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SYLLABUS: - Electric charges, Conservation of charge, Coulomb'sfdeee between twopoint charges,

CHAPTER1: ELECTRIC CHARGES& ELECTRIC FIELD

forces between multiple charges; superposition principle and continuous charge distribution. Electric fiel
electric field due to a point charge, electric field $inelectric dipole, electric field due to a dipole, torque jon
a dipole in uniform electric field. Electric flux, statement of Gauss's theorem and its applications to figF fiel

due to infinitely long straight wire, uniformly charged infinite plane sheguaiformly charged thin spheric

shell (field inside and outside).

Electrc Field Intensity due
to an Infinie Line Charge:

/
f=—
Ineyr

Electric Field Near an Infinte
Plane Sheet of Charge:

E=0/l,

[ lectcHl Qe o n
Uniformly Charges
Spherical Shell/
Conducting Sphere | of
radius R):

(lfed
=—1

[ifjreRs £=0

Electric Dipole
Moment: p=q(2a)

Coulomb's Law

F=

Gauss’s Theorem:
0= 9Eds= %
Gl

Electic Field Intenity

On Axial Lhe:
1D

reor

MIND/CONCEPT MAP:

Electric field
infenity due to

a point Charge:
iy

0 Ay 1

L g,

dmg, 1*

Electric Charge and Field

Electrc Dipole:

s ) ol

(e
4 4 R

Properties of Electric Field Lines

() T field lnes can never intersect,

(i) Electrc field ines ahvays begin an a postve charge
and end on a negative charge.

(i In Change Free region field fine are continuous curves
without any breaks,

(v) rawing of fieldlnes s propartionalto the magnitude
of charge. and do notstart o stop in mid space.

() Strength ofelectric el at  point s drecty
proportionalto the number of field lines passing per unit
area of an element held normal to the diretion of the
feld

(i direction of feld lnes s always nomal o the surface
ofthe conductr,

(il Feld fines never fom closed oops,

(il Fiel lnes exert lateral pressure on account of
repulsion between the like charges,

(e Field lne contracts longitudinally on account of

attraction between te ke charges,
. _____________________________________________|

Electrc Field Intensity On} ~ {Torque on Dinole inE:
Equatorial Ling: T=pik
; L E Statle Equiunrum §=0°
frar [nstable Equiiriomf = 180

Work donetorotatean \ | Potential Energy of 2

electric dipole:
W=DE {cos 6 - cos )
= gE{cos b - cosf)

Dipole:

U=-pEcosf=-pE
\ /
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GIST OF THE LESSON

Electrostatic force of interaction acting between two stationary point charges is giv

1 qiq2
7

F= .
dmey 1

whereq, pgar e magni tude of point char gaeis,
permittivity of free space.
1

Here,2mzo = 9 x 10° N-m%/C?
The v adisu885 X% I02a3/ N-m?.

| f there is another medium bet weenst heppKacotior (b i

U.
wh e r e iKcalled dieldctric constant or relative permittivity of the medium.

K = O where, U = permittivity of the m
For air or vacuum, K =1 For water K = 81

Fo
Il n Medium Cul omg"b_s kf orce becomes
Coulomb Law implies:
Force on gdue to g =1 Force on gdue to q
Fio=T1Fa
The forces due ttwo-pointcharges are parallel to the line joining point charges; such forces are called ¢
forces and electrostatic forces are conservative forces.
Electric Field:
The space in the surrounding of any charge in which its influence can be experienced by other charges
electric field.
Electric Field Lines:
AAn el ectric field Iline is an imaginary |l ine

5 d |

entre

iS C¢

or

point is in the direction of the electric field vector at that point. The relative closeness of the lines gt sor

placegivesan i dea about the intensity of electric
Properties of Field Lines:

(i) Two field lines can never intersect.

(i) Electric field lines always begin on a positive charge and end on a negative charge.

(iif) In Charge Free region field line are continuous curves without any breaks.

(iv) Drawing of field lines is proportional to the magnitude of charge. and do not start or stop in mid s
(v) Strength of electric field at a point is directly proportional to the number of field lines passing per urﬂ
of an element held normal to the direction of the field.

(vi) direction of field lines is always normal to the surface of the conductor.

(vii) Field lines never form closed loops.

Electric Field Intensity (E):

The electrostatic force acting per unit positive charge on a point in electric field is called electric field in

at that point.
F

Electric field intensityE T q

Ilts SI unit is NC' or V/m and its dimension is [MLTA™Y].
It is a vector quantity and its direction is in the direction of electrostatic force acting on positive chargg¢
Electric field intensity due to a point Charge:

due to a point charge q at a distance r is given by

E= —2%
Magnitude- T 4mg

2
Electric Dipole:

KVS ZIET MYSURU PHYSICS Xl 202826
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An electric dipole consists dfvo-point charges of equal magnitude ar 2a
opposite sign separated by a very small distance. e.g., a molecule of - ©

molecule of water etc. -
Electric Dipole Moment: Product of magnitude of either charge and distance between them. i.e. p=

lts SI unimetire 66 @anul difid. di mensi on i s

It is a vector quantity and its direction is from negative charge towards positive charge.
Electric Field Intensity and Potential due to an Electric Dipole:

(i) On Axial Line:

O
+q

[ 24 :
Electric field intensity Bq  Eq PP
_ 1 2pr P q -4
4meo(r?-a®)? r :
Fo L2
Ifr>>2a,then™  4rxe+ (ShortDipole)

y= —2
Electric potential™ =~ 4mso 1% - a2

_ 1
Ifr>>2a, then’ ~ Zreor? ( Short Dipole)
(i) On Equatorial Line:
E= — 2
Electric field intensity 4meo (r2+a?)3/2
1

Ifr>>2a, thedt ~ Tre
Electric potential V = 0
(i) At any Point along a Line Making d Angl e wi
Electric field intensity
Magnitude of electric field

1  p+143cosia
4w eo r?

z
3

( Short Dipole)

E =
vV = 1 pcoséd
Electric potential "~ 4mso ri-—dPcos?é

. 1 pecoscosé

fr>>2athen ' = Tre 2 ( Short Dipole)
Torque on a Electric Dipole in Uniform Electric Field:
Torque acting on an electric dipole placed in uniform electric field is given by

U = pEsin d
or U=pxE
When d = &pAE (Maximem) o6 U
When electric dipole is parallel to electric field, it is in stable equilibrium and when itipamatiel to electric
field, it is in unstable equilibrium. (In this Case Torque = 0)
Electric Dipole in Non-Uniform Electric Field:
When an electric dipole is placed in a aamform electric field, then a resultant force as well as a torque
on it.
Net force on electric dipole = (g gE2), along the direction of greater electric field intensity.
Thereforeglectric dipoleundergoesotational as well as linear motion.
Work done to rotate an electric dipole in Uniform electricField:

Wor k done is rotating an el ectriid odsdiwembye i n 4
W = pEiicoes¢E( ccosogdf d
I f initially it is in the direction of electrfi

W=pE(licos d) .
I —————————————
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Potential Energy of a Dipole:
Potential energy of an electric dipole in a uniform electric field is given by
U=ipE copH =
Stable Equilibrium:
When angle betwegmandE is O degree.
Unstable Equiibrium:
When angle between p and E is 480
Electric Flux ( #):
Electric flux over an area is equal to the total number of electric field lines crossing this area.
Electric flux through a small area elemé&is given by
d d=E.dS
where E= electric field intensity and dS = area vector.
Ilts SI unit is NmC™.

For acurved surfaceit is divided into smaller area element and flux through each element is calculajed t

find totalflux i.e.
@E:E?=1E-ﬂsz¢-£‘.ds‘
Gaussobds Theor em:
The el ectric fl ux o ytenestre otal clalgoenaosed sy that Susface, i.el, s

inl
= QE ds= — .
Op= 9§ s €0 where Gy = Net Charge enclosed in the surface.

| mportant points regarding Gausso6s Law:
() The law is valid for a surface of any shape and size.

(i) Qin includes only those charges which are inside the closed surface (may be located anywher
surface)

(iif) E in LHS is due to all the charges locaiadide oroutside the surface.
(itv) Any violation of Gauss |l aw will indicat €

Note: If a charge q is placed at the centre of a cube, then total electric flux linked with the whole cube = c

BGelectric flux |linked with one face of the cUbe
Electric Field Intensity due to an Infinite Line Charge: I
_ A
- 2megr 1: :io E
( Directioni Radially outwards for q > 0 and inwards or g<( 4
where & is |linear charge ¢ *ii* an i g
line charge. r
Electric Field Near an Infinite Plane Sheet of Charge:
E = &g / 2 U =] ~
where 0 = surface charge T et E
If infinite plane sheet has uniform thickness, then & £=2
E = ljo / LOJ : I -+ 25{}
A
ol S,
Electric Field Intensity due to an Uniformly Charges j_:,:"" r ’
Spherical Shell/ Conducting Sphere ( of radius R):
_ 1 a
(i) At a point lying outside the shell (r>R) E= 4mey 12 T
E
E=—2%
(i) At a pointon the Surface of the shell (r=R) 4meg "1 e

(i) At a pointinside the shell: E =0

KVS ZIET MYSURU PHYSICS Xl 202826 4




MULTIPLE CHOICE QUESTIONS:
1. When the distance between the charged particles is halved, the force between them becomes
(a) Onefourth (b) Half (c) Double (d) Four times
2. Two charged spheres separated at a distance d exert &oreach other. If they are immersed in a liqy
of dielectric constant 2, then what is the force (if all conditions are same)
(a)- (b) O (€)¢0 (d)t0
3. A hollow insulated conducting sphere is given a positive chargefofd What will be the electric field af
the centre of the sphere if its radius is 2 meters
(a) Zero (b) v @& ()¢ ft @ dwv @
4. An electric dipole consisting of two opposite charges ofprt & each separated by a distance@fdis
placed in an electric field @f prt N/C. The maximum torque on the dipole will be
@p¢g pt 0a (b)pg pm 0 a ©¢t pnt G & (d)gt prt 04
5. The electric field due to a dipole at a distanoa its axis is
(a) Directly proportional td (b) Inversely proportional to
(c) Directly proportional td (d) Inversely proportional to
6. If O be the electric field strength of a short dipole at a point on its axial lin@athét on the equatoria
line at the same distance, then

@0 ¢o (b)O ¢O (cc©0 © (d) None of the above
7. A charge g is located at the centre of a cube. The electric flux through any face is
(@) (b) — (© (d) ——
8. The position of the point where net electric field will be zero
4Q . iQ
(@) (1+ a) m from 4Q (b) a m fromi Q
(c) Im from 4Q (d) Neutral point not posible

HINTS AND SOLUTIONS:

1. Answers:(d) Sol."O® —; so when r is halved the force becomes four times.

2. (@) Sol."0® -i.e. 0

3. (&) Sol.The intensity of electric field inside a hollow conducting sphere is zero.
4. (b) Sol.Maximum torque = pE =2 1063 33 1023 23 10°= 123 103 N-m.
5.(b) Sol.O —8—

6. (b) So.WehaveO —andO —N\ O ¢O

7. (a) Sol.e _ —

8. (b)

ASSERTION AND REASON QUESTIONS
In the following questions, two statements are givene labelled Assertion (A) and other labeled Rea;s
(R).
Select the correct answer to these questions from the options as given below.
A. If both Assertion and Reason are true and Reason is the correct explanation of Assertion.
B. If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
C. If Assertion is true but Reason is false.
D. If both Assertion and Reason are false.
1. ASSERTION: When charged balloon is put against on insulating wall, it get stick to the wall.

REASON :Wall acquire a net negative charge & thus attract balloon.
I ————————————————

5
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2. ASSERTION (A): In a nonuniform electric field, a dipole may have translatory as well as
rotational motion.

REASON (R): In a nonuniform electric field, a dipole experiences a force as well as torque.

3.ASSERTION (A): Gauss law is applicable only for symmetric charge distribution.
REASON (R): In gauss law, electric field is due to only those charges which are present inside the
surface.
4. ASSERTION: A point charge gjis kept outside a solid metallic sphere, the electric field
insidethe sphere is zero.
REASON : Induced charge does not contribute to electric field or potential at a given point.

5. ASSERTION (A): No torque acts on an electric dipole when its dipole momentis in a
direction opposite to the electric field.
REASON (R): An electric dipole is in stable equilibrium when placed in a uniform electric field with
dipole moment opposite to the field.

6. ASSERTION (A): Chargecannotexist without mass.

REASON: The patrticles such as photon or neutrino which have no (rest) mass are uncharged.
7. ASSERTION (A) : An electron has a negaticbarge.

REASON (R) : Electrons move away from a regionlafver potential to a region of

higher potential

8. ASSERTION (A): If a point charge q is placed in front of an infinite grounded

conducting plansurface, the point charge will experience a force.
REASON (R): This force is due to the induced charge on the conducting surface which is
at zero potential
HINTS AND SOLUTIONS:
3. D 4.
8. A

2. C

7.

A
B

VERY SHORT ANSWER TYPE QUESTIONS
1. If a dipole is kept in uniform electric field E, diagrammatically represent the position of the dipole in
and unstable equilibrium and write the expression for the torque acting on the dipole in both the case
Solution: - Stable Equilibrium:

The dipole is aligned parallel to the electri
Torque:U = 0 (The torque is zero because the fo
opposite, and they act along the same line, thus causing no rotation).
Unstable Equilibrium:
The dipoleisalignedang ar al | el to the electric field (an
Torque:
U = 0 (The torque is zero because the forces
they act along the same line, thus causing no rotation).
Stable Unstable >
Equilibrium Equilibrinm
q 2 2a__- >Eo
q a 9 q a q
—» P P €—— >
(a) (b)

2. A spherical balloon carries a charge that is uniformly distributed over its surface. As the balloon is
up and increases in size, how does the electricciurxeout of the surfacehange®Give reason.

KVS ZIET MYSURU PHYSICS Xl 202826
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Solution:- The electric flux coming out of the balloon's surfeemains unchangeas the balloon is blown
up and increases in siZEhis is because the electric flux is directly proportional to the enclosed charge
the total charge on the balloon's surface resmaonstant.

3. An electric dipole of length 10 cm having charges +6%10 pl aced at 30e wi t h
field, experiences a torque ®fa BIm. Calculate the magnitude of the electric field.
Solution: so, dipole moment of dipole, P = qd = 6 x3XD x (10cm)
=6 x 103 C x (10/100) m = 6 x I®C.m
and angle between dipole , P and external electric field , £4s30°
we know, torque = H.E dimdn30A64&3 =36 I 1100
or, E = 2&3 1 10 N/ C

4. (a) Define electric flux. Write its Sl unit. Is it a scalar or vector?
Solution: Electric flux: It is the number of electric field lines passing through a surface normally whi

give asp = EAScos
S.1 unit of flux = Nn¥C'% .1t is a Scalar quantity.
5. Find ratio of electric flux through the surfaceaid S as shown in figure

Qf" = ﬂ q} = ﬂ @1 S1 “
Answer: 17 &% and 27 & and o T
S2

6. Two small balls, each with a charge Q, hang from the same point by insu
strings of length L from a fixed support. Consider the setup in a region of __._
gravity and in equilibrium.
(a) Whatwill betheanglebetweerthetwo strings?
(b) Whatwill bethetensionin eachof thestrings?
SolutionT (a) Theanglebetweerthetwo stringswill be 18C°.
(b) Tension in each string will be equal to the electrostatic force of repulsion

between the two charged bal®. ———

7. Athunderclouctarriesa chargeof +50 C ataheightof 4000m andachargeof 50 C at a
height of 2000 m from the ground. An airplane crosses through the charged thundercloud
at a height of 3000 m from the ground. Fihdmagnitudeandthedirectionof theelectric
field actingontheai r pl ane as its crosses through the

Solution: Electricfield dueto +50 C abovetheairplane— wop T ——
=4.5x 10° N/C, actingdownwards.
Electric field due +o0 wopbm0—E above the airplan

=4.5x 1¢° N/C, actingdownward
So,thetotal electricfield actingontheairplane= 4.5x 10° N/C + 4.5x 10° N/C
=9 x 10° N/C, actingdownwards.

8. Two charged conducting spheres of radii a and b are connected to each other bigiadntineratio of the
electric fields at their surfaces.
Solution - The electric potential V at the surface of a sphere is given by: V = KQI/r

When connected by a wire, the spheres reach the same potential.

i.e. Vi=V 2 or kQ/a =kQ/b

or Q/Q2 = a/b
kQq 5
Ey a2 _ b 5
. . ..  Es M2 g,a2 B __ ab _ b
Now ratio of electric fleIdE B2 Or Ez b a? a

KVS ZIET MYSURU PHYSICS Xl 202826
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Y
SHORT ANSWER TYPE QUESTIONS

1. Define electric dipole moment. Is it a scalar or vector ? Derive the expressit E

the electric field of a dipole on the equatorial plane of the dipole.

Solution: Electric dipole moment is defined as the product of any one of the chi

and the length of the electric dipole = q 2a)

g = One of the charges andh 2 Length of the electric dipole.

Its direction is from negative charge to positive charge. Its Sl unit is coulomb metre.

Electric field of a dipole on the equatorial plane of the dipole:

The magnitudes of the electric fields at poin

two charges +q aridy are given by

k k

Eq = s & E_q=tris /E
which are equal in magnitude. N
The directions oE+q andEi q are as shown in Fig. _
Clearly, the components normal to the dipole axis cancel away. "'— +Ealp
The components along the dipole axis add up. J,-" A
The total electric field is opposite to dipole moment 4 LN -
Net electric field at point P is 7 !
E= Egcos6 + E_, cosf Q{? 9] . b \q':'

- 2 E,cosf - 5 *

a
kq 1
Or E =2 x0%+a?) x  (r*+a?)? /
2kp
]
Or E = (r*+a?)? ( Direction i Opposite to direction of p)
At large distances (r >> &r for short dipole), this reduces to
2kp 2kp

E=73 In vectorform E= " 3
2. Using Gaussb6s | aw deduce the expression |

conducting shell of radius R at a point (i) outside and (ii) inside the shell.
Plot a graph showing variation of electric field as a function of r > R and r < R ( r being the distance fr
centre of the shell

Solution : Let @ be the uniform surface charge density of a thin spherical shell of radius R . The situatj
spherical symmetry. The field at any point P, outside or inside, can depend only on r (the radial dista

the centre of the shell to the point) and naestadial (i.e., along the radius vector).
(i) Field outside the shell:

Consider a point P outside the shell with radius vector r. 2e
To calculate E at P, we take the Gaussian surface to be a sphere e Ry
of radius r and with centre O, passing through P. Y,
All points on this sphere are equivalent relative to the given /

charged configuration. (That is what we mean by spherical L
symmetry.) The electric field at each point of the Gaussian suri \\
therefo re’ w;::Pu_mI/Li:s Outside the Shell

has the same magnitude E and is along the radius vector at each point.

Thus, E and dS at every point are parallel and the flux through

each element is E dS.

Summi ng over all dS, the flux through the Gau

\\Gaussian Surface

Spherical Shell

KVS ZIET MYSURU PHYSICS Xl 202826 8
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The charge enclosedds(4mR?).
le

By Gaussgs daw
o (4nR2)
Or E=Tew 4" r

oR? 1 g

orf = %7 T T wheres = q(4mR?) is surface charge density.

The electric field is directed outward if g > 0 and inward if g < 0. This, however, is exactly the field pro|
by a charge q placed at the centre O. Thus for points outside the shell, the field due to a uniformly
shell is as if the entire chargéthe

shell is concentrated at its centre.

(i) Field inside the shell:In this case the Gaussian surface is

again a sphere through P centred at O.

The flux through the Gaussian surface, calculated as befose, E?2. |

However, in this case, the Gaussian surface encloses no charge
Gaussos | aw t?keir., gB=WE¢R) E |
that is, the field due to a uniformly charged thin shell is zero at aII pc Soherical shell

inside the shell
When Point Lies Inside the Shell

33.State Gaussods | aw in electrostatic. Use this
for the electric field due to a wuniformly cha
the expression for the amount of work done in bringing a point charge g from infinity to a point, distan
front of the charge sheet.
Solution: Gaussos Law:
Electric flux of electric field through a close surface held in vacuum is 1 Ugones total charge enclose
by the surface.

—  Qin
ie. YT &
Directionof E- Let O be the uniform surface c¢har geaxs
normal to the given plane. By symmetry, the electric field will not depend on y and z coordinates
direction at every point must be parallel to theivection.
Magnitude of E: We take the Gaussian surface to be a cylindrical surface
of crosssectional area A, as shown.
(A rectangular parallelepiped will also do.) As seen from

the figure,
only the two faces 1 and 2 will contribute to the flux; A I (B
electric field lines are parallel to the other faces and they, T ;~’+ :+ T
therefore, do not contribute to the total flux. E [ + O‘ + G_E'
The unit vector normal to surface 1 isiir direction while the unit 7 1@ it : Vil
vector normal to surface 2 is L. +:;_¢.+' RE e
through both the surfaces are equal and add up. Therefore the ne Y
through the Gaussian surface is 2 EA. Tharge enclosed by the closed
surface is 0GA.
= n

Therefore by Gaussods | aw,

2 EA s G0A/U

or, Eo = 0G/20
Vectorically,E =  (loh @Héren is a unit vector normal to the plane and going away from it.
Work Done W =4V = V(@)]=q[Er—0] = q5—r
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4. Show that an electric dipole held in uniform electric field will not undergo any translator motion. H
derive an expression for the torque experienced by the dipole.

Solution: -
Let us consider an electric dipoleof dipole moment P /.PL]_"EE
p = q(2a) ==L A '—t-_-
Where, p= Electric dipole moment , e a
g = One of the charges and / ‘2 i
2a= Length of the electric dipole. —aE T X
| t makes an daectpriokeledric freid astshowvrh e * i
Net force on the dipole = gEqE =0
Hence dipole will not undergo translator motion.
Due to different line of action of force , it experiences a torques
which is given by
U = magnitude of either force I Perpendicul ar
=qgE(2asind )
or plEsird orU=pxE

5. Thefigure belowshowsanarrangementf four chargeslongwith someelectric field lines drawn betweel
the charges.

(a) Identifythreethingsthatareincorrectin thisfigure.
(b) Drawa correctdiagramrepresentingheelectricfield linesfor this systemof charges.
Solution:

(a) Electricfield linescrosseachotherasshownatpointP.
Number of field lines that end on the negative charges is
not proportional to their charges.The field lines drawn betw

+4q and q are shown as parallel ardjuidistant.

(b) Thecorrectrepresentation: (shown in fig)

6. Asmallballofmass2x16Kg carrying a charge q :1° . —p
conducting plate towards the negative conducting plate with a speed of®3{sL{ . _
figure) .| -
Will the ball strike the negative plate? Give mathematical working for the answer. + -
Solution : The Ball hits the negative plate if KE of the ball is greater + -
then Work done against the field . * -

G >

Now KE of the Ball E=m%2=9x10% 50V

& work to be done against the electric fieldis W=U=qV =2x180=10%
Since the KE of the ball > Energy required to move through the field between the plates of cong
sheets, the ball will strike the negative plate.

SOURCE BASED QUESTION:
1. Read the following passage carefully and answer the questions that follow after paragraph

ence

fuctir

Two small metal blocks (X and Y) of the same mass m are placed on an insulated frictionless surfgce s

that both of them are at the same distance from the edge of the surface as shown in the image bg

charge on block X is +100 Q and that on Y €. The two blocks are held in position by an external fo
__________________________________________________________________________________________________________________________________|
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+100 Q
edge X
L

+50 Q
Y

edge
1

II
X d

L
>

A
>

<
<

d

(i) The external force is require to held them in position since
(a) Both will attract each other with equal magnitude of electrostatic force.
(b) Both will repel each other with equal magnitude of electrostatic force.
(c)X will repel Y with greater magnitude of electrostatic force.
(d) Y will repel X with greater magnitude of electrostatic force.
(i) If the external force holding the blocks in their respective positions is removed, then which pf th
following will happen?
(a) BlockX will reachthe edgefirst.
(b) BlockY will reachtheedgefirst.
(c) Boththeblockswill reachthe edgeat the sametime.
(d) Theblockswill NOT movefrom their positions.
(iii) . If block Y is replacedwith anotherblock Z with the same charge but mas2m, whichof the
following will happerwhentheexternalforceholdingthe blocks in their respective positions is removed?
(a) BlockX will reachthe edgefirst.
(b) BlockZ will reachthe edgefirst.
(c) Bothblockswill reachthe edgeatthe sametime.
(d) Theblockswill NOT movefrom their positions.
(iv) . The two blocks X and Y are momentarily brought in contact and placed again in the same initial gositic
as shown in the image.
Which block will reach the edge first, once the external force holding theheinpositions is removed?
(a) BlockX will reachthe edgefirst.
(b) BlockY will reachtheedgefirst.
(c)Bothblockswill reachtheedgeatthe sametime.
(d) Theblockswill NOT movefrom their positions.
(v) If nature of charge on Y is altered and they are released, what will be the velocity of their
centre of mas8
(a) 10 m/s towards right

(b) 10 m/s towards left  (c) zero (d) none of these

AnsT (i) (b) (ii) (c) (iii) (a) (iv) () (v) (c)

2. Read the following passage carefully and answer the questions that follow after paragraph

A field lineis a graphicalisual aidfor visualizingvector fields It consists of an imaginaigtegral
curvewhich istangento the fieldvectorat each point along its length. A diagram showing a represengttive
set ofneighbouringdfield lines is a common way of depicting a vector field in scientific and mathemdical
literature; this is called feld line diagram. They are used to shelectric fields magnetic fields
andgravitational fieldamong many other types.

(i) Study the given electric field representation and identifyIBl@ORRECT qualitative impression givern

by this representation.
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(a) The electric field at point A is stronger than at point B.

(b)The electric field distribution is twdimensional.

(c)The electric field at point C is zero.

(d)The electric field always points away from a positive charge.
(i) A metallic solid sphere is placed in a uniform electric field. T,
electric field lines follow the  path(s) shown in the figure. Which am_
the four correctly describes electric field kne

(@)1 (b) 2 (c)3 (d) 4 4M .

(iif) Which of the following is not the property of electric field lines
(a) Electric field line form closed loop.
(b) Electric field line emerges from positive charge.
(c) Electric field line can not have sudden breaks in charge free Region.
(d) No two Electric field lines can intersect each other.
(iv) Electric field lines about negative point charge are
(a) Circular, anticlockwise (b) Circular, clockwise
(c) Radial, inward (d) Radial, outward
Answer: (i) (B)The electric field distribution is twdimensional.
(ii) (d) 4
(iii) (a)Electric field line form closed loop.
(iv) (c) Radial, inward
3. Read the following passage carefully and answer the questions that follow after paragraph
Gauss Theorem:Electric flux of electric field through a close surface held in vacuum is one
u p ootiimed total charge enclosed by the surface.

_ G
e.qj £p

where ¢ included only those charges which are located inside the closed surface. Gauss theorenj car

conveniently applied to find electric field due to the given charge distribution by assuming any closed

surfa

imagined around the charge distribution called$3gan Surface. The law is applicable for a Gaussian Surface

of any shape and Size.

(1) Two charges of magnitud2Q and +Q are located at points (a, 0) and (4a, 0) respectively. What
electric flux due to these charges through a sphere of radius '3a’ with its Centre at origin?
(@ Qfo (b) -2Q¥o (c) 3Qfo (d) -3QKo

(i) A charge q is placed at the Centre of a cube of side |. What is the electric flux passing through ea
to the cube?

(@) a/Fo (b) a/Fo (c) a/fo (d) ako
(i)  Chares outside the Closed surface does not contribute in electric flux through the surface sinc
outside charges
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(@) number of filed lines are countless
(b) no field lines can get through the surface
(c) number of field lines entering the surface is equal to number of field lines leaving the surfage.
(d) no field lines are emitted.
(iv) Sl unit of electric flux is
(a) NmC (b) Vm (c) fard (d) both (b) and (c)

Answer: (i) (B) -2Qfo (i) (C) a/6lo (iii) (C) (iv) (D) both (b) and (c)

LONG ANSWER TYPE QUESTIONS:
1. A sphericalGaussiarsurfaceencloses positivechargeg. Find net electric flux through the surfadgexplain
with areasorwhathappenso thenetelectricflux throughthe Gaussian surface if:
(a) thechargeis tripled.
(b) thevolumeof the spherds tripled.
(c)theshapeof the Gaussiarsurfacels changednto a cuboid.

