along the magnetic
field. Hence, it will follow a helical path.

55. (b): A woltmeter is a galvanometer hawving a high
resistance connected in series with it. The current through the

galvanometer is
L
F o0 o

An ammeter s a galvanometer having a low resisiangs
connected in parallel with it The shunt resistance S is
determined from

i L)
-1, G

where G = 300 0 [Given]
for 1= 5 A, we get

¥, L

L ma— =5 F=10)

(1) 60) 10D
SB. | *hi N amd reaction are instantanecus @
MNewtoat. nagrets farces ransmit with finitg
speed o



S+0

57. (a): rn[ } O00i =021 A

i
5B. (bl: 1%i= = BEl=mBsinD
Here, m = 25 A m?, 8 = 607, B= 3T
=75 x5 % sin &0°

S

o rallsx—=108215Nm
59. (d}: Magnetic field at the centre M due 1o curment
through the curved partion DA is

T

= —

. ['—3“ ].I'I.EIZI the plane of e papet
1 L
: 4mit 2 P

i

=3—:ii into the plane of the paper B

& i
c

Magnetic field at the centre M due to
current through the straight portion AB
kB, =0

(-- Point M lies on the axis of the straight portion AS)
Magnetic field at the centre M due to Current theough the
curved portion BC i

[Th n,
= — into the plane of pape
; dn(!ﬂ:}“ 2 ok ppet

= ﬁ_‘%im the plane of the paper

Magnetic field at the centre M due to curment through the
straight partion CD'is B, =0
(-~ point M lies on the aas of the straight portion COy
The resultant magnetic field at Mis
B=B8,+B+ B+ B,
B PO P L .

ER 168 ER 16K
=‘:—I’:§inmthﬂplmnfﬂnpapﬂ

60. (b): To utilise a galvanometer () as ammeter, there is
the difficulty in measurement of current due to the sensitivity
of galvanometer and also connection of galvanometer with
a very Large resistance in series that may change the value
of current in the circuit. To overcome these difficulties one
attaches a small resistance r, called shunt resistance in parallel

{

_______________

61. (a): Magnetic field due to a lang current carrying wire aLr

i
e BT
M
62. (d): Let F bethe current in region r< A
2
. I 1 » Ir
' =—MN ar I'==—
Then, I'=— (r*) =
5 netic field, B E!!f_r—ﬂl.ti_.l‘iff.
i ,B= = —
s e amRir 2mR

sic fiehd due to a kong straight wire of radius a

63. (a): Magne
" - nt distant r from the centre of the

camying cutrent [ at & po
wire is given as follows

Mo "

Bt

na’

for r<a

for r=a

B= % for F>a ¥ "
The variation of magnetic field B with distance r from the
centre of wire is shown in the figure.
64, (d): Let the magnetic fields due o a bang straight wire
of radius B carmying a steady current fat distance rfrom the
centre of the wire are
glr
InR?

1
and =i
B R

$o, the magnetic field at r= i:} is By =

_ Mol _Pol

Im(2R)  4mR
Their correspanding ratio is

L

By (uol/4mR)

65. ()

E, {For r < R)

{Forr = R)

P_nf_[ﬁ _ Bl
gt L2 ) AnR

v

R T L
qB

gB

=2

67. (0) : As, T=2200
qB

Thus, it remains same as it is independent of velocity.
68. (b): AsFLEB
Hence,a L B
A-B =0
= (xi+2j)-(2i+4])=0
+8=0 = x=—4ms?
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o

59. fc) : I the charged particle has 4 velocity  not
pe:pgnm:;ﬂa-' I R, then component of velogity along
B remains unchanged as the mation slong B will not be
affected by B

Then, the motion of the particle in 3 plane perpendicular to
i is.as before circular ane, Thereby, produring helical mation
70. (d} - The force on electron F = avBsing

4 the ebactron & moving parallel 1o B

50,0 =0"=s quBsin 0° = )

71. (€} © According to Biot-Savart's law, the magnetic
induction due t@ & current efement is given by

This is perpendicular to both oF and 7
12, (b): From Biot-savart's law,

ama il g L
41T ot z

Ty r

74. (a)

75, (b} : Biot-Savar law can be expressed alternatively as
Ampera's crcuital law.

6. id) : A gahanometer can be converted into a voltmeter

of given range by connecting a suitable high resistance & in
senies with the gatvanometer, which is given by

R=tmmGm 261000025 = 9975 0
I 1010

F1. () : An ideal valtmeter should have a very high resistance.,

78 (c) : Resistance of woltmetar =%h
X=1000-10=990g - 25%10
79, (d) : To convert a moving coll galvanometer into &
voltmeter, it is connected with a high resistance in series, The
voitmeter & connected in parallel o measure the potantial
difference. As the resistafice is high, the voltmeter Hself does
nat consurie current,
0. (d) : The resistance of an (deal voltmetar i infinity.

Hanl  (4mx 1077 ) 800 % 1.6

i, (b):A: B = 2

=8x 1077
82, {c) : Magnetic fiedd at one end of a soleroid camying

iufrent is B = "'“2—""'

Magnetic field inside the safenaid is unilarm and i qiven fry
E': = p.u I"I1|

B3. {d) : Magnetic field inside 3 bong salennid with an irn
core inside it is B =y nf

But p=upll + ) B =gl +ylnl

B4 {c) : & solencid of length [ and having n twms camias
2 current | in anticlockwise diraction, The maqgnetic field is

M. s direction will be along the s of sclennid,
85. (d)

BE. (a): 1 the wires are twisted together, they can be
madelled as a single wire carrying current in the oppasite
directions. in this model, no magnetic field is induced in the
wires which does not affect adjacent circuits.

87. (b): The wires are parallel to each ather but the direction
of current in it is in same ditection 50 they &ttract each other. If
the current in the wires is in opposite direction then wires repel
each other. When the currents are in epposite directions, the
magnetic forces are reversed and the wires repals each other.

By |
-y

Ii
1 T

88. (¢ : Since dB o sind , where 8 is angle between the
direction of the flow of current and the ine joining the
elementary portion to the observation paint which is zero in

this case, 5o the magretic field is alss zero (because sind &
equal 1o zera),

89. (d) : When current flows through a solenoid, the cuments
in the various tums of the solencid are paralle! and in the same
directian. Since the currerts flowing through paralkel wires in
the same direction lead to force of attraction between them.
the tumns of the solenoid will slso attract each other and as a
result, the solenoid tends to contract,

90. {c) : in & conductos, the average velocity of electrans is
zero. Hence no current fows theough the conductor, Hence,
ne force acts on this conductar,

91. (¢} : When charged particle erters the uniform fiald
they makes angle 8 with the field. Then its path is decided by
combined effect of two companent of velocity. woose is pasallel
to the field. Due to the parallel fieid the charge will follaw 2
linear path and due to the perpendicular component (vsing)
of the field will be circular. This results in a helical path whose
awis is paralled to the parallel component of the fleld.




92. () : When cument 1 straight, it means the current s
passing through & straight conductor, the magnetic field
produced due to cument shrough a straight conductor i
n the form of concentric circular magnetic fines of force
whose centres lie on the linear conductor and are in a plane

icular to the plane of linear conductor. it means the
magnetic field is crcular
93. (dj: The force experienced by a charge particle in 3
magnetic field is given by,

F = givx B)

which is independent of mass. As g, vand B are same for both
the electron and proton, hence both will experience same
farce.
94, (a)
g5, (d): In a non-uniform magnetic field, a torque and a net
force both act on the dipole. If magnetic field is uniform, net
farce on dipole would be zero.

96, (a) : Magnetic moment = joule = l"—l'r- = il
tesla B Flqv
_wer _ [mer?llatir
F [mrT2]

= AL? = amp m?

97, (a): A voltmeter is ahways connected in parallel. This has
a large resistance.

98. (b): Magnetic field lines can be entirely confined to the
core of a toroid because toroid has no ends. It can confine
the field within its core, A straight solenoid has two ends. If
the entire flux were confined between these ends, the fiux
throughout the cross cpefion at each end would be non-zero,

99, (c) : An ammeter ic a low resistance galvanometer, It
i« used to measure the cutrent in amperes. To measure the
current of a circuit, the ammeter is connectad in series in the
circuiit 50 that the current to be measured must pass through
it. Since, the resistance of ammeter is owy, 50 its inclusion in
ceries in the circuit does not change the resistance and hence
the main current in the cirguit.
100.(a) : The magnetic field at the centre of circular coil is
given by,

o My 2mnl

i a

So if current through coil is doubled then magnetic field is &
=28
The magnetic field also get doubled. The magnetic field is
directly proportional to the current in conductar.

©ee



Recap Notes

Mng_'rmtic dipole : A magnetic dipole
consists of two unlike poles of equal strength
and separated by a small distance, For
example a bar magnet, a compass needle
ete., are magnetic dipoles,

» Magnetic dipole moment : It is defined
as the product of strength of either pole
(m) and the magnetic length (3]} of the
magnet. It is denoted by a7,

Magnetic dipole moment = strength of

either pole magnetic length

M=m(2])

- Magnetic dipole moment 15 a vector
quantity and it is directed from south
to north pole of the magnet.

- The 31 unit of magnetic dipole moment
is AmZ

- If a magnet of moment M and pole
strength m is cut into two equal parts
along its length, then pole strength
of each part is m/2 and the magnetic
moment of each part is M/2.

- If a magnet of magnetic moment M
and pole strength m is cut into two
equal halves along perpendicular to its
length, the pole strength of each part is

m and magnetic moment of each part
is M/2.

Circular Current Loop as a Magnetic

Dipole

» Magnetic moment of circular current loop,
m=IA=InR*

» Magnetic field perpendicular to the loop,

R.E
# = Mol B (For x>R)
2x
g, <l 2m

4r 47

Magnetism and
Matter

» Magnetic field in the plane of the loop

Mg
B"L;‘i-;ll F {.‘l'}'-"'R:I
Here, x is distance from the centre of the
loop of the radius R.

¢ These expresgions are analogous to the
electric field due to short dipole.

Torque on a magnetic dipole placed in a
uniform magnetic field : When a magnetic
dipole of dipole moment A is placed in a
uniform magnetic field B it will experience
a torque and is given by

T=MNIAR gind

— T=M=x=xB or 1=MBsin

where magnetic moment, M = NIA and 8 is

the angle between Mand B,

» Torque acting on a dipole is maximum
(Tny = MB) when dipole ig perpendicular
to the field and minimum (r = 0) when
dipole is parallel or antiparallel to the
field.

*» When a dipole is placed in a uniform
magnetic field, it will experience only
torque and the net force on the dipole
13 zero while when it is placed in a non
uniform magnetic field, it will experience
both torque and net force,

Work done in rotating the magnetic
dipole in a uniform magnetic field : Work
done in rotating the magnetic dipole from 6,
to Oy with respect to uniform magnetic field
is

Also. 8 =2x 8,

4,
W= F MB sin@ o = —MH (cosB, = cos )
H|

= MB{coatl; — costl, )




» If the dipole is rotated from field direction
i.e., 8, = 0° to position B ie. By =0
W =MB (1 —cosf).
Potential energy of a magnetic dipole :
Potential energy of a magnetic dipole in a
uniform magnetic field 13
U==M B=— MBcosfl
» The potential energy of the dipole will
be minimum (= — MB) when 0 = (F, e,
the dipole is parallel to the field, and
maximum (= MB) when 8 = 180°, i.e., the
dipole is antiparallel to the field.
Magnetic Dipole Moment of a Revolving
Electron

i oLl
» Orbital current, I—thw
E
Hydrogen-like atom in
Bohr model
» Magnetic moment,
I L R
=t Im,
[ L = m,ur)
Vectoriall e B
g ¥ ly 2m,
» Gyromagnetic ratio, £L - .2..‘.'_
Py
» Bohr magneton,
)i = g h=927x] m

Bar Magnet as an Equivalent Solenoid
» Given figure is used for calculation of the
axial field of a finite solencid in order to
demonstrate its similarity to that of a bar

magnet.

) .
‘tude of the magnetic field at poin
? Eadinn tg a circular element shown in the

figure.

2
dﬂ = |-|-||-"|' l:'h-:h_‘l T

Air=af +a I
Net magnetic field

)
- —2_ Zlr= _1.-}2 o’ I'm

For a far axial point of the sgtﬁuid Le.,
r:r:u::andr::-.'x-l-[[r—x]2+d] =r

3 nl 2la*
= Llﬂﬂii I g = P'_[IE"- _3_
2r f

Magnetic moment of golenoid, m = n(2)
I (na®)
g 2m

o 4m r:']
Which iz the magnetic field due to a
bar magnet at far axial point obtained
experimentally. _
Hence a bar magnet and a solenoid
produce similar magnetic fields.

Gauss's law for magnetism : Gauss’s Ia:w

for magnetism states that the net magnetic

flux through any closed surface is zero.
&= z B-AS=0

all agea
elements

This law eatablishes that isolated magnetic
poles do not exist.

Elements of the earth’s magnetic field

» Magnetic declination : The wvertical
plane passing through the geographical
north pole and south pole at given place
is known as the geographical meridian of
that place. And a vertical plane passing
through the axis of a freely suspended
or pivoted magnet is known as magnetic
meridian. Magnetic declination at a
place iz defined as the angle between
the geographic meridian and magnetic
meridian.

» Magnetic dip or inclination : Magnetic

dip at a place is defined as the angle made
by the earth’s magnetic field with the
horizontal in the magnetic meridian. It is
denoted by &.

» Horizontal component : It is the
component of earth's magnetic field along
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the horizental direction in the magnetic

meridian, I iz denoted by By, -

- W Bisintensity of earih's total magnetic
field, then the horizontal component of
carth’s magnetic field is given hy

- The Farth always has a vertical

companent except at equator,
- In a wvertical plane at an angle A tn
magnetic meridian

By = B coss By = By cosBand B, = B,
- The Earth always has g horizontal S tanf = H;:'T= .. Sl
component except at the poles, By  BycosB  cosh
 The wvertical component of earth's o lan &

magnetic field, B,, = Bsing = . :mlﬂE baids, s
o 3 at a given place 6; an are angles o
- B= ,.Bf, +By and tang= ¢ dip in two arlf‘rtrar]rirert:ic&] planes which
B are perpendicular to each other, the true

angle of dip & is given by
cot®s = cot®5, + cot?h,

» Angle of dip § at a place ia related to its
magnetic latitude A through the relation
tan & = 2 tan A




< Multiple Choice Questions (MCQs)

1. The earth behaves as a magnet with
magnetic field pointing approximately from the
geographic

@ Morth to South (b} South to North

(e} HEast to West id) West to East

2. Magnetic moment for a solenoid and
corresponding bar magnet is

{a) equal for both {b) more for solenoid
ic) more for bar magnet (d) none of these  ~

3. The magnetic moment of electron due to
orbital motion is proportional to (n = principle
quantum number)

@) = 52 (e) n®
n

- d) n

Fr [

4. A solenoid of eross-sectional area 2 x 107* m®
and 900 turns has 0.6 A m® magnetic moment.
Then the current flowing through it is

{a) 2.24 A (h) 234 mA

(c) 3.33A (d} 333 mA

5. The strength of the earth’s magnetic field is
{a) constant everywhere

(b) zero everywhere

(e} having very high value

(d}) vary from place to place on the earth surface

6. The equatorial magnetic field of earth is
0.4 G. Then its dipole moment on equator is
(a) 1.05%x108 Am?  (b) 2.05x 10" Am’
© 1.05x10%Am?  (d) 2.05x 10" Am?

7. In the magnetic meridian of a certain place
the horizontal component of earth’s magnetic

field is 0.25 G and dip angle is 60°. The magnetic.

field of the earth at this location is
{a) 0.50G (b) 0.52G (c}) 054G (d) 0.56 G

8. Acircular coil of radius 10 em and 100 turns
carries a current 1 A, What is the magnetic
moment of the coil 7

{a) 3.142 A m? (b) 5.142 x 10* Am®
(e} 3Am® (d) 10* A m®

9. Which of the following is correct about magnetic
monopole?

{a) Magnetic mono pole exist.

Magnetic monopole does not exist.
Magnetic monopole have constant value of

monopole momentum.
The monopole momentum 1Ncrease due to

incrense at its distance from the field.

10. A current loop in a magnetie field

{a) can be in equilibrium in two orientations,
bath the equilibrium states are unstahle.
pan bhe in equilibrium in two prientations,
one stable while the other is unstahle.
experiences a torque whether the field is
uniform or non uniform in all orientations.
(d) can be in equilibrium in one prientation.

11. Relation between magnetic moment and
angular velocity is

(a) M= w (b} M = o’

(e} M=a {d) None of these

12. A-planar coil having 12 turns carries 15 A
current. The coil is oriented with respect to the

uniform magnetic field B =02iT such that its

directed area is A =-0.04:i m*. The potential

energy of the coil in the given crientation is
(a} O (b) +0.72 J (e) +1.44 J (d) -1l.44J

13. Point out the correct direction of magnetic
field in the given hgures.

3

(a) | (b)
%i!@

(bl
()

id}

(b)

)

(el (d)

14. The graph of magnetic
- I'n moment
revolving electron around the nucleus ﬁef‘;ui

principal quantum number n is
(a) Straight line ib) Hyperhola
{c} Parabola (d) Circle
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15. The ratio of the magnetic dipole moment to
the angular momentum of the electron in the 19
orbit of hydrogen atom is

(a) ﬁ (b} i (el

16. An electron of charge e is orbiting in a
circular path of radiug r with a uniform speed
v. Its magnetic moment will be

evr or
{al 3 (b} evr i) 5

2m

—_—

)y I

[

(d) 2epr

17. Magnetic field at the centre of circular loop
of area A is B. The magnetic moment of the loop is

2
(a) e i iﬂ.ﬁ
. by
() BAJA (@) 2BAVA

Hym . 11.3*-_}?.'

18. The dip angle at a location in southern India
15 about 18°, Then the dip angle in Britain will be
{(a) Greater than 18° (b) Lesser than 18°
(e} equal ta 18° (d) zero

19. A 100 turn closely wound circular coil of
radius 10 em carries a current of 3.2 A. The
magnetic moment of the coil is, approximately,
(a) 5Am’ (b) 10 Am?ic) 20 Am? (d) 40Am’

20, A closely wound solenoid of 2000 turns
and area of cross-section 1.5 » 10~ m’ carries
a current of 2.0 A. It is suspended through its
centre and perpendicular to its length, allowing
it to turn in a horizontal plane in a uniform

magnetic field 5 x 107 tesla making an angle
of 30% with the axis of the solenoid. The torgue
on the solenoid will be

ia) 3x10°Nm by 1610 Nm
i¢) 1.5=x 102N m (d) 3x10'Nm

21. A closely wound solenoid of 750 turns and
area of cross section 5 x 107* m® carries a current
of 3.0 A, Its associated magnetic moment is
(a) 4.12J T (b) 3.12J T!

(e} 2.12.J 71 (d) 1.13JT!

22. A eircular eoil of 25 turns and radius of
12 cm ig placed in a uniform magnetic field of
0.5 T normal to the plane of coil. If the current
in the coil iz 5 A, then total torque experienced
by the coil is

ia) 1.5 Nmib) 256 Nmic) 3.5 N m (d} zero
23. The ratio of magnetic field and magnetic
moment at the centre of a current carrying
circular loop is x. When both the current and
radius is doubled the ratio will be

(a) = b = (c) * {d)y 2e
B 4 2

24. At certain place, the horizontal component
of earth's magnetic field is 3.0 G and the angle
dip at that place is 80°. The magnetic feld of
earth at that location

() 45G (b)5.1G (c) 365G (d) 680G

5. At a given place on earth's surface the
horizontal eomponent of earths magnetic field
is 2 x 107" T and resultant magnetic field is
4 % 10°° T. The angle of dip at this place ia

(a) 30° (b} 607 fe) 80" (d) 45°
6. The angles of dip at the poles and the equator
regpectively are

(a) 307, 60° (b) 0°, B0® (c) 45°, 90° (d) 90°, O°
21, Acurrent carrying loop is placed in a uniform
magnetic field in four different orientations as

shown in figure. Arrange them in the decreasing
order of potential energy.

et e
@ @ @ @

a) 4,2, 8,1 ib) 1,4.,2. 3
c) 4,3,2,1 (d) 1,2 3,4

28. Ajet plane is travelling west at 450 metres
per second. If the horizontal component of earths
magnetic field is 4 x 107 Tesla and angle of dip
is 30%, then the vertical component is

(a) 3= 107'T (b} 4% 107 T

fe) 283x107*T (d) 12308 x 107*T

29. The earth’'s field departs from its dipole
shape substantially at large distance {greater
than about 3000 km). The responsible factor for
this distortion is

{a) motion of ions in earth's ionosphere

(b} motion of ions in earth's atmosphere

(e} motion of ions in earth’s lithosphere

{d) motion of ions in the space.

