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MESSAGE

Providing Quality Question Bank/Support Material, as per latest CBSE guideline/norms, to the students is a
tradition in Kendriya Vidyalaya Sangathan. The Question Bank/Support Material prepared by the subject
experts includes all the necessary changes/madifications introduced by the CBSE so as to acquaint our
student with the changes in curriculum, pattern and design of questions, unit/topic-wise weightage of marks
of Competency Based Questions (CBQS), MCQs, Objective Type Questions (OTQs) & SA/LA Types
Questions. This students’ support material is surely a meticulous work undertaken by the subject experts of
the Region with an aim to help students’ excellent learning. Each Chapter/Unit has been organized
scholastically keeping in mind the doubts that may arise while a young learner deals with the concepts.

All varieties of questions in different designs have been dealt with, to prepare the students for the current
pattern/format that could appear in theCBSE Examination for the year 2022-23.

| hope this material will prove to be a good tool for quick recap and will serve the purpose of enhancing
students’ confidence level to help them perform better. Planned study blended with hard work, good time

management and sincerity will help the students reach the pinnacle of success.

| would like to compliment the dedicated team of teachers for their sincere efforts with professionalism which
made it possible to accomplish this work in stipulated time. | alsotake this opportunity to convey my heartfelt

best of wishes to all the students forsuccessin theirfuture endeavors.

Sh. YeshdeepRohilla
Principal
KV No.1, Ichhanath, Surat
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SYLLABUS(THEORY)

Unit I: Electrostatics

Chapter—1: Electric Charges and Fields

Electric charges, Conservation of charge, Coulomb's law-force between two-point charges, forces
between multiple charges; superposition principle and continuous charge distribution.

Electric field, electric field due to a point charge, electric field lines, electric dipole, electric field due
to a dipole, torque on a dipole in uniform electric field.

Electric flux, statement of Gauss's theorem and its applications to find field due to infinitely long
straight wire, uniformly charged infinite plane sheet and uniformly charged thin spherical shell (field
inside and outside).

Chapter—2: Electrostatic Potential and Capacitance

Electric potential, potential difference, electric potential due to a point charge, a dipole and system
of charges; equipotential surfaces, electrical potential energy of a system of two-point charges and
of electric dipole in an electrostatic field.

Conductors and insulators, free charges and bound charges inside a conductor. Dielectrics and
electric polarization, capacitors and capacitance, combination of capacitors in series and in
parallel, capacitance of a parallel plate capacitor with and without dielectric medium between the
plates, energy stored in a capacitor (no derivation, formulae only).

Unit Il: Current Electricity

Chapter-3: Current Electricity

Electric current, flow of electric charges in a metallic conductor, drift velocity, mobility and their
relation with electric current; Ohm's law, V-I characteristics (linear and non-linear), electrical
energy and power, electrical resistivity and conductivity, temperature dependence of resistance,
Internal resistance of a cell, potential difference and emf of a cell, combination of cells in series
and in parallel, Kirchhoff's rules, Wheatstone bridge.

Unit Ill: Magnetic Effects of Current and Magnetism

Chapter—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 applications to infinitely long straight wire. Straight solenoid (only qualitative
treatment), force on a moving charge in uniform magnetic and electric fields.

Force on a current-carrying conductor in a uniform magnetic field, force between two parallel
current-carrying conductors-definition of ampere, torque experienced by a current loop in uniform
magnetic field; Current loop as a magnetic dipole and its magnetic dipole moment, moving coll
galvanometer-its current sensitivity and conversion to ammeter and voltmeter.




Chapter-5: Magnetism and Matter

Bar magnet, bar magnet as an equivalent solenoid (qualitative treatment only), magnetic field
intensity due to a magnetic dipole (bar magnet) along its axis and perpendicular to its axis
(qualitative treatment only), torque on a magnetic dipole (bar magnet) in a uniform magnetic field
(qualitative treatment only), magnetic field lines.