(d) thecharges movedinto anotherdocationinsidethe Gaussiarsurface
q

Solution: electric flux through the surface i€ T %

(&) The net flux is also tripled becauseas per Gausslaw the net flux is proportional to the net charg
enclosed.

(b) Regardlessf the volume of the enclosedsurface,if the netchargeenclosed is the same, the net flyx
remains the same as per Gauss law.

(c)No changen the netflux asit d o e slepéntuponthe shapeof theclosed surface.
(d) Aslongasthenewlocationof thechargeaemaingnsidetheGaussiasurface, there is no change in net flux.

\1%4

2. (a) Givenis a line of charge of uniform linear density. A charge +q is distrik %Y
uniformly betweeny = 0 and y = a and chairges distributed uniformly betweer .
y=0andy =a.

Explain how the direction of the resultant electric field at point P can be obta
Represent using a vector diagram.

11| IO+ 4+ + +

(b) Two point charges@, Q are separated by 1 min air. At what point on the | R
joining the charges is the electric field intensity zero?
Solution
(a) The xcomponents of Eand E, due to two equidistant points on either
side of O, cancel each other. Thesultantlectricfield is dueto the W
superpositiorof they-componentsf E; and E. ]
Thedirectionof the netelectricfield is alongthe negativey-axis. This is true for 1
. .y . . . E,~. P~ E
all pairs of equidistant points on either side of O. S I
(b) Let the point be at a distangdrom 4Qcharge. 1.~ ==
Electric field atP due to 4Q= Electric field atP due toQ -
F({J:Q] :ﬂﬂ -15) . (‘f 7;3
A P
X 1—x
Therefore x = 2/3 m or 2m.
Since 2m is not possible so answer is 2/3 metre from charge 4Q.
3.(aSt ate Gaussb6bs | aw in electrostatic. Use t hiji
infinitely | ong straight wuniformly charged wi
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(b) Obtain the expression for the amount of work done in bringing a point charge q from infinity to a
distance r, in front of the line charge.

poin

(c) An infinite line charge produces a field of 9 X* NJC at a distance of 2 cm. Calculate the linear chafge

density.
Solution:
(a) Gaussods Law:
Electric flux of electric field g¢timesaatagcharge enclose
by the surface.

—  Gin
ie. YT &
Electric field due to an infinitely long straight uniformly charged wire:
For a wire of infinite length, the electric field is everywhere radial in the plane
cutting the wire normally, and its magnitude depends only on the radial distance r.
To calculate the field, we imagine a cylindrical Gaussian surface, as shown in the.

Since the field is everywhere radidd|ectric flux through the two ends of the *
cylindrical Gaussian surface is zero At the cylindrical part of the surface, E | SR
normal to the surface at every point, and its magnitude is constant, since it de '+' ] ’
only on r. The surface area of the S
cylinder. SETE
Hin E | T :'

Using Gauss Law on surface S ,(P € P o

Al [ ¥ ‘i
EZWI = - (\\ T-—rj-} .

EU RS ) IR

A 2k B
- 2mey T
A 2kA
E = n=—-n
In Vector form 2meg r
Wheren is the radial unit vector in the plane normal to the wire passing through the point.
E is directed outward if & is positive and in
r 2k
(b) W _[TE.dr - fm Edrcosm = — J;Tdr =—2kAlog.r
(c) Using
A _ Zkh Er

2mep T or 2D =
9x10%x 2x10~2

Substituting thexwal=t&'NCwve get > =

4. (a) Figure shows tracks of three charged particles in a uniform electrostatic field. Give the sign (¢
charges.

+ + + + + + + + + @ y
-~ _® 1
P S ——F—_"_-_-_- X
_________ @
Solution : (a) Charge - negative charge, chargd 2iegative charge , charge-3positive
charge.
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CHAPTERI2: ELECTROSTATIC POTENTIAL AND CAPACITANCE
Syllabus:- Electric potential, potential difference, electric potential due to a point charge, a dipole and $yste
of charges; equipotential surfaces, electrical potential energy of a systemmuditwaharges and of electrif

dipole in an electrostatic field.

Conductors and insulators, free charges and bound charges inside a conductor. Dielectrics ang
polarization, capacitors and capacitance, combination of capacitors in series and in parallel, capacita

ele
nce

parallel plate capacitor with and withadielectric medium between the plates, energy stored in a capgcitor

(no derivation, formulae on)y

MIND MAP
_ € (Permitivity of medium) Polar dielectric Non-polar dielectric For linear isotropic ® C'=KC
= ¥ (Petmithe tonl s spacs Pe.rmanent dipole moment Efnch molecule has}; zero dielectric ® U=KU,
exist in absence of electric dipole moment in its p_ % E (%, = electrical
o) > Ca ® Q=KQ,
field also. normal state. succeptibility) o
Energy Stored " Dielectric ® E=E,
U= lcv2 = O = lQV Constant Types of Dielectric eV=Y,
2 2C 2
BAEKE) Dy Dielectric is an insulator which
u= 15052 transmits electric effect without ® C'=KC
2 conducting. If field exceeds 0 Q=Q © V= Vo
the dielectric strength, the ¢ K
Parallel Plate dielectric begins to conduct. +Q U E
Capacitor C(})}:::ee:{e d oU=—20 E=—20
Energy Stored =0 K K
2
U= lQV = Q Dielectric and Bits &
attery
2 8mega ) ) its Properties Disonnected
Energy Density Spherical Conductor Energy Capacitors > -
2 of Radius a Storage ith
e : g CAPACITOR - Kk ] ® Partially filled
327r2807'4 c::n“or Capacitor is a passive Dielectrics ] dielectrisc 4
P electronic component that — C'= 0—[
stores energy in the form of BN d—-t *
Parallel Combination an electrostatic field. -Q [P +Q
-Q, OQ=Q,+Q,+Q, The ratio of charge and Charge —d— ® New charge
. 0C,=C+G+G Combination the potential it raised Sharing — Q, Initially Qg =q| 1
® For n identical capacitor of is called capacitance. Between G [rl I"z G . ntn
Capacitors Y L

Ceoq=nC and Q' =Q/n
® Used when high capacity
is required at low potential

Conductors U,
T

After connecting

through conducting wire

U,

e
hitn

/ Types of Capacitors JL ® Common
and their Q’ potential
Series Combination oV=V+V,+V L AA 5
es Combinat L+ Yy Y, Capacitances f By Temicw
Uy’ C+GC,

® For n identical

C (e,

_ e i
A F—dF—l e —=—+—+—
- -0 -0 G G G G

capacitor C,, = C/n and
V'=Vin

Parallel Plate Capacitor

\ ® Energy loss

GG

=2 v
2(c,+c2)( 1=V2)

It consists of two large plates placed
parallel to each other with a separation

d.
Capacitance: Wire |
€oA I
G =2 /4 A
7.7'@3 5 t d
Potential .

difference = VvV, Wirel|Plate b, Area A|
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GIST OF THE CHAPTER
The concept of electric potential and capacitor used in daily life as
1. Power Distribution: Electric potential, or voltage, i< “t. 5 %
what drives current flow in electrical circuits, ensurir '
that power is delivered to devices. ot s
2. Electronic DevicesElectric potential is used to W i —
control the movement of charges, as seen in TV scree '

electron microscopes, and other devices.

Variation of potential due to charged shell with
distance r from its centre

3. Lightning Rods: Lightning rods are designed to facilitate the transfer of charge, preventing damade

during lightning strikes

4. High-Voltage Transmission Lines Smooth surfaces are used on higiitage transmission lines t(
prevent charge leakage

5. Household Appliances In refrigerators, air conditioners, and other appliances, capacitors help
motors efficiently and reduce power consumption.

6. Audio Equipment: Capacitors are crucial in audio equipment for filtering out unwanted noise
stabilizing signals, ensuring clear and reliable sound.

7. Camera FlashesCapacitors store energy to provide a burst of power for camera flashes, allowing
to capture images in loYight conditions.

8. Automotive SystemslIn hybrid and electric vehicles, capacitors are used for energy recuperation sy
9. Medical Devices Capacitors are used in medical devices like defibrillators to deliver a burst of ene
restore a normal heartbeat.

Electrostatic potential (V)
Electrostatic potential (V) at any point in a region with electrostatic field is the work done in bringing
positive charge (without acceleration) from infinity to that paint.

V=- 3R
https://ophysics.com/em4.html
1. Electric potential due to point chargesVV— -

2. Asystem of charges, g2, € gn with position vectorsit r., € nrelative to some origin

star
and
ther

stem:
gy tc

A uni

The potentiaV at any point P due to the total charge configuration is the algebraic sum of the potentigls dt

to the individual charges
V=Vi+Vo+V3z+ oo + Vq,

Ve — — — EB88 —

3. Electric potential due to Electric dipole
(i) At any point

y

_ _ BH)
V=—= or V=—-—=

(i) Atapointon t he dipole axis
V=— orv=-—-

(i)Potential in the equato | d =
V=0

4. Electric potential uniformly charged spherical shell
(i) At a point outside the shell (r > R)

V=—-

(i) At a point on the surface of shell (r = R)

KVS ZIET MYSURU PHYSICS Xl 202826 16



https://ophysics.com/em4.html
https://ophysics.com/em4.html

V=—--

(iif) At a point inside the shell (r < R)
V=—-

Electric Potential Difference V)

It is the work done against electric field in moving a unit positive charge from one point to other. Thatjji

Voi Vi=-_ 'G8CH
If W12 is work done in moving a charge g from one point to another point then
Voi Vi=— ey Wi2=q(V2i V1)

EQUIPOTENTIAL SURFACES

1. The electric potential is the same at all locations on the surface.

2. The electric field lines are always perpendicular to the equipotential surface.
3. Two equipotential surfaces cannot intersect.

4. No work is required to move a charge along an equipotential surface because the potential diffe
zero along the surface.
5. No work is required to move a charge along an equipotential surface because the potential diffe
zero along the surface.

6. Shape of equipotential surfaces

Point charge
a dipole

yYvy¥Yy

m}

v

A v v
Two identical positive charges di = dz
Uniform electric field

Relation between field and potential

E=-—
(1) Electric field is in the direction in which the potential decreases steepest.
(i) Its magnitude is given by the change in the magnitude of potential per unit displacement norma
equipotential surface at the point.
Electric Potential Energy(U)
Potential energy of charge g at a point (in the presence of field due to any charge configuration) is t
done by the external force (equal and opposite to the electric force) in bringing the charge q from in
that point.
(i) Potential energy for a system of two chargeargl @ is

U=s—m7 —
(i) Potential energy of a system of two charges in an external field

u=np Vi +3 Vi +———
(i) Potential energy of a dipole in an external field
__________________________________________________________________________________________________________________________________|
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The amount of work done by the emttoermﬁa@tlareJ
infinitesimal angular speed and without angular acceleratitbive given by

W=pE Al-©0 Ai-O
This work is stored as the potential energy of the system.Fakeand—= d
U=-pEAT-& -0
Simulation link for topic: - Capacitor

https://phet.colorado.edu/en/simulations/capadabibasics

MULTIPLE CHOICE QUESTIONS

1. A uniform electric field pointing in positive-direction exists in a region. Let A be the origin, B be the
point on the xaxis at x = + 1 cm and C be the point on thexis at y = + 1 cm. Then, the potentials at the
points A, B and C satisfy
(&) Va< Vg (b) VA > Vs (c) Va<Vc (d) Va>Vc
2. Which statement is not correct for an equipotential surface?
(a) Electric field intensity is always perpendicular to the equipotential surface.
(b) Potential difference between any two points on it is zero.
(c) Equipotential surfaces are spherical in shape.
(d) No work is required to move a charge on an equipotential surface
3. An electron mass m and charge e travels from rest through a potential difference of V. What will be
final velocity of electron?

(a) ev (b) — € — d —

od

the

4. Four point chargeéQ, -q, 29 and 2Q are placed, one at each corner of the square. The relation betyeen

and q for which the potential at the centre of the square zero, is
(@) Q=-q (b) Q=— ©)Q=q (d) Q=-
5. A hollow metal sphere of radius 10 cm is charged such that the potential on its surface is 80 V. Th

of potential at a distance 5cm from the centre of the sphere to the potential at the surface of sphere i
(@ 1:2 (b) 2:1 (c) 11 (d)1:4

> rati

6. There is one charged isolated air capacitoraigithe energy stored in it. Separation between the plates

of the capacitor is increased to double of the initial value. Energy stored becomes

(@) U2 (b) 2U (c)uU/3 (d)3U

7. Four condensers are joined as shown in the figure and the

capacity of each condenser i s V
the points A and B will be: §_4{ }74{

@ 16 ¢F () 8 ¢€F }_T—{

© 32 ¢F d 2 eF 5

8. A parallel plate capacitor is connected to a battery as shown in Fig. Consider two situations:
A: Key K is kept closed and plates of capacitors are moved apart using insulating
handle.

B: Key K is opened and plates of capacitors are moved apart using insulating hal

~~
°
~—

Choose the correct option(s). P p==
(&) In A : Q remains same but C changes.
(b) In B : V remains same but C changes.
(c) In A: V remains same and hence Q changes.

(d) In B : C remains same and hence V changes.

E
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ANSWERS

|
1.(b) E= .—‘L Direction of electric field must be in the direction of the decreasing order of electric potg
2. (c) Shape of equipotential surface depends on charge or distribution of charges

3.C)eV=—00 o V= —

5. (c) Value of potential inside and on the surface of a charged spherical shell is same
6.(b) As capacitor is isolated so charge on capacitor remains same

New capacitanced =-and w=2V

Hence, new energ)y 2U
7.(c) All capacitors are connected in parallebso=06 +0 +0 +0 so0 =32 ¢ F
8.(c) As it is connected to battery so V remains same but as capacitance chahgegesohanges
ASSERTION-REASON QUESTIONS
Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below:
(a) Both assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of A
(A).

ntial

ssert

(b) Both assertion (A) and Reason (R) are true and Reason (R) is NOT the correct explangition

Assertion (A).
(c) Assertion (A) is true and Reason (R) is false.
(d) Assertion (A) is false and Reason (R) is also false.

1. Assertion (A): Electric field is always normal to equipotential surfaces and along the direction of decrgasin

order of potential.

Reason (R) Negative gradient of electric potential is electric field.

2. Assertion (A): Electric field inside a hollow conducting sphere is zero.
Reason (R):Charge is present on the surface of conductor.

3. Assertion (A): Work done in moving a charge between any two points in a uniform electric fie
independent of the path followed by the charge between these two points.

Reason (R):Electrostatic forces are non conservative.

4. Assertion (A): Electric potential and electric potential energy are two different quantities.

dis

Reason (R):For a test charge Q and a point charge Q, the electric potential energy becomes equdl to

potential.
5. Assertion (A): When the distance between the parallel plates of a parallel plate capacitor is halved

and t

dielectric constant of the dielectric used is made three times, then the capacitance becomes three tinjes.

Reason (R):Capacitance does not depend upon the external battery connected.

6. Assertion (A): Circuit containing capacitors should be handled very carefully even when the power
Reason (R):The capacitors may break down at any time.

7. Assertion (A): Capacity of a conductor is independent on the amount of charge on it.

Reason (R):Capacitance depends on the dielectric constant of surrounding medium, shape and siz
conductor.

8. Assertion (A): Two parallel metal plates having charge +Q &Qdare facing at a distance between the

The plates are now immersed in kerosene oil and the electric potential between the plates decreases

Reason (R):Dielectric constant of kerosene oil is less than 1.
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ANSWERS
1. Option (A) is correct. Explanation: E =- :—11
So,theelectric field is always perpendicular to equipotential surface. Negative gradient of electric pafenti:
is electric field. So, direction of electric field must be in the direction of the decreasing order of ejectri
potential.
2. Option (A) is correctExplanation: Since no charge resides in the surface of a hollow sphere, the ellpctric
field also zero insideSo, assertion is true. For hollow conducting sphere, the charged reside on the gurfac
only. So, reason is also true and it explains the assertion properly.
3. Option (C) is correct.Explanation: Work done in moving a charge between any two points in a unifjpprm
electric
field = charge x potential difference. So, it is independent of the path followed by the charge. Helfjce t
assertion is true. Electrostatic forces are conservative type. Hence, the reason is false.
4. Option (C) is correct. Explanation: Electric potential and electric potential energy are two different
guantities.
Hence the assertion is true. Electric potential is defined as the potential
energy per unit charge. Hence V = P.E./q
So, the reason is false.

5. Option (B) is correct. Explanation: Initial capacitance = C=——
Co= -

So G = 6C, Hence the assertion is true

6. Option (C) is correct.Explanation: Even when power is off capacitor may have stored charge whichjmay

discharge through human body and thus one may get a shock.

So, assertion is true. Breakdown of capacitors requires high voltage.

So, reason is false.

7. Option (A) is correct. Explanation: C =—

In the expression, there is no involvement of charge. So, capacitance is independent of
charge. Hence the assertion is true.

It depends on permittivity of the surrounding medium and the area of the plate. So, reason is
also true.Reason explains the assertion.

8. Option (C) is correct. Explanation: Electric field for parallel plate capacitor in vacuum

E=—

Electric field in dielectric E= —

Since the value of K for Kerosene oil i's grejat
constant of Kerosene oil is greater than 1. Hence the reason is false.

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKYS)
1. Draw an equipotential surface for a system consisting of two char@i€s<@parated by a distance r in ar.
Locate the points where the potential due to the dipole is zero.
Ans. The equipotential surface for the system is as shown. Electric potent A
zero at all points in the plane passing through the dipole equator AB. @@
2. A point charge +Q is placed at point O as shown in the figure. Is the pot

difference \Ai Vs positive, negative or zero? °
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Ans. The potential due to a point charge decreases with increase of distance.
So, Va1 Vs is positive.

3. Draw an equipotential surface in (i) a uniform electric field and (ii) a dipole

Ans. (i) (i)

4. AFor any charge configuration, equipotent:
Ans. The work done in moving a charge from one point to another on an equipotential surface is |
electric field is not normal to the equipotential surface, it would have

nontzero component along the surface. In that case work would be done in moving a
charge on an equipotential surface.

5. A charge 6q6 is moved from a point A above
eqguatorial plane without acceleration. Find the work done in the process.
Ans. Work done in the process is zeBecausequatorial plane of a dipole i
equipotential surface and work done in moving charge on equipotential st
is zero.

W=q(Ws-Va)=qx0=0

>

4

[ ]
I
|
I
I
|
I
|
I
|
L SR
:
|
|
|
|
|
|
|
¢

6. A charged particle (+q) moves in a uniform electric fi€yif the direction

opposite td@. What will be the effect on its electrostatic potential energy during its motion?

Ans. When charge +g moves in opposite direction to electric field then work done is negative.
puU -W

so, change in potential energy is positive, the potential energy increases.

7. Two large plane parallel conducting plates are kept 8 cm apart as s
in figure. The potential difference between them is V. Find poter
difference between the points A and B (shown in the figure) ? -
Ans.AsV=Ed

V=E(8)
Therefore g = E(4) = — 4=-
8. Find the charge on the capacitor as shown in the circuit.

Fd

10 <3 20 <2
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Ans. Total resi st a8BochecgurreRt,|==4+6-YA + 20Y = 30Y
Potential difference, V = IR = X 10 =-V, Thereforecharge Q =CV =6 X-=4 uC
SHORT ANSWER TYPE QUESTIONS

1. Three points A, B and C lie in a uniform electric field (E) of 5 *NO' P — 5
Las shown in the figure. N E’ .
Find the potential difference between (i)A and B, and (ii) A and C. 5em s 13cm

~ | # E
Ans.(i) Potential difference between A and B = E x (AB) =5 2 @4 x c

10'2) = 200 volt

(i) The line joining B to C is perpendicular to electric field, so potential of B = potential
of Ci.e.,, VB=VC

Distance AB =4 cm

Potential difference between A and C = E x (AB)

=5x 10 x (4 x 1G2) = 200 volt

2. Two uniformly |l arge parallelidtaia pénhtandsanal
di stance 6d6 apart. Sketch an equipotential s
m and tghba rrgeemiadiany Between e plates, what is the magnitude and direction of this fie
Ans. (i) Weight mg acts vertically downward

(i) Electric force qE acts vertically upward. YA /I

Y
somg = qE e I
E=— AT i <

dr2
4;/+++++++/

3. Calculate the potential difference between points A and

. 1|p_l-" 1 uF

B as shown in figure JUF L LL_
IpF____

Ans. Equivalent capacitance= F
Charge supplied byattery = X 200 = 500 C A i C
Potential difference between A and B is 80V oy
4. Figure shows two identical capacitors; &d G, each of 1 mF s
capacitance connected to a batt T I
After sometimes 06S6 is | eft ope r
= 3 are inserted to fill completely the space between the plates of the 6v 1uF =~ Cy  1uF==C;
capacitors.
How will the (i) charge and (ii) potential difference between the plate
the capacitors be affected after the slabs are inserted?
Ans. When switch S is closed, p.d. across each capacitor is 6V
Vi=Ve=6VandG=C= 1 ¢C
C Charge on each capacitor
qu=g(= CV) = (1 €F) I (6 V) = 6 ¢C
When switch S is opened, the p.d. across C1 remains 6 V, while the charge on capacitor
Ccremains 6 €C. After insertion of dielectric
new capacitance of each capacitor becomes
CNf GNj3 I 1 e&F = 3 ¢F
Charge on capacitonC 1 g NWNf (3 e€F) I 6 V = 18re@maChar ge ¢

Potential difference across é&mains 6 V. Potential difference acrossh€comes
]
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w=-=2V
5. (a) Twelve negative charges of same magnitude are equally spared
and fixed on the circumference of a circle of radius R as show
Fig. (i). Relative to potential being zero at infinity, find the elect
potential and electric field at the centre Ghad circle.
(b) If the charges are unequally spaced and fixed on an arc of 12
radius R as shown in Fig. (ii), find electric potential at the centre

Ans. (a) Potential due to single charge at C,—\‘7€=—C

(1) (i1)

Net potential at C is V= — -

Due to symmetry of distribution of charge, electric fields are cancel each other, so E =0
(b) Potential is scalar quantity so orientation is irrelevant

Hence potential at Cis V =— =

6. Three point charges +Q2Q andi 3Q are placed at the vertices of an equilateral triangle ABC of side L. If
these charges are displaced to the mid point8Aand G respectively, calculate the amount of work dojhe
in shifting the charges to the new locations.

Ans. Uinitial = — =
Ufinal = — e
W = Uinal - Uinitial = —— —

(&
7. Two parallel plate capacitors X and Y have the same area of plates anc X Y
separation between them. X has air between the plates while Y conte
dielectrij=et. medi um U
(i) Calculate the capacitance of each capacitor if equivalent capacitance
combination is 4 ¢gF.
(if) Calculate the potential difference between the plates of X and Y.

Ans.(i) —=4 and——=4A0
After solvingd =5A0andd = 20A0
(ii) in series charge on each capacitor is same-so9 4

Vx + Vy =15
After solving W = 12V, W = 3V

+

-0

.
ke

LONG ANSWER TYPE QUESTIONS
1. (i) An electric dipole (dipole moment= p By consisting of chargesg and q, separated by distance 2a| is
placed along the-axis, with its centre at the origin. Show that the potential V, due to this dipole, at a pgint x

(x >> a) is equal te— %HJ
(i) Two isolated metallic spheres 8nd S of radii 1 cm and 3 cm respectively are charged such that jpoth
have the same charge density®p 1 C/n?.. They are placed far away
from each other and connected by a thin wire. Calculate

the new charge on sphere S P 5
Ans.(i) Derive expression of potential at P, \\=— -t R SR U bee >
As p is along xaxis so -q 0 +q |
= B < >
V= — S X

KVS ZIET MYSURU PHYSICS Xl 202826 23




If x>>a

BH
v=—2
<

(i) Chargeon 8= 0 2 -AWprm x 4php m 2=8 X 108C

Chargeons= 0 2% 4®prm x dobp m 2=72X108C

When connected by thin wire they acquire common potential V and charge remains conserved
Qi+ Q=0 +0 and —==

On solvingd =2 X 10%2C
2. (i) Derive an expression for potential energy of an electric dipole p in an external uniform electric
. When is the potential energy of the dipole (1) maximum, anchig@num?
(if) Three point charges q, 2q and nq are placed at the vertices of an equilateral triangle. If the potentig
of the system is zero, find the value of n.
Ans. (i) Derivation of expression of potential energy

U(JdPEAT-&mpO

(1) Potential endrgy is maximum d =180

(2) Potential edergy is minimum d
(i) Consider an equilateral triangle of side a

Potential energy U=— + +

U:8+ 8+8

I
o

According to question U=0

So—> + 8 48 =0, After solvingn = -

CASE STUDY TYPE QUESTIONS
1. The figure shows four pairs of parallel identical conducting plates, separated by the same distanc
and arranged perpendicular teaxis. The electric potential of each plate is mentioned. The electric
between a pa|r

of plates

uniform and

normal to the

plates. ~70V -50V  -50V +150V  -20V 4200V  -100V —400V

(i) For which
pair of the I 11 [II
plates is the
electric field E alongiv
(A) | (B) Il © (D) IV
(i) An electron is released midway between the plates of pair IV. It will :
(A) move along lat constant speed(B) move along i constant speed
(C) accelerate alongdru (D) accelerate alongHu
(i) Let E1, B2, Es and & be the magnitudes of the electric field between the pairs of plates, I, 11, Il an
respectively, then:
A Ei>E>EB>E B EB>E>E>E
C)E>B>E>EH D)E>EB>E>E
(iv) An electron is projected from the right plate of set | directly towards its left plate. It just comes to
the plate. The speed with which it was projected is about :
(Take (e/m) =1.76 X 16 C/kg)
(A)1.3X10Pm/s (B)26X10m/s (C)6.5X10m/s (D)5.2X10m/s

. _________________________________________________________________________________________________________|
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identical metal plates kept parallel, a small distar

2. A parallel plate capacitor is an arrangement of t metal plate of area A
apart. The capacitance of a capacitor depends on the

and separation of the two plates and also on the diele e
constant of the medium bete® the plates. Likedistance{

resistors, capacitors can also be arranged in serie (d)

parallel or a combination of both. By virtue of electr / /;

field between the plates, charged capacitors s

energy.

Q(a) The capacitance of a parallel plate capacitor increases from 10uF to 80uF on introducing a d
medium between the plates. Find the dielectric constant of the medium.

Q(b) n capacitors, each of capacitance C, are connected in series. Find the equivalent capacitan
combination.

Q(c) A capacitor is charged to a potential (V) by connecting it to a battery. After some time, the ba

elec
ce of

tery

disconnected and a dielectric is introduced between the plates. How will the potential difference between

plates, and the energy stored ibétaffected ? Justify your answer.

3. Electrostatics deals with the study of forces, fields and potentials arising from static charges. Foce ¢

electric field, due to a point charge is basically determined by Coulomb's law. For symmetric
configurations, Gauss's law, which is also blasa Coulomb's law, helps us to find the electric field.
charge/a system of charges like a dipole experience a force/torque in an electric field. Work is requir
done to provide a specific orientation to a dipole with respect to an electric field.

Answer the following questions based on the above:

tharg
A
>d to

Q(a) Consider a uniformly charged thin conducting shell of radius R. Plot a graph showing the variati¢n of

with distance r from the centre, for points 0 <r < 3R.

Q(b) The figure shows the variation of potential V wiflor two point charges Q ¥ o

and Q, where V is the potential at a distance r due to a point charge—ind

Q(c) An electric dipole of dipole momergtis initially kept in a uniform electric
field @such thatpis perpendicular t® . Find the amount of work done in rotating the dipole to a positio
which ipbecomes antiparallel 1@ .

ANSWERS
Ans.1. (i) (D) IV (ii) (D) accelerate alongHu (iii) (C) Esa> B3> B> E
(iv) (B) 2.6 X 1 m/s
Ans.2 (a) K=8 (b) C=-

(c) Potential difference decreases by a factor 1Bfergy reduces by a factor 1/K
Ans. 3 (a) "

oot (b)— =——=3

4 (c) Work done = + pE
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CHAPTER-03- CURRENT ELECTRICITY

SYLLABUS

Electric current, flow of electric charges in a metallic conductor, drift velocity, mobility and their relation
electric current; Ohm's law,-Vcharacteristics (linear and ndinear), electrical energy and power, electrig
resistivity and conductity, temperature dependence of resistance, Internal resistance of a cell, p
difference and emf of a cell, combination of cells in series and in parallel, Kirchhoff's rules, Whe

bridge.