30. If magnetic lines of force are drawn by
keeping magnet vertical, then number of neutral
points will be

(a) One  (b) Two () Three (d) Four
31. Intensity of magnetic field due to Earth at a
point inside a hollow steel-box is

(a) Less than outside (b) Same as outside
(e} More than outside (d) Zero

™~



32. A cirenlar eodl of 100 twens, radins 10 em
earrics a currenl of 5 AL 1 is suspended vertically
in a wmbform horizontal magnetic field of 0.5 T
and the Geld lines make s angle of 607 with the
plane of the coil. The magnitade of the torque
thal must be applied on il Lo prevent it from
furnimgg is

la) 293 N m i 343N m

el AHAINm d} 493N m

33. Assume the dipole model for earth's
magnedie field B which iz given by the vertical
Py 2mcosf

compoenent of magnetic field, B, -

4 r
and the horvizental component of magnetic Neld
Hp men
in r-rl
measured from magnetic equator, then the loei
of point for which dip angle is £ 45%,
ta) tan~' (3) (b) tan'(2)

e} tan~Y0.5) (dl tan (1)

34, If you made a map of magnetic field lines at
melbourne in Australia, then the magnetic field
lines seem to be

ial gointo the ground

ib} come out of the ground

i} maintain a spiral path on the surface of
earth

move on helical path above the surface of
ground

35. The horizontal and vertical components of
earth's magnetic field at a place are 0.3 G and
0.52 (3. The earth's magnetic field and the angle
of dip are

{a) 0.3Gand5=30" (b) 0.4 Gand& =40°
{c) 0.5 Gand&=50" {d) 0.6Gand?&=60°
36. At two different places the angles of dip are
respectively 30° and 45°. At these two places
the ratio of horizontal component of earth's
magnetic field is

() J3:4Z (b) 1:42 (0 1:2  (d) 1:43
37. The magnetic lines of force relevant to

By = . where 0 = 80° - latitude as

id)

horizontal component of Barth’s magnetic fizld -

will be

fa} Circular
ie) Convergent
fd) Horizontal and parallel

38. A compass needle which is allowed to move
in a horizontal plane is taken to a geomagnetic”
pole. It

(b) Elliptical

pod i nt
ind will hecome rigid showing no movatme

(h) will atay in any positien _ !
(e} will stay in north-gouth direction aniy

telt will stay in enst-west direction only

39. A line passing through places having zern
value of magnetic dip is called L

{n} Isoclinic line ihi J"lﬂ*l'!r'll.r.h-nl'!

{el Isogonic line id) -"itllﬂlrilnﬂ-l

40. The angle which the total magnetic f"ml_d
of earth makes with the surface of the earth iz

ealled _ o
in) declination {h) magnetic meridian

(c) geographic meridian (d) inclination

41. Which of the following ia reaponsible for the
sarth’s magnetic lield? .

{a) Convective currents in earth’s core.

{b) Diversive current in parth’s core.

{e) Rotational motion of earth.

(d) Translational motion of earth.

42. If the horizontal component of the earth’s

magnetic field is 0.30 G, and the dip angle is 60°
at a given place, then the value of earth’s total

magnetic field is
{a) 0.156G b 0.1543 G

e} 0.16v2 G (d) 0.60G

43. Choose the correct figure showing the
direction of lines of magnetic induction due to a
bar magnet,

Ko P YNy ¥
(a) irs ) Ay | (| <1y
b & 2 2
o |
() ALy (@ |||y
RN

44. Which of the lollowing statements is not
correct about the magnetic field?

(a} The magnetic lines form a closed loop.

(b} Inside the magnet, the magnetic lines go
from north to south pole of the magnet.
Magnetic lines of force do not intersect sach
other,

Tangents to the magnetic lines of force give
the direction of the magnetic field.

(e}

(d)
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45. Acircular coil of magnetic moment 0,355 J T-!
rests with its plane normal to an external field
of magnitude 5.0 x 1072 T. The coil iz free to
turn about an axis in itz plane perpendicular
to the field direction. When the coil is turned
slightly and released, it oscillates about its
stable equilibrium with a frequency of 2 He.
The moment of inertia of the coil about its axis
of rotation is

(@) L13% 107 kgm® (b} 1.18 x 10~ kg m®
(€ 113x107%kgm?® (d) 1.13% 10" * kg m?

46. By =4 =10 T and By = 2 x 1075 T, then
the Earth's total field at the place is (in T)

(a) 6x 107 T (b) 245 x10°°T

(c} 4x10°T (d) 3x10°°T

47. A magnetic dipole is under the influence

of two magnetic fields, The angle between the—

field directions is 60" and one of the fields has a
magnitude of 1.2 x 102 T If the dipole comes to
stable equilibrium at an angle of 30° with this
field, then the magnitude of the field is

{a) 1.2x1074T (b) 2.4x 102 T

(e) 12x1027T (d) 24x10°%T

4 A vector needs three quantities for its
specification. Which of the following independent

quantities is not used to specify the earth’s

magnetic field?

{a) Magnetic declination (8).

(b} Magnetic dip (8). -

(e} Horizontal component of earth's field (B,

(d) Vertical component of earth's field (By) -

49, A dip cirele is at right angles to the magnetic

meridian. The apparent dip will be

{a} 07 (b) 30° (] &0° 1d) H°

2. The angle of dip at a certain place on earth

is 60° and the magnitude of earth’s horizontal
~. component of magnetic field is 0.26 G. The

- magnetic field at the place on earth is
fa) 013G (b) 0.26 G (c) 062G (d) 065G

3111 p, and p, denote magnetic momentum of
electron and proton, then |

(a) p, >> (b) p, <<

(e) Ll: = prp (d) w, = Ulfp

52. The angle which the total magnetic field
of earth makes with the surface of the earth is
called =

fa) declination

(b} magnetic meridian

(} geographic meridian *
id) inclination

53. Angle beitween magnetic meridian and
geographical meridian iz called

(a) angle of dip

(b} angle of declination

(¢l angle of depression

(d) both (a) and (b}

547 A dip needle in a plane perpendicular to
magnetic meridian will remain

(a) Vertical

(b} Horizontal

(e} In any direction

{d} At an angle of dip to the horizontal

_55 Ifa magnet is suspended at angle 307 to the

magnetic meridian, it makes an angle of 45°
With the horizontal, The real dip in
o r{3)

owlfl] o3

) ta
%@A magnetised thin rod of length L and
agnetic moment M is bent in the form of a

semicircle. [ts new magnetic moment will be
(a) M {b) 2M/e  (c) M/n (d}y Mn

57. The lines joining the places of the same
horizental intensity are known as

{a) Isogomic lines (b} Agonic line

{e) Isoclinic lines (d) Tsodynamic lines.

¥
fh.b}an‘t J3

5. Hatio between total intensity of magnetic
eld at equator to poles is

(a) 1:1 (b)1:2 (e} 2:1 (d) 1:4

39. Amagnetic field of Earth can be modelled by

that of a point dipole placed at the centre of the

Earth. The dipole axis makes an angle of 11.3°

with the axis of Earth, At Mumbai, declination

is mearly zero. Then,

{a) the declination varies between 11.5° W to 11L.5°E,

{b} the least declination is 0°.

(¢} the plane defined by dipole axis and Earth
axis passes through Greenwich.

(d) declination averaged over Earth must be
always negative.

6. Amnt Eﬂ]’l‘]ﬁﬁg !_ﬂ-np ‘Iﬂaggd ina Tllﬁi;neti.c
field behaves like a
(a) Magnetic dipole
(c) Magnetic pole

{b) Magneticsubstance
(d) All are true



@ Case Based MCQs

Case 1 : Read the passage given below and
answer the following questions from 61 to G5.

Elements of the Earth's Magnelic Field

The earth's magnetic field at a point on its surface
is usually characterised by three quanfities :
(a) declination (b) inclination or dip and (c)
horizontal component of the field. These are
known as the elements of the earth’s magnetic
field. At a place, angle between geographic
meridian and magnetic meridian is defined as
magnetic declination, whereas angle made by
the earth’s magnetic field with the horizontal in
magnetic meridian is known as magnetic dip.

Cogra b eskdian
§1. In a certain place, the horizontal component

times the wertical

of magnetic field is

J3
component. The angle of dip at this place is
{a) zero  (b) w3 {c) w2 id) n'6

62. The angle between the true geographic
north and the north shown by a compass needle
is called as

{a) inclination _

ib) magnetic declination

fc} angle of meridian

id) magnetic pole.

63. The angles of dip at the poles and the equator
respectively are

{a) 30° 80°(b) 0°, 90° (c) 45°, 80° (d) 90°, 0°
§4. A compass needle which is.allowed to move
in a horizontal plane is taken to a geomagnetic
pole. It : e oale
{a) will become rigid showing no movement
ih) will stay in any pesition

fe) will stay in north-seuth direction anly

td) will stay in east-west direction only.

§5. Select the correct statement from the following.
(a) The magnetic dipis zero at the centre of the earth.
{b) Magnetic dip decreases as we move away

from the equator towards the magnetic pole.
fe) Magnetic dip increases as we move away

from the equator towards the magnetic pole.
td) Magmetic dip does not vary from place to place.

Case Il : Read the passage given helow and
answer the following questions from B to T0.
Torque on a Rectangular Loop Placed in Uniform
Magnetic Field

When a rectangular loop PRRS of sides 'a’ and b
carrying current [ is placed in pnifarm magnetic
field B, such that area vector 4 makes an angle
g with direction of magnetic field, then forces on
the arms QR and SP of i

loop are equal, opposite and 4 1 "

collinear, thereby perfectly ]‘_ R

cancel each other, whereas b ig TR

forces on the arms PQ and T

RS of loop are equal and ] .
i i R

opposite but not collinear, so %5

they give rise to torque on
the loop.

Force on side P or RS of F
loop is F' = IbB sin H0° =lb B
and perpendicular distance
between two non-collinear
forces isr, =a sIn g

So, torgue on the loop, T = IAB sin 8
In vector form torque, ©= M x B
where M = NIA iscalled magnetic dipole moment
of current loop and is directed in direction of area
vector A ie., normal to the plane of loop.

2

)

i
|':t..--n-———a.-a;—-— K
r = d sinf

66, A circular loop of area 1 em®, carrying a
current of 10 A is placed in a magnetic field of
0.1 T perpendicular to the plane of the loop. The
torque on the loop due to the magnetic field is
(a) zero by 10°*N R
(c) 10°*Nm (d) I1Nm

67. Relation between magnetic moment and
angular velocity is
(a) Meew

ic) M= ./a

68. A current loop in a magnetic field
(a) can be in eqguilibriom in two orientations
both the equilibrium states are unstable 1
{b) can be in equilibrium in two orientations
one stabhle while the other iz unstable i
ex?erienmﬂ a torque whether the field is
uniform or non uniform in all orientations
can be in equilibrium in one srientation.

(b) M = w?
{d) none of these

(ol

(d)
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69. The magnetic moment of a current [ carrying

circular coil of radius r and number of turng N
VATIES a8

1
(a) - {h) 3 (e) r (d) =

F
70. Amta?gular coil earrying current is placed
in a non-uniform magnetic field. On that coil the
total
{a) force is non-zero

(c) torgue is zero

(b} force iz zero
(d) none of thease

Case Il : Read the passage given below and
answer the following questions from 71 to 75

Earth's Magnetic Field

The magnetic field lines of the earth resemble
that of a hypothetical magnetic dipole located
at the centre of the earth. The axis of the dipole
is presently tilied by approximately 11.3% with
respect to the axis of rotation of the earth.

o TR

Magnetic equator

5, "\
The pole near the geographic North pole of the
earth is called the Morth magnetic pole and the
pole near the geographic South pole is called
South magnetic pole.

71. The strength of the earth's magnetic field

varies from place to place on the earth’s surface,
its value being of the order of

(a) 10°T (b) 10°T (c) 10°°T (d) 10°T
72. A bar magnet is placed North-South with
its North-pole due North. The points of zero
magnetic field will be in which direction from
centre of magnet?

(a) North-South (b) East-West

(¢) North-East and South-West

id) None of these.

73. The value of angle of dip is zero at the
magnetic equator because on it

(a) V and H are equal

(b} the values of V and H zero

(e) the value of V is zero

(d) the value of H is zero.

74. The angle of dip at a certain place, where
the horizontal and vertical components of the

earth’s magnetic field are equal, is
{a) 30° {b} 90° {c} 60" {d) 457

75. At a place, angle of dip is 30°. If horizontal
component of earth’s magnetic field is H, then
the total intensity of magnetic field will be

B w2 oy E () 2H

a) 2 e
(a) N
Case IV : Read the passage given below and
angwer the following questions from T8 to 80,
Gauss's Law for Magnetism

By analogy to Gausss law of electrostatics,
we can write Gauss’s law of magnetism as
QEJEH:E = Uit eide Where 1#-3‘- d§ is the magnetic
flux and m,_ ;. is the net pole strength inside the
closed surface.

We do not have an isolated magnetic pole in
nature. At least none has been found to exist Lill
date. The gmallest unit of the source of magnetic
field is a magnetic dipole where the net magnetie
pole is zero. Hence, the net magnetic pole
enclosed by any closed surlace {5 abwayszero-
Correspondingly, the flux of the magnetic field
through any closed surface is zero.

N

] P

e
76. Congider the two idealised systems
(1) a parallel plate capacitor with large plates
and small separation and
(ii) a long solenocid of length L »> R, radius of
Ccross-gection,
In (i) E is ideally treated as a constant between
plates and zero outside. In (ii) magnetic field is
constant inside the solenoid and zero outside,
Theee idealised assumptions, however, contradict
fundamental laws as below
{a) case(i)contradicts Gauss’s law for electrostatic
fields.

(b) case (ii) contradicts Gauss's law for magnetic
fialds.

(e} case (i) agrees with @E dl=0.

(d) case (ii} contradicts § 7 -di=1,, .

77. The net magnetic flux through any closed
surface, kept in a magnetie field is

o

L
b} — 4 di
(a) zero  (b) pe (c) 4mp,



T8. Aclozed surface S encloses a magnetic dipole
of magnetic moment 2ml. The magnetic flux
emerging from the surface 13

(k¥ zero

2m
i) I
79. Which of the following i2 not a conseguence
of Gauss's law?
{a) The magnetic poles always exist as unlike
pairs of equal strength.
ib) If several magnetic lines of force enter in

Lart g () Zu,m

@ Assertion & Reasoning Based MCQs

For question numbers 81-95, two statements are given-one labelied Assertion (A) and the other labelle

a closed surface, then an equal "_"'-‘"‘h"'"r of
lines of force must leave that surface.

{e) There are abundant sources or 8inks of the
magnetic field inside a closed surface.

id} Isolated magnetic poles do not exist.

80. The surface integral of a magnetic field over

a surface

{a} is proportional to mass enclosed

{b} iz proportional to charge enclosed

() is zero »
(d) equal toits magnetic flux through that surface.

d Reason {R}.

Salect the correct answer to these questions from the codss (a), (bl (c) and (d) as given hehow,
fa} Both A and R are true and A is the comect explanation of A
ik} Both A and R are true but B is NOT the comact explanabion of A

fe) Ais trug but A is false
{dl A s false snd R is also false

81. Assertion (A) : Magnetic moment of an
atom is due to both, the orbital motion and spin
motion of every electron,

Reason (R) : A charged particle produces a
magnetic field.

82. Assertion (A) : The earth’s magnetic field
is due to 1ron present in its core.

Heason (R) : At a low temperature magnet
losses its magnetic property or magnetism.

B3. Assertion (A) : The ends of a magnet
suspended freely point out always along north
gouth.

Reason (R) : Earth behaves as a huge magnet.
84. Assertion {A) : A compass needle when

placed on the magnetic north pole of the earth
rotates in vertical direction.

Reason (R) : The earth has only horizontal
component of its magnetic field at the north poles.
85. Assertion (A) : At neutral point, a compass
needle point out in any arbitrary direction.
Reason (R) : Magnetic field of earth is halanced
by field due to magnets at the nentral points.

86, Assertion (A) : Magnetic moment 1s
measured in joule/tesla or amp m®,

Reason (R) : Joule/tesla is equivalent to amp m*,
87. Assertion (A) : Earth's magnetic field
does not affect the working of a meving coil
galvanometer.

Reason (R) : The carth's magnetic field 12 quite
weak as compared to magnetic field produced in
the moving coil galvanometer.

BB, Assertion (A): Aclinic lines on the magnetic
map represents lines of equal dip.

Reason (R) : When the horizontal and vertical
companents of the earth's magnetic field are
equal, the angle of dip 18 B0~

89. Assertion (A) : The true geographic north
direction is found by using a compass needle.
Reason (R) : The magnetic meridian of the
earth is along the axizs of rotation of the earth.

90. Assertion (A) : There is only one neuatral
points on a horizontal board when a magnet is
held vertically on the board.

Reason (R) : At the neutral point the net

magnetic field due to the magnet and magnetic
field of the earth is zero.

9. Assertion (A) : When radius of a circular
loop carrying current is doubled, its magnetic
moment becomes four times,

Reason (R) : Magnetic moment depends on
area of the loop.

92. Assertion (A) : A planar circular loop of
area A and carrying current [ s equivalent to
magnetic dipole of dipole moment M = A,
Fh:tlmnu (R) : At large distances, magnetic field
of circular loop and magnetic dipole is same.
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83, Assertion (A): The magnetic poles of earth
do not coincide with the Feographic poles.
Reason (R) : The digscrepancy between the
orientation of a compass and true north-sout h
direction is known as magnetic declination,

94. Assertion (A) : The magnetic field lines
of the earth resemble that of 5 magnetic dipole

located at the centre of the earth.

Reason (R) : The axis of the dipole coincide with
the axiz of rotation of the earth.

95. Assertion (A) : Gausss law of magnetiam
i% different from that for electrostatics.
Reason (R) : Izolated magnetic poles are not
known to exist.

¥ ANSWERS

1. (b)

2. (a): Since a bar magnet and a cormesponding solenoid
produce similar magnetic fields, Hence the magnetic moment
of 2 bar magnet is equal to the magnetic moment of an
equivalent solenoid that produces the same ragnetic figdd.

3. (d): The magnetic moment of electran is Af = -j-r—xa'

iy

where | = angular momentum = :—:;  Mep
4. (¢): Herel, N = 300 twrns, A= 2 % 10~ m?,
m,=06Am
The magnetic moment of solenaid
m_! = N4
The current flowing through the solencid is

] .6
ot = 33

NA X2 A

3. {d): The strength of the earth’s magnetic field is not
constant. It varies from one place to other place an the
surface of earth. Its value being of the ceder of 107 T

6. (a): Here, B =04G=04x%107T

Fr=64%10m
As Be=Ham
e’
m=lBt
TR s
—4 (7%
= 04 =10 I[E.ﬂxlﬂ } = 1.05 % H:I:]A mzl
10
7. (a):Here, He = 0.25 G and & = 60°
He
maﬂs—
The magﬁe!k field of earth at the given location is
H 0.25
E " ensh0e 12

8. (a): Here radius, r=10cm=10% 10" m

Number of tums, N = 100

Current, =1 A

Area of the coill A= ar

Magnetic moment of the coil, M
=10 x 1 x3142x{10x1

= NIA = Ninr®
oA m = 1142 Am?

9. (b}

10. (b): When a current loop is placed in a magnetic field
It experiences a torque. It s given by T= M= B

where M s the magnetic moment of the loop and & is

the magnetic fisld,
of T = MB sin 8 where 8 is angle between M and 8

When M and B are parallel (Le. B = D7) the equilibrium
is stable and when they are antiparallel (ie. B = =) the
equilibrium is unstable.