Magnetic properties of materials- Para-, dia- and ferro - magnetic substances with examples,
Magnetization of materials, effect of temperature on magnetic properties.

Unit IV: Electromagnetic Induction and Alternating Currents

Chapter—6: Electromagnetic Induction

Electromagnetic induction; Faraday's laws, induced EMF and current; Lenz's Law, Self and mutual
induction.

Chapter—7: Alternating Current

Alternating currents, peak and RMS value of alternating current/voltage; reactance and
impedance; LCR series circuit (phasors only), resonance, power in AC circuits, power factor,
wattless current.

AC generator, Transformer.

Unit V: Electromagnetic waves

Chapter—8: Electromagnetic Waves

Basic idea of displacement current, Electromagnetic waves, their characteristics, their transverse
nature (qualitative idea only).

Electromagnetic spectrum (radio waves, microwaves, infrared, visible, ultraviolet, X-rays, gamma
rays) including elementary facts about their uses.

Unit VI: Optics

Chapter—9: Ray Optics and Optical Instruments

Ray Optics: Reflection of light, spherical mirrors, mirror formula, refraction of light, total internal
reflection and optical fibers, refraction at spherical surfaces, lenses, thin lens formula, lens maker’s
formula, magnification, power of a lens, combination of thin lenses in contact, refraction of light
through a prism.

Optical instruments: Microscopes and astronomical telescopes (reflecting and refracting) and their
magnifying powers.

Chapter-10: Wave Optics

Wave optics: Wave front and Huygen'’s principle, reflection and refraction of plane wave at a
plane surface using wave fronts. Proof of laws of reflection and refraction using Huygen’s principle.
Interference, Young's double slit experiment and expression for fringe width (No derivation final
expression only), coherent sources and sustained interference of light, diffraction due to a single
slit, width of central maxima (qualitative treatment only).

Unit VII: Dual Nature of Radiation and Matter

Chapter—11: Dual Nature of Radiation and Matter

Dual nature of radiation, Photoelectric effect, Hertz and Lenard's observations; Einstein's
photoelectric equation-particle nature of light.Experimental study of photoelectric effect Matter
waves-wave nature of particles, de-Broglie relation.




Unit VIII: Atoms and Nuclei

Chapter-12: Atoms

Alpha-particle scattering experiment; Rutherford's model of atom; Bohr model of hydrogen atom,
Expression for radius of nth possible orbit, velocity and energy of electron in his orbit, hydrogen
line spectra (qualitative treatment only).

Chapter—13: Nuclei

Composition and size of nucleus, nuclear force

Mass-energy relation, mass defect; binding energy per nucleon and its variation with mass
number; nuclear fission, nuclear fusion.

Unit IX: Electronic Devices

Chapter—14: Semiconductor Electronics: Materials, Devices and Simple Circuits

Energy bands in conductors, semiconductors and insulators (qualitative ideas only) Intrinsic and
extrinsic semiconductors- p and n type, p-n junction

Semiconductor diode - I-V characteristics in forward and reverse bias, application of junction diode
-diode as a rectifier.
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SYLLABUS (PRACTICAL/ACTIVITIES)

Svllabus/Pattern/Modalities of Practical Examination as per latest CBSE Norms -30 Marks.

The record, to be submitted by the students, at the time of their annual examination, has to include:

¢ Record of at least 8 Experiments [with 4 from each section A & B], to be performed by the students.
¢ Record of at least 6 Activities [with 3 each from section A and section B], to be performed by the students.
* Report of the project carried out by the students.

EVALUATION SCHEME - Time 3 Hours , Max. Marks: 30

Topic Marks
Two experiments one from each section 7+7 =14
Practical record (Experiment and Activities) 5
One activity from any section 3
Investigatory Project 3
Viva on Experiments, Activities and Project 5
Total 30

Special Note -The list of the Experiments/Activities given herewith is only Suggestive in nature, actual
Experiments/Activities are to be carried out/chosen from the QVERALL options/choices given within the
Sections and INTERNAL options/choices provided within the Experiment/Activity itself, depending upon
the actual availability of the Laboratory items/equipments/devices/gadgets in the Vidyalaya Laboratory.