CONCEPT MAP

Drift Velocity &
Mobility of Charges

Drift velocity Vd = — ek,
I
i I oE E
Vd —_ — — T e— T —
neA ne ne pne
Current 1 = neAVaq
Current Density J = ;1 =nevy
nde’E
= T
m
nde*V
= 1= T
mal
lec ¥
Resistance & Resistivity
1 m |
R = p—= —.—
A ne't A

m

From R—pL__ p=—
A ne*r

Reciprocal of resistivity is called

. . 1
conductivity (o) i.e. o = r

Drift velocity per unit electric
field is called mobility of electron
_Va_-e

E m

AL

Current Density [ El o C Ohm’s Law
Conductance \ | Electric Current Resistance &
Conductivity | | i a L | Resistivity
)= di - I = charge/time = =, if flow is uniformi = * icV— V=iR
aAd cos
Reciprocal of | R= pi
resistance is known A
CURRENT
as conductance. —
1 ELECTRICITY R, =R,(1+ab)
o= R, — R,
k z / Ry =t

—[ Kirchhoff’s Law [ —[

Electric Cell

Current law (KCL) is the
algebraic sum of currents
meeting at a junction is
zero. i.e.2i=0.

Voltage law (KVL) is the
algebraic sum of the
changes in potential in
complete traversal of a
closed loop is zero. i.e. ZV
=0

Wheatstone
Bridge

The bridge is said to be
balanced when deflection
in galvanometer is zero
i.e. no current flows
through the galvanometer.
On mutually changing the
wl position of cell and
galvanometer this
condition will not change.

Emf of cell (E) : The
potential difference across
the terminals of a cell
when it is not supplying
any current.
Potential difference (V) :
The voltage across the
terminals of a cell when it
is supplying current to
external resistance.
Internal resistance (r) :
In case of a cell the
opposition of electrolyte
to the flow of current
through it.
In Series combination of
cells- £, = F, + E, and
Fo, =1+
In Parellel combination of
cells- £, = Eiry + Eyri
o+
and
P N
R
In charging "= FE.
In oven circuit of"a cell F'=FE

ELECTRIC CURRENT

U The electric current in measured by ‘rate of flow of charge'.Or Charge flowing
second from any cross section of the conductor is called electric current,

GIST OF THE CHAPTER

U Current i =charge/time= —, if flow is uniform i = -
i Unit : Ampere (A), Dimension : (WL0TOAT)

U 1 ampere = 1 coulomb/second. i.e. if 1 coulomb of charge flows per second ther=

ampere of current is said to be flowing.
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i 1 ampere of current means the flow of 6.25 *8i@lectrons per second through any cross section of
conductor

U If n electrons pass through any cross section in every t seconds thes where e = 1.6 x 139

coulomb.
U The conventional direction of current is taken to be the direction of flow of positive chardje|d
U Value of the current is same throughout the conductor, irrespective of the cross section of conductpr at
different points.
U Net charge in a current carrying conductor is zero at any instant of
time. >
Note : A cur_rent carrying conductor cgnnot said to be charged, . . 5
because in conductor the current is caused by electron (free: “«—0 €«—0 <«—o0
electron). The no. of electron (negative charge) and proton «——o «—o P
(positive charge) in a conductor is same. Hence the net charge

in a current carrying conductor is zero. I

\

U Electric field outside a current carrying conductor is zero, but it is non zero inside the conductorjand
givenbye = -
Note : The electric field inside charged conductor is zero, but it is non zero inside a current carrying

conductor
Note : Current is a scalar quantity because it does not obey law of vector

CURRENT DENSITY
Current density at any point inside a conductor is defined as a vector having magnitude equal to cuffent |
unit area surrounding that point. Remember area is normal to the direction of charge flow (or current

passes) through that point. o

i Current density at poiR is given by 0 —?e
&= /dA
<0 n \\

dAcosq
a If the crosssectional area is not normal to the current, but makes an @ngith the direction of current

i AdYOQQU QO £+ USQ(Y Q Uth

U If current denS|tyU is uniform for a normal crossectionA then J=i/A
U Current densityl is a vector quantity. It's direction is same as th&.dfs S.I. unit isamp/nt and dimension

then0

[L"2A].
U In case of uniform flow of charge through a crgsstion normal to it as
Q1T RNFgw - TNO
. . . . .9 o ° - e
U Current density relates with electric field as ,, O —; wheres = conductivity and = resistivity or

specific resistance of substance.
Drift Velocity
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Drift velocity is the average uniform velocity acquired by free electrons inside a metal by the applica“ion (

an electric field which is responsible for current through it. Drift veloc I
is very small it is of the order of 1®n/sas compared to thermal spee 4
prt & Fi of electrons at room temperature. i
If suppose for a conductor= Number of electron per unit volume of tr
conductor, T | i
A = Area of crosssection,V = potential difference across the conduckor v
= electric
field inside the conductor = current,d = current density, = specific resistances,

conductivity , - then current relates with drift velocity @ T A® we can also

e

TAL TA TA JTA

U The direction of drift velocity for electron in a metal is opposite to that of applied electric felclfrent
density.0 © ‘Q.e, greater the elecic field, larger will be the drift velocity.

U When a steady current flows through a conductor of- non

write 0

uniform crosssection drift velocity varies inversely with area Va,
crosssection v @ — Va, A
. S0 1-'d1 > 1-‘d2
i
. . . _ A
U If diameter ¢l) of a conductor is doubled, then drift velocity ! 4

electrons inside it will not change.
Relaxation time (f) : The time interval between two successive collisions of electrons with the positive

) . . ) L i AAT EOAAR DAOE,, .., . _ .
in the metallic lattice is defined as relaxation titne 5578068 OAI T AESD ..I.\/VﬁlEthi(llsgxlAr\lé%rpqeéature

Vims iNCreases consequentlylecreases.

Mobility : Drift velocity per unit electric field is called mobility of electroa’ —. |t 6s—w.ni t

Ohm's Law

If the physical conditions of the conductor (length, temperature, mechanical strain etc.) remains sor
the current flowing through the conductor i g
endsi.e’® @Y @ ‘QWhereRis a proportionality constant, known as electric resistance.

(1) Ohmés | aw is not a universal l aw, the sub

(2) Graph betweeN andi for a metallic conductor is a straight line as shown. At different temperattire
curves are different. vl Vi

Ohm's law is true For metallic conductors at low
temperature Because with rise in temperature resistance
of conductor increase, so graph between V and i become;s
non linear.

T

Tz

%

Resistance P P

U The property of substance_by virtue of which it OPPOSES(A) siope of the line (B) Here tams> targs
the flow of current through it, is known as the resistance. =w -« SOR>R,

U Formula of resistance :For a conductor if = length e >

of a conductoA = Area of crosssection of conductor,

n = No. of free electrons per unit volume in conductos,relaxation time then resistance of conduct
Y o "- TT&; wherer = resistivity of the material of conductor

U Unitanddimension:l t 6 s SVol/Ampar@hm(W).litsbés di mefwsd on i s

U Dependence of resistanceResistance of a conductor depends upon the following factors.

(1) Length of the conductor : Resistance of a
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lengthieR"land i nversely pr opogedtioneiv+ to itds aredq

(i) Temperature : For a conductor
If Ro = resistance of conductor (@
R: = resistance of conductorta€C
anda, b= temperature cefficient of resistance

thenY Y p | ofort¢300°C or | ——

If Ry andR: are the resistancestgtC andt.°C respectively ther- ——.

The value ofa is different at different temperature. Temperature coefficient of resistance

averaged over the temperature ranteto t2°C is given by which gives

R=Ri[1+a (2T ty)].

Resistivity (r), Conductivity (s) and Conductance (C)

Resistivity : From'Y 7 —-Nf|=1m, A=1n?thenY ”i.e.resistivity is numerically equal to the resistan
of a substance having unit area of cresstion and unit length.

dUnit and di men sdhrdmanddinensrsisi8’YIG unit i s

a(ii) Itds—For mul a

U (i) Resistivity is the intrinsic property of the substance. It is independent of shape and size of th
(i.e. landA).
For different substances their resistivity is also different

n ”
- O m o P N v D#LD'.OJL<D » JLD..OJL<D >
[ io vti=|= > <O * Corme R TR S ERY

Tei - P oEog»
U Resistivity depends on the temperature. For metals ” p | w 0e. resistivity increases with
temperature.
U Resistivity increases with impurity and mechanical stress.
Conductivity : Reciprocal of resistivity is called conductivity)(i.e,, - with unit
mho/mand dimensions 0 0 "YO
Conductance:Reciprocal of resistance is known as conductaiice-1 t 6 s u niil S
—orwt
Cell

The device which converts chemical energy into electrical energy is known as elect
cell. Cell is a source of constant emf but not constant current.

V —

(1) Emf of cell (E) : The potential difference across the terminals of-a

cell when it is not :
supplying any current is caIIIer—éﬂ‘Ode’lct""t

(2) Potential difference (/) : The voltage across the terminals of a cell v
when it is = > =

supplying current to external resistance is called potential difference| Symbol of cell
terminal voltage. Electrolyte

Potential difference is equal to the product of current and resistance of
that given part

.,e.V=iR.

(3) Internal resistance ) : In case of a cell the opposition of electrolyte to the flow of

current through it is called internal resistance of the cell. The internal resistance of a cell
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depends on the distance between electraded),(area of electrodes’[ (1/A)] and
nature, concentratiom’( C) and temperature of electrolyte [(1/ temp.)].
A cell is said to be ideal, if it has zero internal resistance.

Cell in Various Positions . AWWWW————

(1) Closed circuit : Cell supplies a constant current in the circuit. V=iR

(i) Current given by the celQ —
(i) Potential difference across the resistaace Q'Y

(i) Potential drop inside the cellir Er
(iv) EquationofcelO w Qi (B>V
(v) Internal resistance of the cell - p t'Y
(vi) Power dissipated in external resistance (load)
T M . Prmax= E%4r
0 ®wQQy — — &Y i ;
Power delivered will be maximum wh¥n i so0 — .
This statement in generalised from ¢sa | | nexdimunfi power transfer | R=r
theoreno . R—
(vii) When the cell is being charge@. current is given to the cell thénh=Vi
ir and
E<V.
(2) Open circuit : When no current is taken from the cell it is said to be in o o o
circuit P AE
(i) Current through the circuit= 0
(i) Potential difference betweénandB, Vag = E .
(i)  Potential difference betwe&handD, Vcp =0 IFET
(3) Short circuit : If two terminals of cell are join together by a thick conducting
wire R=0
(i) Maximum current (called short circuit current) flows momenta€dy -
(i) Potential differenc& =0 |
Grouping of Cells "Er
(1) Series grouping :In series grouping anode of one cell is connected to
cathode of
other cell and so on. ifidentical cells are connected in series
(i) Equivalent emf of the combinatidd £ O oroBr B e
. . . . . L K K L o
(i) Equivalent internal resistanée € i
(i) Main current = Current from each cellQ —— i
(iv) Potential difference across external resistance™Q'Y M?W

(v) Potential difference across each callj -
(vi) Power dissipated in the external circuit — 8Y

(vii) Condition for maximum poweY ¢ iand) —

(viii) This type of combination is used wharn<<R.
(2) Parallel grouping : In parallel grouping all anodes are connected at one point and
all cathode are connected together at other pointidéntical cells are connected in
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parallel. Er
(i) Equivalent emEeq=E
(i) Equivalent internal resistancé i 7€

(iif) Main current’Q —— N

(iv) Potential difference across external
resistance = p.d. across each cel =iR

(v) Current from each celfyj -

(vi) Power dissipated in the circuit — 8y

(vii) Condition for max. power i 1 7¢ andd —

(viii) This type of combination is used whar>>R

Kirchoff's Laws

(DKi r chof f 6 $hisfaw is also knbven as junction rule or current [&EL).
According to it the algebraic sum of currents meeting at a junction is.egrbd= 0.
In a circuit, at any junction the sum of the currents entering the junction must equal t
sum of the currents leaving the junctid@. Q@ "Q "Q
(i1) This | aw i sonselivatignbfgharge st at ement of A
(2)Ki rchof f 6s Thisdaw & alsb klownvas loop rule or voltage law (KVL)

and according to it Athe algebraic sum of the

of a mesh (cl 6440l 0o0Op) i s zeroo,

(i) Thi s | congervatopafenasrgynt s A

3Si gn convention for the Farthedpplicatonofon of Ki rc
Kirchoffdés | aws following sign convention ar
(i) The change in potential in traversing a resistance in the direction of curiaRt is

while in the opposite directionR

A R B A R B
. 'A'A'As . MWW
- -
iR +iR

(i) The change in potential in traversing an emf source from negative to positive
terminal is € while in the opposite directionE irrespective of the direction of current

in the circuit. A |E B A |E B
. I: ° ® I= °
- -
TE +E

€

N O |

Wheatstone bridge :Wheatstone bridge is an arrangement of four resistance which can be used to njeast

one of them in terms of rest. Here arAB andBC are called ratio arm and arrA€ andBD are called
conjugate arms
(i) Balanced bridge :The bridge is said to be balanced when deflection in galvanometer isszeoocurrent

flows through the galvanometer or in other wovids= Vp. In the balanced conditioh -, on mutually
changing the position of cell and galvanometer this condition will not change.

(i) Unbalanced bridge :If the bridge is not balanced current will flow frdinto
Bif Vb>Veie. 0w @  which givesPS>RQ
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MULTIPLE CHOICE QUESTIONS
. Every atom makes one free electron in copper. If 1.1 ampere current is flowing in the wire of copper|
1 mm diameter, then the drift velocity (approx.) will be (Density of copper pmt E @ and atomic
weight = (63)
@n8oci I TOAAbD8pl | TOARN8cIi | TOA@ MO Qd

havi

. The resistivity ofironip pmt €@ & . The resistance of a iron wire of particular length and thickrjess

is 1ohm If the length and the diameter of wire both are doubled, then the resistigitg in & will be

(@ p pm ()¢ pm () T pm d ¢ pn
. It is easier to start a car engine on a hot day than on a cold day. This is because the internal res
the car battery
(a) Decreases with rise in temperature(b) Increases with rise in temperature
(c) Decreases with a fall in temperatur@)Does not change with a change in temperature
. The magnitude and direction of the current in the circuit shown will be

(a)-Afromato b throughe &AM S| A b
1ov AV

(b)-A from b to a throughe

(c)1 Afrom b to athroughe aw

(d)1 Afrom ato b throughe d AW c

Two identical cells send the same current in 2 ohm resistance, whether connected in series or in
The internal resistance of the cell should be
(@o (b) 0.5 ohm (c) 1.5 0hm (d) 20hm
. Eels are able to generate current with biological cells called
. . 0.15Vv
electro plaquesTheelectro plaques an eel are arranged in 100 + i ] 0-25W
rows, each row stretching horizontally along the body of the fi
containing 500@lectro plaquesThe arrangement is suggestively
shown below. Eaclelectro plaquefias an emf of 0.1% and
internal resistance of 0.2& The water surrounding the ee
completes a circuit between the head and its tail. If the waf
surrounding it has a resistance of 300the current an eel ca
produce in water is about W
(@1.5A (b) 3.0A
(c)15A (d)30A
. Two batteries, one of emf Mltsand internal resistaneg and the other of ©
emf 12volt and internal resistange , are connected as shown. The voltme
wwill record a reading of |t
(@) 15volt (b)30volt (c)l4volt(d) 18volt

i . |'_MM,_+| i

5000 electroplaques per row
100; rows

. The internal resistances of two cells shownrgpe and@® . If'Y T1& ,the
potential difference across the cell
(a) Bwill be zero It It
(b) Awill be zero A
(c) AandB will be 2V
(d) Awillbe cwandBwilbe cw
. In Wheatstone's bridgé wohm 0 p phm'Y tohmand"Y @ohm How ——— W ———
much resistance must be put in parallel to the resistatwealance the bridge

(@) 24ohm (b) —ohm (c) 26.40hm  (d)18.70hm
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ANSWERS
1. (b) Density of6 6 w prt QTR (mass of I of Cu)
7 6.0% 102 atoms has a mass = 830 3kg

\ Number of electrons pen® are 2w prt B pTI

Now drift velocity 0 — — . 8 . ™ pm afl Qd

2. (a) Resistivity of some material is its intrinsic property and is constant at particular temperature.
Resistivity does not depend upon shape.

3. (b) Because as temperature increases, the resistivity increases and hence the relaxation time

for conductorst - 8
4. (d)

w B Boaw

C 1ov Ay
i

3W
WW

a

Applying Kirchoff's voltage law
P Qpmt ¢ QadQ ny Q pd OO EA

\ Current - — p8an Qi Q
5. (d) In series ;Q —
In paralle,'0 — —, SinceQ QY— —Y 1 ¢
6.(a) Given problem is the case of mixed grouping of cells
So total current produceid- R'lEm
m

Here m=10Q n=5000 R=500W
E=0.15V andr =0.25W

5000 0.15 _ 750 , 15A
N 500 0.25 5125

100
7(c) Reading of voltmeter

% N
=(18*1+12*2)/(1+2) =14 V
8(a)  Applying Kirchhofflaw, ¢ ¢ ™ ™ T Y Q —0
Hence potential difference acro&s

500

¢ ™M — - (lessthan¥®)
Potential difference acrogs ¢ ™ — T
9(c) — = (For balancing bridge)
Y'Y — — Y= - -Y— - -Yi — ca

ASSERTION & REASON QUESTIONS
Read the assertion and reason carefully to mark the correct option out of the options given below :
(a)lf both assertion and reason are true and the reason is the correct explanation of the assertion.

(b)If both assertion and reason are true but reason is not the correct explanation of the assertion.
I —————————————
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(c)If assertion is true but reason is false.
(d)If the assertion and reason both are false.

1. Assertion: The resistivity of a semiconductor increases with temperature.
Reason The atoms of a semiconductor vibrate with larger amplitude at higher temperatures theret
increasing its resistivity.

2. Assertion: In a simple battery circuit the point of lowest potential is positive terminal of the battery
Reasm: The current flows towards the point of the higher potential as it flows in such a circuit frofn the
negative to the positive terminal.

3. Assertion: The temperature coefficient of resistance is positive for metals and negatiyetyjoe
semiconductor.

Reason:The effective charge carriers in metals are negatively charged whemgagm semiconductor
they are positively charged. ~

4. Assertion: In the following circuit emf is ¥ and internal resistance of the cell is 1 Y
WandR = 1W, then reading of the voltmeter i¥.1 Ezfv

Reasontd 'O "QwhereE=2V,"Q - poandR=1W =W C?

R=1W
MWW

5. Assertion: There is no current in the metals in the absence of electric field.
Reason:Motion of free electron are randomly.
6. Assertion: Electric appliances with metallic body have three connections, whereas an electric bull) has
two pin connection.
Reason:Three pin connections reduce heating of connecting wires.
7. Assertion: The drift velocity of electrons in a metallic wire will decrease, if the temperature of the wjre is
increased.
Reason:On increasing temperature, conductivity of metallic wire decreases.
8. Assertion: The electric bulbs glows immediately when switch is on.
Reason:The drift velocity of electrons in a metallic wire is very high.
ANSWERS
1. (d) Resistivity of a semiconductor decreases with the temperature. The atoms of a semiconductor Jyibra
with larger amplitudes at higher temperatures thereby increasing it's conductivity not resistivity.
2. (d) It is quite clear that in a battery circuit, the point of lowest potential is the negative terminal pf th
battery and the current flows from higher potential to lower potential.
3. (b) The temperature eefficient of resistance for metal is positive and that for semiconductor is negitive.
In metals free electrons (negative charge) are charge carriers whigype semiconductors, holef
(positive charge) are majority charge carriers.
4. (a) HereO cwhp - pdandi p
Thereforecd O Qi ¢ p p pw
5. (a) Itis clear that electrons move in all directions haphazardly in metals. When an electric field is gpplie
each free electron acquire a drift velocity. There is a net flow of charge, which constitute currentjj In tt
absence of electric field this impossible and hence, there is no current.
6. (c) The metallic body of the electrical appliances is connected to the third pin which is connecte| to t
earth. This is a safety precaution and avoids eventual electric shock. By doing this the extra charge flow
through the metallic body is passeddarth and avoid shocks. There is nothing such as reducing df the
heating of connecting wires by three pin connections.
7. (b) On increasing temperature of wire the kinetic energy of free electrons increase and so they collifle m
rapidly with each other and hence their drift velocity decreases. Also when temperature ingreast
resistivity increase and resistivity is invegsploportional to conductivity of material.
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8. (¢) In a conductor there are large number of free electrons. When we close the circuit, the electrig
established instantly with the speed of electromagnetic wave which cause electron drift at every pc

field
rtion

the circuit. Due to which the currestset up in the entire circuit instantly. The current which is set up ¢Joes

not wait for the electrons flow from one end of the conductor to the another end. It is due to this rea
electric bulb glows immediately when switch is on.

VERY SHORT ANSWER TYPE QUESTIONS
1. A cell of emf (E) and internal resistance (r) is connected across a variable external resistance (R).
graphs to show variation of (i) E with R, (ii) Terminal p.d. of the cell (V) with R.
Sol. (i) The emf E of a cell is independent of external resistance (R).

(i) The terminal p.dw  OY —Y — y B
E|___

Onincreasing R, V increases : /

WhenR=0,¥ . WhenR=r,V = /!

When RO D,V =E. ° — R

2A p.d. of V volts is applied to a conductor
and the resistance of the conductor change when (i) V is doubled (i) L is halved and (iii) D is h
where is each case , the other tactérs remain  same . Give reason in each case.

Sol.oo =—U0 —U —-& ng R = |
(i) When V is doubledow becomes double and R remains unchanged.

(i) Whenl is halved,w becomes double and R becomes halved
(iii) When D is halved remains unchanged and R becomes 4R.

3. A10V batteryof negligible internal resistanceis connectedacross a 10|‘v’
200 V battery anda resistanceof 38 Y . Find the value of the currentin H
circuit.
|I
Sol.l=—=—— 0 200V 380
4. The plot of the variation of potential difference across a comhinaion of three v
identicd cdls in seriesyersuscurrentis as shown below. 6V

What is the emf of eachcell?

Sol.Let E be emf of each cell and r be the totalinternal resistance of circuitThe ° 1A
equationof terminal potentialdifference w 00 eéee(l)
AtV =6V, | =0. Therefore fromeq (1p cO mt O qw
5.Write any two factors on which internal resistance of a cell depends.
Sol. The internal resistance of a cell depends on
(i) distance (l) between electrodes.
(i) area (A) of immersed part of electrode, and
(iif) nature and concentration of electrolyte.
6. The following grapgh shows the variation of termina potenial
difference V, acrossa combination ofthree cells in seriesto a
resisor, versusthe current, I.
(i) Calculatethe emf of eachcell and internal resistance
(i) For what current | will the power dissipation of the circuit be maximum?

o
[=]

Wolvolt) —»
28]
=]

» | (ampera)

Sol.(i) Let E be emf of each cell and r be the totalinternal resistance of circuitThe equationof
__________________________________________________________________________________________________________________________________|
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terminalpotentialdifference  w cO OCg é éé ( 1)
AtV =6V, 1=0. Therefore fromeq (@), 0O Tt O QW
(i) AtV =0V, | = 2A. Therefore fromeq (I}, @ ¢it i ©
(i) For maximum power dissipation, external resistance (R) = Internal resistance (r)

Current, | =—=——p0

SHORT ANSWER TYPE QUESTIONS

1. Define the term drift velocity and relaxation time. On the basis of electron drift derive an express
drift velocity of free electrons in term of relaxation time.

Sol. Drift velocity - Drift velocity is the average uniform velocity acquired by free electmoside a metal
by the application of an electric field which is responsible for current through it.

Relaxation time (¢) : The time interval between two successive collisions of
electrons with the positive ions in the metallic lattice is defined as
relaxation time. A —0 —

In a metallic conductor, the free electrons are in continuous random mgtion E—
due to thermal energy. The net flow of electrons in any direction is zgero. -
Therefore the average velocity of electrons is zéwo. Tt v

In the presence of external electric fi@lthe free electron experiences a force
opposite to the direction of applied field.

The electric force on electré® [0 €)

PJ

. . o b
The acceleration produced in electron & — —

on fc

Sinceelectrons are colliding frequently with each other and atoms of metal, therefore they are accéleral

only for a short time interval between two gquc
The average velocity of electrons after rel axat
V=U+atY® m —t @ —1

This velocity is called drift velocityC i —t

2. Define the term &édmobilityd of charge carri ¢r s

mobility in term of relaxation time.
Sol. Mobility :  Drift velocity per unit electric field is called mobility of electroe.*  —.

= =1, e. ss -t

3. _In the adjoir_ling circuit,_the batte'fyrhas ar‘m? 8§abf PO ‘é 'ér‘mi ;ero S00W
internal resistance while the batted/has ana&x 8@of ¢u € .alfahe
galvanometeiOreads zero, then the value of the resistangeohmis g -+
Sol. For no current through galvanometer, we have

—— ® OY — & cY X=100W

z

D C

CASE STUDY BASED QUESTIONS
Read the following paragraphs and answer the questions that follow.
Whenever an electric current is passed through a conductor, it becomes hot after some time. The
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2

IV. The heat emitted by an iron of 100 W in 1 minute is

[ll.  Two wires each of radius of cross section r but of different materials are contogetter endo
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Phenomenon of the production of heat in a resistor by the flow of an electric current through it is cal Fd
heating effect of current or Joule heating. Thus, the electrical energy supplied by the source of em| is
converted into heat. In purely resistive circuit the energy expended by the I

source entirely appears as heat. But if the circuit has an active element like a !’ "*L"

motor, then a part of the energy supplied by the source goes to do useful ywork

andtherestappeasasss heat . Joul eds | aw of Reating flor n t
electrical appliances such as electric bulb, electric furnace, electric press ¢tc 2

I.  Alloys used for making standard resistance coils as alloys p

(a) have more conductivity
(b) less conductivity
(c) less temperature coefficient of resistivity
(d) more temperature coefficient of resistivity
II.  Nichrome and copper wires of same length and same radius are connected in series. Current || is
passed through them. Wire which gets heated up more is
(a) Nichrome (b) copper
(c) both gets heated up to same values
. A 25 W and 100 W are joined in series and connected to the mains. The bulb which will glow

brighter is
(a) 25W as it has high resistance (b) 100 W as it has high resistance
(c) 25W as it has low resistance (d) 100 W as it has low resistanc

(a) 600J (b) 6000J (c) 60J (d)60000J

2. When electric field is applied across a conductor then the electrons move in the direction opposite [to th

electric field due to electric force on them. The average velocity with which free electrons get drifted in
the direction opposite to the appliekéctric field inside a conductor is called drift velocity. This motior
of the electrons in the direction opposite to the electric field is superimposed on their random motign.
Drift velocity depends on electric field applied, the nature of material amget@ture. On increasing the
temperature, relaxation time decreases. Hence decrease in relaxation time, due to increase in tempera
will reduce the drift speed.
I.  When a potential difference V be applied across a cylindrical conductor of length L and radius|R, is

doubled then the drift velocity of electrons gets:

(a) doubled (b) four times (c) remain same (d) halved
Il.  Two wires made of same material but of different diameters are connected in series in a circuij. The

current flows in the combination of wires. When the current flows from the wire with larger diameter

to the one with smaller diameter then drift velocityelectrons:

(a) will decrease (b) will increase

(c) remains same (d) first will increase and after some time decrease

end (in series). If the densities of charge carriers in the two wires are in the ratio 1:4, the drift
velocity of electrons in the two wires will be in the ratio:
@1l:2 (b)y2:1 (c)4:1 (d)1:4

IV. A current | flows through a uniform wire of diameter d when the electron drift velocity is v.The game

current will flow through a wire of diameter d/2 made of the same material if the drift velocity of| the
electrons is
(a)v/4 (b) v/2 (c) 2v (d) 4v

ANSWERS-
(i) c (i) a (i) a (iv) b
(i) a (i) b (i) ¢ (iv) d




CHAPTER 4: Magnetic Effects of Current and Magnetism
Syllabus- Chapteri 4: Moving Charges and Magnetism Concept of magnetic field, Oersted's experiment
Biot - Savart law and its application to current carrying circular loop. Ampere's law and its applicatifpns t
infinitely long straight wire. Straight solenoid (only qualitativeatment), force on a moving charge |n
uniform magnetic and electric fields. Force on a curoamtying conductor in a uniform magnetic field, for¢e
between two parallel currentrrying conductorslefinition of ampere, torque experienced by a currerg l¢o
in uniform magnetic field; Current loop as a magnetic dipole and its magnetic dipole moment, moving CcC
galvanometerits current sensitivity and conversion to ammeter and voltmeter.