11. {E]:MEIEIIHHH: moment, M = [4 = !ﬂﬂ] = %“Ml
I o gur
' S 2
12. (c) :Here, B=02iT;/=15A N=12

As W o Mem

A=-0.04i m?
Magnatic moment of the coil

M ow NI = (120015 A)(-0.04¢ m¥) = =7.21 A m?
The potential energy of the coil in the given orientation is

Us M -B==(-72i Am*){02i T)=+144 |
13. (d): The magnetic field lines due to a bar magnet ane
closed continuous curves directed from N 1o § outside the
magnet and directed from S to N inside the magnet. Hence
option (d} is correct.

i e el .
14, {a}.f__ﬂ,ua-:;—,--

u-ﬂ-‘"“t'—

2 Anm
Clearly p versus n graph will be a straight line.

15. {a} : Magnetic dipole moment of the electron in the 1%
eh

TR

orbit is Af = —— i)
Amtm
Anguiar momentum of the electron in the 1 orbit is
L= 2 .- {i)
ix

cal - M ¢ 2n ¢
Divide (i) by (i)}, we get, &5 2 =X _ ¢
gE L dmm % b 2

16. (a) : An orbiting electron behaves as a current loop,

The current due o motion of electron is
i 'y s

= — jp—

Iy

T (2nriv)



Area of the loop, A - ar

Magnetic mameni A : Tr
n 2

17. (d): L1 ¢ he the radies of the crcalar loop

A ;'|;.l‘:' - J.-'I
n

Magnetic field at the centre of the loog 15

Irl! = I-L“f - F:”J 1 I EHVI"1
2 EJ,J py Yo
I

The magnetic moment of the loap is
2 4, 2844
.ﬁ'F:F.-d: n —-ﬂ:_ e

Hp Y& |'.£|-J~.|';l

18. (a) : As Britain is located close to North pole hence digp
angle in Britain is greater and |1s approsimate walue is & = T0*.
19, {b): Here, N = 100

r=10cm=10x102m=0.1m =324
Magnetic moment of the call,

M= N4 = 100 % 3.2 = o

—100x 3.2x 304 % (01 =10Am
20. (c) : Magnetic moment of the loop
M=NA=2000x2x%15%107% =061

Torque T = MBsin30° = 0.6 5 x 107" x-;-

=15x 107N m
21. (d): Here, n= 750 tums, A=5x 104mi, =34
Then, magnetic moment
m= A= 750 % 3 x 5x 1074 = 11250 x 107
= 1.125 1 7" along the axis of solenoid.
22. (d): Here, n= 25 tums, r=12 cm, B=05T
Since the coil is placed in uniform magnetic field normal to
the plane of the coil.
Hence the angle between magnetic mament and magnetic
field direction is zero (ie. B = 0¥)
T = mBsing = mBsind® = t1=10
23. (a) : Magnetic field at the centre of a circular loop of
radius A carrying current [ is
poa2nl _hof
4xR IR
Its magnetic moment is M = 14 = KnR)

=
M IR jmR? 2R’
When both, the current and radius, are doubled, the ratio

|Given]

=X

becomes 5 = P =1[ Lal J=:‘I
M kY Blamp') 8
24. (c) : Given By = Beos 8= 3G, 6 = 30°

3
w2JI=3.50
Jii2 !

ﬂ F_&L =
cos 3

i raiy

25, {h): e By )
p L

e, H 4 10 . I EII'
L B= By i : rags B
EL A H 4. 1‘.' i 3
= § = 60"

i at & plisce is defined a5 the angl

; [ intaraiiy o b miangnene
' b fs the direction of total infenzity | fa-arr_
HE-HI; rlzgk: with a hoizental [ing in magneti merdian,
At pakes B = By and By= Beind . sing=1=0= gu
At equator B = By and By = Brosh o tosh=1=20=0"
27. (b): Potential ENETgY, Y =—M B =-MB cosé
{1} U=- MBros 180" = MB
12 U = - MBeos90® = 0
(3} U=~ MBcosi
(4) U=+ MBrost

=) &

28. (c - Given, H=4 % 10 T 6=30
As 1}=}Htam'i =4 10 xtan 30° = 2.3 X 1070

29, {a): Due to motion of ions in earth’s ionosphere, the
earth's magnetic field gets modified.

30. {a): At neutral point, magnetic field due to magnet
is equal and oppasite (o magnetic field due to Earth. One
neytral point will be ohtained when a magnet is held vertical,
31. (d) : Intensity of magnetic field inside a steel box is Zero.
Mo magnetic lines of force pass through the box.

32. (¢} : Here, N =100, r= 10 cm = 010m, =54
B=05T,

f = 90° - 60° = 30°

Area of the coll, A= e = 3,14 x (0.1)}

26, {d): Sinew angle il

1 = NiBAzing
= 100%5%05x 314 % (017 xsin30°=393 1 Nm
: _ Mg Im cosB
33. (b) :Here, By ol
a =&msinﬂ =i
Ian::'i.=i
EH
Hence, tan 45°= E_E'ns_ﬂ=gmm
sin @
[=—I— = tanfB=7
Lan & -

or § = tan™'(2) is the loci of points.

3';‘ (b): As Melhourne s situated in southern hemisphere
where narth pole of earth's magnetic field lies therefore
magnetic lines of force seem to come out of the ground.

35. {d}: HEfE. BH= {'_3 G . Eb. = ﬂ.SE G
The earth’s magnetic field

B=Jat .5 TR S
Big o+ B = 1038 +(0.525° = JO.09+ 02704

= V0L3604 = 0.6
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and angle of dip tan§ = i

ik

=28 =1.734
S ) w03 T
8=tan"'(1.734) = o=

36. (a): Horizantal tomponent, B, = B o5l
By, = B,eos30° and JEIJ1I4 = Bgnsdse
) i
Thus, igmﬁlﬂ“ =i=\.'li
By, cosas® 1 T 5
J2

37. (d): Horizontal component is a uniform i figld. 1
magnetic field. it
ts represented by horizontal and parallel magnetic lines of fares.
38, {.h': [ compass needle which is allowed o move in
a hmlrumtal pane is taken 1o 2 geamagnetic pole. It will
533y in any position as the harizontal component of earth's
magnetic field becomes zerq at the geomagnetic pole,

39, (d): Aclinic line Jains places of zerg angle of dip,

40. (d): The angle which the 1ota| magnetic field of the

earth makes with the surface of the easth is called inclination
or angle of dip,

41. (a) : Theearth's core is hot and metten, Hence, convective
Curtent in earth's core is respansibde for it's magnetic field,
42 (d): B, =0300G 5= 60°

Let earth's total magnetic field = B

Then, Reoss = 8,

By 030
. R‘mﬁ % ©og B

43. {c) : Lines of magnetic induction 8 are continuaus
curves which run continuously thraugh the bar and out
side from south to north pale. Hence figure {c} is a correct
representation,

44, (b): The direction of magnetic line of force of a bar
magnet from south to north pole inside the magnet and
from nonh to south outside the magnet.

=060 G

45, [d]:HEre.zH=ﬂ.355H“
B=50x10°T
=2 Hz

ool ME . po 1M
mT |

_ MB 0.355x5x107F 1775107
Camhy' Ax(314FxE 15175
=113 107 kg m?

= [

46. (b): Given : By =4 1057, B, = 2 1057
The total warth’s magnetic field 8 at the given place is
B= B v 1}

={ 41+25:x]ﬂ“"T:JiExln"‘Talﬁﬂrﬁ'jT
47. (c): Here, @ =60 B, = 1.2 x 10727

0y = 30° and B, = 60° - 307 = 30°

in stable equilibrium, torques due to two fields must be
batanced

f.!. TI e TI E}
= MB, sin 8, = MB, sing,

or 8 =53 L F
sind, 5

s!n £ =8,

sin3QF

=12xi0?y

48. (d): Verical companent of earth's field (B,) is not used

1o spedify the earth’s magnetic field.

48. (d): The apparent dip is 90° when 3 dip circle is at

night angles to magnetic meridian.

S0. (¢} : Horizantal component of the earth’s magnetic field,

Angle of dip, § = 80°
cosd= —if"- where By is the magnetic field of the earth
E

il By =D.EEG=G.IEG=

=E2

cosB "~ cos6® (11 3) .52 G
51. (a): Singe

e and p, = e
o Im, g

m
then the ratin 22 = Mo
o
. My<<m,
0 Mg, = p,moap
sZ. (d): The angle which the total magnetic field of the

earth makes with the surface of the earth is called inclination
or angle of dip.

53. (b): Anglehenwenmmni:mtridianmdgengrammal

meridian is known a5 angle of declination of magnetic
declination.

54. (a):In a plane perpendicular to magnetic meridian, a
digf needle remaing vertical, Angle of dip is a0®,

55. (a):tan B = ;& where & denotes real dip.

L]
Let ¢ denote apparent dip,
@ = Angle with magnetic meridian



B, B, 28,

fanp= =L —=- — = F
B, wcos B, wros30” B, w3

=% fan 45° = i- tan B =0 = Ean"i?’—ﬂ]
E 2

56. (b): Crcumference
=2nH,
Semi-circumtrence = w A

Lanl s nek
n

Lm =wm
57. (d): Isodynamic lines join places of same harizontal
imensity of Earth’s magnetic field.
S8. (a): Total intensity of Earth’s magnetic field does not
change from place to place. It is same a1 equator as 21 poles.
I
Ratio = —= :
[ SR |

v

SOASP,

Since the axis of the magnetic dipole placed at the centre
of sarth makes an angle of 11.3% with the axis of eanh, the
two possibilities arise as shown in above figure. Hence, the
declination varies between 11.3°Wto 11.3% E.

B0. (a): A curent carrying loop, placed in a magnetic fiald
behaves llke a magnetic dipole. The magnetic field acts along
the axis of the coil.

61. (b):tanb = gl and B, =%§

H
- tanB=43 e, E=§

62. (b): The angle between the true geographic north and
the north shown by a compass needle is called as magnefic
dedination or simply declination.

63. (d): Since angle of dip at a place is defined as the angle
&, which is the direction of total intensity of earth's magnetic
field B makes with a horizonta line in magnetic meridian,
At poles B = By and By = Bsind - sind = 1= & =190

a1 equatar B~ By and B, = B cosh
. qosfis | =6 = 0°
§4. (a): A compass naedle which 15 allowed to meve in

5 horizontal plane is raken 1o a geomagnetic pale. It will
stay in any position 85 the horizontal companent of earth’s

magnetic fiekd becomes ZE70 at the geomagneric pole

65, (¢) : A1 equalor, f=0"

At poles, & = 907

- B Increases as we MOVE from equator towards polas,
66. (a): Torque on a current carrying loop in magnetic field,

r = (BA sin B )
Here 1= 10A, B=0.1T A= 1ot =10%m a=0

£ =10 % 0.1 « 10~V sin0® =0

67. (a): Magnetic moment, M= A = kn®) =% x P

-

e —

asw= X o M= or Moo

68. (b): When a current loop is placed in @ magnetic field

it expenences a oTgue. It is given by
i=MxB )
where Af is the magnetic moment of the loop and B is

the magnetic field.
ar T = MB sin B where 8 is angle between Mand B

When if and B are paraliel {ig. 8 = 0°) the equilibium
is stable and when they are antiparallel {(fe. 8 = m) the
equilibrium s unstable.

69, {%} : Magnetic moment, M = NIA = NI nr ia,

Mo r

T0. (a) 71. {g) 72. (b)

73. (c) : At equator vertical component of magnetic fields
1% T,

74. (d): Given:V=H

5 tmE.—-%:] or & =457

75. (b)

76. (b): According 1o Gauss's law in magnetism .j;j; .d5 =,
which implies that number of magnetic field lines entering
t_he G_aussm\ ?urface is equal 1o the number of magnetic
field lines leaving it. Therefore, case (ii) is not pessible.

77. (a) : The net magnetic flux through a closed surface will

be zero, ie, ¢ 8 -d § =0 because there are T
maonopoles. @ =

78, (b}
19, (c) : Gauss's law Indicates that there are no sources of

sinks of the magnetic field inside a dosed surface, in other
words, there are no free magnetic charges.

B0. (d) £ The surface integral of a magnetic field over 3
surface gives magnetic flux through that surface.



Magnensm and Matter

81. () : In an atom, electrans rey

and as such the tircular arbits of electrans may be considered
a5 the small current loops. In addition 1o arbital motion, an
electron has gat spin motion also. Sg the total magnetic

moment of electron is the vector sum of it magnetic maments
due to orbitzl and spin motion,

B2. (d): The temperature inside the eath is o hiigh that 1t is
impassibe foe iron core to behave 25 magnet and acl as a
source o magnetic field. The magnetic field of earth it considered
to be due 1 circulating electic curent iy the iron (in molen
statel and cther conducting materials inside the earh,

B3. {a): Earth's magnetic field can be represented as the
field of & huge bar magnet, If the magnet is freely suspended

its north-pale points towards Qeographic narth pole {really 5
south magret pole of earth),

B4. (d): The earth has only vertical companent of jts
miagnetic field at the magnetc poles. Since compass needle
15 andy free 1o ratate in hosizontz| plane. At north po'e the
vertical component of earth's field will exert torque an the
magnetic needle so as to align it alang its direction, As the
tomgass needle can not rotate in vertica| plans, it will rest

harizontally, when plazed on the magnetic north pole of the
earth.

olve around the nucleus

85, (a): A neutral point in the magnetic field of a bar
magnet is that point, whare the fisld dus 15 magnet is
cempletely newtralised by the horizontal tomponent of earth's
magnetic field. The net horizontal field is zero at such 3 pint.

If 2 compess needle is placed at such 2 point, it can stzy in
any position.

y [oule W W
6. (a): M e
EB. (a) : Magnetic momen i kot =
= Wy _ [ aniir)
F [MLT-2]

= A% = amp m?

BY. {a) : The field magnet usadin a mawing coil galvanometer
is very strong. The earth's magnetic field is quite weak
=5 compared Lo the magnetic field produced by the Field
magnet. Practically the coil rotates under the effect of the
strong magnetic fiekd due 1o the field magnat and the weak
megnetic field due to the earth coes not affedt the working
of the moving coil galvanometer.

B8, (d): The angle of dip is the angle betwoen the zyis af

the dip nerdle in the magnetc meridizn and the horizantal
Tirection.

R Vertical companent of the earth’s magnetc fied
Horizantal companent of the earth's magnatic fizld

t%—-wh&nﬂp =8y .@anf=1=0=45"
H

Lines joining points of zero dip are called Ackinic lines. Lines
joining points of equal dip are called isadinic lines,

B9, {d): From the compass we are able to know _thE directan
af the magnetic pales. The north of compass points towards
the magnetic south pole.

AL T, I,r'f""-"..,_ (LA :
i it qﬂ__“‘x\.'

If we know the magnetic declination at that particular place
(which is angle between gesgraphic meridian and magnetic
meridian] we can easiyy find out the true geographic narth-
south direction

Imaginary lines drawn along the earth's surface in the
direction of the horizontal component of the magnetic field
of the earth at all points passing through the narth 2nd south
magnetic pales, This is similar to the longitudes of the earh,
which pass through the geographic norh and south poles
90. (b} : There will be crly ane neutral paint on the harizantal
board, This is because field of earth magnetic field is fram
south 1o narth; and the field of pote on the board is radially
Outwards. At any point towards seuth of magnetic pole, field
of earth and field of pole will cancel oyt 1o give @ neutral
point.

91. (a): Magnetic dipole moment of the current locp
= Ampere turns = Area of the coil or M = Nin?

When radius of the coil becomes double, new magnetic
moment will be My = N2 = aNin? = am

Herce magnetic moment becomes faur times when radius
i5 doubleg,

82. {a): Magnetic fizld due to a circular loop carrying
current / is given as g =0 —-——Eﬂf =

4 (pd 4 2 i
where, r = radius of loop, x = distance fram centre of logp
For large distances, (x> = f), . g-Ho 204 _pg 2M

dn 2 dr 3
where M = [4 = magnetic dipole momant of curment loop
which is equal 1o the magnetic fieid due to magnetic dipole,
Thus, the current laap can be considered &5 & magnetic dipala,
93. (a)

94. {c) : The magnetic field lines of the earth resemble
that of a hypothetical magnetic dipole bocated at the gentre
of 1he earth, The axis of the dipole does not coincide with
the 2xis of rotation of the earth but i presently tilted by
approximately 11.3° with respect 1o the later

35. (a): Gauss's law of magretism is different from thar
fnr_ electrostatics because electric charges do not necessarily
BXISL I pairs but magnetic manopoles do nat exist,

S



Recap Noles

Magnetic flux : The number of magnetic

lines of force crossing a surface is known as

magnetic flux linked with that surface,

It is given by ¢= & 4 = BA cosf

where B is the strength of magnetic field,

A is the area of surface and 8 is the angle

between normal to area and field direction.

» When [ is perpendicular to the surface
re, =0 ¢ = NBA (maximum value).

» When § is parallel to the surface ie.,
B = 907 ¢ = 0 (minimum value).

» In case of a coil of area A having N turns
= NEA cosf

» Magnetic flux is a scalar quantity. It can
be positive, negative or zero.

¢ The dimensional formula of mapgnetic flux
is [ML®*T2A"1).

» The BI unit of magnetic flux is weber.

# The CGE unit of magnetic flux is maxwell,

> 1 weber = 10* maxwell

Electromagnetic induction : It iz the
phenomenen of generating an emf by
changing the number of magnetic lines of
force (i.¢., magnetic flux) associated with

the cireuit. The emf so generated is known-

as induced emf. If the circuit is closed the
current which flows in it due to indueed emf
ig known ag indueced current.

Faraday's law of electromagnetic

induction

p First law : Whenever the amount of
magnetic flux linked with a eirenit
changes, an emf is induced in the cireuit.
This induced emf persists as long as the
change in magnetic flux continues.

» Second law : The magnitude of the induced
emf is equal to the time rate of change of
magnetic flux. Mathematically, induced

Electromagnetic
Induction

emf is given by = _j_* where negative

sign indicates the polarity of €.

s Lenz's law : This law gives us the direction

of induced emf{ According to this l&}‘-'ﬂ the
polarity of induced emf in a circuit 15 auclh
that it opposes the change in magnetl.::.
flux responsible for its production. ‘]'..enza
law is in accordance with the principle of
conservation of energy. .
» Fleming's right hand rule : Flemings
right hand rule also gives us the direction
of induced emf or current, in a conductor
moving in a magnetic field. According
to this rule, if we stretch the fore finger,
central finger and thumb of our right hand
in mutually perpendicular directions such
that fore finger points along the direction
of the field and thumb is along the direction
of motion of the conductor, then the central
finger would give us the direction of

induced current or emf
Wabion u!'lrﬂduﬂn'r

» Applications of Lenz's law 4
- When a north pole of a bar magnet

is moved towards a eoil, the current
induced in the eoil will be in

anticlockwise direction as shown in the
figure.




Electromagmedic induciion

&

When a north pole of a bar magnet is
ll:rmvad away from the eoil, the current
|r_|dut:-v§:d in the coil will be in clockwise
direction as shown in the higure,

When a current carrying coil is moved
towards a stationary coil, the direction
of current induced in stationary coil is
a8 shown in figure,

r—p’ 1
B

¥ ﬂltrhmvﬂ
When a current carrying coil is
‘moved away from a stationary coil,
the direction of current induced in
stationary coil is as shown in figure.

-!I';'_

sonary)
When two coils A and B are ::rl:nged
as shown in figure, then on pressing K,
current in A increases in elockwise
- direction. Therefore,inducedcurrenting
will be in anticlockwise direction.

A

Q t—1+—~—f;|

However, when I:t].'.ﬁ'.' is released, cureent in
A decreases in clockwise direction. Therefore,
induced current in B will be in clockwise direction,

- When current in a straight conductor
AR is increased, induced current in
loop will be in clockwise direction as
shown in the figure. If current in AB is
decreasing, the induced current in the
loop will be in anticlockwise direction.

O

A L
LT

——— ]

Motional emf : When a conducting

rod of length !, moves with a velocity v
perpendicular to a uniform magnetic field

B,

the induced emf across its ends is ||

= Blv. Thiz emf is known as motional emf.

3

.‘.

® M ¥ E M ® K
1]
o H ® " o M
! ¥
i ow| = xi‘ »
A
L] o 4 = = | -

If the rod makes an angle 6 with the
direction of the field, then induced emf is

lel = Biv sinf

When a conducting rod of length [ is rotated
perpendicular to a uniform magnetic field
B, then induced emf between the ends of

. 2 2
the rod i |¢|= 20 B@muY

2
lel = Bu(nl®) = BuA
where, & iz angular
frequency and v is frequency
of rod, A = n/*.
When a conducting solid
dise of radius r is rotating
with a uniform angular
velocity o with its plane
perpendicular to a
uniform magnetic field B,
the emf induced between
the centre and rim of dise is

Bur’
2

L]

=

le|= == pu4

« Eddy currents : Eddy currents are

&

bagically the currents induced in the body
of a conductor due to change in magnetic

flux linked with the conductor,

[

[ 3

‘The direction of eddy currents is given by

Lenz’s law, or Fleming’s right hand ruls.

According to Lenz's law, eddy currents set

up in a metallic conductor flow in such

a direction so as to oppose the change in

magnetic flux linked with it.

Eddy currents cannot be eliminated but

can be minimised by :

- laminating the core

- by taking the metallic core in the form
of thin laminated sheets attached
together,



* Eddy currents are uselul in
Electromagnetic damping
Induction furnace

- Eleetrie brakes
- Bpecdometors

Inductor : An inductor iz a device for

storing energy in a magnetic field. An

inductor is generally called as inductanes

Tn usnal praclice a coil or solenoid is treated

as inductor. It is denoted by symbaol -Tr-.