S.No. List of Experiments Month
Section— A
1 To determine resistivity of two /three wires by plotting a graph for potential April
difference versus current.
2 To find resistance of a given wire / standard resistor using metre bridge. April
To verify the laws of combination (series) of resistances using a metre bridge. July
4 To determine resistance of a galvanometer by half-deflection method and to find July
its figure of merit.
Section - B
To find the focal length of a convex mirror, using a convex lens. August
To find the focal length of a convex lens by plotting graphs between u and v or August
between 1/u and 1/v
7 To determine angle of minimum deviation for a given prism by plotting a graph September
between angle of incidence and angle of deviation.
8 To determine refractive index of a glass slab using a travelling microscope. September/
October
List of Activities
Section - A
1 To assemble the components of a given electrical circuit. June
2 To study the variation in potential drop with length of a wire for a steady current. July
3 To draw the diagram of a given open circuit comprising at least a battery, August
resistor/rheostat, key, ammeter and voltmeter. Mark the components that are
not connected in proper order and correct the circuit and also the circuit diagram.
Section - B
4 To identify a diode, a LED, a resistor and a capacitor from a mixed collection of September
such items.
5 To observe refraction and lateral deviation of a beam of light incident obliquely on October
a glass slab.
6 To study the nature and size of the image formed by a (i) convex lens, or (ii) October/
concave mirror, on a screen by using a candle and a screen (for different distances November
of the candle from the lens/mirror).




CHAPTER -1 ELECTRIC CHARGES & FIELDS

SECTION-A -- Question 1-15 MCQs
Question 16- 18 A-R TYPE( 1 Mark each)

QL.If a charge q is placed at the centre of the line joining two equal charges Q such that the system is in

equilibrium then the value of q is
(a) Q/2 (b) —Q/2 (c) Q/4 (d)-Q/4
(d)-Q/4
Q2.A metallic spherical shell has an inner radius Ry and outer radius R, . A charge is placed at the centre of the
spherical cavity. The surface charge density on the inner surface is
(a) —q/4nR:® (b) @/4nR*(C) -q/4nR,°  (d)  q/4nR,’?

(a) —q/4nR,?

Q3.A cylinder of radius R and length A is placed in a uniform electric field E parallel to the axis of the
cylinder. The total flux over the curved surface of the cylinder is
(@) Zero  (b) nR’E (c) 2nR’E (d) E / tR?

(@) zero

Q4.At the centre of a cubical box + Q charge is placed. The value of total flux that is coming out a wall is

(@ Q/e (b) Q/3 e (©)Q/4 e (d)Q/6 e

d)Q/6 e

Q5.Intensity of an electric field (E) depends on distance r, due to a dipole, is related as
(a) Ex1/rr  (b) Ec 1/r? () Exxlr (d) Exr

(@) Ecc 1/r3

Q6.An electric dipole is put in north-south direction in a sphere filled with water. Which statement is correct?
(@) Electric flux is coming towards sphere
(b) Electric flux is coming out of sphere
(c) Electric flux entering into sphere and leaving the sphere are same

(d) Water does not permit electric flux to enter into sphere

(c)Electric flux entering into sphere and leaving the sphere are same




Q7.The surface density on the copper sphere is V. The electric field strength on the surface of the sphere is
(@ o (b) 0/2 (c) 0/2 € (d ole

(d ole

Q8.A charge Q is enclosed by a Gaussian spherical surface of radius R. If the radius is doubled, then the
outward electric flux will

(a) increase four times (b) be reduced to half

(c) remain the same (d) be doubled

(c) remain the same

Q9.A point positive charge is brought near an isolated conducting sphere (Fig. given below). The electric

field is best given by

(@) figurei (b) Figureii  (c) Figure iii (d) Figureiv

(@) figurei
Q10.Two point charges A and B, having charges +q and —q respectively, are placed at certain distance apart
and force acting between them is F. If 25% charge of A is transferred to B, then force between the charges
becomes:

(@ F (b) 9F/16 (c) 16F/9 (d) 4F/3

(b) 9F/16
Q11.1f Ea be the electric field strength of a short dipole at a point on its axial line and Ee that on the
equatorial line at the same distance, then
(a) Ee = 2Ea (b) Ea = 2Ee (c) Ea=Ee (d) None of the above
(b) Ea = 2Ee
Q12.1f electric field in a region is radially outward with magnitude E = Ar, the charge contained in a sphere
of radius r centred at the origin is
(@) Ar'/dn ey (b) Arfdney () Aldmer® (d) 4m €0A/r3

(b) Ar’4z e




Q13.An electron falls from the rest through a vertical distance h in a uniform and vertically upward directed
electric field E. The direction of electric field is now reversed, keeping its magnitude the same. A proton is
allowed to fall from rest in it through the same vertical distance h. The time of fall of the electron, in
comparison to the time of fall of the proton is
(@) smaller (b) 5 times greater (c) 10 times greater (d) equal
(a) smaller
Q14.Suppose a closed square loop whose area is 2i-6j is placed in an electric field of 2i+4j then what will be
electric flux?

(@ (2i-4))Vm (b) 34Vm (c) 10Vm  (d) (3i-2j))Vm
(b) 34Vm
Q15.A free electron and a free proton are placed between two oppositely charged parallel plates. Both are
closer to the positive plate than the negative plate. Which of the following statements is true?
l. The force on the proton is greater than the force on the electron.
. The potential energy of the proton is greater than that of the electron.
I1l.  The potential energy of the proton and the electron is the same.

(@) lonly (b) I only (c) I and I only (d) Iland I only

(b) I only
From question 16 to 18 there are two statements labelled as Assertion (A) and Reason (R),
Select the most appropriate Ans from the options given below:

(a) Assertion is correct, reason is correct; reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct; reason is not a correct explanation for assertion

(c) Assertion is correct, reason is incorrect

(d) Assertion is incorrect, reason is correct.

Q16.Assertion: A point charge is brought in an electric field, the field at a nearby point will increase or
decrease, depending on the nature of charge.

Reason : The electric field is independent of the nature of charge.

Ans c

Q17.Assertion : A uniformly charged disc has a pin hole at its centre. The electric field at the centre of the disc
IS zero.

Reason : Disc can be supposed to be made up of many rings. Also electric field at the centre of uniformly
charged ring is zero.

Ans a

Q18.Assertion : A small metal ball is suspended in a uniform electric field with an insulated thread. If high




energy X-ray beam falls on the ball, the ball will be deflected in the electric field.
Reason : X-rays emits photoelectron and metal becomes negatively chargedare represented by the three sides
of a triangle taken in the same order. Therefore, electric field intensity at centre is zero.
Ans c
SECTION-B

Short Ans Type (2 Mark each)
Q19.a) An electrostatic field line is a continuous curve. That is, a field line cannot have sudden breaks.
Why is it s0?
(b) Explain why two field lines never cross each other at any point.

(a) Electrostatic field line is a continuous curve because a charge experiences a continuous force when
placed in an electrostatic field. The field line cannot have sudden breaks because the charge moves
continuously and does not jump from one point to another.

(b) Two field lines never cross each other because due to this there will be two directions for electric
field, which is not possible. So, two field lines never cross each other at any point.

Q20.Depict the orientation of the dipole in (a) stable, (b) unstable equilibrium in a uniform electric field.
(a) Stable equilibrium, 6 = 0° p is parallel to E

(b) Unstable equilibrium, 6 = 180° p is anti parallel to E

Q21. A spherical Gaussian surface encloses a charge of 8.85 x 10 ° C.

(i) Calculate the electric flux passing through the surface.