MIND MAP

For arbitrary angle 0 (< 90°) Magnetic Force on a charge

F = qvB sinB and charge will attain

(_ particle in a uniform magnetic field —’

Forv||B.0=0°(F=0)
no force is experienced

helical path F=q(Vx B), F=qvBsin0
m Kf"'-,m} o e
ricle
2ntmy clical =
Pitch (p) = ——cos0 Mok N FBR
g8 N _— o Ny Ks*——
D ) )
\ ForvL B,0 =90 Fpy = qvB -
LT+ 3 charge will attain circular path
' 7 g o) ;_l Parallel currents o F sl
Magnetic ficd at the centre of a r Iy u“m“ while r Iy
crcular coll f antiparallel ®
gl ® currents repel F
"
& Current lOOp as . Radlu\okmulurp.\l; ) $
magnetic dipole P Vamk The force of attraction or repulsion acting on
Magnetic icd at a polnt on the M =cv r/—, By b cach conductor of length [ due lo’curm\u in
axis of the circular current 57 « Time period of revolution to pardlld conductoris: B Ho 211, |
carryingcoil M:NIA 2=R  2mm pa 7 i r
p=lo 2Nl === q_B
Ix (o 422

* Frequency

k ) (Ol L0
T 2am

" Blot Savart’s Law
/" Magnetic Nlcld vanies directly with

A

“ Force on a current carrying
conductor in a uniform magnetic field
F=l1(IxB)F=1Bsin®

current and length clement and inversely ‘rin
with square of the distance. Mo g d]arges
e Vo Il sin0 d =
n an ma‘gnetlsm " Ampere's Circuital Law
The line integral of magnetic Neld is equal
_ g ~ 10 i times the current passing through
~ 'Torque on a current carrying area bounded by closed path.
coil placed in a uniform magnetic ficld f B-di =l
= NL = MBsi -
EEIARND = MO0 Galvanometer into Ammeter
S
l"f g AW
4 §=|——G il1-1)
o -1, /é\
7] 7= Ir
ﬁ Magnetic field due e i
> toan infinitely long KA
= = z straight wire of g Hol RiPr
“" Moving Coll Galvanometer 8 radius a, carrylng 2na
current /atapoint Mol
Current | passing through the Rl >a

galvanometer is directly proportional to
itsdeflection (0). / &« 0 or I =GO

k
where G = —— = galvanometer constant
NAB

Carrent sensitivity: |, =

Magnetic fleld due to a current carrying
solenoldand toroid

\/-) Ik By=pgnl = (HoNI)!
2 Z] NAB By = I= _HL

Voltage sensitivity: V = — = —— T =Hont
e =% 2R,
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GIST OF THE CHAPTER

Magnetic field- It is a region of space around a magnet or a current carrying E
conductor in which it can exert force on other magnetic materials, moving
charges, magnets and current carrying conductor.

A moving charge produces both electric and magnetic field vehgeationary
electronproducesanelectric fieldonly.

S| Unit of Magnetic field-

The Sl unit of magnetidield is wm-2 or T (tesla).
If 1A current is flowing through a straight conductor and it is kept at right angle to a magnetic field sugh ths
force per unit length on it is 1Nkthestrengthof magnetidield is called one tesla,

ltesla(T) =1 webemeter2 (Wbm‘2 )=1 newtonamperél meterl (NA'1 m '1)
CGSunitsof magnetidield is calledgaussor oersted1 gauss = 1% tesla.

Right hand thumb rule- Hold a conductor is Right Hand in such a way thambindicatesthedirection
of currentthen thecurledfinger encirclingthe conductomwill give thedirectionof magnetidield lines
around it

Biot- Savart law- It stateghatthemagnetidield strengthdB producediueto a current element (of current |
and length dl) at a point having position vectoglativeto currentelement is

Q” H_ ®P» >’Q||
zZ »

wherep is thepermeabilityof freespace,
distheanglebetweercurrentelementaindposition
vector r as shownn the figure.

The direction of magnetic field is perpendicular
To theplane containingdl andr

The valueof po=4 ~ 7 WHIA-m.

Magnetic field due toa current carrying circular loop 1
Themagneticfield dueto currentcarryingcircularloop havingradius@icarrying currentibat adistance
&ofrom the centre ofcoil is T

dB cos® d_é
A

2
= "'D—la (Mo, I, &, Sin® are constants, |dl = 2ma and r & sin® are

2(a? + x2)32 replaced with measurable and constant values.)
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In case of coil having N turn, B(coil) = N x B(loop) Mo |
.o B=

The magneticfield dueto currentcarryingcircular coil is alongthe axis. At the center, x=0

The direction of the magnetic field at the center is perpendicular to the planecofithe

Amper eds Ci-ltstates thatlihe integral of magnetic field around any closed loop ( called
Amperean loop) is equal t-timesthecurrent(l) threading N b
through that loop. through the closed

i \/' Amperian loop

FEPy * 'O /

S

Amperian loop \

Magneticfield dueto infinitely long straight wire using Ampere'slaw- According o Amper e 6 §
law.

(2292 s SNO

B Y § = 0
( O)H.|=
I =,

Straight solenoid At the axis of a long solenoid, carrying currenBl = gnl, wheren = N/L = numberof
turnsperunit length.

Force on a current-carrying conductor in a uniform magnetic field VB

Magnitudeof forceisF=1LB s i n E .

Directionof forceis normaltoarnd B& | ,givenby F | e milLeftgdéndRule.If d = (.e. | or L is paralel
to I B), then the magnetic force is zero.

Forceonamoving chargein uniform magneticfield-Theforceonachargedaricle moving with velocity
0 vid a uniform magnetic field is givenby™® n® & or F = qvb sind

d i s the anglwanthrmeagnete éeid). Farce B) s iparpgrdicular to botk andB. (i) If v
andB areparallel F=0

(i) Whenv is perpendicdartoB, i . &' F =dvB+.e Bi® maximum
Lorentz force -The total force on a charged particle movingarexisting electricfield Y andmagnetic
fieldY isgivenby® A @ b @&
Thisis calledthe Lorentzforceequation.
The direction of this force is determined by
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FI emi ngos L eStretchotithefihgef® inlleihand such that the fofenger, thecentralfinger
andthumbaremutually perpendiculato each other. When the fefmger points in the direction of the
magnetidield andthecentralfinger pointsin thedirectionofcurrent then thumb gives the direction of the
force acting orthe conductor.

Force between two long straight parallel current carrying conductors
Two parallel current carrying conductors attract while they repel if
current in them is anparallel. The magnetic forperunitlength Fiz Faz

B.fr— —— B,

on eithercurrentcarrying conductoatseparatiorais givenby

3 H EE

- dl
| Z » s

Definition of ampere: - 1 amperes the currentwhichwhenflowingin eachofthetwo parallel wiresin
vacuunseparatedy 1 mfromeachotherexertaforceof 2 X 10° ’N/mon eachother.

Torque experiencedby a current loop in uniform magneticfield-
A coil of N turns and area A is carrying current | is kept in

a magnetic field as shown in figure as shown in figure. Forcs /( B
it will be zero and torque on it will be AR
U = NIBA cosd P

d = angle between coil and — o —8 ¢ | d
| f @ = angl e =)hte doilaademagnatio fielosé | B
, 0 +d=90° so ie.d=90°-0 J_B> .
So U= NIABcos(90°-a)=NIABsN o /{/ .

U NIAABsNnU | <SJe 4

As =MBsuWa so M=NIA g

Invectorformd 0 '@ &

Theunit of magnetiomoment inSl system iAm2.
The torque isnaximumwhen the plane of the coil parallel to the magnetic fieldndzerovhenthe plane of

the coilis perpendicular tdhemagnetidield.

Potential energy of a current loop in a magnetic fieldWhen a current loa@d magnetic momerl is
placed in a magnetic field], then potential energy ofiagneic dipoleis

U=-MBc o s dPg&R
Whend = 0GMB (midimemor stableequilibriumposition)
Wh e n d° U= +NIB3(iflaximumor unstablesquilibriumposition)

Whend = 9, potentialenergyis zero
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Moving coil galvanometer A moving coilgalvanometeis
adeviceusedo detectflowof currentin a circuit. A moving

coil galvanometer consists of a rectangular ptaicedin

anuniform radialmagnetidield producedoy cylindrical

poles pieces.Torque on coil due to current

U = NIiBA
for a radial magnetic field i nlsoU = NI BA

whereN is the number of turng is thearea ofcoll. If Cis torsional rigidityof material of suspension wire|
For def, lrestaringtorguez 0 d. Bér equilibrium

NIAB = Cii | = Cai /(NBA)
Clearly, deflection in galvanometer is directly proportional to current, sscdieof galvanometeis linear.

Useof radialmagnetidield- when radial magnetic field is usduetanglebetweerthenormalto theplaneof
loop (A) and magnetic field(B) i = 90°for any orientation of loop, in a radial magnetic fighé angular
deflectionof coil is proportional to the current flowing through it. Hence a linear seaideusedto
determinghedeflection of coili.e. measurement of current

Usesof galvanometer (i) Usedto detectelectriccurrentand direction of its flow inigen branclof circuit.
(i) Usedo convert the ammeter by putting a low resistor in parellel. (iii) Used to convert voliyeter
puttingahighresistor in seriegiv) Usedasohmmeteiby makingspecialarrangement

Current sensitivity: It is definedasthedeflectionof coil perunit currentflowing in it.
Al'l = NBA/ C

Voltage sensitivity: It is defined as the deflectionof coil per unit potential

Al'V = NBA/ RC

Conversion ofGalvanometerinto Ammeter: - A galvanometecanbe converted intan ammeter by using
a suitablysmall resistance in parallel with tgalvanometecoil. Thesmallresistanceonnectedn parallel
is calledashuntlf G is resistance of galvanometég,is current in galvanometer for full scaleflection,
thenfor conversiorof galvanometeinto ammetenf rangd amperehe shuntrequired can be found as

lgG=(1 g) S (As 6S06 and 0GO6 are parallel comhi

so {

Ig ~
> r—— { -
\G)

/ (I-13)
k 4

A A A
‘1Av’\n' v '1AVAV"~’

S

Ammeter
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Conversion of Galvanometer into Voltmeter - A galvanometer I e R :
may beconverted into voltmeter by connecting high resistance 95 : @ CAAAAAAA
in series with theoil of the galvanometer. If V volt is the range ¢ : :
voltmeter formed, then seriessistance igivenby T Y
® OY 'O soA % 1 ) v .

Magnetic moment due to a revolving charge or electron

A current loop or a revolving charge can be considered as a magnet. The magnetic moment of such { loo
M= qvr/2.
The face from which current flow appeansticlockwiseis thenorth pole of equivalent magnet with
magnetic momentl. l.e magnetic moment is outward
If we have a coil having N turns carrying current | having A as area ofseati®n the magnetic moment i
given byM= NIA
For an electron moving in Hydrogen atom
M=evr/2
As per Bohrés theory of Hydrogen atom L= mvr |=
number
M=-eL/2m
MULTIPLE CHOICE QUESTIONS
1 A proton and an alpha particle with same kinetic energy enters normally into a uniform magnefjc
field (B), the ratio of their radii of curvature of their path respectively will be
(a) More than 1 (b) 1 (c)Lesserthan 1 (d) Dependent on th8||
2 If a galvanometer of resistancgiRs connected with a shunt of| r
Rg=n.S the ratio of power consumed hyaRd S respectively will be
(@) r? (b) n (c) 1/n (d) 1/r?
3 A galvanometer of can measure current up tjo
range of it enhances to 1ImA.If a resistor |of
(@ 2mA (b) 0.4mA (c) 0.5mA (d) 0.6mA
4 A charge enters into a uniform magnetic fijel

of the charge while leaving the field will be
(a) Lesserthan E  (b) More than E  (c) Equal to E (d) Lesser than or equal

5 An electric field is applied along positive dkis and a magnetic field along negativaxs. An
electron moving through this region along positivexs will

(a) Move undeflected (b) Deflect towards B  (c) Deflect along E (d) Deflect against E
6 A positive charge moves parallel to flow of current in a long straight wire the charge will be

(a) Repelled by the wire  (b) Attracted by the wire

(c) Unaffected by the wire  (d) Oscillating

KVS ZIET MYSURU PHYSICS Xl 202826 43




7 A particle of mass 6émé and charge 0906 entegrs
0S6 as shown time spent by the
charge inside the field will be XX XX X XX XX
@2md/ g8 X X m X X
a)2m q
(b) 2m/qB X X £ X2 X SX X
(c)2m/ dgB
(dmd/ gB
8 In a moving coil galvanometer the current sensitivity is given by
(&) NBA/C (b) C/NBA (c) NBA/CR (d) NBR/C
9 The magnetic field at a point due to a long straight wire carrying current | is B. A circular loop
carries same current. For same magnetic field at its center the radius of the circular loop shall pe
(@ 2a()a (c)a’2 (dmuch more than
10  Inthe shown figure magnetic field at point A will be
ml ml my|
(@ 4 (4R (R (@zero N | Ad .
SOLUTIONS
1-b (adam)/ qg i s same for both and r= (a2meg)/|gB
2-C laps WDWO is constant
3d S=IgRy (I:-1g) so Y= (I2- Ig)/ (l1- Ig)
4-c  F perpendicular to v so no work is done and work done = change in KE =0 and
5d F=qg(vXB)and fl emmingds | eft hand rul e
6-b Right hand palm rule and fl emmingobs | ef|t
7-a T= 2" m/ qB arc makes an angle 2d at] c
8-a equilibrium of deflection needle in galvanometer requires
Cd = NI BA Se) d/' I = NBA/C
9-b compare result for B due to circular loop and long straight wire
10b B =B/2 and B = pol/2r for full circle
ASSERTION i REASON QUESTIONS
1 ASSERTION The magnetic field at a point due to long straight current carrying wire is inversely
proportional to the of distance
REASON Magnetic field at a point due to a current element is inversely proportional to the disjance
2 ASSERTIONWhen a charge moves in a uniform magne
REASONLorentz force on the charge is normal to velocity at every point.
3 ASSERTIONA current carrying coil in a uniform magnetic field feels maximum torque when it {s
kept in the field parallel to its plane
REASONTorque on a current carrying coil in magnetic field does not depend on the shape of |he
colil.
I —————————————
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1-b

ASSERTIONTNhe current sensitivity(Is) of a moving coil galvanometer is proportional to its volt
sensitivity(Vs).

REASON Both are inversely proportional to resistance of the coill

age

ASSERTION The magnetic field falls as inverse square with distance as me move from the axjs to

the surface of a long Current carrying bar.

REASONThe current density causing the magnetic field is falling as we move from axis to sur
ASSERTION The magnetic moment of electron in outer orbit of Hydrogen atom is higher
REASON The kinetic energy of electrons in outer orbit Hydrogen atom is lower

ASSERTION The resistance of a mdimmeter is higher than the resistance of an ammeter
REASON The current sensitivity of an ideal ammeter shall be zero

ASSERTIONThe pole pieces of a moving coil galvanometer are cylindrical.

REASON The magnetic field in a moving coil galvanometer shall be radial in nature

ASSERTIONA charge fired at oblique incidence in magnetic field moves along a helical path s
that axis of helix and magnetic field are at right angle.

REASONThe radius and pitch of helix is independent of angle of projection with
respect to the magnetic field
ASSERTION A current carrying wire in magnetic field experiences a force
REASON A charge moving in magnetic field experience a Loretz force
SOLUTIONS
2a 3b 4d 5c 6b 7-c 8a 9d 10a

SHORT ANSWER (2 MARKS)

An insulated circular loop carrying current is placed on a table and a light straight long wire ca
current is kept on it parallel to the diameter. Can the wire be pushed up by loop? Explain

Can a magnetic monopole exist in nature? Give reason

Write the Expression for magnetic field in a long solenoid. Draw the magnetic field for a soleng
having finite length. What is the ratio of magnetic field near the end and well inside it.

An arc of a circle of radius 10cm subtends angfaB@s center. Find the magnetic field at the
center if current in arc is 30A

A positive chargexidgqoovimdv eas sgplecerdg 60X 6. i f
uni form magnet iilgaxik.iFiad tree magBitdde ansl diradtiom of gnagnetic field.

ace

uch

rying

id

The velocity of a charge fired into a magnetic field normally is doubled. How would this effect the

frequency of motion and curvature of path followed by the charge in magnetic field? Explain
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7 A charge is moving in magnetic field in a circular orbit. Give the expression for its KE in terms
applied external magnetic field.How would the Kinetic energy be affected if it is made to move
magnetic field of double the strength ? Explain.

8 A long solenoid has a magnetic field of 0.25T inside it. If a bar of magnetic susceptibility 5 is
inserted into it what will be the magnetic flux density inside it?

9 The torsional constant of the hair spring in MCG is increased what will be the affect on voltage
sensitivity of it due to this? Give reason.

10 A proton, neutron electron and alpha particle enters normally into a magnetic field of uniform
with same momentum directed into the plane of paper. Draw suitable diagram to indicate their|

SOLUTION

1-No Lorentz force is parallel to wire for all cases
2- No , A loop having clockwise current from one side will appear anticlockwise from other face of it
3- B = wonl and near ends it is halved , usual figure from NCERT

4-B=pol d/ 4" r wher e d 3Tn radians only, 3.14 x1
5- -y axis and B= F/gB (use Lorentz force in vector form)
6-No change 0f6 doesnédét depend on speed
7- KE = (gBr¥/2m , No change because change of B affects r in inverse ratio
8 Wr=1+Xm=6 so B=0.25x6 =1.5T
9-V.S. = d/V = NBA/CR C riSe€. wuj, . . .€CTeEBE
Conceptually stiff hair spring will not allow the needle to move if :_/p/".*/ %
voltage is low i.e Voltage sensitivity has decreased. x X X X X
10- r = p/gB , neutron goes = \‘:\: é
X X ele&ron X X
SHORT ANSWER (3 MARKS)
- A square | oop of side O6af¢ \ a |
wire in a plane such that a side of it is parallel to 7
the wire (kept in same pl tang
A4
Find the force on the wire due to the loop. If
Current in wire isdand in loop isdin clockwise
direction .
* - L] /\ L] L] L] L]
2- In aregion of crossed electrig)(and magneti®)
fields many particles of same mass but charge N I R R
(positive, negative or neutral) are fired into a direction . . . . .
normal to botiE andB with their velocity in the B 3

range 5m/s to 500m/s as shown in the figure

. if E is 80v/m and B is 0.4T which of these can pass through the region without any deflectior
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3 Two el ectrons are moving along parall el | i
force on an electron due to other will be more (a)in its own frame of reference (b) with respec|
ground. Give reason

4 Show that the magnetic field at the center is zero irrespective

of the resistance of circular loop and irrespective of the angle made t
arc AB at 006

5 Use ampereds circuital Il aw to finaoa magnet.
wire. Can we use it if wire is finite? Give reason

6 What is a radial magnetic field? Why do we need it in moving coil galvanometer?

Changing current sensitivity of a moving coil galvanometer may or may not affect its voltage
sensitivity. Explain

7 A cube ABCDEFGH is kept in a uniform magnetic A N B
field Boshown. Determine the direction of force on A G > H
W
each sideWhich side(s) will experience minimum force? ¢
C S D 4
'
F—— E
8 The resistance of galvanometer is Rg and its full scale deflection current is Ig. For safety purp
fuse of resistance ORO6 is joined with it.

correctway (@)or(b)Pf he/ she connects 06S06 the wrong

device.
Fuse(R)
® G
P Q M

(a) connect 'S’ between P and Q
(b) Connect 'S’ between P and M

SOLUTIONS 3 MARKS

i 2a

1l.a 4

F o .!.![]2]11]2 [ ﬂ]

F pp2hil I1 1]

Ora 4T 2a
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F— polilza _
Or 47 attractive

2. for no deflection qE =qvB
v = E/B = 200 m/s these will go undeflected
For v< 200m/s gE >qvB
positive particle deflects along E field and negative particles deflect against electric field.

For v>200m/s QE < qvBpositive particle deflects agairstfield and negative particles deflect along
E field.

3. In Earth Frame of reference electron experiences electric and magnetic force both. These forces w
opposite direction and for electronds frame ¢

Hence in earth F.O.R. lesser force.
4. Let current splits and goes in smaller arc anel{ in bigger arc such that
V small arc = Vbig arc
[1R1=12R2

Liply _ Ipl
A A

il =1l

B, — doly
Now 1 4 r

B, = 2Z2p g

4T r

_ h _g= k
Hereﬂ_ . and 2w — 0 = .

Using in B. and B, we get
Lil; =Ll
Therefore B= B2
i.e.Bii B2=0
5. $B.dl= pol
B 2wl =

pol
B = £
2or

No, as the symmetry condition is violated for any general point near the wire of finite length violated.

6. B parallel to plane of the coil is called radial magnetic field.

So that torqué current
Vs = NBA/CR

Is = NBA/C
. _________________________________________________________________________________________________________|
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(1) If N rises both rises.
(i) IF R rises V.S. falls but C.S. does not change.
So it depends on how change is brought about.

7.Fae= Feh=Fe=Fep= O ( d = 0¢)
Fac =FeH = Fe = Fep = +K
Fag = Fag = Fag = Fag = 4

8 <correct way is to join 0S06 between PQ
IR
§= 879 _ + (Re
My o /=1 (F+ D)
Range becomes |l when joined 6S6 across 0P

When S is connected the wrong way i.e. between PM

6 14(Rg+ R)
If I=1Ig

lr- _ fg [1+R;— Rg]

LONG ANSWER (5 MARKS)

StateBiotSavartoés | aw. E x pind ¢he magnetic fidldrat the ea@bintof gapf o r m.

between the coils is 2a having N turns each.(see figure) D
graph to showariation of B with distance between the coils. |1 |2

__r1 -

2 Draw the diagram of a moving coil galvanometer. Give its principle.

A student needs to perform an experiment
variable resistors of all possible values along with a multimeter.

How would he be able to perform his task? Give the formula he should use to find the value oj{
ken

variable resistors to be used and draw relevant circuits to show the modifications to be undert
him

Two ammeters X and Y has resistance of 50 ohm and 80ohm if same current is sent in them which

two will show a greater deflection? Explain

3 Show that a current carrying coil in magnetic field experiences a torque. Hence find the expre
for magnetic moment of the coil? Does the torque on the coil depend on the shape of the coil7

4 Derive the formula for Force per unit length between two long straight parallel wires. Define orje

ampere using your result.

A rectangular coil of size 40cm x 50 cm having 500 turns is carrying current of 5A. it is kept in

uniform magnetic of 0.2T field making an angle of 60m the plane of coil. Find the force and

torgue on the coil.
__________________________________________________________________________________________________________________________________|
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5 Figure shows a met al bar of 2 4 7 4 1t 4 1t 7 nAd

equilibrium in the plane of paper when a uniform I

magnetic field 6B6 acting o h €

Find the magnitude of tension in each wire.

(a) What will be the tension in each wire if magnetic fiegdturned inward?
(b) The uniform magnetic field is made to rotate about an axis in the plane of paper perpendiq
the bar with a constant angular velocity

ANSWERS TO LONG ANSWER TYPES QUESTIONS:

1. B=B1+B2
_ Mo Zm‘u'flrf
Bi= 4o a3 oo ;
where (ri+a%)*  similarly Bz can be written

so total B =B - B2 as they act opposite to each other

L

N

& N
L] ,
=3 +a

2. He will calculate Shunt / resistor Required

— Léfy
S_I—Ig
Low 6S6 in parallel to make ammeter
Hi gh 6S6 in series tRo make voltmeter S = (
S1
e AAAAA A A |
S2
] (:) | @ VVVVVVVV
Si<<S
50Y wi ll show higher deflection as it is ¢l osg
- _E
Rc+R;  ; Where Rc = Circuit Resistance

3. T = NIABsinf or mBsin0 = NIBAsin0

Or m = NIA, No

. #_021112

F
L 4w or

4
I
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Ho _ —7
Definition of 1A: If I, = I,= 1 A, r = 1m then F/L 37 ~ 2 ¥ 10 N/m

T = NIAB sinf =50 Nm

5. 2T = mg + |1 BL si-p-d--—---- eq(i) (when B is outwar
(@) if Bis acting inwards 2T=mg BL si nd

ar df
)by eq )z = Ot IBLcosOZ _ IBLw coswt

l———
dT/dt I, IL>_|CP|(_
AN L 3¢ )

SOURCE BASED QUESTIONS (4 MARKS)

Q1 Two particles of same mass having chargesd @ (g1 > ) are fired into in a magnetic field with
velocitymandvat angl e d ant UU > e9pecTthiev elhyar(g®e®s wi |
magnetic field and that decides the path charge will follow.

(1 The locus of charges in magnetic field will be a path that is
(a)Helical (b) linear (c) circular (d) parabolic
(i) In a case where path is helical the pitch will be same for both provided

@vi=w . .
(b)visi nUzsi=nU v
()vicosdzsi=nU v
(d vicosdzcos U v
(i) The radius of curvature of the path followed by the charges will be same if

@w/v2 = cos U /cosd
OYvi/ve = sinU /sind
©vi/v2 = cosd /cos U
(dyvi/ve = sind/sinU
(iv) If the magnetic field is varying with time which of the following is correct

(a)The K.E of both the particles will not change with time
(b) The K.E of both the particles may vary with time
(c) The angul ar frequency of both the part

(d) The magnetic Lorentz force will be normal to velocity all the time
OR

The locus of path will be will have an axis of symmetry
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(a)l f and odfly if d + U = 180
(b) 1 f and 8&nly if d + U = 90
(c) Along the direction of magnetic field

(d)Normal to the direction of magnetic field

Q2 A moving coil galvanometer (MCG) is a parent device that can work as an ammeter or voltmel”er
f

after suitable external modification. In practical cases a galvanometer can measure current only upto
hundred pA and voltage upto few mV so they are not nuseliul for measurements; Bnd R (R1 < Ry)
are two resistors that are available for modifying a galvanometer into an ammeter or voltmeter.

) When a galvanometer is converted to a voltmeter its voltage sensitivity is
(a)Decreased (b) Doesndot change
(c) Increased (d) May increase or decrease as per the value of R
OR
To convert MCG to a voltmeter of suitable range we must use

(@) Riin series (b) Rin series (c) Rin parallel (d) Rin parallel
(i)A voltmeter with higher resistance but same range will show
(a)Greater deflection and lower voltage sensitivifig)Lesser deflection and higher voltage sensitivity
(c) Greater deflection and higher voltage sensititatyLesser deflection and lesser voltage sensitivity
(A student argues even if we modify an MCG into an ammeter of range 0 to | it never knows about
modi fication done. The current | (I >1g) 1isng@
permitting Ig current and the extra currentd) is not passing through the galvanometer in reality so the

ew

the

deflection is not a true measurement of current sent into the system. The best logic that can resolve the is

is-Student s argument i s

(a) incorrect as current sensitivity is constant
(b) incorrect as network has a lower resistance than before
(c) correct and the device is merely calibrated after modification
(d) Correct as voltage sensitivity of it increases proportionally.
(iv) A galvanometer is converted to an ammeter of rangseihg S and busing S. If St = xRyand S =
YRy the ratio of { and 2 will be

(a) xty (b) y/x (©) y(A+x))/[x(1+y)] (dr¥NIx(1-y)]
SOLUTIONS-
Case Study:
1. () (a) (i) (c) (iii) (d) (iv) (b) or (c)
2. (i) (c) (ii) (c) (iii) (b) or (c) ~ (iv) (a)
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CHAPTER 5: MAGNETISM AND MATTER

Magnetism Magnetism is the study of with the properties magnets and magn
materials along with their behavior and properties. The Earth itself acts like a
magnet.With the development of atomic sciences we have come to know that
magnetic effects are due tmmng charges or electrons.It was discovered that
some materials in nature has a natural ability to attract iron towards it. These

materials are called natural magnets. These were used mainly for navigation iE T

earlier times.

I YERdERCY to TREFENSE theé ™

...........................................
’ s i magnetic field due to : Tendency to magnetise ir: Tendency of strongly
M =jA= —Xnr H magnetization a direction opposite to magnetization in the
: H ) direction of dcactionof
g evr/2 #Current loop of area A = ¥ carrying 3 i es ALMALX, 5 >1 H field fled.
E § currept F oy be Tephbend bi & neagouitic Rececennsessongposoesennsssse Wi ciRCati
L et 4 dipole of dipole moment i = md = iA _} e v,
P pE=—
2m,
ip=md
i m = magnetic charge or
pole strength

d = separation between poles
i r = radius of circular orbit

i e = charge on electron

v = speed of electron;

i L = angular momentum

i m_= mass of electron

ip=NIA,
¢ N = no. of turns ;
§l:tunenl :
i A =area

....................

permeability

Diamagnetism

Magnetic
Substance

[ ——

I =

Intensity of
magnetization

Magnetic susceptibility

Revolving electron Circister

\
I 1n 1883 Carl Friedrich Gauss

first Electromagnetic Graph |

I
and Willhelm Weber Made the
\

: represent the direction of magnetic field.