» Self induction : Whenever the current
paszing through a coil ar circuit changes,
the magnetic flux linked with it will also
change. As a result of this, an emf is
induced in the coil or the eircuit which
npposes the change that causes it. This
phenomenon is known as self induction
and the emf induced iz known as self
induced emf or back emf,

- When a current I flows through a coil
and ¢ is the magnetic flux linked with
the eoil, then ¢ = I or & = LI where
L is coefficient of self induction or selfl
inductance of the coil.

- The self induced emfis e=—%=—1.jl—;
- The SI unit of L is henry (H) and its
dimensional formula is [ML#T2A-2),

- S-E]ﬁn-l:lut:tanl;enfﬂﬁulem:idisL-pnuEM
where [ is length of the aolenoid, n is
number of turns per unit length of a
solenoid and A is area of cross section of

the solenoid.

- Belf inductance of a circular coil is
f= Pn”llﬂ
where B is the radius of a coil and NV is
the number of turns.

» Mutual induction : Whenever the
current passing through a coil or cireuit
changes, the magnetic flux linked with
a neighbouring eoil or circuit will also
change. Hence an emf will be indueced
in the neighbouring coil or eircuit.
This phenomenon is known as mutual
induction. The c¢uil or circuit in which
the current changes is known as pnmary
while the ather in which emf 1s set up is

of mutual induetance of the two coils.

The emf induced in the aecondary enil

o i A iy

ia given hy ¢, == = |

The ST unit of M is henry f”rzung its

dimensional formula i3 IMLAT A _I-
Coefficient of coupling (K} : Coefficient
of coupling of two coils is a measure of
the coupling between the twa coils and 1=

given by
K = M
\lj'l"l'l

where L, and L, are coefficients of self
inductance of the twa coils and M is
coefficient of mutual inductance of the
two coils.

The coefficient of mutual inductance af two
long co-axial solenoids, each of length [,
ares of cross section A, wound on air core
15

L : N,A

where V|, N, are total number of turns of

the two solenoid.

Combination of inductances

- Twoinductorsof self-inductances L, and
L,arekeptsofarapartthat their mutual
inductance is zero. These are connected
in series. Then the equivalent
inductance is L=L, + Ly

- Two inductors of self-inductance L‘l
and L, are connected in series and they
have mutual inductance M. Then the
equivalent  inductance of  the
combination is L = L, + Ly = 2M

- The plus sign eccurs if windings in the
two coils are in the same sense, while
minus sign occurs if windings are in
opposite sense.

- Twa inductors of self-inductance L,

and Ly are connected in parallel, The

inductors are so far apart that their

mutual inductance is-negligible. Then

their equivalent inductance is

fadyd oo I
L L L L+ Ly

known as secondary.

- Let Ip be the current flowing through
primary coil at any instant. 1f by is the
flux linked with secondary coil then
@ fpor g = MIp where M is coefficient

Energy stored in an inductor : When
a current I flows through an inductor, the

energy stored in it is given by -1

: : 2
» The energy stored in an inductor is in the
form of magnetic enerpy,




2 Multiple Choice Questions (MCQs)

1. F'lrh'E:I'I.E‘-"Br there is a relative motion between
a coil and a magnet, the magnitude of induced
emf set up in the eoil does not depend upon the
(a) relative speed between the coil and magnet
(b) magnetic moment of the cml

(el resistance of the coil.

(d} number of turns in the coil.

2. As_hurt solenoid of radius a, number of turns
Per unit length iy, and length L is kept coaxially
iside a very long solenoid of radius b, number
of turns per unit length n,, What is the mutual
mtlu:;tani:e of the system?

{a) ;.Iﬂﬂbznlnz.[. (b} ppna®n,n.lLe

(e} ugmarynL » id} uﬂ:rbznlni.[aﬂ

3. Two identical cireular coils A and B are
kept on a horizontal tube side by side without
teuching each other. If the current in the coil A
increases with time, in response, the coil B

{a) s attracted by A (b) remains stationary
{e) is repelled - (d) rotates.

4. The magnetic flux linked with a enil of N
turns of area of crogs section A held with its
plane parallel to the field B is

ia) (b) NAR (d) zero-

5. Which of the following does not use the
application of eddy current?

ia) Electric power meters.

(b} Induction furnace,

fe) LED lights..

(d) Magnetic brakes in trains.

6. A boy peddles a stationary bicyele the
pedals of the bicycle are attached to a 200 turn
eoil of area 0.10 m?, The coil rotates at half
a revolution per second and it is placed in a
uniform magnetic field of 0.02 T perpendicular
to the axis of rotation of the coil. The maximum
voltage generated in the coil is

{a) 1.26 V-(b) 216V (c) 3.24V ({d) 412V
7. ‘The self inductance L of a solenocid of length
and area of eross-gection A, with a fixed number

of turns increases as
{a) both [ and A increase

{E‘::l EA:E

J i

(b} ! decreases and A increases .

(e} !increases and A decreases

{d) koth! and A decrease.

B. Induction furnace make use of

{a) pelf induction {b) mutual induction
{c] eddy current - {d) none of these.

9. The equivalent inductance between A and B is

[ 4H
A—mrore—| &
iH 4+H 4H
fa) 1H- (b4 H e OBH (d) 16 H

10. The mutual inductance M, of a coil 1 with
respect to coil 2

{a) increases when they are brought nearer -
{b) depends on the current passing through the
coils

increaszes when one of them 1s rotated about
an axis

(d) both (a) and (b) are correct.

1. A jet plane is travelling at the speed of

16 km h!. The voltage difference developed
between the ends of the wing having = span of
20 m, if the earth's m.a%netm field at the location has
a magnitude of 5 ¢ 107 T and the dip angle is 30° is
(@) 44V (h) 22V- () 32V (d) 3BV

12, Along solenoid with 10 turns per ¢m has a
small loop of area 3 em® placed inside, normal
to the axis of the solensid. If the current carried
by the solenoid changes steadily from 2 Ato 4 A
in 0.2 8, what is the induced voltage in the loep,
while the current is changing?

(@) 4.2x 108V (b) 28 % 1078V

{c) T3x109V id) 3.8 % 108V-

13. As shown in the figure, a metal rod makes
contact with a partial cirenit and completes the
circuit. The circuit area is perpendicular to a
magnetic field with B = 0,15 T. If the resistance
of the total circuit is 3 ©, the force needed to

move the rod as indicated with a conztant speed
of 2 m 57! will be equal to

(e}



L. = w
B=il 15T (il pagel
= 1] ! L)

]
i ] L] L = :
L} S0 ¢ ol ] 2mE
® oo k1 L] i "
- 4 L L] E k]
® ™ = = "

ial 3.76 = 1072 N- b 275=x10° N
(¢l BET% 107N (dy 4.36 = 107N

14. A 2 m long metallic rod rotates with an
angular frequency of 200 rad g1 about an axis
normal to the rod passing through its one end.
The other end of the rod is in contact with a
cirenlar metallic ring. A constant magnetic field of
0.5 T parallel to the axis exists everywhere. The
emf developed between the centre and the ring s
(a) 100V (b} 200V. () 300V (d) 400V

15. Twa eoils, A and B are as shown in the figure.
A current starts flowing in B as shown, when A is
moved toward B and stops when A stops moving.
The current in A is counterclockwise, B is kept
stationary when A moves, We can infer that

A g
) I.-l: ' -
(e >

{a) there is a constant current in the clockwise
direction of A A

ib) there is a no current in A

{¢) there is a varying current in 4

{d}_there is a constant carrent in the cow -
k- e ountelo®

wise direction in A.. e

16. The direction of induced current in the coils
A and B in the situation shown in the figure is
A4 ¥ &

) ptuqincuil.iandxtu:.rinmilﬂ

i) qtnpinmi!ﬂandrmyinwilﬂn::-‘"

(¢} ptog incoil A and y to x in coil B -

(d) gtop in coil A and ¥ to x in coil B. -

17. If N is the number of turns in a coil, the

value of self-inductance varies as
(a) NV (b) N (e} N (dy N2

18. Twao solencids of equal number of turns have
their lengths and the radii in the same ratio 1: 2.
The ratio of their self induetances will be

m) 1:2- () 2:1 (e)1:1 id) 1:4

W

19, If the number of turns per unit length of A
coil of solenoid is doubled, the gelf-inductance of
the solenoid will

(al remain unchanged (h) be halved

fe) be doubled {d) become four LMEs:

20. A metal ring kepl {supported by 2 eard-
board) on the top of a fixed solenoid carry A
current [ as shown in figure. The centre of the
ring coincides with the axis of the solenoid. 1f
the current in the solencid is gwitched off, then

¢__>{— Ring

(a) magnetic flux linked with the metal ring

increases :
(b} currentinduced in the metal ring in clockwise
direction-
(¢) metal ring will not remain on the cardboard
{d) both (a) and (b) are correct.
21. A cirenlar eoil of radius 6 cm and 20 turns
rotates about its vertical diameter with an
angular speed of 40 rad 57 in a uniform horizontal
magnetic field of magnitude 2 x 1072 T If the coil
form a closed loop of resistance B L, then the
average power loss due to joule heating is
(a) 207 x 1079 W+ (b) 1.23x107° W
(c) 3.14= 107 W (d) 1.80 x 10° W

72. The direction of induced current in the right
loop in the situation shown by the given figure is

(Tapping key just closed)
{a) along the common axis
(b) along xzy
(c) along xyz «
{d) none of these,

23. The coefficient of mutual inductance of two
coils depends on

{a) medium between the coils

(b) distance between the twao coils

{c) orientation of the two coils

{d} all of these. -




Sl feonm et il fen

;.!41_ A dise of radiue 01 m is rotating with
frequency 10 revisee in g normal mognetie ﬁc-lr:
ol strength 0.1 Legln Net indueed omf is :
in) 2ax 10° VY ihl dnx 10y

el n=10°Y td) Aww 10 ?y

25. The total chareer indue

ot el in 0 condueting lon
when il is moved § L

momnEnelic feld degpe

in} the rate of change of magnetic “l:: e

(bt initial magnetic Nux only

el the total chan
resialance

tdl final magnetic Nux omly.

Be in magnetic Mux and

26. A solenoid is eonnected to a baitery so that
a slendy current Nows through it. If an iron core

is inserted into the solenoid, the current will

(al increase (b decrease
el remaing same

{d) first increase then decrease,

-?’}: ’l‘hn Era;ﬁﬂ.t.iun of induced emf i(e) with time (7}
m & il if a short bar magnet is moved alang ila
axis with a constant velocity is best represented as

[a) (k)

M

(el dy | .
; .A_,,

28. Ifnumber of turns in primary and secondary
coils is inereased to two times each, the mutual
inductanece

{a} becomes 4 times (b} becomes 2 times
(e} becomes %Limes {d) remains unchanged.

29, An infinitely long cylinder is kept parallel
“ to a uniform magnetic field B directed along
positive z axis, The direction of induced current
on the surface of cylinder as seen from the z-axis
will be

ia) clockwise of the positive z-axis

(b) anticlockwise of the positive z-axis

c} zero

(d) along the magnetic field.

30. Twao inductors of inductance [ each are
eannectod in series with opposile magnetic
Muxea. The resultant inductance in

Hgnare mutual induclance)

tn) zero (hi L te) 2/, fdi AL

3. Acopper rod of longth 1 rotates about its end
wilh angular velocity m in 8 uniform magnetic
field B, The emfl developed hetween the ends
of Lthe rod il the Reld is normal to the plane of
rotaLion is

fal Bwf® ;H{mf“! fe) 2 Hod®  id) ;H’uu'i

3. A loop, made of straight edges has six
cornoerd at AtQ, O, 03, Bif, 0, by, €L, £, 0,
N0, L, 0, B, L, Lyand £70, 0, L), A magnetic

feld i = i, {:7-1- ie} T is present in the region.

The NMux passing through the loop ABCDEFA
in that order is

(a) B,L* Wh (h) 2 B, L* Wh
fe) /2By, I* Wh (d) 4 By L* Wh

33. Acurrent of 1 A through n coil of inductance
of 200 mH is increaring at a rate of 0.5 A 51,
The energy stered in the inductor per second is
{a) 0.5d &7'(b) 6.0 6~e) 0.1 a7 (d) 20Js"!

34. A conducting circular loop is placed in a
uniform magnetic field, B = 0.025 T with ita
plane perpendicular to the loop. The fadius of .
the loop is made to shrink at a constant rate of
1 mm &', The induced emf when the radius is
2em,is

(a) 2epV (B apV (o) Ew (dy 2uV

35. Two similar circular loops carry equal
currents in the same direction. On moving the
coils further apart, the electric current will

{a) remain unaltered

{b) increases in one and decreases in the second
(el increase in both

{d) decrease in both.

36. A small square loop of wire of side [ is placed
inside a large square loop of wire of side L (> 1),
The loops are coplanar and their centres coincide.
What is the mutual inductance of the system?

2 2

() 2J3 k0 L b sz B L
% L % L

2 2

(c) zﬁ;—i% (d) wﬁ%



37. A conducting lvop iz placed in a uniform
magnetic field with its plane perpendicular to
the field. An emf is induced in the loop if

iat it iz rotated about its axis

b it iz rotated about a diameter

it 1t 1 not moved

idd it is given translational motion i the field.

38, A circular disc of radius 0.2 m is placed ina
1 ’ -
uniform magnetic field of induction l;]“ bm™

i= such a wav that its axiz makes an angle of 6"
with B. The magnetic flus linked with the disc is
ia) 0.02 Wh by 0,06 Wh
el 005 Wh idd 0,01 Wh

39. A circular copper disc 10 em in diameter
rotates at 1800 revolution per minute about an
axis through itz centre and at right angles to disc.
A uniform field of induction B of 1 Wh m™* is
perpendicular to disc. What potential difference
15 developed between the axis of the disc and
the m?

ia) 0023 Vb1 0.23V (c) 23V id) 230V
40. When a wire loop is rotated in a magnetic
field. the direction of induced emf changes in
every

; 1 :
ta} one revolution (b} 2 revalution

i) %mrnlutinn {d} 2 revolution

41. The energy stored in an inductor of self
induectance L henry carrying a current of [
ampere i3

() %Er (b ’ELF © LB (d) LY
,ﬂf Faraday's laws are consequence of the
conservation of

ia) charge (b) energy

ic) magnetic field {d) both {b) and (c).

43. A solenoid of length 30 cm with 10 turns
per centimetre and area of cross-section 40 cm®
completely surrounds another co-axial solenoid
of same length, area of cross-section 20 cm? with
40 turns per centimetre. The mutual inductance
of the syatem is

fa) 10 H (b)8H e 3mH (d) 30mH

44, Two identical coaxial coils P and @ carrying
equal amount of current in the same direction
are brought nearer. The current in

ial P increases while in § decreases

ih) @ increases while in F decreases

ie) both P and @ increases

{d) both P and § decreases.

“magnetic energy when

i hns stored 648 J af
a current of 9 A pxists
in its coils. What average emf is_:nl:'hu:'?d if the
current iz reduced to zero in 045 & .
in) B2V (b G20V o 260V idy 230V
46, The north pole of a har magnet is rnnw:
towards a evil along the axis passing throug
the centre of the coil and perpendicular to the
plane of the coil. The direction of the |_m:lm_~ed
current in the coil when viewed in the direction
of the motion of the magnet 15 _

tal clockwise ihi anticlnckwise

i} no current in the coil _

id) either clockwise or anti-clockwize.

47. A long zolenpid S has n turns per metre.
with diameter a. At the centre of this coil, we
place a smaller coil of N turns and diameter b
(b < ). If the current in the mien_md increases
linearly with time, then the emf will be induced
in the smaller coil. Which of the following 15 the
correct graph showing |g] verses ! if current
varies ag a function of méZ + C7

| et
! ”': (b} [‘ i“_n,
L1} ¥ ]
Y 13
i ) it f
ie) i (d)
(] r o i

48. A cylindrical bar magnet is rotated about its
axis as shown in figure. A wire is connected from
the axis and is made to touch the cylindrical
surface through a contact. Then

Axis
ﬂ" i

Bar magnet —e

45. An electromagne

(a)

(a) a direct current flows in the ammeter 4
(b} no current flows through the ammeter A
e} an alternating sinusoidal current flows
through the ammeter A with a time period,
im
T=—
0

(d) a time varying non sinusoidal current flows
through the ammeter A



Fles iomagnetic ok firm

49, The wnil of inductanes

I8 equivalent, (o
villl = nmpere
fnb

AT
vill = seennd

i}
TRETEI T |

il
'V nmpere % pecond () AT e
50. fu'n'lwn Lhe rale of change of current is unity,
the induced emf is equal g
tn) thickness of enil
thy number of turns in coil
el coefMicient of sell inductance
(d} total Nux linked with enil,

51, In a uniform magnetic field # a wire in the
[orm of & semicircle of radius r rotates about the
dinmeter of the cirele with angular frequency o,
The axia of rotation is perpendicular to the field.
I the total resistance of the cireuit is R, the
mean power gencrated per period of rotation is

vill ® seenmnid

Brrim (Bartuwy’
T R
{ Brra) (Brra®)*
(el g - 3 et

3 The magnetic Mux through a coil
perpendicular to its plane and directed into
paper is varying according to the relation
¢={2¢1+#+Eijb.Tneemﬁndumdhﬂﬂmhup
ati=4ais

{2) 012V () 24V (¢) 002V (d) 1.2V

53. A 100 mH coil carries a current of 1 A,
Energy stored in its magnetic field is

fa) 054 (b)) 0.O6J (e) 1J (d} 0.1J

54. If the self induectance of 500 turns cail is

125 mH, then the self inductance of the similar
coil of 800 turns is

(a) 48.8 mH

(b) 200 mH
(e} 290 mH

(d) 320 mH

55. Two circular coils can be arranged in any
of three situations as shown in the figure. Their

<) Case Based MCQs

mulual inductance will he

o (

o ()

i) (i)
{nl maximum in ailuation (1)

(b} maximum in situation (i)

(] maximum in situation (i)

(d) same in all situations.

56. By achange of current from 5 to 10 amperes
in 0.1 second, the salf induced amf is 10 V. The
change in the energy of the magnetic field of a
eoil will be

fa) &5J ih)6J fe) 7.54d id) 9.

57. In an inductor of self-inductance [ = 2 mH,
current changes with time according to relation,
=2t

At what time emf is zero?

fa) 48 (b} 3s le) 28 id) 1s

58. The equivalent quantity of mass in electrieity is
(a} eurrent (b} self inductance
(e} potential id} charge.

59, Twa coils of self-inductance 2 mH and 8 mH

are placed so close together that the effective flux
in one coil is completely linked with the other. The
mutual inductance between these coils are

ia) 16mH (b) 10 mH (c) 6mH (d) 4 mH

60. A circular coil with a cross-sectional area of
4 em® has 10 turns. It is placed at the centre of a
long solenoid that has 15 turne/em and a cross-

sectional area of 10 cm?, as shown in the figure.

The axis of the coil coincides (f(

with the axis of the solenoid. IF"#‘((
(\.‘.\.‘l‘l.“.t

What is their mutual
(b) 8.54 uH

inductance?
{d) 10.54 uH

{a) 7.54 uH
(¢) 9.54 uH

Case I : Read the passage given below and
answer the following questions from 61 to &5.
Eddy Currents and their Effects

Currents can be induced not only in conducting
eoils, but also in conducting sheets or blocks.
Current is induced in solid metallic masses when
the magnetic flux threading through them changes.
Such currents flow in the form of irregularly shaped
loops throughout the body of the metal. These

currents look like eddies or whirlpools in water so
they are known as eddy currents. Fddy currents
have both undesirable effects and practically usefil
applications. For example it causes UNnecessary
heating and wastage of power in electric motars,
dynamos and in the cores of transformers.

81. The working of speedometers of trains ie
based on

{a) wattless currentz  (h) eddy currents
(e} alternating eurrents(d) pulsating currents.



62. ldentifv the wrong statement.

1a) Eddy carrents are produced in a steady
magnetic field.

(b1 Induction furnace uses eddy currents Lo
produce heat.

ic) Eddy currents can be used to produce
braking force in moving trains.

id) Power meters work on the principle of eddy
currents.

63. Which of the following iz the best method to
reduce eddy currents?

{a) Laminating core. (b} Using thick wires.
ic) By reducing hysteresis loss.

id} None of these.