Imaginary lines which continuously

_____

Magnetic Field
Stani Potential Energy of a field-magnet
Y system

{1=MxB =MBsing s* i
‘M = 2ml :
{B = Magnetic field p/‘\/v\

. I s vy
= ax @+ Y i we take P.E. at 8 = 90° to be zero
Ford>>>1 ;5»-1‘5
B = poM/4n d*

/
1 Magnet in which the magnetic field is
produced by an electric
current.Magnetic Field Disappears |

\
1
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GIST OF THE CHAPTER

Magnetism- Magnetism is the study of the properties of magnets and magnetic materials along with their

behavior and properties. The Earth itself acts like a giant magnet. With the development of atomic scjence
we have come to know that magnetic effects are due wngncharges or electrons. It was discovered that
some materials in nature has a natural ability to attract iron towards it. These materials are called natpral
magnets. These were used mainly for navigation in earlier times.

Bar magnet Natural magnets can be mould into various shapes

like bars, cylinder, horsshoe etc.for different purposes. N Sl

Bar is just one such shape. Such magnets are called bar magnets

So we can say that a bar magnet is a rectangular piece of an obje«

N S| |IN_S|

made of ferromagnetic substances, that shows permanent magne

properties. It has two polefNorth and South. These poles are always

in pairs even if we keep splitting the magnet into smaller and smaller

parts

Magnetic field- The region of space around a magnet

in which it can influence other magnets is called its

magnetic field. Magnetic field is represented by closed

continuous curves called magnetic field lines.

A tangent at any point on magnetic field line gives the

direction of magnetic field at that point. These curves are called magnetic field lines.

Magnetic field lines of a bar magnet appear to emé&nate North pole and enter into its south pole but
forms complete loop (considering them inside the magnet too).Inside the magnet their direction is frojn S
pole to N pole while outside its MNbole to Spole

The properties of magnetic lines offorce are asfollows:
Magneticfield linesemerge from theorthpole andnergeatthe southpole.
As the distancebetweenthe polesincreasesthe density of magneticlines decrease

Thedirectionof field linesinsidethemagneis from the SouthPoleto the NorthPole.Magneticlinesdo not
intersectwith eachother.The strengthof the magnetidinesis the samethroughoutandis proportionaio
how closeare the lines.

Magnetic dipole- A magnetic system like a bar magnet is essentially a magnetic dipole as its poles ar{ not
separable.

Magnetic dipole moment It is a vector quantity having magnitude rhwhere m is pole strength of each
pole of magnet anldis effective length of the magnet. It is directed from South pole towards North polg of
magnet

M| = m xI, Sl unit ofM and m are At and Am* respectively
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Key Points:

=4 =4 =4 4 A

= =4

=

B it is magnetic induction or magnetic flux density
H = magnetizing force or intensity of magnetizing field
B = pH for a material medium for vacuung B poH
B/ Bo = p/ o = W is called relative magnetic permeability
616 is called intensity of magnetization i
the samplel = M/V Sl unit of | is A/m
Magneti c s unpiatip of intbnsity of mggnetization () and intensity of magnetizing
field (H) is called magnetic susceptibility. It has no units
H=H( 1#) 6
Magnetic field lines emerge from the North pole and enter the South pole. But they completes the
inside the magnet.
Magnetic dipole momentM): M =m x 2|  (direction is from S pole to N pole)

Magnetic field on axial line: m o m
———— - - - .- T ————— -
- - :
* 2L %
B= (& M/@ ) T I r o

B andM are parallel

B,
B Sing

-

B.cose

Magnetic field on equatorial line:
B= (¢ M/rsg ") T (
B andM are antiparallel

(ww -

B .sine

Torque on a Magnetic Dipol€)=M xB suchthat U = MB si nd
Potential Energy: U=M .B orU=-MBc os d
Work done to rotate a magnet in magnetic field
W=-MB ( gicod d
Gausd.aw of Magnetismessentiallystateghatthemagnetidlux throughaclosedsurface/loos zero. i.e.
B |pMoy It means magnetic monopoles do not exist in nature
A bar magnet of magnetic momaewitis equivalent to a coil of magnetic mom&hA
Magnetic moment of charge moving in a circle is M= qvr/2
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Magnetic Propertiesof Materials

[Diamagnetic material] H

Substances can be divided into three groups based =

on their magnetic properties idgiamagnetic, R

paramagneti@ndferromagneticTheycanbe ' ' H

classifiedbasedn their magneticsusceptibility. e S
—_—z2

Diamagnetic Materials

The materials that develop temporary magnetization su
that the magnetic moment is — w1

B=>H

in the opposite directioto thatof themagnetidield in whichtheyareplacedareknownas

Diamagnetimaterials In simplewords,theyarerepelledoy magnets.

Theirmagneticsusceptibilityis smallandnegative. They have no unpaired electrons in them so magnetic

moment of each atom in them is zero individually. ExampleBamagnetianaterialsareBismuth,Copper,
Zinc, Lead,etc

ParamagneticMaterials

The materialsthat developtemporary magnetization such that the magnetic momeirt the same
directionasthat ofthe magnetidield in which theyareplacedareknownas

Paramagnetianaterials Theyareslightly attractecdy magnets. Theljavepositive
butverylow susceptibility. They have unpaired electrons in them so each atom has magnetic moment
own. In an external magnetic field torque acts on tiny atomic magnetic dipoles and align them along ¢
field. They can be called as poor ferromagnets.

Examplesof Paramagnetimaterialsare Aluminium, Sodium,Calcium,etc

Ferromagnetic Materials

The materials that develop temporary but strong magnetization such that the magnetic moment is in
same directiono that of the magnetic field in which they are placed are knoerasnagnetianaterials
Theyarestronglyattractedoy magnets.

Theyhavepositiveandhigh susceptibility. They have unpaired electrons in them. The atoms interact w
nei ghbouring atoms to form 6domainsé in them.
direction. So a domain has large magnetic moment compared to an atoermaleield these domains get
aligned parallel to the field so they get strongly magnetized.

Examplesof Ferromagnetienaterialsarelron, Nickel, Cobalt,Haematitegtc
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https://collegedunia.com/exams/magnetic-properties-paramagnetic-diamagnetic-and-ferromagnetic-chemistry-articleid-149
https://collegedunia.com/exams/magnetic-properties-paramagnetic-diamagnetic-and-ferromagnetic-chemistry-articleid-149
https://collegedunia.com/exams/paramagnetism-definition-properties-and-examples-physics-articleid-913
https://collegedunia.com/exams/ferromagnetism-definition-application-examples-physics-articleid-882
https://collegedunia.com/exams/ferromagnetism-definition-application-examples-physics-articleid-882

Effect of temperature on magnetic properties

According to Curie's Law, themagnetizationn a paramagnetianaterial is directlyproportional to the
applied magnetic field. If the object is heated, the magnetizatr@wiedto beinverselyproportional to the
temperature

The Curie temperature ¢J of a ferremagnetic material is the temperature above which it behaves like {
paamagnetic material.

4
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Property Dia Para Ferro
1. | Effectofmagnet | They are feebly | Theyare feebly | They are strongly
repelled by | attracted by attracted by
magnets. magnets, magnets.
2. | Relative magnetic | o< b <1 1< 1y e >>1
permeability ().
3. | Susceptibility y issmall and ¥ is small and y is large and
value (%) negative-1<y <0 | positive. 0< % positive. g >> 1
DIAMAGNETIC PARAMAGNETIC FERROMAGNETIC
=0 H- H=0 H -

%t
¥ ¥ a0

'

— - | =magnetic moment per unit volume
H= intensity of magnetizing field = Bu

MULTIPLE CHOICE QUESTIONS

A ball of a diamagnetic material is heated. The magnetic susceptibility of its material will

(a) increase (b) Decrease (c)Not change
(d) Increases than attains a saturation value

A diamagnetic bar is suspended freely between parallel magnetic poles. It will tend to align its
length

(a) Perpendicular to the poles (c) Parallel to the poles
(b) At 45° to the poles (d) In any random direction
The magnetic nature of atomic hydrogen is

(a) Diamagnetic
I n a bar
is nearly

(b) Paramagnetic  (c) Ferromagnetic
magnet the distance

(d) Non- magnetic

bet ween its mag



(@) 1 () 0.64  (c)0.74  (d)0.84

5 Magnetic susceptibility and relative permeability of a material are
(a) directly proportional (c) differs by unity
(b) inversely proportional (d) equal
6 Natural bar magnets are not very useful for practical purposes because their
(a) size is small (b) mass is large
(c) magnetic moment is low (d) magnetic moment is high
7 Superconductors are perfect-tignets. A superconductor is kept in an external magnetizing fi¢
having intensity OHO the intensity of maghn
(a) Zero (b)TH (c)H (d)-1
8 If B denotes magnetic flux density aHddenotes intensity of magnetizing field which of the
following is correct
(@ B=pH (b) B =H/p (c)H.B=u (d) uBH = constant
9 I f a bar of volume 6VO6 is kept in a magnet|i
is 016 and its magnetic moment developed i
(@ l=M (b) | U 1(cM=MV (d) M= I/V
10 The force between two poles of smal/l
to double the force between them will be
(a) FI2 (b) F/4 (c) F/8 (d) F/16
SOLUTIONS-
1- ¢ diamagnetism is independent of temperature
2- cC U=-MB cosd i s mi ni mum in that orientat:i
3 b Paramagnetic, it has unpaired electrons
4- d
5 c M= 1m + G
6- C
7- b m=-1, Il/H=-16s0 |I=H
8 a
9- ¢
10-b F is inversely proportional té r
ASSERTION REASON QUESTIONS
1 ASSERTIONEach atom of a paramagnetic material has azena magnetic moment of its own.
REASON Paramagnetism is shown by materials having unpaired electrons in them
2 ASSERTION The magnetic moment of electron in outer orbit of Hydrogen atom is higher

REASON The kinetic energy of electrons in outer orbit Hydrogen atom is higher
3 ASSERTION A diamagnetic bar in magnetic field aligns itself along the field.

REASON Susceptibility of a diamagnet is slightly more than zero
I —————————
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4 ASSERTION A bar magnet is equivalent to a solenoid as both generate magnetic field
REASON Magnetic field at the center of bar magnet is weaker as compared to its poles

5 ASSERTION Two poles of a magnet can never be separated
REASONi Magnetic field lines always form closed loops.
6 ASSERTION A magnetic dipole tries to align itself at right angle to the applied external magngtic

field.
REASONi When a magnet is perpendicular to a magnetic field its potential energy is maximuin
7 ASSERTIONi The magnetic permeability of a matefi:
REASONi The magneticinductiorB) doesndt depend on temperjat
8 ASSERTIONi The magnetic moment of a magnet is equal to the product of magnetic pole strgngth

and least distance between the poles of the magnet.
REASONi Magnetic moment is a vector quantity.
9 ASSERTIONI A ferromagnetic material has high magnetic susceptibility.
REASON Ferromagnetic materials have domains and each domain has high magnetic momeit
10  ASSERTIONI Two identical charges moving in circular orbits of different radii can have same
magnetic moment
REASON The magnetic moment of a circulating charge is ZERO.
ANSWERS

1-a2c 3d 4d 5a 6d 7+ 8b 9%a 106c
2 MARKS QUESTIONS

1 Can a magnetic monopole exist in nature? Give reason

2 A paramagnetic sample is placed on a watch glass as shown below. Draw diagram to show hqw th
distribution of sample is affected in

due course of time. In which case it attains new

arrangement quicker (i) a hotter sample N S
(i) a colder sample

3 A long solenoid has a magnetic field of 0.25T inside it. If a bar of magnetic susceptibility 5 is
inserted into it what will be the magnetic flux density inside it?

4 A Diamagnetic bar and a paramagnetic bar are kept in a long solenoid for magnetizing them. IWraW
diagram to show magnetic field lines with samples placed inside clearly mention the magnetic|pole:
induced in the two bars.

5 Why the susceptibility of a diamagnetic mgt e

6 The susceptibility of a ferromagnet is reduced by 10% when its temperature is raised above 1200K
by 5C. Find the temperature below which it will be paramagnetic in nature

SOLUTIONS-

1- No, A circulating charge causes magnetic character. From one
it appears to move clockwise while from other face it appears to
move anticlockwise. So the two faces are two poles. It same thir
viewed from two sides.

2- Refere gist given above. The hump will split into two
mounts of smaller size as paramagnetic salt is weakly
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attracted by magnetic poles.
The new arrangement will be quicker in colder sample as
hotter sample is less susceptibile to magnetic field so it

will respond slower

H=Ho( 1#) GSo p=6p
B =pH = 6pH = 6 B

B=6x0.25=1.5T

refer Gist of chapter
In a diamagnetic material all electrons are paired so the magnetic moment of an electron is nu
in pair. Even if we change temperature the magnetic moments get nullified so diamagnetism i
independent of temperature.
Using hoQ/ (T a G
1/0.9 =(1250T.) /(1200 T¢)

Te= 750K
3 MARKS QUESTIONS

A bar magnet is bent to make a semi circle. Find the ratio of its initial and final magnetic mome

What will be the magnetic moment of the system if it is broken into three equal parts and make
proper triangle such that at two vertices like poles are held together?

The relative permeability of a material is 1.@3gind its susceptibility and identify the magnetic
nature of the mat er i alsuscepilaytifits temgderdaturd a heatmgit. €

For a magnetic material the relative permeability is 1.05u0. find its susceptibility. Draw a diagr;
showing the magnetic field lines when such a sample is kept in magnetic field.

A square coil of side 20cm and 2000 turns is carrying a current of 10A.Calculate the magnetic
at a point on its axis 8m away from its center.

Two identical small bar mag n-axisand¥aas h
such that their mid point is at origin. (
distance away on -axis, (b)Find the direction eesultant magnetic field at that point

A paramagnetic sample shows a saturation magnetization of 12% at 10K in an external magng
field of 0.5T. what will be the saturation magnetization in a magnetic field of 0.8T at 12K?

Three identical bars of magnetic moment M each are
arranged as shown to make an equilateral triangle.

Find the magnetic moment of the system.
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SOLUTIONS-

1- LetM =mxl
ButATQ, I="r so M6 = mMzxm2r, hemoas MMMOGE =
0B 0B 0 bBrangle between BQ0 Pis 120 M/3 /3
so 0 &Y — hence My = 2M/3 alongd BY
P R
M/3
2- p=po( 1 +6)
1.03w=w( 1 +6)
G = 0.03, it is paramagnetic.
Susceptibility decreases with temperature
3- do yourself
4- M =NIA
M = 2000x 0.2 x 0.2 x 10 = 80 A
B= (¢ M/ )y T (2

B = 107 (160/8) =3.125 x 16 T along the axis of coil

5- Do yourself
6- Do yourself 16%
7- Do asin Q1 2M towards right

SOURCE BASED QUESTIONS

Q1 In a paramagnetic sample each atom has unpaired electrons so each atom in them has a permar
magnetic moment of its own. Under ordinary conditions the random orientations of these tiny atomic

magnets sum up to zero. When the sample is placed inemma&xmnagnetic field the tiny magnets get
oriented along it due to which sample gets magnetized. If we raise the temperature the thermal agitafion

disturbs the alignment so system starts losing its magnetic character.
(i) The magnetic moment of each atom is{zeno for

(a) Diamagnets only

(b) Paramagnets and diamagnets both

(c) Paramagnets and ferromagnets both

(d) Ferromagnets and diamagnets both
(i) When a paramagnet is placed in an external magnetic field B

(a) All the atomic magnets get aligned along B
(b) All the atomic magnets get aligned opposite to B
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(c) Few atomic magnets get aligned along B
(d) Most of the atomic magnets get aligned along B
(iif) Two Aluminum bars P and Q have same volume but area of-sesxdon of P is more than Q they are
kept inside a long solenoid. Their saturation magnetic momentsrasadVh respectively and the
respective pole strengths are amd ng respectively then

(@) Mp>Mqg and np<mg
(b) Mp=Mqg and m>mg
(c) Mp< Mg and np=mg
(d) Mp< Mg and m>mg
OR

If a paramagnetic bar is kept in an external magnetic field its

(a) Magnetic moment does not change with magnetizing force (H)

(b) Intensity of magnetization does not change with magnetizing force (H)
(c) Its pole strength rises with magnetizing force (H)

(d) its susceptibility rises with magnetizing force (H)

(iv) The variation of magnetic susceptibility of a paramagnet with temperature is correctly shown by t
graph
z & &
3 -
Temperature (K) Temperature (K)
(a) (b)
Temperature (K) Temperature (K)
(d)
Q2 P, Q and Rare three bars they are kept in magnetic field for some time and their magnetic be
is observed. The magnetization of P was much higher than that of Q and R. When they arg¢
after withdrawing from magnet i ognefici stterthth. @he

behavior of P is found to be same as R when it is heated to a temperature more tf@n 1100

0] Out of the given bars the diamagnetic behavior is shown by
@P ((bAQ (c) R (d) None
(i) The magnetic susceptibility is largest for
@P M (@©R (d) P and R both
(i)  Magnetization or intensity of magnetization is defined as
(a) Magnetic moment developed
(b) Magnetic moment developed per unit area
(c) Magnetic moment developed per unit volume
(d) Pole strength developed
(iv)  Which of the following is NOT true ?
(a) P is Ferromagnetic
(b)110C i s curieds temperature f
(c)110C i s curieds temperature f
(d) Q has negative magnetic susceptibility

or
or
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OR
The difference of relative magnetic permeability and magnetic susceptibility for these bars v

(a) Zero for all

(b) 1 for all

(c) -1 for all

(d) 1 for P and R only

SOLUTIONS-
1- ()a (ihc ()b ORc (iv)a
2- (Vb (i)a (ii)c (iv) b

3 ()a ()b (i)d ORc (iv)b

LONG ANSWER TYPE (5 MARKS QUESTIONS)
1 AFmagmets are strong paramagnetso. Justi

Define curiebs temperature.

The susceptibility of a faerromagnetic material decreases by 20% when its temperature is rq
from 1200K to 1250K. if these are above ¢
50%.

2 Draw diagrams to differentiate among magnetic materials by showing the modified may
field lines when a different types of magnetic materials are placed in uniform magnetic field.

(a)Why the magnetization of a paramagnetic bar decreases when it is hammered?
(b) what is the value of susceptibility and relative permeability of a diamagnetic material.

3 A large number of thin identical bar magnets each of magnetic moment M are arranged tOA
a semicircular disc such thatg®le of each is lying at the center.Find the magnetic moment o
system and its direction if the longest side ot distaken as »axis center as origin.

Establish the relation between the magnetic moment and angular momentum of revolving ¢
Use your result to show magnetic moment of electron in hydrogen atom is quantized

4 A bar magnet is kept in a uniform magnetic field. Derive the formula for torque acting on it.
What will happen if the field is neaniform?

A bar of diamagnetic nature is left freely in a uniform magnetic field. Draw a diagram to sho
which orientation will it rest in finally. Give reason
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5 A bar magnet of lengths placed r away from a coil as shown where [(>>

If the magnetic field at the midpoint due to both is same find the area o
coil. o

Given that coil has N turns and currentin it is i.
T

|

|
How shall they be placed so that magnetic field at thepuidt becomes |

I

|

zero.? Draw diagram
l

Draw diagram. I——l—l

Give any three properties to differentiate among Dia, Para &
Ferromagnetic

Materials

SOLUTIONS 1

1- Refer text book
AS ¢ -9c¢)C [ (T

G = C-Tc)Y1200and -0c) 8 ¢ = C/ (1250
0.8=(120QTc)/(1256Tc) so Tc = 1000K

2- Refer Text book
(a) On hammering the aligned tiny atomic magnets start to orient them in random directions so
component of magnetic moment along intial direction decreases.
(b) For diamagnets susceptibility is negative and low but it lies between zerb. dFat
perfectdiamagnets itd  -1<e <0
The relative permeability lies between Zero and 4 o<1

3- Taking components d¥l along X-axis and ¥axis we see thatgomponents cancel out in pairs so
overall magnetic moment is sum of sine components only aleaxjsyso

Mtotalz)v i —=M

For an electron in Hydrogen atdd= -eL/2m L = angular momentum (prove yourself)

,,,,,,,,

As|Ll=mvr = nh/ 2° n= 0,1, 2, 3eéeéééécee
As L is quantized so M is quantized also

4- Refer gist of chapter and prove yourself
For Norruniform field it will feel Force and torque both

It will align normal to field to minimize its potential energy.

5- Do yourself
Hint- coil can be replaced by an equivalent magnet.
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CHAPTER 61T ELECTROMAGNETIC INDUCTION
SYLLABUS: Electromagnetic induction; Faraday's laws, induced EMF and current; Lenz's Law, Sqlf an
mutual induction

1. Whenever magnetic flux through an area bounded

by & closed conducting loop changes, an em Is 8l e

developed in the kop. If the circut is closed, | | inSew® ol LYY LYVVERN

curtent begins to low, | The direction of the induced current is ‘ ot d ‘W mf.\ N\ f\( ” Al
2. The induced em is oqual o the nogative rate of | | SUh 18t opposes tho chango thal | | e\ e " 4) ). '-VJLJ

change of magnetic flux b ; : _,/ / / / "

. dg Mn:[lo"'ﬂzﬂﬁ! (AAL ‘/ _/_/

ie, M

i Myt = pty 11

The direction of induced emf or current is such that | « Unit of mutual inductance is henry (H),

it may oppose the change of magnetic flux.

d 01=U1

d
0=-L-1

: o
Electromagnetic SUNANIN |y Selfindckon of sckendid

R M"%% Induction | .l

/
* Unit-henry (H)

X

X X X X
>x x
M X

»

X

» <«

When magnetic flux linked with the conductor
changes, currents are Induced within the
conductor. These are eddy currents,

emf induced { | Magnetic force on the loop

. 0= Bl F=8% uR Thermal power developed in the loop is
g% \ |s vl = force required to move the loop with constant " gy
Whets | =length of rod velocity (v) ‘ 2 =

GIST OF THE CHAPTER

Area Vector(=5) :

An area vector is a vector whose magnitude is equal to the area of a plane and d
is normal to the plane of the area.

Magnetic Flux " s

GIST OF THE CHAPTER

The total number of magnetic lines of force passing normally through an area pla
a magnetic field, is equal to the magnetic flux linked with that area. Net flux througn tne
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surface s = || A= BAcodd Magnetic flux is a scalar quantity. S.1. unit: weber (Wb), CGS unit : Maxyyell
or Gauss x c¢f (1 Wb = 10° Maxwell).
Faradayods | aws of EMI
1. First law :( Cause of emf The induced emf is due to changing magnetic flux linked with [the
closed loop/coil.
2. Second law (magnitude of em)
The magnitude of the induced e.m.f. is directly proportional to the rate of change of the magnetic flux. lhduc
emf,U /M < 570 )/ <Negative sign indicates that induced efifpposes the change of flux
Lenz's Law: - This law gives the direction of induced emf/induced curre
According to this law, the direction of induced emf or current in a circuit is suc
to oppose the cause that produces it. This law is basedawaf conservation of

energy e

Motional EMF Due to Translatory Motion: - -

|l f the length RQ = x (variable) « « « «/c « « [ =« tjh e
the |l oop PQRS will be A= B | x «p[f———drm wo hjan
change of flux will i-ndwece—amBe . { | ~

v e L e L s

The induced emU B4 v is callednotional emf x ok x xox x xx x

Motional EMF Due to Rotational Motion: - Emf induces across the enus
of the rod wheré = frequency (revolution per sec) And T = Time period.
Y
U= L=

Inductanceis a property of an electrical conductor (like a coil or solenoid) that describes its alulifydse
changes in electric currentflowing through it by generating a magnetic field.

Self Inductance Selfinductance (L) of a coil is numerically equal to the magnetic fiydifked with the
coil, when a unit current flow through itt =L | U -.=™® M&  S.|. unit of selinductance isdenry (H).

Self inductance of a long solenoid oEN2A [ | oemnZ=Al €

Energy stored in an inductor: U %@nd energy density is given by

Mutual Inductance: Whenever the current passing through a coil changes, the magnetic flux linked jvith :
neighboring coil will also change. Hence an emf will be induced in the neighboring coil or circuit.| This
phenomenonis called6 mu t imdactiond

n=M 0 -MEME 4
Sl unit ishenry (H).
Mutual -Inductance between pairs of long Solenoidl:
Mi=  ofusl 13, Mai= (omnl 2%
Hence M2>=M21

AC generator:: It is a device which converts mechanical energy into
electrical energy and generates alternating current.

Principle: Works on principle of electrmagnetic induction.

Construction: 1. Armature coil 2. Filed magnet 3. Slip rings 4. Brushes
Theory: When the armature coil rotates between the pole pieces of
magnet, the effective area of nefl
0.0 =NBAcodd NBA cosst

The induced emf is,

-2 @OF AV 60 wE)iQas=-= 016 071 i tQE
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MULTIPLE CHOICE QUESTIONS
Q1 Lenz's law is a consequence of the law of:

a) conservation of energy b) conservation of charge

c) conservation of momentum d) conservation of mass

Q2 The Sl unit of inductance is:

a) farad b) coulomb c) weber d) henry

Q3 According to Lenz's law, the direction of induced current is such that it:

a) enhances the cause producing it b) opposes the cause producing it

c) is in the direction of the cause producing it d) may be in any direction

Q4 The induced EMF is maximum when the angle between the magnetic field and the normal to the
a) 0 degrees b) 45 degrees  c) 90 degrees d) 180 degrees

Q5 You are required to design ai-filled solenoid of inductance 0.016H having a length 0.8naradius
0.02 m. The number of turns in the solenoid should be :

a) 2592 b) 2866 c) 2976 d) 3140

Q6 Current in a circuit falls from 5.0 A to 0.0 A in 0.1 s. If an average EMF of 20Q\dised,the self
Inductanceof the coil is:

a)4H b) 5H c) 3H d) 40H

Q7 A coil of area 100 cfris kept at an angle of 3With a magnetic field 0.1 T. The magnetic field is redud
to zero in 1¢ s. The induced emf in the coil is:

a)5Mo VvV b) 5010 V c)5.0V d) 50.0 V

Q8 A magnetic flux linked with a coil varies %6= 20* T 06 5 wherekds in weber and t is in second. The

induced current is zero at

at=0 b)t=1.5s C)t=3s d)t=5s
Q9 . A coil is moved quickly out of a magnetic field. While exiting the field ,the direction of the ind
current will be such that it will:

a) oppose the increase in magnetic flux b) support the increase in magnetic flux

c) oppose the motion of the coil d) support the motion of the coil

Q10 A vertically held bar magnet is dropped along the axis of a copper ring ha
cut as shown in the figure acceleration of the falling magnet is:

(a)Zero b) less than g
©g (d) more than g

SOLUTIONS:
1la) 2 d)

3 b) LenzO6s Law states that the direction of
change in magnetic flux that produced it.

4 a)

5 b )N?Alk

6) a) eX) <fQ & Ldl/dt , L=4H

7) a)e=Q «IQ & Ldl/dt

8) b) e=IR ZQ ¥Q g so if I=0 so— Tmt=1.5s

9) ¢

coil i

ed

iced

10) ¢), due to cut in the ring only emf is induced not the current , so bar magnet falls with acceleratiof due

gravity.