64, The direction of eddy currents is given by
(a) Fleming's left hand rule

(h) Biot-Savart law

icl Lenz's law

id) Ampere-circuital law

65. Eddy currents can be used to heat localised
tissues of the human body. This branch of
medical therapy is called

ia] Hyperthermia ibh) Diathermy

ie) Inductothermy {d) none of these,
Case IT : Read the passape given below and
answer the following questions from 66 to 70,

Motional EMF from Lorentz Force

The emf induced across the ends of a conductor
due to its motion in a magnetic field is called
motional emf. It is produced due to the magnetic
Lorentz force acting on the free electrons of the
conductor, For a circuit shown in figure, if a
conductor of length [ moves with velocity v in a
magnetic field B perpendicular to both its length
and the direction of the magnetic field, then
all the induced parametres are possible in the
eircuit.

E®
Linform I v = ponstant

66. Direction of current induced in a wire
moving in a magnetic field is found using

(a) Flemings left hand rule

(b) Fleming's right hand rule

ic) Ampere's rule

{d) Right hand clasp rule.

67. A conducting rod of length ! is moving in
a transverse magnetic field of strength B with
velocity v. The resistance of the rod is R. The
current in the rod is

T

By (c) zera  (d) —F(%—

gl —
sl

(b Bife

£8. A 0.1 m long conductor CAFTYINE & c_urrent
of 50 A ie held perpendicular to a magnetic field
of 1.256 mT. The mechanical power requ:_rmll to
move the conductor with & speed of 1 m s 18
ial 62.6 mW ih) 626 mW

{c] 6.256 mW (dr 12.5 mW

69. Ahbicycle generator creates 1.5V at 15 km/hr.
The EMF generated at 10 km/hr iz

{a) 1.5 volts ib] 2 volts

ic) 0.5 volts id)l 1 wolt

70. The dimensional formula for emf £ in MES
system will be 5

(a) [MLAT A1 (b) [Mlﬁ"r2 l‘ﬂ

(e) [ML*A) (d) [MLT2A~%]

Case III : Read the passage given below and
answer the following questions from 7L to 73,

Direction of Induced Current _

Lenzs law states that the direction of induced
current in & circuit is such that it opposes the change
which produces it. Thus, if the magnetic flux Linked
with a closed circuit increases, the induced current
flows in such a direction that a magnetic flux is
created in the opposite direction of the original
magnetic flux. If the magnetic flux linked with the
closed circuit decreases, the induced current fNows
in such a direction so ag to create a magnetic flux in
the direction of the ornginal flux.

@ & ® @
ACH i
{Rear)

| et
1Codl foce bebaves as Somh pole

[Ciil facx hohaves as Monh pole
16 opposs the mdtesn of magne. | 10 oppase the motsse of magest.)

Which.of the following statements is correct?
The induced e.m.f is not in the direction
opposing the change in magnetic flux so as
Lo oppose the cause which produces it.

The relative motion between the coil and
" EE.EFI:}Et.I p;udu;ﬂa change in magnetic flux.
¢) BEmiis induced only if the i

d amluyme ¥ magnet iz moved
(d)

Emf is induced only if the coil is moved
towards magnet.

7.
{a)

(bl

12. The polarity of induced emf is given by

{a) Ampere’s eircuital law
(b} Biot-Savart law
(e}l Lenz's law

(d) Fleming’s right hand rule.



v d et Srdon i ¥

13, Laene's low i vommegquenes of the low of
eutserynbion ol
fand e lhanrgee

el e i

i mnme
iy emorgy.

74, Near o cireulor loop of condueting wire oA
ahown in the figure, an eloetron moves along o
atrnight line, The direetion of the induced

curvend 10 any i Uhe loop is <‘ )
L]
T il

it varinble

i eloelwiae

et ambiclockwisne

(1 mere.

75, Two identienl eirculor coils A and B are
kepl in o horizontnl tube side by side withoul
touehing each other, IT the current in tho coil A
inerenses wilh Lime, in response, Uhe eoil

il is attraeted by A

ihi remains slalionary

(e} i repolled

id} rotates,

Case IV : Read the passage given below and
answer the following questions from 76 Lo B0,
Mutual Induclance

Mutunl inductance is the phenomenon of
inducing emfl in a coil, due to o change of current
in the neighbouring coil. The amount of mutual
inductance that links one coil to another depends
very much on the relative positioning of the two

coils, their geometry and relative separation
between them.

Mutual inductance
between the two coils —
increases W times if
the coils are wound
over an iron core of
relative permeability

76. A short solenoid of radius a, number of turns
per unit length n,, and length L is kept coaxially
inside a very long solenoid of radius b, number
of turns per unit length n,. What is the mutual
inductance of the systerm? , .

(a) pombinyngl (b} pgma®nngL

ic) pgmanyngl (d) pgnbinngL?

77. If @ change in current of 0.01 A in one
coil produces a change in magnetic flux of
7 % 10-2 weher in another coil, then the mutual
inductance between coils is

fak 0 (b} 0.6 H (e} 2H {d) 3H

78. Mutual inductance of two coils can be
increased by

tint ddeereaning Lhe numiler al’ Lurns i.r: Lhi r-,rriI!H
it dneromsing i number of Lurnm in Lhe eoils
i) winding the eoiln on wornlen cores

il

79. Whien i shasl of iron i plaeed in 1rli-.Lw|-r:r| Lhe
twir ca-nxind eailn, then the mtunl inducbanes:
hetwoen Lhe eoils will
(o) Berease

(o) romaing \ome

g0, The 81 unit of mutual inductancs iR
inh abim ihi mhn
el henry {d) none of these,

Case V1 Rend the pissage given i'.IHFI‘I'I-'I'rH!'i-I'I
answor the following questions from H1 te KD,

il Inductance

Ehun n current J Nows through a coil, flux linked
with it is ¢ = L4, where L in o constant known as
aell inductance of the coil, Any

change in current wels up an

indueed emfl in the eoil. Thus,

soll inductanee of a coil is the

induced emf set up in it when the

current  passing  through it

changes at the unit rate. It 18 a measure of the
opposition to the growth or the decay of current
Nowing through the coil. Also, value of pelf
inductance depends on the number of turns in
the molenoid, its area of cross-section and the
relative permeability of its core material.

81. The inductance in a coil plays the same role as
(n} inertia in mechanice

(b} energy in mechanics

{e) momentam in mechanics

id} force in mechanica.

82. A current of 2.5 A flows through a coil of
inductance 5 H. The magnetic flux linked with
the coil is

a} 0.5 Wh
(e} Zero

priziier ol Lhienee,

ih) deeroasne
() ennnotbe predicted,

(b) 12.6 Wh
(d} 2Wb

83. The inductance L of a solenoid depends upon
its radius R as

(@) L=R (b) L= LR
(e} Le==R? (d) Lo R?

B4. The unit of sell-inductance ig

(a} weber ampere (b} weber™! ampere
(e} ohm second (d) farad

85. The induced e.m.f. in a coil of 10 henry

inductance in which current varies from 9 A to
4 Ain 0.2 gecond 15
{a) 200W (b) 280V

(e) 300V (d) 350V



2 Assertion & Reasoning Based MCQs

For question numbers B6-100, two statements are given-one labelled Assertion (4) and the other labelied Heason ).
Select the correct answer 1o these questions from the codes (a), (bl (c) and {d) as given below.

{al Both A and R are frug and A s the cormecl axplanation of A
{b) Both A and R are frug but B is MOT the corect explanalion af A

el Als frue but R is lalse
) Als false and R is also false

B6. Assertion (A) : Magnetic flux can produce
induced e.m.f.

Reason (R) : Faraday does not established
induged e.m.f. experimentally. - -

87, Assertion (A) : Induced e.m.f. depends on
number of turns and area of the coil.

Reason (R) : Induced e.m.f. increases with
increase in number of turns of col.

B8, Assertion (A) : The direction of induced
e.m.f. is always such as to oppose the change
that causes it.

Reason (R) : The direction of induced a.m.f. is
given hy Lenz's law.

88, Assertion (A) : When number of turns in a
coil doubled, coefficient of self inductance of the
coil becomes four times,

Reason (R) : Coefficient of self inductance is

proportional to the square of number of turns. -

90. Assertion (A) : The coil in the resistance
boxes are made by doubling the wire.

Reason (R) : Thick wire is required in resistance
box.

1. Assertion (A) : The resistance of a coil for
direct current is 5 chms. An alternating current
is gent through it. The resistance will remain
Eame.

Reason (R) : The resistance of a coil does not
depend upon nature of current.

91. Assertion (A) : Acceleration of 8 magnet
falling through a copper ring decreases,
Reason (R) : The induced current produced in
a circuit always flow in such direction that it
opposes the change or the cause that produced
it. -

93. Assertion (A) : An artificial satellite with
a metal surface is moving above the earth in
a circular orbit. A current will be induced in
satellite if the plane of the orbit is inclined to
the plane of the equator.

Reason (R} : The current will be induced
only when the speed of satellite is more than

8 km/sec. .-

94, Assertion (A) : Self-inductance is called the
inertia of electricity.

Reason (R) : Self-inductance is the phenomenon,
according to which an opposing induced e.m.f.
is produced in a coil as a result of change in
current or magnetic flux linked with the coil. -

95. Assertion (A) : An aircraft flies along the
meridian, the potential develops at the ends of
its wings.

Reason (R) : Whenever there iz change in the
magnetic flux e.m.f. induces, -

96. Assertion (A} : When two coils are wound
on each other, the mutual induction between the
coils 18 maximum,

Reason (R) : Mutual induetion does not depend
on the orientation of the coils,

7. Assertion (A) : An induced current is
developed when the number of magnetic lines
of force associated with conductor ig changed.
Reason (R) : An induced current develop in a
conductor moved in a direction parallel to the
magnetic field.

98. Anel_-l:.iuu (A) : A copper sheet is placed in
a mﬁg_;m_ahn iiheid. If we pull it out of the field or
. ; ;
?.;;ri“ .‘ into the field, we experience an opposing
Reason (R) : According to Lenz’s law, eddy

current produced in sheet opposes t i
of the sheet, . ' = R

99. Assertion (A) : Changin i
produce induced e m.f, sreasThe e

Reason (R) : Faraday eatablished

e.m.f. experimentally, induced

100.Asserti : :
Al on (A) : Inductance coil are made of

Reason (R) : Induced -
1 " j:‘url'\E.nl L) [
having less resistance, PR



P ANSWERS W

1. {c) : The magnitude of induced emf setup in the il — (8 cin &) & {+ V= Bsin8)
!:'DEE- not depend upan the resistance of the coil whereas =5 10 sin 30" % 20 % 444 = 22V
induced current set up in the coil depend upon the resistance |

of the coil. 12. (d): Heie, ":— = 10 turns per cm = 1000 turs per m
2. (e} : The mutual inductance of the system | ;
M = ugnathmd YElEn 5 A=3m=13x 107" m?
3 o) L . =10As"
4. {d): Magnatic flux linked with 3 coil LT
¢ = NBAcosd dé d di N [H ]ar
: ] _de g a9 LI Y | i ik
Since the magnetic fiedd B is paraliel 1o the area A, Pils df o tm]_ﬂcﬂ [:u" I rJ oL Ja
ig, 8 =190°

6=0 =3 107 Ao 1077 % 1000 x 10 = 3.8 x 1078y
5. (¢ 13. (a): The emf induced in the rod causes a current to

flow anticleckwise direction in the circuit. Because of this

6. (a):H = - i 2 . :
(3):Here v = 0.5Hz, M= 200, A= 0.1 m current in the rod, it experiences 3 force to the left due to

and B=002T

: ’ the magnetic field. In order to pull the rod to the right with
M -

aximum voltage generated is £y = NBA2mu] constant speed, this force must be balanced by the puller,
=200 % 0.02 x 0.1 x {21 x 0.5) = 1.26 The emf induced in the rod is
7. (b): The self inductance L of a solensid of length land |8 = Blv=(0.15T)0OS mN2 m s} =015V
area of cross section A with fixed rumber of turns i Current induced in the rod is
NiA
- Falll DI o
: A 3
50, L increases when | decreases and A increases, o F =B sin90° = (0,05 A)0.5 m){0.15 TH{1)
B. (c) =375 % 1073 N
A 14, (b): The emf developed between the centre and the
S H ring is

9. (a): A 1 0.5x2

(a) 4H 4H A 4H E:——-EEI'?W =ﬂ=zﬂuv

15. {d}: Coil A must be carrying a constant current in
The equivalent circuit diagram is as shown in the figure. counter clockwise direction. Because of that, when A moves

Al towards B, current induced in Bis counterclockwise direction
i as per Lenz's law. The current in B would stop when A stops
A 'ilﬁr B ' :

Ve 16. (b): In cnll_A. south pole is developed at gand in coil B
fae il e Anckictamomcars :connwctich o peraliel :'ilsn ;mth pute is developed at x. Therefore, induced current
Hence, the equivalent inductance betwesn A and B is in <oif A will be from g to p and induced current in the il

ot B will be from x to .
—_— +—'="'=Iﬂfl‘.m=1H

= —
e 4844 &
10. (a): The mutual inductance M, , of coil 1 with respact |
l':' I‘.I:H| 2 Inﬂrﬂm WhEr! ﬂ'lE]f A hmum-l[ MEearer. 1“; [-a]1 SEH: IﬂdUﬂEl‘IEE EI[ d ENEnﬂid‘
L =Mf—{ ‘_—M
! f

where [1s the length of the solencid, N is the total number
of wrns of the solencid and A is the area of cross-section
of the solenoid.

p
17. (c) : Self inductance = Ei'i:—"'

E] .
11. (b): Here, v = Tﬁﬂﬂkmh‘lzlﬁﬂﬂxﬁ=ndms !

l=20m,B=5=10"Tand 5 = 30°
AsE = Blv = Vv
(where V is the vertical component of earth’s field)
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fnod

Ly [1 ]1 [;r] i
e B =
L /)2
19. (d): Self inductance of a solenoid = ugn' A/
whese 1 is the number of tums per length.
Self inductance is directly proportional to n?. Self
inductance becomes 4 times when n is doubled,
20. (b): When the current in the solenoid is switch off,
magnetic flux linked with the solenoid and hance with metal
ring decreases. Current induced in the metal ring is clockwise,
i.g in the same direction as the solenoid current. So, they
will attract each other. Therefare, the metal ring will remain
on the cardboard,
21. (a): Here, r =6 cm
=B Wim N=20,w=40rds
B=2xW3T,A=EQ
Maximum emf induced, £ = NABw = Mrr')Bo
=m0 x2x 1022 40=018YV
Average value of emf induced over a full cyce e,, = 0
Maximum vabue of current in the coi,
g D18
l = E-ITED.DEA
Average power dissipated,
-.Ee 0182 0,023 -
2
22. {c) : The induced current in the right loop will be along
xyz.

[ 207 x 1073w

|||||||||||

(T by just chosed)

23. (d)

24. (c) : Induced emf = Bdw

=01 xm0.1) x 10 =0.1 x 0.0Vx x 10
—ax 103 W=mx 107\

25, (€): As q:IJ‘n‘! 'ﬁtjm ) Fl'l ]‘_ﬂf“
1
=Ed[d¢

Hence total charge induced in the conducting loop depend
upan the total change in magnetic flux and resistance

26. {b): The curment will decrease. This is because on inserting
an iron core in the <olanoid, the magnetic field increases and
hence magnetic flus linked with the solenoid incraases. As per
lenz's law, the emf induced in the solenoid will oppose this
increase, which can be achieved by & decrease in current,
27. (b): The polarity of emf will be opposite in the two casas
while the magnet enters the coil and while the magnetic
leaves the coil. Only in option (b} polarity is changing.

A
28. (a): H=“—“-ﬁ~"i,ﬂj—

s Mbecomes 4 times.

29. (c) : Since the magnetic field is uniform, hence there
is no change in the magnetic flux linked with cylindrical
wire and hence na current will be induced on the surface of
cylindrical wire.

30. (c) : When magnetic fluxes are in opposite directien
U=sli+L,=-2M

Ignoring M= 0
The resultant inductance s L' = L % L = 2L,
31. (b)
= i o
32, (b):Here. B =8, (i +k)T
¥
E a3
o110, L, 0h CIL L 0}
G, L L
E

>
ADOD B oo

(o0

F
Avea vactor of ABCD = 2 ]
Area vector of DEFA = [}
Total area vector, A'-LIHAHF}

Total magnetic flu, g=H . 4

=By (i +k)-L2{ +k) = Bol? (1 + 1) = 2 Byt wo
33. (c) : The energy stored in the inductor is
u=%u*”

m Energy stored in the inductor per second js
gy,

R it

={200 > 10 H{IAKO.5 A s~ =014 1= 9.1 | ¢!
34. (b): Here,



Electromagnetic Induction
Magnetic field, 8= 00257

Radius of the foop, r= 2 om = 2 x 102
Constant rate at which raeiys of the loop shrinks,

dr 3
—=1x107 m¢!
= me
Magnetic flux linked with the loop s

¥ = BAcosh = Binrdiensn® = B
The magnitede of the indyced emf is

. dé d : dr
lel=—L=—(Bnrli= =
e = mi ) Erclrdt

=ﬂ'.ﬂ25xﬂulxlx1ﬂ”2x:x1n‘3
=1tx1f.‘l‘“5‘."=rr|.lv

35. (Q) : Two circular loops Carrying current in the same
direction will attract each ather, |f they are now separated,

induced currents will try 1o xeep status quo, by increasing
the current in both the coils,

36. (a): Let the current / be flowing in the larger loap,
-+ I

)
s

A [l

'y . i +i

The larger loop is made up of four wires each of length L, the
field at the centre i.e., at a distance % from each wire, will be

i
B =4 Ha €n 457 4 < 450
e (sin 45° + sin 45°)
i 5o /
. | o
Flux linked with smaller loop

I
¢|l;| =EAI EE*JEL;—DIHII

irn L

| 2z

_ 4 _9 5l 17
I'FEHCE,H-} = M EﬁEL

37. (b): An emf is induced only when magnétic flux linked
with the loop changes. This is possible when the loop is
retated about a diameter,

38. (a): Here, r=0.2m, B =%Whm'z. B = §0°

Magnetic flux,
¢ = BAcos 0 = Binr?) cos B

= l:':{ﬂ}]z cosB0° = 0.02 Wh

1"
39. (b) :Here, /= r=5em=5x10"m,
mzin(%}ad c'=gonrads, B=1Wbm™

E:%Eﬂlm=%x11f5xm—1}}'xﬁﬂnzl]_ﬂ'u'

40. {(b): The direction of mduced emf is reversed after every
half revolution of the loap.

A1, (b): The energy stored in an inductar is

Umatf?
.
42. (h)
43. {g) : Mutual inductance of the system, M = yn.n,A,l
where A, is the area of inner solenaid.
m=10cm™ = 1000 m™
= 40 em ! = 4000 m!
I=30om=30x 10 m
Ay = 20 em? = 20 % 1074 m?
v M= 4 1077 5 100D 3 4000 3 20 % 10 = 30 % 1077
=301.44 % 10°H = 3 mH

44. (d): When the coils P and Q are brought nearer, the
magnetic flux linked with each coil will increase and so the
induced current will try to decrease the flux and hence current
in bath P and Q decreases,

45. (a) : Magnetic energy, U =21u1
L__JJ'..I' I =648

T
Induced emf,

al =EHMO-9 A)
= —me—— T =30V
sk 0,453 e

46. (b): W@

47. (c) : As per the data given in the guestion, magnetic
field due to current in solencid S, B = Hgn!
Magnetic flux linked with the smaller coil due to this field is
¢ = NBA, where A = area of smaller coil = nb?

emf induced in the smaller coil

9% .9 wEmh

@ d
oaaprd =—Nmpiy 9
=—Nnb I:ﬁ{|.|,,:,r1'lll N b “ﬂu'i‘
As current [ varies as a function of (mf + Q)
roe=—Nnyy :b*%{mrhc]
= — Nrmy, & {2mf) Al

From (i), Jg| &= 1
S0 correct option is (¢},



48, (b): As there is no change in magnetic flux associated
with the circuit, no current is induced in the circuit. The
ammater A shows no deflection.

al
49, (d): As E—LH,

dt

i and
1=e2 _, | o Yot x second

ampere

i
50. (g} : As, E—LE

SEmL
r
51. (b): ¢=6 %{mmt

al
When —=1
En p

1 i
e==T2 Vot dnsinet

ot 2
. P =E_3=B!:tlr"mz$irlzuﬂ
: A 4R
P
. ep BRIl dintat }-%J

52, (c) : Given, ¢ = (2t* + 41 + B} mWb
As, ___I:I|1!
5, £

=%ur“+4¢+ﬁaxm-3m g

= (4f + 4) x 107* ¥
At =45
Em(dxd+d) <103V =20x 0¥V =002V

53. (b): Here, L =100 mH = 100 = 1079 H; /= 1A
As U =%uI =-;:-:nmxm'3]x1== 0.05 |

N
NS
Here self inductance of 500 twrns coil = 125 mH

125
(s00)*

—
54. (d): Ast=
(d} L

L for the coll of 800 tums = —— < 1800)° = 330 my

55. (a)
el=L A
56. (c) : |E|—LM

_|ejar 7 1001
al - (10-5)
The magnetic field energies for currents /, and & are

1
U1=E1U|z aﬂdU;=EUf
Change in energy = Uy - U

LYY LT 200 1 ST A WL S SO

57. (Q:L=2mH=2x%10"H

=02H

f= g
d gt _yee @) =te~ (=t +2)

Ernl‘=1,%II =zx1u'5'r g =t +2)

Hnw.emf:-D,-rdaent—t+2']=l]nr.!=21

58. (b) |
59, (d): Mutual inductance Detween coils is

M=k LL,
=1y2x107 x8x107% b k=1

=4 x 0¥ H=4mH

60. (a) : Let us refer to the coil as circuit 1 and the s.r.‘rlepni_d
2 circuit 7. The field in the central region of the solenagid is
unifarm, so the flux through the coil is

9z = Bo; = lugm A,

where n, = Ny = 1500 turnsim,

The muteal inductance is

A
M =_:.*J1 = pgn; M A,

2
= (% 1077 T m A-N(1500 m 100 (4 = 107 m?)
= 754 % 1075 H = 7.54 mH
61. (b) : The working of speedometers is based on eddy
Currents.

62. (a)

63. (a) : To reduce the eddy currents in the metal armature
of motors, wire is wrapped around a number af thin metal
sheets called lamination.

64, (c) : Eddy cuments also oppose the change in magnetic
flux, so their direction is given by Lenz's law.

65. (c)

66. (b) : Direction of current induced in a wire moving in
a magnetic field is found by using Fleming's right hand rule,
67. (a): Induced emf £ = Bl

£ B
Current in the rod, I—E--H—
68. (c):Here, I=01m v=1ms"
[=50A B=125mT =125 10T
The induced emf is, & = Bly
The mechanical power i
P=el=BM=125 10" % 0.1 x 1 % 50
=625 % 108 W = 6.25 mw

69. {d:]_ : Emf induced, & = By
Here, B, and v are mutually perpendicular
For given B and | g o« v,

SLaith.

B ¥



Fleciramagnedic fdecifon

Here, ry = L5V v, = 15 km/hr --T5J-f1";'t ms !

-
v, = 10 kmihr ='|':|'="!1'i,g ms™!

'Iljl -Ir
15 15:{15' 3
51:'- --:_ = _EE = I_-_I‘__._I'Ul
T
18
W] mer? o
70. (a): F= "= =—— = ML3T 14!
" gl AT

71. (b): The relative motion between the coil and the
rmagnel produces change in the magnetic flux in the coil. The
induced emf is always in such a direction that it oppases
the change in the {lux,
12. (¢}
73. (d)
74, (a): When an electron is moving from right to left, the
flux linked with loap (which is going into the page) will first
increase and then decrease as the electron passes by. So
the induced current £ in the loop will be first clockwise and
will change direction (i.e. will become anticlockwise} as the
electron passes by.
75. (<) : When current in coil A increases with time, there
will be a change of flux in coil B which will induce a current
in 8. Now, according 10 Lenz's law, the direction of induced
current in B will be oppesite to the direction of current in
A. Thus, if two loops carry current in apposite direction they
will repel each other.
76. (c) : The mutual inductance of the system is
77. (c): Here, g = 2 % 1072 Wh, [ = 0.01 &
As o= M
Mutual inductance between two coils is
-
uote 2X10Wh .,
! 0arA 1, Ny VA
78. (b) : Mutual inductance of coils, M = FJ =

It is clear that mutual inductance of coils can be increased
by increasing the number of turns in the coils.

79. {a): We know that the mutual inductance depe_nds
(directly proportional) on the permeability of the med!um
surrounding the coils, When the permeability of the medium
is increased by inserting a sheet of iron, then the mutual
inductance between the coils also increases.

80. ()

81. (a) : The inductance in a coil piays the same role as
ingrtia in machamics.

82. (b): Here, I=25A L=5H

Magnetic (lux linksd with the cail is

$g = L= (5 HIZ.5 A) = 12.5Wh

83. (0 : The induclance of a solenaid is L = par’ Al

where A is the area of cross-section of the solenaid, /i3

length and n is the number of twens per unit length

As A= R’ whare R is the radius of the solenaid.
Lepgfafil = L = A

B4. (c) : The magnitude of induced emf F5

|.:1=1;':'|T‘r = LulFf

o, L= 1'":'"2"t—m'm."j=+:|hrnsruacu:hm:l

ampere
B5. (b) :Here L= 10 henry J, = 9A, I, = 4 A
and Al = 0.2 secand

Then imduced e.m.L
CdW=h) _-10x@-9) 50 o
Rkl 07 02

86. (d) : E.m.f induces, when there is change in magnetic

flux. The magnitude of induced e.m i depends upon the

rate at which the magnetic flux changes. When magnetic

flux is steady or constant no e.m.f is induced. Faraday did

experiment in which, there is relative motion between the

coil and magnat, the flux linked with the coil changes and

e.m.t induces,

§7. (d) : According to Faraday’s law, the induced em.f (E)

. d(N¢)_ d(NBA) . dB

i5 given by E = . E— Hﬂm:.

This the induced em.f depends on the rate of change of

magnetic fiux, number of tums af coll and area of the coil.

|f any of these factor increases {or decreases) then induced

e.m.f also increases (or decreases).

B8. (b) : According to Lenz's law when magnet is moved

towards the col, the direction of the induced current is such

that the coil repels magnet and when the magnet moves

away from the codl, the coil attracts the magnet.

89. (a): The coefficient of self inductance of the coil is given
2

T P ":’ A

wihere N is number of tums, | is length of the cail and A is

area of coil, so L = N,

90. (c) : The coil in the resistance boxes are made from
doubde wire. Due 10 this current in two wires flows in oppasite
directions, £L&., magnetic {lux linked with the each coil cancel
each other. Thus, no em L is induced in the resistance.

91. (d}: When an alternating current is sant through the coil
then effective resistance of the coll will be /R +{wl)f




Electramagnenic indtiction

Here, £y = 1.5V v, = 15 kmjhr =15>¢% ms "

- T
vy = 10 kmihr =1€IHE ms~, ey =]

lal AT
1. (b): The relative motion between the coil and the
magnet produces change in the magnetic flux in the eail, The
induced emf js always in such a direction that it opposes
the change in the flux,
72. ()
73. (d)

T4. (a) : When an electron is moving from right to left, the
flux linked with loop (which i qoing into the page) will first
increase and then decrease as the electron passes by, So
the induced current [;in the loop will be first clockwise and
will change direction (i.e. will become anticlockwise) as the
electron passes by,
75. (¢} : When current in coil A increases with time, there
will be a change of flux in coil B which will induce a current
in B. Now, according 1o Lenz's law, the direction of induced
current in B will be opposite to the direction of current in
A. Thus, if two loops carry current in opposite direction they
will repel each other.
76. (c) : The mutual inductance of the system &
M = p,n,nma’l
77. (€) : Here, dg=2 % 1072 Wh, | = 0.01 A
.l!l.E ¢'.E T M
Mutual inductance between twa coils is

-2
M’ =¢_E=2—:fiq.-.-llirtf=:2|'|

/ 0.01A
MN.N.A
78. (b) : Mutual inductance of coils, M =l‘~ul‘r+

It is clear that mutual inductance of coils can be increased
by increasing the number of turns in the coils.

79. (a): We know that the mutual inductance depends
{directly proportional) on the permeability of the medium
surrounding the coils. When the permeability of the medium
is increased by inserting a sheet of iron, then the mutual
inductance between the coils also increases,

80. (c)

81. (a) : The inductance in a coil plays the same role as
inertia in mechanics.

82, (b):Here, I=25A L=5H

Magnetic flux linked with the cgil is
Bg=LI={5 H{25A) = 125Wh
83. (c) : The inductance of a solenoid is L = uy Al
where A is the area of cross-section of the solencid, | its
length and n is the number of twns per unit length,
s A = nA, where A is the radius of the solenoid.
L=y aff f = [ w A
84. (c) : The magnitude of induced emf is
l |e]at

8 AP R B - o
lg|=L =2
_ volt x second

ampere
85. (b) :Here L= 10 henry =94, L, =44
and Al = 0.2 second
Then induced e.m.f

- = .
AT Wb 0xE-9) 50
At 0.2

86. (d) : E.m.finduces, when there is change in magnetic
flux. The magnitude of induced e.m.{. depends upon the
rate at which the magnetic flux changes. When magnetic
flux is steady or constant no em.f. i induced. Faraday did
experiment in which, there is relative motion between the

coil and magnet, the flux linked with the coil changes and
em.f induces.

87. (d) : According 1o Faraday's law, the induced e.m f (E)
d(N¢)_ d(eA) a8

it dt it

Thus the induced e.m.f depends on the rate of change of
magnetic flux, number of turns of coll and area of the coil,
If any of these factor increases {or decreases) then induced
e.m.f, also increases (or decreases).

88. (b} : According to Lenz's law when magnet is moved
towards the coil, the direction of the induced current is cuch
that the coil repels magnet and when the magnet moves
away from the coil, the coil attracts the magnet,

B9. (a) : The coefficient of self inductance of the coil is given
I-L[IH l.nﬂ
byt B

where N is number of turns, | is length of the coll and A is
area of coil, 5o L o N2,

o, L = ohm second

Ey=

is given by E =

90. {c) : The coil in the resistance boxes are mads from
double wire. Due to this current in two wires flows in opposite
directions, Le., magnetic flux linked with the each coil cancel
each other. Thus, no e.m.f, is induced in the resistance.

91. (d) : When an alternating current is sent through the coil

then effective resistance of the coll will be JR? +lol )



while it was only A for direct current La., effactive resistance
of coil will increases for AC.

92. (a) : When the magnet falls, the magnetic flux through
the copper ring increases and induced e.m.f is produced in
the ring. The induced emf so produced, opposes the mation
of falling magnet. Therefore, the acceleration of the falling
magnet will be less than that due to gravity.

93. (c) : When the satellite mave in inclined plane with
equatorial plane the value of magnetic field will change both
in magnitude and direction, Due to this, the magnetic flu
through the sateflite will change and hence induced currents
will be produced in the metal of the satellite. But no current
will induce if satellite orbets in the equatorial plane because
the magnetic flux does not change through the metal of the
satellite in this plane.

94. (a): Self-inductance of a codl is its property by virtue
of which the coil opposes any change in the current fiowing
through it It is because, the induced emf produced opposes
the change in current. For this reason, self induction is called
inertia of electricity.

95. (a) : As the aircraft fiies, magnetic flux changes through
its wings due to the wvertical component of the earth's
magnetic field. Due to this, induced emf is produced across
the wings of the aircraft.

86. (c) : The manner in which the two coils are oriented,
determines the coefficient of coupling between them La,,

K= |M

Lty

where L, and L, are self inductance of two colls. When the

two coils are wound on each other, the coefficient of coupling
i maximum and hence mutual inductance between the coil

I5 maximum.

97. (a) : An induced current develop in a conductor cannat
maved in a direction parallel to magnetic field. This is
hecause when the cenductor meved in a direction parallel
to magnetic field, amount of flux linked with the conductor
does not change, Thus the induced current develops only
when conductor cuts the lines of magnetic farce. The direction
of flow of induced current can akso be found by applying
Fleming’s right hand rule, when the direction of motion of
conductor inside the magnetic field and the direction of
magnetic field action on it are known.

98. (a): When we pull a copper plate out of the magnetic
field or push it into the magnetic field, magnetic flux linked
with the plate changes. As a result of this eddy currents are
produced in the plate which oppose its motion {according
to Lenz’s law).

89. (b): E.m.f. induces, when there is change in magnetic
flux. The magnitude of induced e.m.f. depends upon the
rate at which the magnetic flux changes. When magnetic
flux is steady or constant no e.m.L is induced. Faraday did
experiment in which, there is relative motion between the
coil and magnet, the flux finked with the coil changes and
el induces.

100.(a) : The inductance coils made of copper will have very
small chmic resistance. Due to change in magnetic flux a large
induced current will be produced in such an inductance, which
will offer appreciable oppaosition to the flow of current.

e



Recap Notes

» Alternating current : It iz that eurrent

which changes continuously in magnitude
and periodically in direction. It can be
repreaented by a sine curve or a cosine curve
I=lysinod or I=0;cosme

Here, I, is peak value of current and is known
as amplitude of ac, [ is instantaneous value
of alternating current. o = 27T = 27y where
T is period of ac and v is frequency of ac.
Mean or average value of alternating
current or voltage over one complete
cycle : The mean or average value of
alternating current or voltage over one
complete cycle is zero,

r
fIDslnmrd'r
I_or T or I =§'.—'—l'.}

fvy sinee de
V, or ¥ or Vu-.-=ﬂ]-—=ﬂ

[t

)
Mean value or average value of
alternating current over any half cyele :
It is that value of steady current, which
would send the same amount of charge
through a circuit in the time of half cycle
i.e., T/2 as is sent by ac through the same
eircuit in the same time.

20

Id'll’ = =0.637 .I',-_-,

Alternating Current

Similarly, for alternating voltage

Vor = % =0.637 1
Root mean square (rms) value of
alternating current : It is defined as
that value of steady current, which would
generate the game amount of heat in a given
registance in & given time, a2 is done by the
alternating current, when passed through
the same resistance for the same time. The
rms value of ac is also known as effective
value or virtual value of ac_ It is represented
by £ e Lge or I,

I
I or Im -.'% = 0.7071,

Similarly, for alternating voltage

|
Vi = —I.“. =0.707 V;
W &

AC eircuit containing pure resistance

only :
R

1
Let V = V,; sinu¢

L
Then, I=E dF"kinmraIu sim i

Iy
"'-._.--'|ilr

Here the alternating voltage is in phase with
current, when ac flows through a resistor.
The instantaneous value of alternating
current and alternating voltage in the circuit
containing R, follow that both are in same
phase as shown in figure.

R T P A g



Vallage
T oy i Lrrend
Vaorl iE

Bomidomh A2 o e
1 b,

AC circuit containing pure inductor

only :

Let V = Tr"[,, sirint

Thtmlwlnsin[mr—%]

v
where I, =El‘l

Thus, the alternating current lags behind
the alternating voltage by a phase angle of
-E- hen ac flows through an inductor as

ghown in figure.

» Inductive reactance: [tis the oppogition
offered by the inductor to the flow of
alternating current through it.

X; = wl = 2nul
The inductive reactance is zero for de
(v = 0) and has a finite value for ac.

AC circuit containing pure capacitor
only : .
I L
ir
LE ]
e
e
Let V= vu girong

x
= I Bi I+—
i n!ln[{ﬂ +2]

'H'hEm Iﬂ. = ilﬂ":‘}vn.
Thus, the alternating current leads the

voltage by a phase angle of I when ac flows
through a capacitor.

Wpltape

: furrenk -
G N
% / 2a
Vorlb— Wmﬂ -

» Capacitive reactance : Ilr. i3 the
opposition offered by the capacitor t,n the
fow of alternating current th rough it.

Lt

wC  2mel

The capacitive reactance is infinite for dec

(v = 0) and has a finite value for ac.

AC through LCR-series circuit :
c

Jl'.'r_-=

Then, I = I; sin (wt = 4)
VD

M'I'EITI.:]:E

Here Z is the impedance of the series LCR

circuil.

(3, = %5}
a

4

# The alternating current lags behind the

voltage by a phase angle ¢
:an* = q‘x_].'“_"?:_._ﬂ'._

- When X; > X, tan ¢ is positive.
Therefore, ¢ 15 positive. Hence current
lags behind the voltage by a phase
angle . The ac circuit is inductance
dominated circuit.

- When X; < X. tan ¢ is negative.
Therefore, ¢ 12 negative. Hence current
leads the voltage by a phase angle ¢.
The ae circuit is capacitance dominated
circuit,

Resonant series LCR eircuit : When the
frequency of ac supply is such that the



Afrarmaieng Curren;

inductive renctance and capacitive reaclance
become equal X = X, the impedance of
the series LCR circuii in equal to the ahmie
resistance in the cireg; L. A% such, the eurrent
in the circuit hecomes maximum. Such a
series LOR circuit ig known as resonant
series LCR eircuit and the frequency of the
ac supply is known as resonant I!"réquem::.-
(u.). The resonant frequency is

I
U, = 1

nie , = Jic

* The zeries Tesonance circuit is known as
acceptor cireuit. It is used in radic and
TV receivers sets for tuning a particular
radio station/TV channel.

* Resonance phenomenan is exhibited by a
arcuit only if both L and ¢ are present
in the eircuit. Then only voltages across L
and ' cancel each other, Wa cannot have
resonance in a RL or RC eireuit,

* Quality factor : It s 5 measure of
sharpness of resonance. Tt is defined asthe
mtlm::frea.u::t.ammfeithartheiudut:st.a.t'mer.n.'
capacitance at the resonant angular
frequency to the total registance of the
eircuit.

=X ol
R B

.

R mCR

1 (L

~ Q=\e

Quality factor is also expressed in terms
of bandwidth,

__ Resonant frequency

= ——

Bandwidth

Power in an ac cireuit : In an ac eircuit

we may define three types of power.

» Instantaneous power : The power in the
ac circuit at any instant of time is known
as instantaneous power. It is equal to the
product of values of alternating voltage and
alternating current at that time.

» Average power (P, ) : The power
averaged over one full cycle of ac is known
as average power, It is also known as true
pwWer or average power,

Q

0

R Voly

_ Vgl R
B

L ¥ Frasiz

Here, R is resiatance and Z is impedance.

* Apparent power : The product of virtual
voltage (V) and virtual current i..)in
the circuit is known as virtual power or
Bpparent power,

III|.I.' = lIIII-r"u "I:wu: = El}li{l-
LC-Oscillations : When a charged
capacitor is allowed to discharge through a
non-resistive inductor, electrical oscillations
of constant amplitude and frequency are
produced, these oseillations are called LC-
oscillations.

Transformer : [t is a device used for
converting a low alternating veltage to a
high alternating voltage and vice versa, [t iz
based on phenomenon of mutual induction,

For ideal transformer, i N_, =k
F Iz Np

where & is called transformation ratio.

» Forastep-uptransformer,k=1.i¢. ViV,
Ig < Ipand Ng > Ny

» For a step-down transformer, k < 1, fe,
Vo< Vp, Ig > Ip and Ng < Ny,

» Efficiency of a transformer,

= l::utput power _ Eﬂi
input power  Vplip

AC Generator : A generator produces

electrical energy from mechanical work,

just the opposite of what a motor does.

» An AC generator is based on  the
phenomena of electromagnetic induction,
which states that whenaver magnetic flux
linked with a conductor (or coil) changes,
an emf is induced in the egil.

Here € is the emf induced in the coil, then
& = NBAw sin wt or & = g, sin wf

where £, = NBAw is the maximum or peak
value of induced emf,

The instantaneous emf & produced in coil
varies sinusoidally with time and hence is
also known as alternating emf.

where, N' = number of turns in the coil,
B = strength of magnetic field, A = Area
of each turns of the coil and w = angular
veloeity of rotation.




<) Multiple Choice Questions (MCQs)

1. A light bulb is rated at 100 W for a 220 V
ac supply. The resistance of the bulb is

(al 284 L) (h) 384 00

(el 484 Q id) GH4 Q

2. In an ac circuit, V and I are given by
V = 150sin(150¢) volt and I = 150sin | 1501+ 5}

ampere. The apparent power in the circuit is

(a) 106 W ib) 150 W
(e} 11250 W (d) zero

3. In the case of an inductor
{a) wvoltage lags the current by ..;:

_E_h__},.wltu.ge leads the current by
(¢} wvoltage leads the current by

(d) voltage leads the current by

B W e A

4. An indoctor of 30 mH is connected to =
220V, 100 Hz ac source. The inductive reactance is
ra) 10.58 0 (b} 1264 0

{-IE::I,.. 1885 02 id) 22670

5. A fully charged capacitor C with initial
charge @ is connected to a coil of self inductance
L att =0. The time at which the energy is stored

equally between the electric and the magnetic
field is

(a) EJLE (b) 2xJLC
(e) JIC (d) =JLC

6. An LCR series circuit is under resonance. If
" I is current amplitude, V_ is voltage amplitude,
R is the resistance, Z is the impedance, X is the
inductive reactance and IE‘ iz the capacitive
reactance, then

z A

(a) J'J.—E (b f..-l,L
F K

= — : =_Ft|

© =g d) 1,=2

7. The phase relationship between current
and voltage in a pure resistive circuit is best
represented by

f ENONE e

8. Atresonant frequency the current amplitude
in series LCH circuit is
() maximm

(e} Zero

(b) minimum

(d) infinity,

9. A 0.2 kO resistor and 15 pF capacitor are
connected in series to a 220 V, 50 Hz ac source.
The impedance of the circuit is

(a) 2500 {h) 268 Q

e} 20160 (d) 291560

10. A sinusoidal voltage of peak value
233 V and frequency 50 Hz is applied to a series
LCR cirevit in which R =6 Q, L = 25 mH and
€ = 750 uF. The impedance of the circuit is

(a) 7.00 (b} 8.9 0O

(c) 990 (d) 10,00



‘f

[ &3

Alrernating Current

11. Switch 8 is closed at ¢ =
long time, an iron rod is
inductor ..

Then, the light bulh

o

(a} glows more brightly

(b} gets dimmer

(e} glows with the same brightness

(d) gets momentarily dimmer and then glows
mare brightly.