ASSERTION AND REASON TYPE QUESTIONS
Q1 Assertion (A): A changing magnetic flux induces an emf in a circuit.
Reason(R)The i nduced emf is given by Faraday?os
__________________________________________________________________________________________________________________________________|
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Q2 Assertion (A): An induced current always opposes the cause that produces it.
Reason(R)Thi s i s due to Lenzds | aw.
Q3 Assertion (A): When a magnet is moved towards a coil, a current is induced in the
Reason (R):The magnetic flux linked with the coil changes with time.
Q4 Assertion (A): A conductor moving parallel to the magnetic field experiences no induced
emf.
Reason (R):The rate of change of magnetic flux is maximum when motion is along the
field.
Q5 Assertion (A): The induced emf in a coil depends on the rate of change of current in the
Neighbouringcoil.
Reason (R):Mutual inductance mugxistbetween two nearby coil.
Q6 Assertion (A): The selfinductance of a coil is a measure of its ability to resist a change in
current.
Reason (R):When current changes in a coil, a back emf is induced opposing the change.
Q7 Assertion (A): An ideal transformer has 100% efficiency.
Reason (R):There is no loss of energy in the practical transformer due to heat, eddy
currents, or hysteresis.
Q8 Assertion (A): The core of a transformer is made of soft iron and laminated.
Reason (R):This reduces eddy current losses and increases magnetic coupling.
Q9 Assertion (A): No emf is induced in a stationary coil placed in a constant magnetic field.
Reason (R):emf is induced only when there is a change in magnetic flux linked with the coil.
Q10Assertion (A): The mutual inductance of two coils depends on their relative orientation
Reason (R):Changing the orientation affects the amount of magnetic flux linking both coils.
ANSWERS

coil.

1. B Faraday's second law states that emf induced is proportional to the rate of change of magdetif; flux
directly explaining the assertion
2. A Lenzdés | aw ensures the direction of ifdt

cause.
3.A Motion of the magnet changes the flux through the coil, inducing current.

4.C Motion along the field lines causes no change in flux, so no emf is induced. The rate is maximuin wh

motion is perpendicular to the field.

5.C The emf induced in one coil is due to change of current (and thus flux) in the other, and this ¢
guantified by mutual inductance.

6.ASelfi nductance resists current changes due to
7.A In an ideal transformer, no energy losses occur, hence efficiency is 100%.

8.A Lamination reduces eddy currents and soft iron ensures strong magnetic linkage between coils.
9. A A constant field implies constant f 1l ux
10.A

SHORT ANSWER TYPE QUESTIONS
Q1 A light metal disc on the top of an electromagnet is throwasughe current is switcheoh. Why? Give
reason.
ANS- The induced magnetic field in the disc repels the magnetic field of the electromagnet. This re
force between the disc and the electromagnet exerts an upward force on the disc, causing it to b
up.
Q2 How does the mutual inductance of a pair of coils change when distance between the coils is ir
and number of turns in the coils is increased?
ANS- When the distance between the coils is increased: Mutual inductance decreases.

ffect

pulsi
b thr

crea

Mutual inductance M is directly proportional to the product of the number of turns in both coils. M is difectly

prop to Nx N2. so,M increases on increasing no of turns.
I ——————————
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Q3 Two bar magnets are quickly moved towards a metallic loop conne G
across a capacitor 6C6 as show ur
. N
capacitor. S[g]
ANS. The north poles of both magnets are approaching.The loop
generate a south pole on the side facing the approaching magnets, to oppose their motion.Hg

induced current in the loop will be clockwise (when viewed from the frémt. clockwise current, the
upper plate of the capacitor gets positive and the lower plate gets negative.

nce,

Q4 Two identical coils one of copper and the other of aluminium are rotated with the same angular gpeec

an external magnetic field. In which of the two coils will the induced current be more?

ANS- Same emf in both coils,Lower resistance in copper coil,Hence, induced current in the copper qoil w

be more.
Q5 The magnetic field is perpendicular to the plane of the loop, what it
induced current in the loop during 2 to 4 seconds. 4

ANS- As there is NO change in magnetic field during 2 Sec to 4 Sec L i
U = in@=0,However emf will be induced between 0 to 2s and 4 to m
(can be calculated with the help of slope of the graph) ' -
Q6 A coil of N turns is placed in a magnetic fiefl such that® is
perpendicular to the plane of the coil. Magnetic field changes with time as &sB— 0) where T is time
period. Calculate the time at which emf induced in the coil is maximum.
Ans; es— ,—=-BoXxA —sin(—0 el —,
Magnitude of EMF is max when si{0) =1

This occurs when—060=—h—h—, é éso t= T/ 4 , 3T/ 4, 5T/ 4 ¢éé

Q7 Derive an expression for the self inductance of a section of a long solenoid and hence show
inductance is proportional to the square of number of turns per unit length.

Ans: For a long solenoid, the magnetic field inside is:

B=enl ,0 =8\ =gnl A Total flux linkage foN turns:

N 0 = No(n §A) But N=n x L, so:Totalflux G =nLteon | A

0= L o°AH, ¢

Self inductance L son? A | 2 so LU n
Q8 In the given figure, X is a coil wound over a hollow wooden pipe X v
permanent magnet is pushed at a constant speed v from the right into tF O\\\\@—@“‘:,_
and it comes out of at the left end of the pipe. During the entry and the
of the magnet. What will behe current in the wire YZ. (draw ¥
diagrammatically !
Ans: Z to Y and then Y to Z by using Lenz law. [a]
Q9 Define mutual induction and derive the formula of coefficient of mutual
inductance between two coils.
Q10 Explain how Lenzds Law applies when a me
increasing upwards. What will be the direction of the induced current in the ring as it comes close
magnetic field?
Q11 Figure shows a rectangular conductor PSRQ in which movable 3% « » «
PQ has a resistance O0r 6 and rxx !
factors on which the induced emf will depend magnitude when P XTX
moved with velocity v. calculate its magnitudecals X | x
Ans: The induced emf depends on magnetic field, velocity , lengtl xlx
conductor PQ. Its magnitude will be given by e£Bv % %0

m——E—— )

x
X
X

X X X X
X X X X
X X X X
I

X X X X

xf[x x x x|[Ox

L Y
X
X
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SHORT ANSWER TYPE QUESTIONS
Q1 Two concentric circular coils, one of small radiuand the other of large radiug such that k<r, are
placed ceaxially with centers coinciding. Obtain the mutual inductance of the arrangement.
Q2 i) State Lenz law.
i) Identify the machine in the given figure.
iii) Identify the parts P, Q and R of the machine
iv) Give the polarities of the magnetic poles.
V) Write the two ways of increasing the output voltage.
Ans:i ) L e n Ehé pgolaritysofwinduced emf is such that it ten
to produce a
current which opposes the change in magnetic flux that prodi
it.
i) AC generator
iii) P17 Sliprings @ Carbon brushes -RArmature coil
Iv) Left side of the magnet is North & right side is South or vieesa.
v)write any two :
By increasing the number of turns in the armature coil.
By increasing the speed of rotation of the armature coil.
By increasing the strength of the magnetic field B.
Q3 Fig . shows, a rectangular loop PQRS, where PQ is free to mnve
with velocity v. A uniform magnetic field acts to loop. Assume PQ
has resistance r, obtain expression for
(i) current (ii) force (iii) power to move PQ.

Ans:()l=— (i) F=BI2- (i) P=B?& —

Q4 A rectangular wire loop of sides 8 cm and 2 cm with a small cut is moving out of a region of ur
magnetic field of 0.3 T directed normal to the loop.

()What is the emf developed across the cut if the velocity of the loop isiiomas
direction normal to the (a) Longer side (b) Shorter side of the loop?

X X X x v=lem/s

(X

v=lem/s
v

X X X

Ans:(a) |l onger side @V , T=biv=Bseconds Bl v = 2.4 X 1
(b) shorter sfWe: T=I = 8secorfiis 6 X 10
Q5 Figures shows an arrangement by which alternatively current flows through coil A and B is placed
and connected to a bulb X.
Now explain the observations with reason S
(i) When the switch S is closed the bulb lights up. Why
(i) What happens to the brightness if an iron rod is
inserted in coil A.
(i) What happens to the brightness if a copper plate is inserted in the gap between the coils?
Ans: -(i) Due to mutual induction
(i) Brightness decreases as the induced current decreases
(i) Brightness decreases due to production of induced current set up in the copper plate
which opposes passage of magnetic flux.

coil A | coil B

@) Bulb (X)

Fg)
I\
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Q 6Show that coefficient of self inductance is independent of flux and current passing through the co‘ .

Q7AB is a part of an electrical circuit(see figure) Calculate the potential differenicég\at the instant when
current of i=2A is increasing at a rate of 1A/second and in between points
iy (WL A,

s > }
A 1H ISV 2Q

ANS: Va-L—-5-2x2=V3g Va-Ve= 10V

Q8The magnetic flux | inked with a?-+8t€6 | Calcutate the
magnitude of induced emf in the coil at the fourth second.

Sol: e=—=10t+3 emf in # sec is e¢e;=43V-33V = 10V

Q9. Calculate theseltinductanceof a coil using the AC Source DC Source
following data obtained when an AC source of frequet

. i ) S.No. | V (Volts) | I(A) S.No. | V (Volts) | I(A)
—Hz and a DC source is applied across a coil. [+

1 3.0 0.5 1 4.0 1.0

Sol: When DC is connected there will be only resistar [ 60 Lo 9 6.0 15
and when AC is connected then there will be bi}— i e 5 a0 | 20
inductance and resistance(Z). i °0 |18 : :
From the table Z = 6 Y and R= 4 Y
SoZ='Y & soX=Wgm=2M t® LUX=¥L , ‘©L’=dolL5l1mH

LONG ANSWER TYPE QUESTIONS
Q1. (a) Define mutual inductance and write its Sl units.
(b) Derive an expression for the mutual inductance of two lorax@ solenoids of same length wound o
over the other.
Q2. (a) Draw a labelled diagram to explain the principle and working of an A.C. generator. Dedy
expression for emf generated. (b)Why cannot the current produced by an A.C. generator be measur
moving coil ammeter?
Q3 a) State Lenz's law. Give one example to illustrate this law. "The Lenz's law is a consequenc
principle of conservation of energy." Justify this statement.
b) A long solenoid with 15 turns per cm has a small loop of area Z.plaoed inside the solenoid normal
its axis. If the current carried by the solenoid changes steadily from 2.0 Ato 4.0 Ain 0.1 s, what is the
emf in the loop while the current is changing?

Ans: b) Magnetic field ,B= ¢ 'O — ' ¢— |, —=20A/s —=3.77x10? T/s and induced emf is
e=7.54 gV

CASE STUDY BASEDQUESTIONS

1. EMI is defined as the production of an electromotive force across an electric conductor in the ch
magnetic field. The discovery of Induction was done by Michael Faraday in the year 1831. Electrom
induction finds many applications such as iectéical components which includes transformers, induct
and other devices such as electric motors and generators.
Alternating current is defined as an electric current which reverses in direction periodically.
In most of the electric power circuits, the waveform of alternating current is the sine wave.
I. How to increase the energy stored in an inductor by four times?

(a) By doubling the current (b) This is not possible

(c) By doubling the inductance (d) By making current 2 times
Il. Consider an inductor whose linear dimensions are tripled and the total number of turns per unit I
kept constant, what happens to the-setfictance?
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(a) 9 times (b) 3 times (c) 27 times (d) 13 times
lll. Lenz law is based on which of the following conservation

(a) Charge (b) Mass (c) Momentum (d) Energy
IV. What will be the acceleration of the falling bar magnet which passes through the ring
such that the ring is held horizontally and the bar magnet is dropped along the axis of the ring?

(a) It depends on the diameter of the ring and the length of the magnet

(b) equal due to gravity

(c) Itis less than due to gravity

(d) It is more than due to gravity
2. The emf induced across the ends of a conductor due to its motior =~ -~
magnetic field is called motional emf. It is produced due to the magr io |
Lorentz force acting on the free electrons of the conductor. For a ci Uniform | 1L, = constant
shown in figure, if a conductor of igth | moves with velocity v in a . ’
magnetic field B perpendicular to both its length and the direction of
magnetic field, then all the induced parameters are possible in the circun

l. Direction of current induced in a wire moving in a magnetic field is found using

(A) Fleming's L Hand rule (B) Fleming's Right hand

(C) Ampere's rule (D) Maxewell 6s Thumb r ul
Il. A bicycle generator creates 1.5 V at 15 km/hr. The EMF generated at 10 km/hr is

(A) 1.5 volts (B) 2volts (C) 0.5volts (D) 1 volt

lll. A 0.1 mlong conductor carrying a current of 50 A is held perpendicular to magnetic field of 1.25 m
mechanical power required to move the conductor with a speed oft1sm s
(A) 625 mW  (B) 625 mW (C) 6.25 mW (D) 12.5 Mw
IV. 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.

(A) BVm (B) Zero (C)— (D) ——

3. Faradayos | aw of el ectromagnetic i nduction

. Th

Cuit t

electromagnetism which helps us to predict how a magnetic field would interact with an electric cir
produce an electromotive force (EMF). This phenomenénnso wn as el ectr omagn
Experiment: Relationship Between Induced EMF and Flux. In the first experiment, he proved that W|‘
strength of the magnetic field is varied, only tfeemrent is induced. An ammeter was connected top of
wire; the ammeter deflected when a magnet was moved towards the wire. In the second experiment, |
that passing a current through an iron rod would make it electromagnetic. He observed that when g
motion exists between the magnet émel coil, an electromotive force will be induced. When the magnet
rotated about its axis, no electromotive force was observed, but when the magnet was rotated aboy
axis then the induced electromotive force was produced. Thus, there wasentatein the ammeter wher
the magnet was held stationary. While conducting the third experiment, he recorded that the Galva
did not show any deflection and no induced current was produced in the coil when the coil was mo

et
en tl

e pre
rela
was
£ its

nome
ed ir

stationary magnetifield. The ammeter deflected in the opposite direction when the magnet was move( aw:s

from the loop.

lAccording to Faradayés | aw, EMF stands for
a) Electromagnetic field b) Electromagnetic force
c) Electromagnetic friction d) Electromotive force

Il. As per Faraday's laws of electromagnetic induction, an e.m.f. is induced in a conductor whenever
a) Lies perpendicular to the magnetic flux
b) Lies in a magnetic field

I —————————————
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c¢) Cuts magnetic flux
d) Moves parallel to the direction of the magnetic field
lll. For time varying currents, the field or waves will be

a) Electrostatic b) Magnetostatic c) Electromagnetic d) Electrical
IV. Find the displacement current when the flux density is given &ty seconds.
a)3 b) 6 c) 12 d) 27
OR
Which of the following statements is true?
a) E is the cross product of v and B b) B is the cross product of v and E
c) E is the dot product of v and B d) B is the dot product of v and E

4.The migratory birdsé patterns are one of th
birds from Siberia fly unerringly to water spots in the Indian sobtinent. There has been a suggestion {
electromagnetic inductionmay provide cl ue t o the migratory patte

n
-

hat
rn

the direction. As far as we know birds contains no ferromagnetierialat So, electromagnetic inducti
seems to be the only reasonable mechanism to determine the direction. Consider the optimal case
magnetic field B, the velocity of the bird v and two relevant points of its anatomy separated by a dis
al three are mutually perpendicular. From th
are able to detect small potential differences. However, in these fishes, special cells have been identifi
the migration patterns of bird®ntinue to remains a mystery.
I. An emf is produced in a coil, which is not connected to an external voltage source. This can be dug
(a) the coil being in a time varying magnetic field
(b) the coil moving in a time varying magnetic field
(c) the coil moving out of constant magnetic field
(d) All of the above
Il. A circular coil expands radially in a region of magnetic field and no electromotive force is produced
coil. This can be because
(a) the magnetic field is in the same plane as the circular coil and it may or may not vary
(b) the magnetic field has a perpendicular (to the plane of the coil) component whose magn
decreasing suitably.
(c) there is constant magnetic field in the perpendicular (to the plane of their coil) direction.
(d) Both (a) and (b)

throughout evolutionary history. It would be of great benefit to migratory birds to use this field to det%

lll. A migratory Siberian bird is flying in the sky with a velocity of 10 m/s and the distance betwee
feathers is 2 c¢cm. The earthos ma g neltThen erhfigendradeg
between the two feathers is
(a) 4 gV (b) 6 ¢V
OR

An airplane having a wing span of 35 m flies due north with speed of 90 m/s, given B =2 TX tt®
potential difference between the tips of the wings will be
(2)0.126 V (b) 1.26 V (c)12.6 V (d) 0.013V
IV.A moving conductordéds coil produces an induc
(a) LenzZds LCowl omb(écs) LRhawr ad éydds Ampwer edbs Lg
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CHAPTHEH: ALTERNATING CURRENT

SYLLABUS: Alternating currents, peak and RMS value of alternating current/voltage; reactancp an
impedance; LCR series circuit (phasors only), resonance, power in AC circuits, power factor, wattless [curre
AC generator, Transformer.

Mind map
EMs
2 ] Tn 158, Nikola Tl A devicegenerting shemaing cument
W= A2 irverled fixer AC molor having elements magnet, .
AC penerator and AC Amatire and graphite Brushes
transenlssion bechniology. emf induced thraugh col
I = NEA w simmt
. = i s Mizmating cd
::‘““ ::: i=ER=NiAvsnoth "% @ ml -
™~ M
?ﬁ yalle or Marn Py Direction of current brster
hanges allernativel
. i Et- E_.n!:;::” ey [t is used toobiaina 1= outpul F"-‘"'-'”-"T-"-F"Ji]-‘:"'-"'f-"
= i Irms -k . Contribution  Canerator high AC voltage [rom a 8% efficiency cam easily achieved
T ¥ = Vynuk Lovevaltape AC source ol
/. Ur Vicmversa e dficiencY o 8 tranhi
E LN
The ratio of emi applied and the AC Current W/ 2oty
current produced [n an AC d:cuh-\ Tarsformer il bk N
T =Ty, Ohr
v o Impedance "'-__-.\_
: Fower in T
The indrance ofeed by inductor Altonating ACCrlt par o= S cosp= drj g
/ Rl
ar capacitor or bath ta the flow of AC ==y, Connent

.{:I e Rexchace L f[n-u":, i = dinfut £ )
i =igin[u

tpductive (L) circuit 2R+ (X
= tsin [at?) -
i =g sin [m! 2J . A C Circuils ¥e :fc'xl

i i
= '—-u:}L
i

Phase difference bi'w V&, § =510
Pawer factor cos{}) =0

f i
Valtage beads current Ly n2 fang = | l—mL | Ris= %
]'J= 1] 'I.II": /
= iglntal 4 4) T
7= 00 i = ialnfut 4§
1= i+ =) = KeX- 2= e
EJ =1 x:.'- Vug b:ré : :
- - ) X =ul
§=r2or=il cospe] = LoCR +Power Fctor =, Eithe L0
wer factor cosh=0 =¥ 1 h=Eyf2 wiltage or current leading tlifi'b;f:}ml
Fonwer (F) = Corrent & valtaps both " __F =R
T fe bo * Power factor cong = ——== fetas = B7
et londs the vl ) v s power factor =
SEEEACS Y arensine s + curcent leading, A w .W'Ii‘\w lm:q—-\ wvoltage is leading

Gist of the chapter
Alternating current and voltage: A signal changing its values periodically is called an alternating signa
representedas Issi n ¥yt
alternating voltage (oremf)isV =8 i n ¥t

L&
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MEAN AND RMS VALUE OF ALTERNATING CURRENTS

The mean or average value of alternating current over complete cycle is zero.
half cycle itds value 1s given by

(Imean)half cycle =—=10.636 lo aV for half cycle =—=0.636 Vo
An ammeter or a voltmeter read its Root Mean Square value as
|rms: f =0.707 l) Vrms:f =0.707 \6

V= Vo sin ¥t then current is | = 1o sin
The average power loss over a complete cycle is given by,

P=EBmnslmsc 0S U where cos 0 is called the

Purely resistive circuit.
(1) CurrentQ Qi "Qé&o
(2) Peak current’Q — i
(3) Phase difference between voltage and currént@®
(4) Power factor @€« p =)
(G)Powerd © Q — V =V, sinot
(6) Phasor diagram : Both are in same phase

Purely Inductive Circuit ( L-Circuit) ——

(1) Current'Q Qi Qg 0 - o

(2) Peak current : ™)
VMo _ Vo _ Vg V =V, sin @i

(3) Phase difference between voltage and cufrentwrt (or -

(4) Power factor O é«i Tt v = v
(5) Power dissipatedP =0 o
(6) Phasor diagram : Voltage leads the current by i i

C
. . . |
Purely capacitive circuit | 1
(Q) Current’Q Qi Qg 0 - '
(2) Peakcurrerl — w] 0 w ¢“ ' 0O @
(3) Phase difference between voltage and current : i V="Tosin o

« it Powerfactor o ési T o i
(4) Average PowerPag=0 o
(5) Phasor diagram : Current leads the voltagg/By v

Series LCR circuit R - c
VoltageV=VW%si n¥t , ( Vi Vi — > Ve
i
()
)

V =V, sinut
Ve = iR, VL = iX,, Ve = iXe Phasor diagran
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@WDI=ksin (¥t + &9)VdZ andimpetlaecZe= Y | & @

(2) tanXchR (X

(3) The average power loss over a complete cycle is given by iskn¥Cc 0SS A
where, the term cos A is called the power flac

(4) cosYA=H RI )

(5) If net reactance is inductive: Circuit behaves as LR circuit

(6) If net reactance is capacitive: Circuit behave as CR circuit

(7) If net reactance is zero: Means -XXc = 0X. = Xc . This is thecondition of electric resonance

(8) At resonance(series resonant circuit)

(i) XL = XcY Zmin =R i.e. circuit behaves as resistive circuit

(i) VL =VcY V =Vri.e. whole applied voltage appeared across the resistance

(iii) Phase differencef: = 0° Y power factor = co§ = 1

(iv) Power consumption P =Ms lims

(v) These circuits are used for current amplification and as tuning circuits in wireless telegraphy.

(9) Resonant frequency(Natural frequency) : At resonance XXcY wolL= pr

Y wol = — OR, woL=— — (Resonant frequency doesn't depend upon the resistance of the cifcuit)

(10) Watt less Current icosg " "
The component of current which does not contribute to the average power R
dissipation is called watt less current.

(i) The average of component of watt less component over one cycle is zert
(i) Amplitude of watt less current  §in and r.m.s. value of ising

watt less currentss sind= lo sind/12

Transformer: -

It is a device which Increase or decreases the voltage SHELLTYPE 't CORETYPE
or current in ac circuits through mutual induction. , L —

It does not work in DC circuit. l N;

I\
o

Principle: Itis based on the principle ofutual induction
Working: Whenan alternating voltage is applied to the primary coi
magnetic flux linked with it changes which links to the
secondary coil and induces an emf in it due to mutual induction.

i
I\

‘{\l 7T

—

- E .L-N
L No[® . I s_l Ep Is Ne
uipg 5 g g N T
g S RS OUTPUT = Esd
E] & e Esi n = ——-E"I" x100 %
P, *
L d e 82

LAMINS’EDCORE
Types of transformer: Step-up TransformerNs> Np. It increases voltage
and decreases current. Transformation Ratio must be greater than 1

Step-Down Transformeri Ns< Np; It increases current and decreases voltage. Transformation Ratio fnust
be less than 1.

From Faradayds | aws the emf induced in the prjim
-p=- Npé— ----(i) also for secondary cols=- Ns);— --------- (i)

— = — = Kk (transformation ratio}--------- (i)

For ideal transformer input power = output power-plp=-sls  ------ (iv)
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By equation (iii) and (iv)

Energy losses in a transformer:
(i) Copper loss (ii) Hysteresis loss (iii) Flux leakage (iv) Humming losses (v) Eddy current loss

MULTIPLE CHOICE QUESTIONS
Q1 Arresistance 'R' draws power 'P' when connected to an AC source. If an inductance is now place
series with the resistance, such that the impedance of the circuit becomes 'Z', the power drawn will b

@pP - (b) P~ € P (d)P-2

Q2 To reduce the resonant frequency in &-R series circuit with a generator
(a) the generator frequency should be reduced
(b) another capacitor should be added in parallel to the first
(c) the iron core of the inductor should be removed
(d) dielectric in the capacitor should be removed
Q3 Average value of A.C voltage for positive half cycle is [ifi¥ its peak voltage]
(a) zero (b) Vol (c) 2Vl * (d) Vo
Q4 An alternating current in a circuit is given by | = 20sin (1@3-10.05 )A . The r.m.s value of current
& its frequency respectively are
(A) 10A & 100Hz (B)10A&50Hz  (C) 1M2A & 50Hz (D) 2012A & 100Hz
Q5 In an ideal transformer, the no. of turns of primary and secondary coil are 500 and 400 respective
220 V is supplied to the primary coll, then ratio of currents in primary and secondary coils is

(A)4:5 (B)5:4 (©)5:9 (D)9:5
Q6 The power factor of LCR circuit at resonance is
(A) 0.707 (B) 1 (C) Zero (D) 0.5

Q7 At resonance frequency in an A.C circuit containing L, C and R in series
(A) The voltage and current will be in same phase.
(B) The voltage will lead the current
(C) The voltage will lag behind the current.
(D) Phase difference depends on peak voltage of source

Q8 A voltage v=ysin wt applied to a circuit drives a currentisii n  ( wt + () in t
power consumed in the circuit over a cycle is

a)Zero bhivoc 0s oVo /2 d gvcaeyg G) [ 2
Q9 In the case of an inductor

(a) voltage lags the current by2 (b) voltage leads the current by2

(c) voltage lags the current by3 (d) voltage lags the current by4

Q10 A power transformer is used to step up an alternating e.m.f. of 220 V to 11 kV to transmit 4.4 kW
power. If the primary coil has 1000 turns, what is the current rating of the secondary? Assume 100%
efficiency for the transformer

@4A (b) 0.4 A (c) 0.04 A (d)0.2A
Q11 An inductor, a capacitor and a resistor are connected in series across an ac source of voltage. Ii
frequency of the source is decreased gradually, the reactance of :

(a) both the inductor and the capacitor decreases.

(b) inductor decreases and the capacitor increases.

(c) both the inductor and the capacitor increases.

(d) inductor increases and the capacitor decreases.
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ANSWERS
1d 2b 3c 4c 5a ©6b 7a 8d 9b 10b 110D

ASSERTION AND REASON TYPE QUESTIONS

Q1 Assertion: In a pure resistive circuit, voltage and current are in the same phase.
Reason:In resistors, energy is alternately stored and released.

Q2. Assertion: In an ideal LC circuit, the current oscillates indefinitely.
Reason:There is no energy loss in an ideal LC circuit.

Q3. Assertion: In an LCR circuit at resonance, the impedance is minimum.
Reason:At resonance, the inductive and capacitive reactance cancel each other.

Q4. Assertion: The average power consumed in a pure inductive circuit is zero.
Reason:In a pure inductive circuit, the current leads the voltage By 90

Q5. Assertion: The power factor in a purely capacitive circuit is zero.
Reason:In a capacitive circuit, the current leads the voltage By 90

Q6. Assertion: In an AC circuit containing only a capacitor, current lags the voltage by 90
Reason:Capacitors offer no resistance to A C current.

Q7. Assertion: The power consumed in an AC circuit is given by R#MrmsC 0 S«
Reason:The product Vs Irvs gives the apparent power.

Q8. Assertion: The voltage across the inductor leads the current fiy 90
Reason:The induced emf in the inductor opposes the change in current.

Q9. Assertion: The quality factor of an LCR series circuit increases with increase in resistance.
Reason:Higher resistance causes sharper resonance

Q10.Assertion: In a transformer, higher value of alternating voltage can be converted into lower volta
and vice versa.
Reason:A transformer works on the principle of electromagnetic induction.

ANSWERS
1-C 2A 3-A 4C 5-A 6D 7B 8B 9D 10B

VERY SHORT ANSWER TYPE QUESTIONS

Q1 Explain why current flows through an ideal capacitor when it is connected to an ac source but not
is connected to a dc source in a steady state.

Ans: In DC, Xcis infinite.

Q2 Draw the graphs showing variation of inductive reactance and capacitive reactance with frequ
applied ac source.

Ans: General concept and shapes.

Q3 Prove that an ideal capacitor in an ac circuit does not dissipate any average power.

Ans:Pagi S propot i on al®sotacerage pevér diasipated is zeros 9 0

Q 4 In a series LCR circuit, obtain the condition under which the impedance of circuit is minimum as
explain its one practical use.

Ans: X.= Xc, to get maximum current in any circulit.

whe

Ency

wvell ¢

Q5 Mention any two characteristics properties of the material suitable of making the core of transfornjer

Ans: Mention any two.
Q6 Define O6quality factord of resonance in se¢€g
Ans: Write definition , no unit and dimensions.

Q7 A bulb B and an inductor are connected in series to the ac mains. The bulb glows with some bri

How will the glow of the bulb change when a paramagnetic slab is introduced in side the inductotj,

Ans: XL increases so brightness decreases.
Q8 A transformer has 50 tunes in the primary and 100 in the secondary. If primary is connected to 22

supply, what will he the voltage across the secondary?
I ——————————————
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Ans: Transformer does not work on DC.