12. In a series LCR cireuit having L = 30 mH

R =80 and the resonant freq?uu;ﬁny is Eﬂnltlzi

The quality factor of the circuit ie
fa) 0.118 (b) 11.8

{c) 118 (d) 1.18

13, ﬁ.?!.erunting voltage (V) is represented by the
equation

(a) Vith=V_ g (B) Wit = V_ sinue

(e} Vit) = V, cotwt (d) ¥it) = V_ tanme
where V_ is the peak voltage.

14. Which of the following graphs represents the
correct variation of inductive reactance X; with
frequency v?

X4

0. After sufficiently
inserted into the

A

(a) i(b)

— %

(1]
X X
ic) ‘ (d) ‘ 2
0 v

15. A 44 mH inductor is connected to 220 V,
50 Hz ac supply. The rms value of the current
in the circuit is

(a) 128 A (b) 136 A

(c] 159 A (d) 19.5 A

16. The output of a step-down transformer
is measured to be 24 V when connected to a
12 watt light bulb. The value of the peak current is

(a) :,!,:;f’t (b) V24
(c) 2A (d) 2424

17, Which of the following combinations should
be zelected for hetter tuning of an LOR eircuit
uged for communication?

(a) R:EHELL= 1.5 Hrl:'=35!.~lF
(b} R=260,L=25H,C =45 uF
(¢) R=15Q,L=35H, C = 30 uF
d) R=260Q,L=15 H, C = 45 uF

18. A 30 pF capacitor is connected to a 150 v,
60 Hz ac supply. The rms value of current in the
circuit is

fa) 17T A (by LT A

(e} 1.7 mA (d} 2.7 A

19. The rms value of current in an ac cireuit i3
256 A, then peak current is

{a) 35.36 mA {b) 35.36 A

(e} 3.536 A {d) 4938 A

20. The resonant frequency of a series LOCR
circuit with L =2.0H, C = 32 UWFand B = 10 Q2 is
(a) 20 Hz (b} 30 Hz
(el 40 Hez id) 50 Hz

21. A 60 uF capacitor is connected to a 110 V
{rms}), 80 Hz ac supply. The rms value of current
in the eireuit is

(a) 1.49 A (b) 149 A

e} 249 A (d) 249 A

22. When a voltage measuring device is

connected to ac mains, the meter shows the

steady input voltage of 220 V. This means

{a) input voltage cannot be ac voltage, but a de
voltage

(b) maximum input veltage is 220 V

(e} the meter reads not V but <V?> and is

calibrated to read < V2 o

(d) the pointer of the meter is stuck by some
mechanical defect.

23. In series LOR circuit, the phase angle
between supply voltage and current is

X

s
E = =L — t =
{a) tang 7 () tandg Yok
R
© W= @ tanpaXtXe

4. A series LCR cireuit with B = 22 Q.
L=15Hand C =40 pF is connected to a variable
frequency 220 V ac supply. When the frequency
of the supply equals the natural frequency of the
circuit, what is the average power transferred
to the circuit in one complete cycle?
{a) 2000 W (b} 2200 W
(e) 2400 W (d) 2500 W



25. In an alternating current circuit consisting
of elements in series, the current mncreases on
increasing the frequency of supply. Which of the
following elements are likely to constitute the
circuit?

(a) Omly resistor.

(b) Resistor and an inductor.

i¢) Resiztor and a capacitor.

{d) Only an inductor.

26. When an ac voltage of 220 V is applied to

the capacitor C, then

{a) the maximum voltage between plates is 220 V

ib) the current is in phase with the applied
voltage

{e) the charge on the plate is not in phase with
the applied voltage

{d) the current developed leads the applied
voltage by a Fha_ae angle of 80°.

27. The LC parallel resonant circuit
ta) has a very high impedance

(b) has a very high current

(e) acts as resistance of very low value
(d) has zero impedance

28. A capacitor and an inductance coil are

connected in separate AC circuits with a bulb

glowing in both the circuits. The bulb glows

more brightly when

{a) aniron rod is intreduced into the inductance
coil

(b) the number of turns in the inductance coil
is increased

{c) meparation between the plates of the
capacitor i8 increased.

{d} a dielectric is introduced into the gap
between the plates of the capacitor.

29. Quantity that remains unchanged in a
transformer is

{a) voltage

(b) current

(e) frequency
(d] none of these.

30. Which of the following graphs represents
the correct variation of capacitive reactance Xo
with frequen:jr u?

I L

(e} (d

u u

31. Fhe loss of energy in thle form of heat in the
iron core of a transformer 18

(@) iron loss

ib) copper loss

ie) mechanical loss

id) none of these

37. An alternating current generator has an
internal resistance K, and an internal reactance
X,. It is used to E-T.Ippl}" power to a passive load
mmustmg of a resistance H_ and a reactance X;.

For maximum power to hn delivered from the
generator to the load, the value of X should be

equal to
la}) zero (b) X,
(e] —X (d) R,

33. An inductor of reactance 1 & and a resistor
of 2 £ are connected in seriez to the terminals
of a 8 V (rms) ac source. The average power in
the circuit is

(a) 8W ib) 12 W

(e} 144 W d) 18'W

34. A charged 30 pF capacitor iz comnected to a
27 mH inductor. The angular frequency of free
vscillations of the circuit is

fa) L1 x10%pad g~!

(b) 2.1 » 107 rad 57!

ey 3.1 % 10% rad g1

(d) 4.1 % 10% rad g1

35. The @ factor of a series LCR circuit with
L=2H,C=32yFand R =100 is

(a) 15 (b) 20

(cy 25 (d) a0

36. The natural frequency of the cireuit shown
in figure is

(a) "T“ (7 .
2mllC awfie
) 5?;? (d) zero

TRy ey P e e



Alternating Cument

37. A circuit iz mage up of a resistance ] £

and inductance 0.0] H. An alternatin
. 1 H. £ voliage
of 200 V at 50 Hz i tonnected, then the p]-rnge

difference between the turrent and the voltage
in the cirenit ia
tad tan~tim 1 '(!J
B
4x
{c) tan {;} (d) tan '(E,_]

_:-!E. When an ac source of voltage V' = V, sin100¢
18 connected acrogs g cireuit, the phase difference
between the voltage Vand current / in the circyit
is observed to be w4, a X
Fircuil‘: tonsists possihly only of RC or RL or LO
in series, find possible values of twa elements,

.T Va
s |
-E 0 I'I i i
3 S —t 5]
-, YE
_Ill’A -_-ﬂ'ﬂ,_
,[a.JR=1kn,G=1{I|.|.F_'f " 2
) R=1k@, C=1yF e
(¢l R=1kQ,L=10my s St
(d) R=10kR, L = 10 mH R e

39. In the series LCR circuit shown, th
impedance is

‘ 1H 204F 30Q i
. Y

b 2y
(a) 200 Q (b} 100 O
{c) 3000 (d) 5000

40. In a series LCR circuit, the plot of I, versus
@ i8 shown in the figure. The bandwidth of this
plot will be

1o

TalA) g5

05 1.0 1.5 20
w frad 577}

{a) zero {(b) 0.1 rad 57"

{c) 0.2 rad st {d) 0.4 rad g™!

41. The line that draws power supply to your
house from street has

{a) 22042 V average voltage.

(b} 220 V average viltage.
le} woltage and current out of phase hy n/2.
id) voltage and current poasibly differing in

phase ¢ such that |¢lf¢fg.

42, An alternating current of rms value 10 Ais
passed through a 12 Q resistor, The maximum
potential difference across the resistor j=

(a) 20V (hy B0V

{c) 169.68 V (d) none of these

43. 200 V ac source is fed to series LOR eircuit
having X; = 60 Q, Xe=560Dand R = 25 0,
Potential drop across the inductor is

(@) 100V tby 200V

e 400V idy 10V

44. A 100 pF capacitor in series with a 40
resistor is connected to a 100 V, 60 Hz aupply.
The maximum current in the cireuit is

(a) 2.856 A (b) 2.75 A

{c) 2.B5 A id) 2.95 A

45. The rms value of potential differsnce Vv
shown in the figure ig

r'\.'-'_ u
| g
T s

72 T

(a) %— {b) vu
© % @ 2

46. In the circuit shown in figure, what will be
the reading of the voltmeter?

@

IR A= 1M

— gL |
200V, 100 Hz

®

(b} 900V
e} 200V (d) 400V

41. A transformer is used to light 140 W, 24 v
!amp from a 240 V ac mains. If the main current

(a) 300V

(c} B3.3%

48. The 220 V AC line voltage that we receive
in our homes is
(a) rms value

(b} peak value
(e} average value

{d) none of these



49. An nliernnting enrrent in o eircuil is given
by 1 = 20 ain (100 1+ 0.067) A The rma value
and the frequeney of current. reapectively are
Al 10 A and 100 Hz (b 10 A and 50 Hz
Lel 102 A ol S0 1y 1042 A and 100 He

50. A bully of resistance 280 2 iz supplied with
a 200V AC supply. What is peak current?

ta) Nearly 1 A ihi Mearly 2 A

icl Nearly 1.4 A tdl Nearly 2.8 A

51. A capacitor of capacity ¢ has reactance X, If

the eapacilance and frequency become double,
then reactance will be

ial 4 X% (b} ;1;
i) % (d) 2x

52. When Lhe frequency of the AC voltage

applied to a series LOR cireuit is gradually

increased from a low value, the impedance of

s S R
notonically increases .

(hi first inereases and then decreases—

ot first decreases and then increases

(d) monotonically decreases

53. A series LCR circuit is connected to an AC
source and is showing resonance, Then

(a} ¥p=0 (h) ¥, = ¥y

fc) Vo= ¥, (d) ¥, = ¥,

54. An LCR cireuit containg R =500, L = 1 mH and
= 0.1 pF. The impedance of the circuit will be
minimum for a frequency of

1 10°
in

(a} —Hz (b) =—Hz
An

fe) 2xx 10° Hz fd) 2% x 10 Hz

55. A 50 volt AC is applied across an 8C (series)
network. The rms voltage across the resistance is
40 volt, then the potential across the capacitance
would be

i) 10V (b) 20V

(e} 30V (d) 40V

@ Case Based MCQs

rn patio of a transformer ia 1 : 2. Ap
ﬁor?r?‘afft:c e cell of emf 2 volt ljﬂ connected b
its primary. The oulput voltage 18
ta) 2V thy OV
fed 1V (dy 3V

57. In step-up transformer, relation between
aumber of turns in primary rﬂph and number of
turns in secondary (Ng) coils is

(a) Nyis greater than ¥,

(b} N, is greater than Ny

ic) Ny is equal to N,

(d) Np=2N;

58. A charged capacitor C = 30 uF 18 connected
to an inductor L = 27 mH. The angular frequency
of their oscillations i2

{a) 9.1 x 10° (b} 3.0 = 10°

(¢) 1.1x 10 (d) 0.3 = 10°

59. The resonance frequency of the tank circuit
10
of an escillator when [ =- mH and C = 0.04 uF

n
are connected in parallel is

{a) 250 kH= (b} 25 kHz
{e} 2.5 kHz (d) 25 MHz

60. Out of the following graphs, which
graph shows the correct relation (graphical
representation) for LC parallel resonant cirenit?

I/

Impedasoe

-

e e ————
Fr Fr
Frequency Frequenicy

(1) 12)

|mipedance
E Curment
<«

Frequency
(k] (4}

(b} (2}
(d) (4)

{(a) (1)
{c) (D)

Case I : Read the passage given below and
answer the following questions from 61 to 65,

LC Circuit

An LC circuit also called a resonant circuit,
tank circuit or toned eircwit 15 an electric circwit
econsisting of an inductor represented by the letter

L and a capacitor, represented by the letter O
connected together, An LC circuit is an idealized
model gince it assumes there is no dissipation of
energy due to resistance.

An LC cireuit contains a 20 mH inductor and a
50 uF capacitor with an initial charge of 10 mC.



Alrernaring Cirend

The registance of the circuit is negligible. Let the
instant the circuit is closed be ¢ = 0,

I
N— LY
rd

5 Le

61. The total energy stored initially is

(al 5J (b) 3d
(c) 104 (d) 1J
62. The natural frequency of the circuit is

(a) 159.24 Hx {bY 200,12 Hz
(c) 110.25 Hz id) 95 Hz

63. Atwhat time is the energy stored completely
electrical?

(a) T,5T,9T (h) E,H,?I
- R A
(c) 0, T, 2T, 37 @ u,g.:r,%

64. At what time is the energy stored completely
magnetic?

T 3T T |l et
{ WEOT S Npe g L. e
N T L
T 3T 5T
(e} 0,27, 3T ———
(d) i
65. The value of X is
(a) 20 (b) 40 5
(c) 60 Lx {dy 50 L3

Case II : Head the passape piven below and
answer the following questions from 686 to 70,

AC Voltage Applied 1o an Inductar

Let a source of alternating e.m.f. E = E sinut
be connected to a circuit containing a pure
inductance L. If I is the value of instantaneous

current in the circuit, then 1=1, ﬂn[m i ,’1.':}

The inductive reactance limits the current in a
purely inductive circuit and is given by X, = wl.
L
0000 ———

Pl
W
66. A 100 hertz a.c. is flowing in a 14 mH eail,
The reactance is
fa) 16 0
(e} BB O

{b) 7560
(d) 10 L2

i

67. In a pure inductive circuit, resistance to the
flow of current is offered by

ia) resistor '

(b} inductor

{e) capacitor

(dl resistor and inductor.

68. In a inductive circuit, by what value of
phase angle does alternating current lags behind
e.m.f.?

{a) 45° (b) 80°

(e) 120° (d) T5°

69. How much inductance should be connected
to 200 V, 50 Hz a.c. supply 80 that A maximum
current of 0.9 A flows through it?

a) 3 H (b) 1 H

e} 10 H id) 45 H

70. The maximum value of current when
inductance of 2 H is connected to 150 wolt,
50 Hz supply is

(a) 0.337 A (h) D.721 A

ic) 1521 A id) 2522 A

Case III : Read the passage given below and
answer the following questions from 71 to 75.
Tranglormer

A transformer is essentially an a.c. device.
It cannot work on d.c. It changes alternating
voltages or currents. It does not affect the
frequency of a.c. It is based on the phenomenon
of mutual induetion. A transformer essentially
congists of two coils of insulated copper wire
having different number of turns and wound
on the same soft iron core.

The number of turns in the primary and secondary
coils of an ideal transformer are 2000 and 50
respectively. The primary coil is connected to
a main supply of 120 V and secondary coil is
connected to a bulb of resistance 0.6 Q.

'?l_.l '_I'he value of voltage across the secondary
coil is

a) 65V (by 2V

c) 3V d) 10V

7% The value of current in the bulb is
(a) 7TA (b) 15 A

led 3 A H,'LE- A

73. The value of current in primary coil is
Pl 0,125 A by 252 A

(e} 151 A id) 3.52 A



74 Power in primary eoil is

inh 20 W i W
led 10 W Wl 16W
75, Powoer in gecondnry enil is

tnd 1hW thy 20 W
el TW idy 8'W

Case 1V : Read the passoge given below and
ansgwer the fllowing questions from 76 Lo 80,
Stép-down Transtormer in the Transmission of Electric
~ Power

Step-down transformers are used (o decrense
or step-down voltages, These are used when
voltnges need Lo be lowered or uae in homes
and factories.

A small tvwn with a demand of 800 kW of electric
power al 220 V is situated 15 km away from an
electric plant generating power al 440 V, The
resistance of the Lwo wire line carrying power is
0.5 £2 per km. The town gets power from the line
through & 4000 - 220 V step-down transformer
at a sub-siation in the town. g

Care

L

H.I"
- L
['||.rr|.l.r::;:":} o %Wﬂlﬁ"r
-:i' ™

q-"-_-, ",
76. The value of total resistance of the wires is
{a) 2601 (by 3040
{c} Ab L2 id) 160 -
77. The line power loss in the form of heat is
(a) 550 kW (b) 650 kW
(e} 600 kW (d) 700 kW

78. How much power must the plant supply,
asguming there is negligible power loss due to

leakage?

(a) GO0 kW (b) 1600 kW
fe) 500 W (d} 1400 kW .
79. The voltage drop in the power line is
fa) 1700V (h) 3000V -

gy 2000V (d) 2800V

80. The total value of voltage transmitted from
the plant is
fa) GO0V

fc) 3000 Y

(h) 4000V
id} TOOOV .

{:IIH“ v i “.['J"I ””l I““"'"”HII H.r“.l'!-ll h!-l!:lw I'I:'|Ifi

i ] r
anawer the nllowing questions (rnm H1 Lo B,

LCR Clroult .
When n pure registanee ff, pure induetor Loand

nn idenl enpacitor of cnpaeitanee € i eonnectad
in series Lo nosource of alternabing e.m.f., then
current alany instant through the three elemants
hua the same amplitude and is represented as
I = I ginmi. However, volLage SCrnHE rTrur.h ::-annﬂt
hos n dilferent phase relationship with the
current as shown in graph.

The effective resistance of RLC circuit is called
impodance () of the eircuit and the voltage leads
the eurrent by a phase angle ¢.

A resistor of 12 £, a capacitor of reactance
14 £ and a pure inductor of inductance 0.1 H are

* joined in series and placed across 200 V, 50 Hz

a.c. supply.

81, The value of inductive reactance iz

(a) 15 Lk (b} 3140

e} 2050 d) 300

82, The value of impedance is

(a) 2002 (b) 150

(e} 300 (d) 21.13Q

3. What is the value of current in the cireuit?
(a) 5 A (b} 15 A

(e} 10 A (d) 9.46 A

84, What is the value of the phase angle between
current and voltage?

(a) B3°9
le) B5"4"

(b) 639
(d)} &O*

85. From graph, which one is true from
following?

(8) V, 2V,

[h] FL - 1-"',:

() V, =V,



Alternating Curren]

S Assertion & Rgasoning Based MCQs

For question numbers 86-100, two

statements are given-ane labelled Assertion (A) and the other labelled Reason (R).

Select the comect answer 1o these questions from {he todes {a), (b), [c) and (d} as given below.
{a) Both A and R are Irue and R is the correct axplanation of A

{b) Both A and R are Irue but R is NOT the corract explanation of A

[} A s trug but R fs talse
fd) A s faise and R is also false

B6. hsa_trtinn (A} : Long distance transmission
of A.C. is carried out at extremely high voltage.

Reason (R) : For large distance, voltage has
to be large. .-

: _E?. ﬁ!:uerti-un (A) : An electric lamp connected
In series with a variable capacitor and A.C.

source, its brightness increases with increase
i capacitance,

Reason (R) : Capacitive reactance decreases
with increase in capacitance of capacitor. -

, B8. Assertion (A) : A transformer cannot work
on D.C. supply.

Reason (R): D.C. changes neither in magnitude
nor 1n direction. -

- B3. Assertion (A) : Step-down transformer
increases the current.

Reason (R} : Transformer obevs the law of
conservation of energy.

80. Assertion (A) : Soft iron is used as a core
of transformer.

Reason (R) : Area of hysteresis loop for soft
iron is small. -

.91. Assertion (A) : The core of transformer is
fade laminated in order to increase the eddy
currents.

Reason (R) : The sensitivity of transformer

increases with increase in the eddy currents. -

.- 92. Assertion (A) : The alternating current
lags behind the e.m.f. by a phase angle of =2,
when A.C. flows through an inductor, .-

Reason (R) : The inductive reactance increases
as the frequency of A.C. source decreases. .--

- 93, Assertion (A) : Capacitor serves as a block
for D.C. and offers an easy path to A.C.

Reason (R) : Capacitive reactance is inversely
proportional to frequency. .

84. Assertion (A) : When capacitive reactance
is smaller than the inductive reactance in LOR
geries cirenit, e.m.f leads the current.

Reason (R) : The phase angle iz the angle
between the alternating e.m.f. and alternating
current of the circuit. . -

85. Assertion (A) : Al resonance, LCR series
circuit have a maximum current.

Reason (R) : At resonance, in LCR series
eircuit, the current and e.m.f are in phase with
each other, .,

96. Assertion (A) : A bulb connected in series
with a solenoid is connected to A.C. source. If a
soft iron core is introduced in the solencid, the
bulb will glow brighter.

Meason (R) : On introducing soft iron core in
the sclenoid, the inductance decreases. . -

97. Assertion (A) : An electric heater is heated
firet by direct and then by alternating currents.
For both the currents, the potential difference
across the ends of the heater is the same. The rate
of production of heat will be different in two cases,
Reason (R) : The resistance of a coil in
alternating current will be more than the
resistance of a coil in direct current, hence heat
produced in case of direct current will be low, -

98. Assertion (A) : An alternating current
shows magnetic effect.

Reason (R) : Magnitude of alternating current
varies with time. - - i

99. Assertion (A) : We use a thick wire in the
secondary coil of a step down transformer to
reduce the production of heat.

Reason (R) : When the plane of the armature
is parallel to the line of force of magnetic feld,
the magnitude of induced e.m.f, is maximum.

100.Assertion (A) : An inductance and a
resistance are connected in series with an
A.C. circuit. In this cirenit the current and the
potential difference across the resistance lags
behind potential difference scross the inductanee
by an angle n/2.

Reason (R) : In L-R circuit voltage leads the
current by phase angle which depends on the
value of inductance and resistance both.



P’ ANSWERS "N

1, {¢): Here, P= 100W, ¥ = 220V
Resistance of 1the bulb is
e (22’
= —TIE = = df4 £
. M 111} »
2. (c): Compare V= 150sin{ 1501) with
¥ = Wysinmi, we get

Wy = 150V
Compare | = Eﬁﬂﬁiﬂ{lﬂH v ;]wilh
I= isitdem! + @), we get I, =150 A
Apparent power,

1 I
P=1"r11.|u‘|11|_-;=11{|.r1|= lu!ﬂhr'lﬂl-
= 11250 W

3. (b):In an inductor voltage leads the current by % or
current lags the voltage by -E

4. (c):Here [=30mH=30x=107H
V. =220 v =100 Hz

Inductive reactance,

X, = 2ol

=2x 304« 100%x30%107=18850

5. WA ateLaraea]

2
Maximum energy stored in capacitor = %%

Let at any instant f, the energy be stored equally between
electric and magnetic field. Then energy stored in electric field
at instant ¢ is

or Q’n% or Q=% or Qmuﬂ:%

ar IIH'EE ar I:L: i nmﬁ
4 o 4x/Jlc) 4

B. (d): impedance of the dircuil,

£ F= ,,|'J:-’+u; X F

Al resonance, X, = Xp

=R
[ K
lr-:-f---z-u

7. (c) ¢ Inthe pure resistive circuit current and voitage both
are in phase, Hence graph {c} is correct.
E. (a)
9, (d):Here, R=0.2ki2=2000
C=15puF=15x 10°5F

V.o =220V v =50 He

mrs

Capacitive reactance, X, = >

I.
mual’
0 e m— I I— b 5 1
Yo | (4 B0 S I0”
The impedance of the RC crcuit s
Ze JR +.J|'I|".
o Jrom? 2127 = 201580

10. {a): Here, R =62 L= 25mH = 25 % 10,
C=750uF =750 = 10°%F v =50 He
Xy =2mul =2 % 3,14 % 50 % 25 x 0?=7850

ko : L =425Q
Iul 2% 3. 0450 750= 00

X, -Xg=185-425=36Q
Impedence of the series LCR circuit i5
Z=JRE+(Xy - X

Xo=

Z = JI6F + (36 =,56+1296=7.00
11. (b): As the rod is inserted, inductance increases and

"hence the voltage across inductor increases. This causes a

drop in the voitage across the bulb and hence it gets dimmer.
12, (d):Here, L =30 mH =30 x 1077 H, R=81,
u, = 50 Hz
Asw = 2mu, =2 x 314 x50 =314 Hz
Quality factor, @'= %& .w 3
13. (b): The equation of alternating voltage is
Wit} = Vo, sinet
14, (b): Inductive reactance, X; = ml = 2ol
= X w0
Hence, inductive reactance increases linearly with frequency.
15. (¢} : Here, L=d8d mH = 44 » 107 H
Vips = 220V, v = 50 Hz
The Inductive reactance is
Xi=wl=2mol=2x314x50x84x10=13820

1.18

P 220
=—"'ﬂ‘-=—--.-..=
gt TR LT 1A
16. {a): Herp, Ve=24V P,= 12 W
A
_|I= = —
ST A



Alrernaling Cevrens

17. {c) : For better tuning of an (CR circuit
cammunication the circuit should possess
of resonance,

; 1 (L
'E-“‘EJ;
For it K should be low, L should be high and C should ba
low, therefore combination in option (c) is correct

18. (b): Here, C= 30 uF = 30 = 106 ¢

Vi =150Y v = 60 Hz

Capacitive reactance
I [ |

-'!l'.-'= = re—

Inul

_ used for
high quality factor

should be high.

2x3 14 x60% 3= 10" = 834602

¥ 150
J o=
R -:tlr- H-llltl?ﬁ

19. (b): Here, /. = 25 A
L=d21, =3x25 = 35364

20. {a):Here, L= 2H, €= 32 puF = 32 » 105 F
E=105

[ I
W, = =
Vic Jlxﬂxm‘ﬁ
10! 10 A
"m='g—= 125 rad 5

w
B=—Lfa———m2f
A TN R

21. (c) :Here, C= 60 uF = 60 = 1075 ¢
Vime = 110V u =60 Hz
M
X: 1iimvwC
= dnoC V.
=l 31w B0 x B0 = T0F = 190 =2404

22, {c) : The voltmeter connected to ac mains is calibrated
1o read root mean square value or virtual value of ac voltage,

23. (a)

24. (b): When the frequency of the supply equals to the
natural frequency of circuit, resgnance ocours,
I=R=20

Vo _ 220
and Jp == =104
Average power transferred per cycle,
R 20101 =2200W

P = Vins fims A

) 1 i
' B et
25. (c) : Reactance of a capacitor, X, = e ——

Ag frequency increases, X, decreases and therefore current
increases. As A does not vary with frequency, therefore, likely
elements constituting the circuit may be capacitor and resistor.
26. (d) : When an acvoltage of 220V is applied to a capacitor
C, the charge on the plates is in phase with the applied
vollage.

As the circuit is pure capacitive so, the current developed
laads the applied voltage by a phase angle of 90*

27. (a): The L parallel resonant circuit has a very high
impedance, hence a very low current.
28. (d)
9. (c) : A wransformer does not change the frequency of
3L,
” 1 i

30. (c) : Capacitive reactance, ¥, = —— = — o

e} : Cap e
= X, = —r

U

With increase in frequency, X . decreases.
Hence, option (c) represents the correct graph. =

31. (a) : Iron loss s the energy loss in the form of heat '
due 1o the formation of eddy currents in the iron core of the
transformer.

32. (c) : For maximum power to be delivered from the
generator to the toad, the total reactance must vanish.
Pe, X, 4+ Xo=0 of X, ==X

33. (C):Here, X, = 1Q,R=2Q, V, =6V
Impedance of the circuit

Z= X1+ B = JIV+(2F =S50

¥ &
{ = Bim A
Js

e
< R
Average power, P = V_ f"_E

& 2 N
A =ik
= ETEETS . =144 "W

34. (a):Here, C= 30 uF =30 x 10°%F
L=2TmH=27x 103 H

| 1 i
= = =
VIC  7x107 x30%10°  JRIx10°

4
=|~E—=1-1xm’m|5"

35. (J:Here, L=2H C=32pF=32x 100 F
R=108

1 1
Resonance frequency, @, = T_ =
TNIE T axazeine

i’
=-—--mjg'|
R
. L 10=2
Quality factor = L& o
g R R

36. (a) : In the given circuit, two capacitors are in series and
50 are the two inductors. So, their equivalent capacitance and
inductance are

= 1 1 C
— e e = - — = =
coc'c = or G ; andL,=L+L=2L



ThE natural frequency of the circuit is
e | 1
2L, C, En\]I{EL].[ g] 2mLC

37. (a) : [ ]
=@l = I'Em.! L= (2m)(S0M0.01) = 22
Als-:- R=10
¢ = tan”'[n)
38. (a): Figure given in the guestion shows that current

| leads the voltage V by a phase angle n/d, Therefore, the
circuit can be RC circuit alone.

From V' =V, 5in100¢, we get
= 100 rad s~
1 1

W CRe=ma——
m 100

WhenR=1k0=10"0Q

1 -3
C=—w=10"F = 10 uF
10°

39. (d):Here, L= 1H, C= 20 uF = 20 % 10°%F
R=3000, v=""Hz

The inductive reactande is
HL=M11H13%HIHIWH
The capacitive reactance is

xc--'-—l-l — e
Zumx

{Using (il

=500
50 20 %107

The impadance of the series LCR circuit is

z= ,'I'ﬂ2 + (X~ X P

H‘F{HM}I + (500 - 100

= /(30002 + (4008 = 500 0
40, (d): Bandwidth is the frequency range at which current

: 1
=— [ w07]
amplitude [, ?2- - -
IalAl

e (i i 577

05 10 15 20

W

Frewm Tigure,
Band width Am = 1.2 - 0.8 = 0.4 rads™

41, (d): As the line has some resisiance (R = 0}, veltage

and current differ in phase & such that [®i< —.

42, (c): Here, [, = 10A £ =120

the madmum current £, = 2 i = 20101 = 10JZ A
Maximum potential difference is ¥, = IR

=12 %12 =169.68 ¥

43. (c) : Here, Ve = 200V
Impedam:e of the circuit,

znull.lth{.lr,. -.J:'f—j_:-r\flszﬂ.’ﬂ-ﬂ}z =250

Current in the circuit,
:,,r,,,-fl"g!1 207 5 A
Voltage drop across the inductor Is
V, = e X, = BA x 500 = 400V
44, (d): Here, € = 100 uF = 100 x 10°° F = 10°* F,
R=4040,

Vins = 100 v = B0 Hz

V=42 K, = 10042V

In series AT circuit,

.E'=,|'R' + ,l."f = |||E=+ETI‘EE

e !
;E’l‘ l._
Vo axivic?

Maximum current in the circuit,

L = 2]

f= -F-i = d
Z ’+—I'.
d:r:"u’ﬂ:
" 1002
|
a0y i
\’[ d +4;-e|{3-|4}’x(ﬁo]‘ x(107')
i
- "P-Elﬁ'- 295 4
45, (c) :
T T —

V=V, fnr{ists%

Fnﬂfm%ﬂtsr
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T'?_..

o 172 [ T 2
[ i ?‘{1} B

46. (<) : Here, V, = Vo = 100, V' = 200V
As 1= 1l -1y

200 = |V + (100 - 1008 = ¥,

o V=200V

47. (<) : Output power = 140'W

Input power = 240 x 0.7 = 168'W

Eff — Dutput power 140 m .
Clency = e — w100 = msxm B3.3%

48. (a): The 220 ¥, ac line voltage that we recaive in our
homes is an rms value.

49, {c) : Given, I = 20 sin{100mr + 0.05m) A

Lomparing with standard equation, we get
Io=20A and o = 100 rad 5!

Iy 20
w1042 A
%5
Mow @ = 100w, 2mu = 100m, v =50 Hz
50. (a):Here R=2800, V_ =200V
Peak voltage, ¥y = V. _+2 = 200/2
V, 20042V
. i
Peak current, I, R~ mha 14
| |
51. {c]..rf;ﬁqiim]‘:
Ko _wG 111, Xq _x
Xe, wG 22 4 174 4

52. (¢} : From the graph, we concluded that with the increase
in frequency, the current increases, attains @ maximum value
(=) and then decreases. it implies that the impedance first
decreases, becomes minimum for maximem value of current
ang then increases.

53, (d}: At resonance, vollage across inductor = voltage
ACT0ss capacitor e, ¥y = V.
54, (a): The mpedance of the LCR arewit will be minimum
for a resonant frequency 1,

1

b = -
" 2mvLC
Here, L=1TmH=1=xi0"H C=01 pF=0.1=10"F
u I n]_'-n_!IH;r

T 2mJ0 0 HYOA 100 F) 28

55. (C): ppe = W3 45 o S0=Jd0? 452
507 = a0? + K2 = 2 =507 - 407 = 900
Vo= 30V
56. (b)
57. (a)
58. (¢) : Here £ =30 pF = 30 = 107°F,
L=1TmH=27=10"H
I

=30 0™

The angular fraquency, g = Tl= =
J2T 107

= 1.1 x% 0P rad 57!

S —==—m_mouaas

9 x 107

12510t Mz
LC

60. (d): At parallel resonance, [ and C are connected in
parallel combination and current s minimum.

2 (10x107)y

59, (b): I=ﬁ

61. (d): Energy, E= o~ 2

2] R T 1 T
20 2wxs0xi07®
1
61. (a): Frequenty, u=
Iuji.c
1 3
_ 10
= ; = —=159.24 Hz
In\lrlﬂ =107 x50 %107 2Inm
63. (d): Total time period, T= = =678 ms
v 15924
1::

Total charge on capacitor at time ¢, Q" = Qeos—

For energy stored is electrical, we can write §f = £ Q.

Hence, energy stored in the capacitor is completaly sbectrical

at, t=0,0, 1,37
g 2+

64. (d): Magnetic energy is maximum when elactrical
energy is equal to zero.

Hence t_i ﬂ §-j—

4 4
65 (@): X =wl=Inul=2x3 4% 15924 x 20 x 1
= X =00



B6. {c) : Inductive reactance, ;
Jl.‘l =il = o = 2eox 100 = 14 = 107
X =880

67. (b)

w
68. {b}: In an inductor voltage leads the current by 3 ar
current lags the voltage by IIL .

69. (b): The current in the incuctor coil is given by

B 0E
X ol
L_JE};, 1414 % 200

2mul, 2x%3.14x50%09

70. (a) : Inductive reactance,

X =wml=2ml=2x314xMx] = 628 Q

Jf2 xE, W2 %150
X, 628

L. S 0337 A
xr_ - F

E
M. ()i hs —2=l2
E fp My

L]

120 = 50
=3 =3V
2000
E 3

T, d): . =% =] =—=5A
S 06
E
E EP
= IF':'_L}{I’ =iH5=ﬂ.115.h
'EP 1
74. (d): Power in primary, FP = .E";I ® J'p = 120 = 0.125
= 15W
75. (a): Power in secondary coll, Py =E; = ;=3 =5
= 15W
76. (d): Resistance of the two wire lines carmying power =
0.5 Q'km
Total resistance = {15 + 1505 =152
77. (c) : Line power loss = FR
RMS current in the coil,

I
73. (a): As TP

£

TV, 4000
Power loss = (200 = 15 = 600 kw
78. (d): Assuming that the power loss i negligible due 10
the leakage of the current,

The total powes supplied by the plant
= B00 kW + 600 KW = 1400 kW

79. (b): Voltage drop in the power line = iR
= 200 » 15 = 3000 ¥

80. (d): Total veltage transmittad from the plant
_ 3000V 4 AB0D Y = F000 Y

B1. (b): Given - A - 120, Xp= 14 (x{=01H
X = ol = Eﬂ1+1-1x]14Rf1ﬂr[|.I - 31.4 L}

e r————— ——2'
82. (d): Impedance, =\Ei!1 + (X — K}

= JUE}I P34 - 14 =230

I 200V
83, (d): A =EP:EE=?I4H A
o S L I

84, () tang= i P2
¢ = tan~'(1.45) = 55°4°

85. (¢

86. (c) : The transmission is done al high woitage que ta
which current through the wire is reduced. I?y reduction in
current corresponding dissipation of energy is also reduced
{as H = FR). If transmission is done at low mltagle d?en
we have to use thick wire in order to reduce the dissipation
of energy. This increase the cost of transmission lines wires,
In order to reduce both energy dissipation and cost of
tranemission wire, transmission s done at high valtage by
using step-up transformers.

87. ({a) : Capacitive reactance X = é .When capacitance

C increases, the capacitive reactance decreases. Due 1o
decreasa in its values, the current in the drouit will increase

i and hence brightness of source {or electric
:frz" +XE

tamp) will also increases.

88. (a): Transformer works on the principle of mutual
inductlon /.e., if two coils are inductively coupled and when
current or magnetic flux is changed through one of the two
woils, then induced e.m.f. is produced In the other coil. So
whenever there is change in current or magnetic flux, only
then e.m.f. is induced. But in case of D.C. current or voltage,
em.f. is not induced because it remain constany throughout

and never changes its direction and magnitude, Therefare
transformer cannaot work when D.C, is applied,

Instantaneous output power is equal 1o instantaneous input

power. From this we gel L/ L .
e I

50 in step up transtormer voltage increac i
A es by decreasin

the current. Similarly, step-down transiormer d];ueases mg

voltage by increasing current. Therefore transformer simply

uransforms the voltage and current, obeying the law of

conservation of energy, '
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90. (a): The alternating current flowing through the coils,
magnetices and demagnetises the iron core again and again
over complete cycles. During each cycle of magnetisatinon,
some energy is lost due 1o hysteresis, the energy last during
a cycle of magnetisation being equal to area of hysteresis
loop {in magnitude). Enerqy loss can be reduce by selecting
the material core, which has narrow hysteresis loop, that is
wihy soft iron core is used.

91, (d): Eddy current Is produced in the iron core due 1o
induced e.m.f Since resistance of the iron core i fuite small,
the magritude of eddy currents is quite large. As a resul,
large amaunt of heat is produced. To avoid it, 2 laminated
core is_usen:i in @ transfarmer. In faminated eore iron siripes
are quite thin and each strip possesses wery large resistance,
the magnitede of eddy currents produced is quite small and
nence anly a small amount of heat is produced.

92. {c) : When pure inductor is connected to sauree of an
alternating emf, then instantaneous value of altemating emf is
given By £ = E, sinwt, and comesponding alternating current
Is given by | = Jysinleot = m/2). From these two equations, it
follows that alternating current lags behind e.m by a phase
angle of =/2, The inductive reactance,

Xy = wl = InfL, 50 when frequency increases correspondi
inductive reactance also increases, .

33. (a): The capacitive reactance of capacitor is gven by

I 1
Xo= ot~ In
“r this is infinite for D.C. {f = 0) and has a finite value for

"efore & capacitor blocks D.C. and offers an easy
1 A
34. (b, & phase angle for the LCR series cinguit is given
bytang- Yo @l-l/eC

K R

whese X X are inductive reactance 3 = feaclance
respectively, When X, = X then ta.. e B
positive (between 0 and mZ). Hence em » Wik CuTTent.

95. (b): At resonance X, = X 0f @l = ﬁ:—c Because

of this impedance of LCR series circuit become equal 1o
; o 1

resistance of circuit [E = ‘JRI +I[.IL = I,:}I ] Therefore

from f= g =%,at resonance, cumant in LCR series circuit is

maximum. Correspondingly phase angie is also equal to 2ero.
Therelose emf and current are in phase in LCR series circuit

96. (d): On introduding soft iron core, the bulb will glow
dimmer. This is because on introdecing soft iron core in the
solenoid, its inductance L increases, the inductive reactance,
X =l increases and hence the current through the bulb
decreases,

97. (a): The element of the heater is in the form of a coil 5o
that It has inductanice L also besides the resistance R, 5o, for
the alternating current, the effective resistance of the heater

would be \Ilﬂz (el which is larger than the resistance
R for the direct current. Hence on heating by alternating
current, heat produced per second would be less.

(H = VIR and V' is same in both the cases).

98. (b): Like direct current, an alternating current alsa
produces magnetic field, But the magnitude and direction
of the field goes on changing continuously with time.

99, (b} : A step-down transformer converts eectrical energy
from a high voltage to one at a low voltage, Accordingly
the current in the secondary will be larger than that in the
primary. In order to produce less heat in the secondary, we
use a wire of lesser resistance i.¢. thick wire. We also know
that when the plane of the armature is parallel to the lines
of force of magnetic field, the rate of change of magnetic
flux linked with it is maximum. Therefore the em.f, induced
o the armature in this orientation is maximum.

100.(b) : As both the inductance and rasistance are oined
in series, hence current through both will be same. But
In case of resistance, both the current and potential vary
simu‘tanequsly, hence they are In same phase. While in case
of an inductance when current is zero, potential difference
across it is maximum and when current reaches maximum
lat wt = n/2), potential difference across it becomes zero
€., potentiz| difference leads the current by /2 or current
lags behind the potential difference by n/2. Phase angle in

case of LR circuit is given 25 ¢ = m'TE}
R

-~ A
K

@20