SHORT ANSWER TYPE QUESTIONS

Q1A sinusoidal voltage is applied to an electric circuit containing element X in which current leads th¢
voltage by -

(a) Identify the circuit

(b) Write the formula for its reactance.

(c) Show graphically the variation of this reactance with frequency of ac voltage.

(d) Explain the behaviour of this element when it is used in (i) an ac circuit, and (ii) a dc circuit

Ans: a) Capacitor

b)X=1/ ¥ C

C)
gxg
:
¥

Freapmay (2)
(d) (i) For ac Xc is finite and therefore allows the ac to pass. For dc Xc is infinite and therefore doe
allow the dc to pass.

2. With the help of a suitable phasor diagram, obtain an expression for impedance of a series LCR ci
connectedto asourcevsyi n ¥t .

Ans : Refer textbook and gist above
3. Find the condition under which a series LCR circuit could draw maximum power from an ac source
Name the factors at which this characteristics frequency depends. Draw the frequency response cun
such a circuit.

Ans: refer textbook (Resonance in LCR circuit)
4A series CR circui®“eFwiitsh cR=n2n0eOcvtaendd aG=r500s/s a n
100V and frequencgg= 50 Hz. Cal cul ate a) i mpedance of
across the resistor.

Ans: Z?=R*+(1/2" w#)? = 200/cY

cosU=RIEZ=0U°45

V across R = RV/Z =8¢ V
5.Anacsourcev=wsi n ¥t is connected across an ideal
flowing in the circuit, and (ii) reactance of

Ans : refer textbook
6. A series combination of an inductor L, a capacitor C and a resistor R is connected across an ac 51
voltage in a circuit. Obtain an expression for the average power consumed by the circuit. Find power
for (i) purely inductive circuit, andij purely resistive circuit.

Ans: refer textbook
7.A resistor of 3Q0t¥amdeacoapaciedriof s2bDEs
Calculate (i) the current in the circuit, and (ii) voltage drops across the resistor and the capacitor. (iii)
algebraic sum of these voltages more than the source voltage ? If yes, sobados.p

Ans:X=1/ ¥ C =HR3+WZ, Z=50 Y |,

1=200/50 = 4A

V=IXc=160V | Wk=IR=120V

The algebraic sum of the two voltages &hd VC is 280V, which is more than the source voltage

200V. This paradox can be removed by considering impedance triangle because VR and VC ¢

of phase byVoOW&e Ve, Vh200Vdlisdsregual to the source voltage.
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8. A series LCR circuit with R = 20Y L = 2 H
frequency. What is (i) the amplitude of the current, and (ii) the average power transferred to the circu
one complete cycle, at resonance?
(iif) Calculate the potential drop across the capacitor.

Ans: (i) At resonance Z=R so I=V/Rnk=10A and $=lmd/Ig =14.14A

Average power transferred to the circuit in one complete cycle at resonanée,d2-2000W

¥r :M_—: 100 I’ad/S , &1/? C czlrmsXCZZQOOV

LONG ANSWER TYPE QUESTIONS

kin

Q1 i) Write the principle of working of an ac generator. Draw its labelled diagram and explain its workjng.
A resistor of 4-08 ad a capacditor ofr dift ard jained iroskeries across an ac soufce

v=140 sin (108 OV. Find the rms voltages across these three circuit elements. The algebraic s
these voltages is more than RMS voltages of source. EApisirfrom the equation Ms<=100V so ,

ImsVimd Z ,  Z = m£02XK hence ®¥=80V, V=100V and \¢&=40V
The algebraic sum of voltages is more than the rms voltage of source because voltages across R, L
not in phase.

Q2 i) Name the device which can increase alternating current or voltage without increasing electric
Write the principle of working of this device, Explain why it cannot be used for same purpose wher
current source is used?

i) An ideal transformer is designed to convert 50 V into 250 V. It draws 200 W power from an ac §
whose instantaneous voltage is given py 20 sin (1080 V. Find
Rms value of input current
Expression for instantaneous output voltage
Expression for instantaneous output current

Ans: Transformer , EMI , Flux change Zerans7.07A
Po=Vplp, S0 §=201¢ A , V0o=100 sin(100t) V , lo= 4sin(100 t) A

Q3 Find the condition of resonance in a series LCR circuit connected to a sourges\N=vf ¥t , W
be varied. Give the factors on which the resonant frequency of a series LCR circuit depends. Plot
showing the variation of electric current with frequency in a series LCR circuit.
Ans: General concept and direct graph

Q4 i)Describe the construction and working of of a transformer and hence obtain the relatighifoierms

of number of turns of primary and secondary.
ii Discuss the main causes of energy loss in a real transformer.
Ans: Direct question , see answer from the gist
Q5 i) you are given three circuit elements X , Y and Z. They are connected one by one across a

source. It is found that V and | are in phase of element X. V leads fdyyelement Y where | leads
by — for element Z. Identify elements X,Y and Z.

i) Establish the expression for total opposition offered to circuit when elements X, Y and Z are conngq
series to an ac source. Show the variation of current in circuit with the frequency of the applied
when only Y & Z are connected in ciiicu

i) In a series LCR circuit obtain, the conditions under which impedance is minimum, justify why ¢
becomes purely resistive at resonance?
Ans: i) X-resistor Y-inductor  Z-Inductor ii) Deduce expression for Z . Graph for L
combination circuit. iii) Condition of resonance =X so Z=R
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CHAPTER-8: ELECTROMAGNETIC WAVES

SYLLABUS: Basic idea of displacement current, Electromagnetic waves, their characteristics, their trafisver
nature (qualitative idea only). Electromagnetic spectrum (radio waves, microwaves, infrared,
ultraviolet, X-rays, gamma rays) including elementtagts about their uses.

MIND MAP

DISPLACEMENT CURRENT

- -

Maxwell’s equations J

\

Produced by changing electric field

ad—(D—i
dr )

= = 0
IE.d Y
fﬁ.dﬁzo
jE.dE—d@B

dt

ELECTROMAGNETIC
WAVES

How are EM waves
produced?

Eo/Bo=c = 3x10° ms .
Travels with speed(c) =

1

vHoéo

in free space.
Both E and B are also
perpendicular to the direction

Produced by accelerating or
oscillating charges only.

ﬁ[odiﬁed Ampere’s lawx

The source of magnetic
field 1s: conduction
current due to flowing
charge.
Time rate of change of
electric field

o, J

i=1 +i, :1c+.90{ 7

of wave propagation

EM spectrum and its order

The classification of EM waves
according to frequency is the
electromagnetic spectrum.
EM spectrum in order of increasing
frequency and decreasing
wavelength.

1. Radio Waves
Micro Waves
Infrared
Visible
Ultraviolet
X-rays
Gamma Rays

N wN

Properties of
EM waves

1.Does nof require a
medium for their
propagation

2.Does not get deflected by
electric or magnetic field
3.E and B has zero phase
difference but are mutually
perpendicular to each
other.

4 Momentum delivered
when wave 1s completely
absorbed by the surface :
p=U/c ,where U is the total
energy transferred to the
surface

5. momentum transferred

18 p=2U/c when wave 1s
completely reflected by the
surface.
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GIST OF THE CHAPTER

Displacement Current -If there exists an electric current as well as changing elec
field, results magnetic field & cause displacement current

(0. -
[94)
So, AmpereCircuital Law was modified called as Ampédviaxwell Law.
(9
(oFS X Ky

Electromagnetic Waves - The electromagnetic waves are those waves in which there are sinu
variations of electric and magnetic field vectors to right angles to each other as well as at right al
the direction of wave propagation. (i.e., electric current and magredtls vary with space and time.)

Transverse nature of electromagnetic waves Electric and magnetic fields oscillate sinusoidally in spg
and time in an electromagnetic wave. The oscillating electric and magnetic fields, E and B are perpe
to each other, and to the direction of propagation of the electromagnetic wave.

U Conduction current & displacement current are the same.

Conduction current arises due to flow of electrons in the conductor.

U Displacement current arises due to electric flux changing with time.

by = £0 dn g/dt

0O Maxwel |l 6s equations

Gaussods Law iBlOOEd0Ect rostatics

Gaussds Law BOsEMEAgneti sm

A A mpieMasw@lslaw & £Q & mol + noeod" e /d <

c:

U Electromagnetic Wave The wave in which there are sinusoidal variation of electric and magnetic
at right angles to each other as wel/l as ri

waves in free spacé= 1/ . .=3x10¢ m/s

EM wave is a transverse wave because of which it undergoes polarization effect.

Electric vectors are only responsible for optical effects of EM waves.

The amplitude of electric & magnetic fields are relatedty= &

Oscillating or accelerating charged particle produces EM waves.

Orderly arrangement of electromagnetic radiation according to its frequency or wavelen|

electromagnetic spectrum.

U A self made easy Acronym to memorize the electromagnetic spectrum in decreasing order of its fre

Ga n d hi-jays 8sed \Kgorously In Medical Research

Here the first of each word indicates: gamma rays , Xrays , Ultraviolet rays ,Visible rays - Infrared
radiations , M Microwaves and RRadio waves

U EM waves also carry energy, momentum.

| enta et N et et e

KVS ZIET MYSURU PHYSICS Xl 202826 82

The Scientists associated with the study of EM waves are Hertz, Jagdish Chandra Bose & Marcon.
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The Electromagnetic Spectrum
Type > < Production Detection Uses
85 | £2
I g K
Radio | 5x1C | >0.1m| Rapid acceleratiofl Re c ei v |[In radio and televisiol
wave | Hz to and de | aerials communication system.
S 10° accelerations 0 In radio astronomy.
Hz electrons in
aerials/antenna.
Micro | 10° 0.1m | Klystron value orn Point contact In radar Systems.
wave | Hz to| to magnetron value. | diodes. In long distance communicatig
S 10'2 1mm systems.
Hz In microwave ovens.
Infrar | 10 1mm | Vibration of atomg Thermopiles | In remote control of TV or VCR
ed Hz to| to and molecules. Bolometer, | In Green House.
5x 700n Infrared In haze Photography.
104 m photographic | Treatment of muscula
Hz film. complaints.
Visibl | 4x10"*| 7000n| Electron in atomg Human eye It Provides us the information ¢
e Hz m to| emit light when| photocells, | the world around us.
Light | to 400n | they move from ong photographic | It can cause Chemical Reactiof
7x104| m energy level to 4 film.
Hz lower energy level.
Ultra- | 10'® | 400n | Inner shell| Photocells, | In food Preservation.
violet | Hz m to| electrons in atom{ photographic| In the study of invisible writings
to 1nm | moving from ong film. forged documents and fing
107 energy level to ¢ prints.
lower level. In the study of molecula
structure.
X- 106 1nm | X-ray tubes or inne| Photographic| In medical diagnosis.
rays | Hz to 10 | shell electrons. film, Geiger| In the study of crystals structur
to 3nm tubes, In engineering.
1019 lonization In detective departments.
chamber. In radio therapies.
Gam |10 |<10® |Radioactive decaj Photographic| In radio Therapy.
ma Hz to| nm of the nucleus. film, Geiger| In manufacture of polyethylen
rays | 107 tubes, from ethylene.
Hz lonization To initiate some nucleg
Chamber reactions.
To preserve food stuff.
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MULTIPLE CHOICE QUESTIONS
Q1 To dissociate an oxygen molecule into two oxygen atoms 5eV of energy is required. The mifimul
frequency of the appropriate electromagnetic radiation to achieve the dissociation lies in

(a)visible region. (b) infrared region.  (c) ultraviolet region. (d) microwave region.
Q2: The given diagram exhibits the relationship between Energys
wavelength of electromagnetic waves and the energy of ph P

associated with them. The three points P,Q and R marked ol
diagram may correspond respectively to:
a)X-rays, microwaves, UV radiation
b) X-rays, UV radiation, microwaves \ -
c)UV radiation, microwaves, -Xays L Wavelength
d) microwaves, UV radiation, -xays
Q3 Which one of the following correctly represents the change in wave characteristics (all in vacuun) fro
microwaves to X rays in electromagnetic spectrum?

Speed Wavelength Frequency
a) Remains same Decreases Remains same
b) Remains same Decreases Increases
c) Increases Increases Decreases
d) Remains same Decreases Remains same

Q4 X rays are more harmful to human beings than ultraviolet radiations becaags: X
a) Have frequency lower than that of ultraviolet radiations
b) Have wavelength smaller than that of ultraviolet radiations
c) Move faster than ultraviolet radiations in air
d) Are mechanical waves but ultraviolet radiations are electromagnetic waves
Q5 Displacement current exists only when

a) electric field is changing b) magnetic field is changing
c) electric field is constant d) magnetic field is constant
Q6 A welder wears special glasses to protect his eyes mostly from the harmful effect of
a) high intensity visible light b) infrared radiations
c) ultraviolet radiations d) radio waves

Q7 An electromagnetic wave of frequency 3kHz is passing from vacuum to glass. The ratio of their frefjuen
in vacuum and in glass is:
a) 31 b) 1:3 c) 1.4 d)1:1
Q8 Which of the following electromagnetic waves has the highest momentum for a given energy?
a) Radio waves b) Microwaves c) Infrared rays d) Gamma rays
Q9 The source of an electromagnetic wave is always associated with:
a) A moving electric charge only b) An accelerating electric charge
c) A stationary electric charge d) A constant magnetic field
Q10 The ratio of the amplitudes of electric and magnetic fields in free space is equal to:
(c is the speed of light in vacuum)
a)l b) ¢ c) Hc d) 1/c
SOLUTIONS:
1) C Solution: E=h ,E=5eV,s0 1.2x 13° Hz, so UV range
2) B X-rays, Micro and UV as wavelength decreases in this order
3) B Invacuum, speed remains the same and going from Micro to X rays frequency increase and wajyeler
decreases
4) B wavelength of X is smaller than UV
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5) A displacement currentis —— so it exists only if electric field is changing

6) C During welding, a higintensity electric arc is generated, which emits a large amoultttafiolet rays

7) D Frequency of an electromagnetic wave does not chahge it passes from one medium to another so 1:1

8) D because gamma rays has highest frequency so its energy will be the highest.

9) B The source of an electromagnetic wave is always associated with n accelerating electric char
oscillating charge.

10) B speed of light is c=E/B

ASSERTION AND REASON QUESTIONS

For each question, select the corredption:

(a)Both Assertion and Reason are true, and Reason is the correct explanAgseartdn.

(b)Both Assertion and Reason are true, but Reason is not the correct explanAssartén.

(c)Assertion is true, but Reasonfadse.

(d)Assertion is false, but Reasortrige.

Q1 Assertion (A): Electromagnetic waves do not require a material medium for their propagation.
Reason(R): Electromagnetiavavesconsistof oscillating electric and magneticfields, which are self
sustaining in vacuum.

Q2 Assertion (A): In an electromagnetic wave, the electric and magnetic fields are always perpendic
each other.

Reason (R): The directionsof electric and magneticfields in an EM wave are independeniof the
direction of wave propagation.

Q3Assertion (A): The speed of electromagnetic waves in vacuum is eqdal to
Reason(R): The valuesof €0 and ( determinethe propertiesof vacuumwith respecto magneticand
electricfields,respectively

Q4 Assertion (A): X-rays can be used to detect fracturelsanes.

Reason(R): X-rayshavecontrolledpenetratingpowerandareabsorbedlifferently by differenttissues.

Q5.Assertion (A): Ultraviolet rays are more energetic than infrarags.

Reason(R): Thefrequencyof ultravioletraysis greaterthanthatof infraredrays.

Q6.Assertion (A): Gammarayshavethelongestwavelengthn theelectromagnetispectrum.
Reason (R):Gamma rays have the lowest frequency among all EM waves.

Q7. Assertion (A): Microwaves are suitable for radar systems used in airasityation.

Reason (R): Microwaves can penetratethrough the ionosphereand reach long distanceswithout
significant attenuation.

Q8Assertion (A): Electromagnetic waves carry both energy armmentum.

Reason(R): Theenergyandmomentumn EM wavesarecarriedby themagnetidield only.
EXERCISE QUESTIONS-SOLUTIONS

1.(a) EM wavesare self-propagatingdue to mutualinductionof E andB fields and do not need a medium

2. (c) The fields are perpendicularto eachother and to the direction of wave propagation they are no
independent.

3. (a) Speed of EM wave in vacuum is derived using tbesstants.

4. (a) Bones absorb morerdys than soft tissue, produciogntrast.

5. (a) Energy E = h; higher frequency = higaeergy.

6. (d) Gamma rays have the shortest wavelength and hiffegsency.

7. (a) Microwavesare usedin radarasthey cantravel in the atmosphereand reflect from objects.

8.(c) Energy is shared by both electric and magnetic fields, nahagstetic.

9.(a) IR is emitted due to heat and used for therimalging.

10.(d) EM waves are transverse, not longitudinal; E field is perpendicugaofagation.
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VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)

Q1 Why does microwave oven heats up a food item containing water molecules most efficiently?

SOL: Microwave ovens efficiently heat food containing water becangeowaves excite the rotationg
motion of polar water moleculeand theresulting molecular frictiogenerates heat. Foods with high
water content heat up faster and more uniformly.

Q2: A variable frequency a.c source is connected to a capacitor. How will the displacement current
with decrease in frequency?

SOL: Displacement current is directly proportional to frequeyfrequency decreasetherate of change

of voltage across the capacitor decreases. Therefore, displacement current also decreas(

- — @
For current in capacitor g% C dV/dt
V=V,O ExIOso hUx andx c¢aMBokU f
Q3 The magnetic field of a beam emerging from a filter facing a floodlight is giver bylB x 1 sin (1.20
x 10/ zi 3.60 x 18°t) T. What is the average intensity of the beam?

Sol: lav=—G— -0 p fix (12x108% 1.26 x 1¢Ff= 1.71 W/m

Q4 Professor C.V. Raman surprised his students by suspending freely a tiny light ball in a transparent
chamber by shining a laser beam on it. Which property of EM waves was he exhibiting? Give on
example of this property.

Sol : EM waves exert radiation pressure. Tails of comets are due to solar radiation.

Q5 How are Infrared waves produced? Why are these waves referred to as heat waves? Give any tw
infrared waves.

Sol: Infrared radiations are produced by hot bodies and vibrations of molecules. They are referred to
waves because they are rapidly absorbed by water molecules and increase their thermal energy
them.

Uses: i) dehydration of fruits ii) In green house effect iii) In remote switches

Q6 An E.M. wave, ¥, has a wavelength of 1cm while another e.m. wayehis a frequency of ¥0Hz.
Name these two types of waves and write one useful application for each.

Sol: Y has a wavelength of 1 cm which lies in the microwave region.

Y hasd& r e q u e n c y, which fall i@ theultratdatet (UV)region.

Y : Microwave
Application:Used in microwave ovens for cooking food.
Y :Ultraviolet (UV) wave

Application: Used for sterilizing medical instruments.
SHORT ANSWER TYPE QUESTIONS (3 MARKS)

1.El ectromagnet i c wa yaensd amiusedvmaradar sestergst ih wateo purifiers ang

remote switches of TV, respectively

Identify the electromagnetic waves, and Write one source of each of them.
Sol: 2 : Microwaves,o : Ultraviolet (UV) rays, 2 : Infrared (IR) rays .

Microwaves Klystron or magnetron tubdssed in radar and microwave ovelbifraviolet rays Mercury

vapour lamp®r sunlight

Infrared raysHeated objectsr infrared LEDs(used in remote controls)
2. Identify electromagnetic waves which

(i) Are used in radar systems. (ii) Affect a photographic plate. (iii)Are used in surgery.

Write their frequency range.
Sol: Electromagnetic waves used in radar systemblimowaves Frequency Rangel®® - 10' Hz .

Electromagnetic waves that affect a photographic pldtétiaviolet (UV) rays Frequency Rangd:0™ i
I —————————————
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10 Hz Infrared (IR) raygused in thermal cauterization and healing), or sometkaes/sin precision
surgery Frequency range:%0 4 x 104 Hz

3. Identify the following electromagnetic radiations as per the frequencies given below. Write one appl
of each. (a) 18Hz (b) 1PHz (c) 10"Hz

Sol: a) Gamma Rays : Used tancer radiotherapy destroy malignant cells. Bjicrowaves Used inradar
systemsandmicrowave oven$or cooking. C) Used iV remotecontrolsandthermal imaging

4. ldentify the part of the electromagnetic spectrum which:

(a)Produces heating effect (b) Is absorbed by the ozone layer in the atmosphere,

(c) Is used for studying crystal structure

Sol: a) Infrared radiations. IR waves are absorbed by matter and increase the kinetic energy of p
causing a heating effect. b) Ultraviolet (UV) rays . c) X rays

5. Arrange the following electromagnetic waves in the order of their increasing wavelength:
(a)o-rays (b) Microwaves (c) X-rays  (d) radio waves

How are infrared waves produced? What role do
and (ii) physical therapy?

Sol: a) Order(increasingvavelength)o-rays<Xrays<Microwaves<Radiwaves

a) Infrared (IR) wavesire produced byibrations and rotations of atoms amdleculesn a body. All objects
at a temperature above absolute zero emit IR radiation due to their thermal motion.

b) Maintaining warmth of earth and Physical therapy IR radiation is usezhirlamps and therapeutic devic
to relieve muscle pain, increase blood circulation, and promote healipgnajyrating deep into tissue

6. (a) Which one of the following electromagnetic radiations has least frequency:
UV radiations, Xrays, Microwaves
(b)How do you show that electromagnetic waves carry energy and momentum?
(c)How are electromagnetic waves produced by oscillating charges?
(d)State clearly how a microwave oven works to heat up a food item containing water molecules.
(e)Why are microwaves found useful for the radar systems in aircraft navigation?
Sol: a) Microwaves has least frequency and highest wavelength. Microwaves < Wdys X
Produced by klystronsmagnetrons or Gunn diodes, which generate hiffequency electromagnetid
oscillations.
b. EM waves consist of oscillating electric and magnetic fields that can exert force on charges, tran
energy. Theenergycarried is proportional to the square of the amplitude of electric and magnetic J
The force exerted by the EM waves is given by F=p/c.
¢) Whencharges accelerafe.g., in an alternating current), they produce changing electric fieltispeA
varying electric fielccreates @me-varying magnetic fieldand vice versa. These changing fields propag
outward alectromagnetic waves
7. Electromagnetic wave with wavelength
(i) auis used in satellite communication.
(ii) o= is used to kill germs in water purifier.
(i) asis used to detect leakage of oil in underground pipelines.
(iv) a4is used to improve visibility in runways during fog and mist conditions.
(a)ldentify and name the part of electromagnetic spectrum to which these radiations belong.
(b)Arrange these wavelengths in ascending order of their magnitude.
(c)Write one more application of each.

Sol &  Satellite communication Microwaves
e Kill germs in water purifier Ultraviolet (UV) rays
e Detect leakage in underground pipelines Infrared (IR) rays
o Improve visibility during fog/mist Radio waves (or NedR)
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a) ascending orderafa v e | ex( G V B (5 lo-Ry(Microvaves)<as (Radio/NeatlR)

b)Mi cr owaves (& ): Used in microwave ovens f of
Ultraviolet rays (& ): Used in sterilizing 3
Il nfrared rays (& ): Used in remote control s

Radiowaves/Near R (& ): Used in AM/FM radio broadca
CASE STUDY BASED QUESTIONS

Q1 Maxwell, in 1865, pointed out that when either an electric or a magnetic field is changing with t
field of the other kind is induced in adjacent regions of space. From this Maxwell concluded that VJ
of electric and magnetic field vectors pargeular to each other leads to the production of electromagr
disturbances which show properties of waves and can travel in space even without any material 1
These waves are called electromagnetic waves.

Electromagnetic waves with macroscopic wavelengths were first produced in the laboratory in 1887
German physicist Heinrich Hertz. Seven years after Hertz, Jagdish Chandra Bose, working at Calcu
Kolkata) succeeded in producing and observiagteomagnetic waves of much slower wavelength (251
to 5mm). At around the same ti me, Gugli el mo
transmitting electromagnetic waves over distances of rkidmyeters

Electromagnetic waves have a broad frequency randdzlt ¥
10?2Hz. They can travel with speed of light(c) in vacuum. They
obey the relation c=32a, where

() Which of the following electromagnetic wave in order of
increasing frequency.

@Mi crowaves<Inframyysd <UIl tr g
(b)o-rays < Ultraviolet < Infrared < Microwaves g
Ul traviolet < |Infaysared < Microwave < 2
(d)a-rays < Microwave < Infrared < Ultraviolet

(i) Light wave contains

(a)Electromagnetic waves (c) Longitudinal waves
(b)Mechanical Waves (d) magnetic waves
(i) If we want to produce electromagnetic waves of wavelength 500 km by an oscillating char
frequency must be
(a)600 Hz (b) 500Hz (c) 167Hz (d) 15Hz
(iv)  The angle betwee®and®in an electromagnetic wave is
(a)18C° (b) 120 (c) 90 (d) 4%

Q2 Radio waves are produced by the accelerated motion of cha
in conducting wires. Microwaves are produced by spe( . Thermosphere
vacuum tubes. Infrared waves are produced by hot bodies|
molecules also known as heat waves. UV rays are produce
special lamps andery hot bodies like Sun.

(i) Solar radiation is
(a) transverse electromagnetic wave
(b) longitudinal electromagnetic wave
(c) both longitudinal and transverse electromagnetic waves
(d) None of these

(i) What is the cause of greenhouse effect?

(a) Infrared rays (b) Ultraviolet rays (enaXis (d) Radio waves

(i) Biological importance of ozone layer is
(a) it stops ultraviolet rays (b) It layer reduces greenhouse effect
(c) it reflects radio waves (d) None of these

. _________________________________________________________________________________________________________|
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Envelope of T

-
Envelope of B

Mesosphere
Stratosphere
Troposphere
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(iv) Earth's atmosphere is richest in

(a) ultraviolet (b) infrared (edays (d) microwaves
Q3 According to Maxwell, an accelerating charge produces electromagnetic waves. Consider a

oscillating harmonically with time. This is an example of an accelerating charge. This charge prod
oscillating electric field in its neighborhood. Thisl#l, in turn, produces an oscillating magnetic field
its neighborhood. The process continues because the oscillating electric and magnetic fields set a

of each other. Hence an electromagnetic wave originates from the oscillating charyeqiiéecy of the

electromagnetic wave is equal to the frequency of oscillation of the charge. The energy carried by

WFCGS

|
5 SOL

char

comes from the source which makes the charge oscillating. An electric dipole is a basic sofirce

electromagnetic waves. An L€rcuit containing

electromagnetic waves of frequen€y, —=

(i) Electromagnetic waves are produced by
(a) Accelerated charged particle
(c) Charge in uniform motion

(i) Light can travel in vacuum due to its

inductance L and capacitance C prod

(b) Charge at rest
(d) None of these.

(a) Transverse nature (b) Electromagnetic nature
(c) Longitudinal nature (d) Both (a) and (c).
(iii) If a source is transmitting electromagnetic waves of frequency 8%2420the wavelength of electro

magnetic wave transmitted from the source is
(@) 36.6 m (b) 18.8 m

(a) shorter (b) longer (c) momparisond) same
OR
(B) The quantityl/ { R represents
(a) speed of sound
(c) speed of electromagnetic wave in medium

(c)42.8 m (d)58 m
(iv) (A) Wavelength of infrared radiations as compared to UV radiations is

(b) speed of light in vacuum

(d) inverse of speed of light in vacuum

Q4

(). Name the type of radiation that has used in luggage security checks at airports.

( a-Nays (b) Xays (c) Microwaves (d) Infrared rays
(i) .-ragemited foom a radioactive source has wavelength1:BM0 T h e
(@) 3x 16°Hz  (b) 2x 16? Hz (c) 2.5x THz (d) 3.3x 10Hz

frequanc

(ii)). Why does a microwave oven heat up a food item containing water molecules most  efficiently?
(a) Microwaves are heat waves, so always produce heating
(b) Infrared waves produce heating in a microwave oven
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resonant frequency.

(d) The frequency of microwaves has no relation with natural frequency of water molecules.
(iv). (A) Which of the following electromagnetic radiations have the longest wavelength?

@ Xr ays -rays (c) Microwaves (b )(d) BRadio waves.
OR
(B). If conducting current is 2A through a circuit the displacement current will be
@ 1A (b) 2A (c) 3A (d) 4A
Sol: Q1 Q2 Q3 Q4
i) A ) a i)a i)d
i) A i) a i) b iia
i) A i) a i) a ii)c
iv)C Iv) b iv) bora iv)dorb

1 Simulation for colour mixing:
https://phet.colorado.edu/sims/html/colotvision/latest/colorvision all.html
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(c) Energy from the microwaves is transferred efficiently to the kinetic energy of water molecules &

t the


https://phet.colorado.edu/sims/html/color-vision/latest/color-vision_all.html

CHAPTER-9: RAY OPTICS
Syllabus-Reflection of light, spherical mirrors, mirror formula, refraction of light, total internal reflection jand
optical fibers, refraction at spherical surfgce
power of a lens, combination of thilenses in contact, refraction of light through a prisdptical

Instruments: Microscopes and astronomical telescopes (reflecting and refracting) and their magjifyin
powers.

MIND MAP

Deviation
APPLICATIONS OF TIR )“ of red light(6,)

¢ Fiber optics communication

POWER OF LENSES
1

Poweroflens: P -

¢ Medical endoscopy

(inm)
¢ Periscope (Using prism) r B Combination of lenses:
ngular
_* Sparkling of diamond spread W Power: P= P, + P, - dP,P,
/ Screen s
(d = small separation between the
® REFRACTION THROUGH PRISM lenses)
TOTAL INTERNAL REFLECTION Relation betweenpand g, For d =0 (lenses in contact)
TIR conditions A8y (e \ Power: P=P; + P, + Py + ... )
¢ Light must travel from denser to rarer. = S 8= a;nglelpf minimum -
. . car . Sy deviation
¢+ Incidentangle i > critical angle i siné A=angleof prism THIN SPHERICAL LENS

1
Relationbetween plandi: p = %

_. 1 . l =
\ SULZ or 8=(u-1)A (Prismof smallangle) Hittlens foromesy-—-=

1
- vou
® Angular dispersion Magnification: m = L L
REFRACTION OF LIGHT o =8y=8p=(ny - Hp)A ¢ e
Snell’slaw: When light travels from medium a PR, power,é I S ‘
tomediumb, “p, = L Bl = % - ﬁ REFRACTION BY SPHERICAL SURFACE

K, sinr

Refractiveindex, s o By $8, Relation between object distance (), image
A Mean deviation, § = - K dist (v)and refricevetidex(n)
velocily of light in vacuum ¢ L 2 ) istance (v) and refractiveindex P(H o
— =— &
velocity of light in medium v Mdenser _ Mrarer _ Mdenser = Mrarer an:curv(:;l
Realand apparent depth il depthis Y 23 R spherical
s i tx) Lens maker’s formula surface.)
apparent depth (y) 1 "1 1]
~ < —=(u-1)| ———
f 0y R

J

REFLECTION OF LIGHT

According to the laws of reflection,
Li=Lr

If a plane mirror is rotated by an
angle 0, the reflected rays rotates by
an angle 26.

RAY OPTICS

REFLECTION BY SPHERICAL
MIRRORS
Mirror formula, l + L =
u

1
v f

2
R

» h
Magnification, m = - LA I—L
u h,

\ i
COMPOUND MICROSCOPE

Magnifying power, M=m,xm,
For final image formed at D (least

\
distance) M = _L_{ 1+ b

0

J

SIMPLE MICROSCOPE

Magnifying power
For final image is formed at D

OPTICAL
INSTRUMENTS

(least distance) M =1+ B

; . : : e/
BUESHAL vl Gy gy For final image formed at infinity
D £

L
M== M=
f

% %o

-
(.

Astronomical telescope

REFLECTING TELESCOPE Figr-Jen] ‘ma%f ,f°'mfed 4D (east TERRESTRIAL TELESCOPE
o is [==02 Ze
Magnifying power distance) M = f I+ D] For normal adjustment M =-§’i
« i w
M =& il In normal adjustment, image formed Distance between objective Snd

e Je g atinfinity M=f,/f, eyepieced=f,+4f+f,

>
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GIST OF THE CHAPTER

Reflection of light: - The bouncing of light back into the same medium from a surfa(E
called reflection of light.

Laws of reflection:= i) Angle of incidence is equal to the angle of incidence.

i) The incidence ray, the reflected ray and normal to the surface at the point of inC|
all lie in the same plane.

H 0

Types of spherical mirrors: Concave and Convex. The relation between object dlstance, image distgnce

the focal length of a mirror is called mirror formula. The ratio of size of image to the size of object is
the magnification produced by themair.

Derivation of mirror formula: A6B6/ AB =PB6/ PB ¢é
ad 0 and a®d 0 0are similar Compare eqn (1) a
AOBO/ AB = BRBAJ)CBC)(PBO/ FPBPBO) /PC) PB
(1) -vi-u = (2f + v )/ (u+2f) or
a 6 @anda®d 60 are also similar 20 &20f+20f
- ——— \~ Dividing by26 ®on both sides we get,
— e = s

Refraction of light - Bending of light from its actual path, when it passes obliquely from one mediu
another having different optical densities.

Incident
ray

Rarer medium Incident ray .
Denser medium

i

Denser medium  pafracted ray Rarer medium .
i

e

Deviation &= (i —r) Deviation §=(r—ji)

Snell's Law:-The ratio of the sine of the incide| 2. An object under water (any medium ) appear
angle to the sine of the refracted angle is a const| be raised due to refraction when observed inclin

O EQ € s n = (Real depth / Apparent depth) and Shift in
OHl ¢ position (apparent) of object is® 6 p -
¢ OEQ ¢ OHI

A A Wh is th I h of th [
ORD OFEd 0 OHT ere tis the actual depth of the medium
Examples-1.Sun can be seen before actual sunr

calle

m to

Critical angle (ic): The angle of incidence in denser medium for which the angle of refraction in rarer m¢diun

is 90° is called the critical angle. N
i 0t 5 )
€ VT Air
'—l L
Note= If rarer medium is not air thenh Q¢ @ el B
i;! Water
A '
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Total internal reflection- When angle of incidence ¢
the ray incident on rarer medium from denser medi
is greater than the critical angle, the incident ray ¢

not refract into rarer medium but is reflected back

Air (rarer)

(a) ®)

denser medium. This phenomenon is called { 0
internalreflection Glass (denser)
1
My == Incident ray
Mathematically: sim C . Reflected ray
Here, n1is the refractive index of the denser mediur A N C
w.r.t. the rarer medium 1 and C is the critical angle
Applications of Total internal reflection: | B
Totally reflecting prisms:Bend the light at either 90 rarer
. . m(:(l}um i
f|g (a) OI’ 18@ flg (b) (Air) : H : ;Wulcr-uir
0, O‘\’ 0, _l D o} interlace
45 ‘* Q‘ — 0
B_, B 45 M léN [>‘(§
)I__ a5t I - AN ’ ‘N Totally
oot -~ t |8 Denser reflected ray
‘i" medium Partially
alta: B = (water) & (, reflected rays

Used in endoscopy and communication

Fiberoptic: -Fine fiber of glass or quartz in which lig
enter from one end and comes out from another en(
to total internal reflection is called optical fiber.

Refraction through Spherical surface

[ U N R R R (2)
From laws of refractior— —
For small angles; —t € 'Q € i------ (4)
Using (1) and (2) in (4),
€ | I e [ T
(5)

™
cz| C
Cc: C
c-z| (o
oO:l C
(Yy

c-1| (=)
o=l C
cz| c

(e
@)

From fig, Vo —
in AN

DM OC y : : Denser 1, --(6)

Q | ] Using sign conventionr; — ———
- 1) P —— v Spherical refracting surface. Tl
and inD \ portion of a refracting medium, whos
MCI, curved surface forms the part of a spher¢

called a spherical refracting surface.

When object is situated in the raf
medium, the relation between (nefractive
index of the rarer medium),.r(refractive
index of the spherical refracting surface) &
R (the radius of curvature) with the obje
and image distances (u and v) is given b

When object is situated in the denser medium, the relation betwéefractive index of the rarer medium
nz (refractive index of the spherical refracting surface) and R (the radius of curvature) with the obje
image distances ( u and v) can be obtained by interchangargdm. In that case, the relation becomes
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Lens maker dherefatmnm cormnécting the focal length of the lens with the radii of curvature pf its

t wo surfaces and the refractive index of the

1 1 1
R e
Lens equation. The relation between the focal length, tlgect andmage distanceis called lens equation
Mathematically:
I 1 1

f v u

ma

Linear Magnification. The ratio of the size of the image (formed by the lens) to the size of the object i

called linear magnification produced by the lens.

L _v_J _J-v

Mathematically, O u f+u f
Power of a lens. It is defined as the reciprocal of the focal length of the lens in metre.

p_l P:(n—l)(i—ij
Mathematically, / or R R,
In the above two formulae, f,1RNnd R are measured in metre AL B
Two thin lenses placed in contactWhen two lenses of focal _ Pl | TS -
lengths f and & are placed in contact, the focal length of tt ——— | _,‘
combination is given by 0 - !
l - L+ L + u i v, >
VAR S 5
Power of equivalent lens: P 3z PP, A
Magnification produced by equivalent lens m =, xm,
Refraction through a prism A ray of light incident on one face S, M :
of the prism suffers refraction successively at the two surfe T RS
and then emerges out of it. Mathematically, ” i
A=ri+r, A+ =i+e P S
Prism formula ——— B c
Simple microscope A convex lens of small focal length is called %-.
simple microscope or a magnifying glass. : —
The magnifying power of a microscope is defined as the ratio of | con U
angle subtended Ithe imageat the eye to the angle subtended by — o
object seen directly, when both lie at the least distance of distinct vi: | D o ’ﬁ%

() S e
M=|1+—

Mathematically: /

Here, D is the least distance of distinct vision

) : ] [e—u—sfefa| fe——>
Compound mleOSCOpeA Compound MICroscope IS A -

. 4 = R, ] | | | Eyepiece iy
two-lens system (object lens and eye lens of foc ;™ '2 TN 'Ih. P — 0
lengths § and £). Its magnifying power is very large, & Objective o ol
compared to the simple microscope. : \
Mathematically: :

e - D »|
M="e (1+£]=—£[1+2j e
uo f;’ fo fg Ay’

__________________________________________________________________________________________________________________________________|
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Here, W is distance of the object from the object lens and.y (L is the length of the tube of the microscop
is the distance at which the object lens forms the image of the object.

Astronomical telescopelt is a twaelens system and is used to observe distant heavenly objects. It is
refracting type astronomical telescope.

Normal adjustment- When the final image is formed & . gpecive ——/— —
infinity, the telescope is said to be in normal adjustment. e’ § RN

The magnifying power of a telescope in normal adjustm ... e ™ |
is defined as the ratio of the angle subtended by the imay - - ;Jvfjﬁkk .}1
the eye as seen through the telescope to the angle subt: R

by the object seen directly, when both the object and

image lie at infity.

Magnifying power in normal adjustment,

S

JSe

When the final image is formed at the least distance of distinct vision,

Magnifying power of the telescope,
M = —f—j’(1+£j
Se

D

Reflecting type telescopeIn a reflecting type telescope, th
objective is a concave spherical mirror of large aperture in plac . gy

a convex lens. )
The expression for magnifying power of a reflecting type telesc .

is same as that for refracting type astronomical telescope.

M =—

_-Objective
mirror

Eyepiece

MULTIPLE CHOICE QUESTIONS
1. A beam of light is incident at 60° to a plane surface. The reflected and refracted rays are perpend
each other. What is the refractive index of the surface?
@1a3 (b) &3 (c)1/3 (d)3

)

called

cula

2. A concave mirror of focal length f produces a real and virtual image of an object of magnification fn (m

1) when placed at two different positions. The distance between the positions of the object is :
@ a pQ by p aQ (c)— (d) zero
3. The refractive index of the materi al of a p
surfaceof the prism is made a mirror. A beam of monochromatic light entering the prism from the
face retraces its path, after reflection from mirror surface. The angle of incidence on prism is:
(@) 0° (b) 30° (c) 45° (d) 60°
4. An astronomical refractive telescope has an objective of focal length 20 m and an eyepiece of focg
2 cm. Then in normaldjustment:
(a) the magnification is 1000
(b) the length of the telescope tube is 20.02 m
(c) the image formed is of inverted nature.
(d) all of these

roi
othe

I len:

5. A particle moves towards a concave mirror of focal length 30 cm along its axis and with a constart spe

of 4 cm/ sec. What is the speed of its image when the particle is at 90 cm from the mirror?
(a) 16 cm/ sec. (b) 1 cm/sec. (c) 8 cm/sec.(d) 4 cm/sec.
6. You are given four sources of light each one providing a lightsirigle colouri red, blue, green ang
yellow. Suppose the angle dfraction for a beam of yellow light corresponding to a particutgle of

incidence at the interface of two media i$.9%hich of thefollowing statements is correct if the sour
I —————————————
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of yellow light is replacedvith that of other lights without changing the angle of incidence?
(a) The beam of red light would undergo total internal reflection.
(b) The beam of red light would bend towards normal while it igdtacted through the second medium.
(c) The beam of blue light would undergo total internal reflection.

(d) The beam of green light would bend away from the normabasstrefracted through the second medijim

7. The optical density of turpentine is higher than that of we 1 2 q 4
whileits mass density is lower. Fig shows a layer \\\ \ X
turpentinefloating over water in a container. For which one Air
the four raysncident on turpentine in Fig the path shown Turpentine \ \ \ \

correct? _— + \ ,\ *

(@1 (b) 2 ©3 (d4

8. If lis the image of a point object O formed by spherical mirror, then which of the following statempent i

incorrect:

b) If O and | are on opposite sides of the principal axis, then they have to be on same side of the
c) If O and | are on opposite side of the principal axis, then they can be on opposite side of the
well at same side of the mirror.
d) If O is on principal axis then | may not lie on principal axis.
9. A prism having an apex angle df dnd refractive index of 1.50 is locate
in front of a vertical plane mirror as shown. A horizontal ray of light
incident on the prism. The total angle through which the ray is deviate
a) 4°clockwise b) 178clockwise
c) 2°clockwise d)8clockwise

a) If O and | are on same side of the principal axis, then they have to be on opposite sides of the’a

irror
irror
irror

10. A plano concave lens of focal length 10 cm is placed on a paper on which a coin is drawn. How faf abc

its actual position does the coin appear to be?

a) 10cm b) 15 cm c) 50 cm d) none of these
SOLUTIONS:
1. (b)HereQ i wiE — — OA® OAdm Vo
2. (c) Forrealimage) 6d4,- - -h— — -0 ——0
For virtual imagep o0& ,- - —h— — — 0 ——
, ¢Q
O O -
G
3. (o omhi ot — >N — >Q 19
4. (da — prmn $0s+$0s=20.02 m, Image is always inverted
5. - - -h — - — T W § Now differentiate both sides of mirror formul

with respect to time, we gt — — — —

Here— TQOH So,— poOn

6. (c) Order of wavelength: Red > yellow > green > blue
Order of refractive indices: Red < yellow < green <blue@#fd

7. (b) 2

8. (©

9. “ pO6h ¢ JTotaldeviation=18D ¢ J px ¢ J

10. Use lens makers formula and get Bosition at 10 cm above its actual Eosition
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ASSERTION-REASON TYPE QUESTIONS
For these Questions two statements are given one labelled Assertion (A) and other labelled Reas
Select the correct answer to these questions from the options as given below
A. If both Assertion and Reason are true and Reason is correct explanation of Assertion.
B. If both Assertion and Reason are true but Reason is not the correct explanation of Asse
C. If Assertion is true but Reason is false.
D. If both Assertion and Reason are false.

1. Assertion: A real image of a very intense virtual light source can burn a paper.
Reason:A virtual image is one when light rays seem to be meeting at a point after reflection/refracti
for real image they actually meet.

2. Assertion: In passing through a lens or prism, the phase difference between two waves does not ¢
Reason:The optical path lengths of all rays are same when medium is same.

3. Assertion: A convex lens may be diverging.

Reason:The nature of a lens depends upon the refractive indices of the material of lens and surrg
medium besides its geometry.

4. Assertion: When a glass prism is immersed in water, the deviation caused by prism decreases.
Reason: Refractive index of glass prism relative to water is less than relative to air.

5. Assertion: Hollow prism forms no spectra as a solid equilateral prism of glass.
Reason:Neglecting the thickness of hollow glass surface. The media is same. So, dispersion is nof
place.

6. Assertion: The images formed by total internal reflections are much brighter than those formed by n
or lenses.

Reason:There is no loss of intensity in total internal reflection.

7. Assertion: When light enters inside perfectly spherical water droplet it should not show total in
reflection inside the water droplet.

Reason:When light enters non perpendicular to spherical water droplet it is internally reflected.

8. Assertion: Law of reflection is applicable for all type of mirrors.

Reason:Rays which are parallel to principal axis are known as paraxial rays

SOLUTIONS/HINTS

1.B A real image, being formed by actual convergence of light rays, reason does notwkpkaieal image
can burn paper.

2. A When a lens or prism forms an image without aberration, the optical path length for all rays from
on the object to the corresponding point on the image is the same. This implies no change i
difference.

3. A A convex lens can act as a diverging lens if the refractive index of the surrounding medium is
than that of the lens material. This is precisely explained by the reason.

4. A. The deviation produced by a prism depends on the relative refractive index. When immersed ir
the relative refractive index of glass with respect to water is less than that with respect to air, lead
decrease in deviation

5.A The hollow prism acts as if light is passing through a uniform medium, thus no dispersion ¢
Dispersion requires a change in refractive index with wavelength, which happens when light pass
one medium to another with different properties.

6.A Images formed by total internal reflection are indeed brighter because there is ideally no loss

on (F

rtion

N an

nang

undi

to te

nirror

erna

A poi
1 phs

Jreat

wat
ng te

ccur
bs fr

of lig

intensity during total internal reflection, unlike reflection from mirrors or refraction through lenses here

some light is absorbed or transmitted.
7.CTotal internal reflection does not take place in perfect sphericalldremal reflection occurs when ligh
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travels from a denser to a rarer medium and the angle of incidence exceeds the critical angle, n(ﬂt Simr
when it enters noperpendicularly.

8.CThe law of reflection holds true for all types of mirrors. Paraxial rays are rays close to and making| sm:

1.

diamond cutter?

angles with the principal axis, not just parallel rays

SHORT ANSWER TYPE QUESTIONS
The refractive index of diamond is much greater than that of ordinary glass. Is this fact of some {se t

2. Does the apparent depth of a tank of water change if viewed obliquely at different angles? If so, ¢oes

apparent depth increase or decrease?

3.For a gl as3themngle sfminitngm deviation is equal to the angle of the prism. Find the {ingle

4 .

of the prism.
Justify using a diagram fAiTo form an i mage |us

5.When the object is at distancag& w>the images formed by the same lens are real and virtual respecijively

an

6.Will the focal length of a lens for red light be more, same or less than that for blue light? Justify?

d of the same size. Calculate focal length of the lens?

7. The focal length of an equiconvex lens is equal to the radius of curvature of either face. What is the |value

8. Write advantages of reflecting type telescope ogfacting type telescope.

9.

10.

1. No, there is no relationship , it is due to its hardness.
2. Decreases as light ray traveling from denser to rarer medium (bending of light away from normal

3

4. Paraxial rays and marginal rays shall not be included because theynaeet at one point i.e, focus.

5
6

7.

8

9.

1

1.A convex lens of focal length f is placedimetre apart

fro
at
rel

refractive index of the material of the lens?

Show that for a mat @iightancidemat ani angleeshall becgtiided aong)an c
length perpendicular to thecident face.
A ray of light is incident on a parallel slab of thickneasd refractive inder. I f the angjl e
is small, Express the displacement in the incident and emergent ray?

SOLUTIONS/HINTS

.Use prism formulad ¢ 1

.24 s S S, use lens formula for real and virtual image formatids, ——
100 oddOBRe———, Use |l ens n@ke®ds formula |
Use | ens @apgaer 6s for mul a.
. No chromatic aberration, easy to provide mechanical support, can easily minimize spherical aberfatiol
Use Snell 6s | aw and condition of total inre
0. Use Snell 6s formula and approxti-mation f of

SHORT ANSWER TYPE

XY

m a plane mirror. As shown in figure an object is plac

w distance from the lens away from the mirror get -
ation betweeand f for following conditions E
a) _|f f|r_1al image is formed at x. (at the position ( o‘npecl ek 7
object itself) MVRROR
b) if no images formed.

c) if virtual images are formed.

2. A convex lens and a concave lens have power in ratio 3:2 when placed in contact effective focal I¢gngtt
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3.You have a concave mirror placed horizontaltya Floor. An all pin when placed atrdeter above it, its

lens. This image is shifted by 20 cm when same concave lens is introduced between convex lens av‘ dim
Calculate the position of the lens introduced. Hence draw necessary ray diagram.

real i mage coincide with itselfo. 1 etv image mfound) o r
at Dy if this liquid is replaced by another liquid of refractive indexhaw image is found at DIf ny >np
give a relation betweenznd ¥ with proper justification using a diagram.

. A prism with angles 30e,90e,60e is placed wjt!

at i1ts vertical face, angle of deviation i s| f
would be changed If the torch igated a) slightly clockwise, b) slightly anti clockwise.

5.A curved mirror forms five times magnified virtual image of an object if distance between object and jmag:

is 25 cm identify its nature and calculate its focal length.

6.In case of a concave mirror magnification is found te @& for a certain position of object, when object|is

displaced by 5 cm from its position, magnification becomes 0.25.What will be the focal length pf the
mirror? Draw ray diagram to support yanswer.

7.You have two mirrorene is concave other is convex focal of each mirror is 30 cm are placed D m apajt suc

la)w ¢ Qo0& Q b)not possible 0 Q W ¢Q
2.

that their principal axis are common to each other. An objggacedbetween them at a point P whigh

is 45 cm from concave mirroit is found that final images formed on object itself Draw probable [ray

diagram and calculate value of D?
SOLUTIONS/HINTS

Q¢ using formula — — — Q pAOET puwa
use lens formula to calculate the position of image formed by convex lens v = +30 cm

On introduction of concave lens, image will be shifted by 20 cm towards right. From lens formula posifion «

3.
4. Using the concept of total internal reflection find critical angl€)(60

a) for clockwise;Q "Q (TIR takes place) b) for anticlockwis® "Q (Refraction takes place)
5.

6.0 TWO,0 ¢Q 6 o fusing mirror formuldQ o T &
7.Use Sned |-bs —IT?a w— @ —, Now x xan be these canb80HO -, and many more.

1. apraw a labeled ray diagram of a simple microscope in normal adjustment.

concave can be calculated. AnswEd cm(approx..) from first image
Based on the experiment Ato find refractive] i

=

Solution/Hint: Concave mirror, m= 5 and use mirror formula to find object and image distanc
—Ha —haQ —bé

LONG ANSWER TYPE QUESTIONS

b) A thin pencil of length (f/4) is placed coinciding with the principal axis of a mirror of focal length f| The
image of the pencil is real and enlarged, just touches the pencil. Calculate the magnification prodjiced
the mirror.

2. a)A convex lens is placed in contact with a plane mirror. A point object at a distance of 20 cm on the a

of this combination has its image coinciding with itself. What is the focal length of the lens?

b) Calculate the angle of minimum deviation of an equilateral prism. The refractive index of the pijsm |

Vo alculate the angle of incidence for this case of minimum deviation also.

3. a) Draw a schematic arrangement of a reflecting telescope (Cassegrain) showing how rays coming fro

b) A ray of light is incident on a refracting face AB of a prism ABC at an anglewT he ray emerges fromn

distant object are received at #ngepiece.

face AC and the angle of deviationgsud he angle of prism ie T&how that the emergent ray is normal
to the face AC from which it emerges out. Find the refractive index of the material of the prism.

4. a) For the same value of angle of incidence, the angles of refraction in three media A, B and C are|15°,
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and 35° respectively. In which medium would the velocity of light be minimum?
b) A rectangular glass slab ABCPB ( p&® is surrounded by a A 7/‘ air 5

transparent liquidg(  p& vas shown in the figure. A ray 0-===z3

——
} ______
cetatiadesir i etk
Tiquid - glass Clhquid -

objective lens of power 50 D. Name the optical instrument ____
calculate its magnifying power if it forms the final image at infinity.
b)Three lensesil », L3 each of focal length 30 cm are

Ls

placed ceaxially as shown in the figure. An object is A L /\\ L /‘\
held at 60 cm from the optic centre of Lens The f \ ) / \
) ; ) 0 [ | ’
final real image is formed at the focus of Calculate L ol { ) y
the separation between Tam !' \ ,’ Ve
() (L1and L) and (ii) (L2 and Ls). \\f \\,’ \ /

v

SOLUTION/HINTS
1. a) refer to the gist b) position of the otherénd —, & — 19(e)

2. a) light rays from the object must fall on plane mirror normally. For@hisd ¢ ™0 &
b) use prism formulato fifd @ MO E TMEQ Q 6 1 (Q o n
3.a)refertothegist®® Q o0 1 =>Q 1 =>i L1
4. a)Use snell 6s¢ | aw—and—the(AnseMediumiAp n ,
b) Use the relatio®@ EQ — -,0E&T “ Use Snell 6 OEd% to find

5. a) Compound microscop®,( & ¢ S@AF@rdn@ge is at infinityd  —

b) Use lens law to find the image distance at first place, @ 1™ ¢ then the light rays must be parall{

betweerd ¢ ® .Use this concept to find the answer. (i) > 90 cm (ii) any value

CASE STUDY/PASSAGEBASED QUESTIONS
1. A prism is a portion of a transparent medium bounded by two plane faces inclined to each other at g

=

Suit

angle. A ray of light suffers two refractions on passing through a prism and hence deviates through { cert

angle from its original path. Thangle of deviation of a prism is, = -(1kA,
Through which a ray deviates on passing through a thin prism of small refracting angle Areffictive

index of the material of the prism, then prism formula is,

(i) For which color, angle of deviation is maximum?

a) Red b) Yellow c)Violet d)Blue
(i) When white light moves in gravity free region
a) all colors have same speed b) different colors have different speeds
c) violet has more speed than red d) red has more speed than violet.
(iif) The deviation through a prism is maximum when angle of incidence is
a) 4% b)7d )90 d)6d
(iv) What is the deviation produced by a prism of angle 6°? (Refractive index of the material of the p
1.644).
a) 3.864° b)4.595° €)7.259° d)1.252°
I —————————————
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(v) A ray of light falling at an angle of 50° is refracted through a prism and suffers minimum deviation,
angle of prism is 60°, then the angle of minimum deviation is
a) 45° b)75° c)50° d)40°
2. An optical fibre is a thin tube of transparent material that allows light to pass through, without being
refracted into the air or another external medium. It make use of total internal reflection. These fibres
fabricated in such a way that light reflected at one side of the inner
surface strikes the other at an angle larger than critical angle. Ever e .
fibre is bent, light can easily travel along the length. /f\//y,/ﬁ(:m
(1) Which of the following is based on the phenomenon of total inte g m;’i // |
reflection of light? BRI Cladding
a)Sparkling of diamond b) Optical fibre communication
c)instrument used by doctors for endoscopyd)All of these
(ii) A ray of light will undergo rotal internal reflection inside the optical fibre, if it
a) goes from rarer medium to denser medium
b) is incident at an angle less than the critical angle
c) strikes the interface normally
d) is incident at an angle greater than the critical angle
(iii) If in core, angle of incidence is equal to critical angle, then angle of refraction will be

a)0 e b) 45¢
(iv) In an optical fibre correct relation for refractive indices of core @nd cladding () is
ayn=rn b)n > np C)m<np dyp =2

(v) If the value of critical angle is 3@6r total internal reflection from given optical fibre, then speed of lig
in that fibre is
a) 16ms? b)1.5x 16 m st )6 x 1 m s? d)45x16m st

SOLUTIONS /HINTS:
1.i.c)0QL QOO-Qe+t— ii. @)a gravityfree region is essentially a vacuum for the purpose of i

propagation
iii. c)The deviation is maximum when the ray either just enters the prism (grazing incidence) or jus
the prism (grazing emergence).iv.a) use formuila -(1eA
v) d)yuseformuld Q 1 0O
2.1.d) ii. d) lii. C) iv. ¢) For TIR, light must travel from a denser medium to a

medium  v. b) Using formu@ EQ — ¢ 6N i W Wa Qi a6 a ®
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CHAPTER-10: WAVE OPTICS
Chapteri 10: Wave opticsWave front and Huygendés principle

pl ane surface using wave fronts. Proof of | aws

Interference, Young's double slit experiment and expression for fringle (M0 derivation final expression

only), coherent sources and sustained interference of light, diffraction due to a single slit, width of ce
maxima (qualitative treatment only).
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