(if) How would the flux change if the radius of the Gaussian surface is doubled and why?
(i) Total flux enclosed q/g, = 8.85 x 10 *°/8.85 x10™*? = 100 Nm°C™*

(ii) The flux would not change if the radius of Gaussian surface is double because enclosed charge remains the

same.

Q22. Show that the electric field at the surface of a charged conductor is given by E =0/ € oA where o is the

surface charge density and n is a unit vector normal to the surface in the outward direction.
Electric field at a point on the surface of charged conductor, E = L 4

47[80 RZ
For simplicity we consider charged conductor as a sphere of radius ‘R’. If ‘6’ is in surface charge density, then

2
Q = 4nR2% E=_—. 2Rd_0
411;‘8-0 R Ep

s
(s S
E=—n

Eg.
where [ N is a unit vector normal to the surface in the outward direction]

Q23.Given a uniform electric field E= 5x10°% N/C, find the flux of this field through a square of 10 cmon a
side whose plane is parallel to the Y-Z plane. What would be the flux through the same square if the plane

makes a 30° angle with the X-axis?




(i) When plane is parallel to Y-Z plane, the normal to plane is along X-axis ®=50NC'm?

(it) When the plane makes a 30° angle with the X-axis, the normal to its plane makes 60° angle with X-axis
®=25NC"'m?

Q24. Figure shows three-point charges, +2q, -q and + 3g. Two charges +2q and -q are enclosed within a
surface ‘S’. What is the electric flux due to this configuration through the surface ‘S’

Answer:

According to Gauss’s law, ¢ = §Ed_é = %
S

...where [g, is the total charge enclosed by the surface $

_29-q9 _q - _ 9
q:——En FE{} . Electric flux, ¢ e +37 .

Q25. Define the term ‘electric flux’. Write its S.I. units. What is the flux due to electric field E =3x10°i N/C
through a square of side 10 cm, when it is held normal to if?

Answer:

Electric flux over an area in an electric field is the total number of lines of force passing through the area. It is

represented by ¢. It is a scalar quantity. Its S.I unit is Nm? C* or Vm.

. i J  J q
ie, ¢ =J E.ds =L
5 0

Electric flux ¢ by g enclosed
Hence the electric flux through the surface of sphere remains same.

Given: E = 3x10%i N/C
_ 2_ 10 10 5
A =10 » 10 cm -mxlmm

o= ExA =EA cos 9
sB8=0and cos B =1

= EA

_3x10%) x (10,10
—{3x1ﬂ}x[1mx1mJ
= 30 Nm? C

SECTION - C - Long Ans Type ( 3 Mark each)
Q26. Obtain the expression for the torque t~ experienced by an electric dipole of dipole moment p” in a
uniform electric field E .

Torque on electric dipole : Consider an electric dipole consisting of two equal and opposite point charges

10




separated by a small distance 2a having dipole moment

—
N Ao — > qE
= > +of ; L)
d !
- SO
+if E - B [

Diprole in a wniform electric field
Let the dipole held in a uniform external
electric field E at an angle O
.. Force on charge {(+g) = q]_E} along the
direction of T:-_:}

Force on charge (—g) = —qE along the

—
opposite direction of E
Met translatory force on the dipole

— —r
=g E —gE =0

So net force on the dipole is zero
R

Since E

is uniform, hence the dipole does not undergo any translatory motion.
These forces being equal, unlike and parallel, from a couple, which rotates the dipole in clock-wise direction
= Magnitude of torque = Force x arm of couple
t=F. AC = gE.AB sin 8 = (gE) 2a sin 8
or T = g(2a) E sin 6
or T=pk S5in 6 [‘.‘p=q{§1}]
- pxE
[The direction of T~ is given by right hand screw rule and is normal to p~ ] and E”
Special cases
(i) when®=0thent=PEsin0=0
=~ Torque is zero and the dipole is in stable equilibrium
(i1)) When 6 = 90 then t = PE sin 90 = PE
=~ The Torque is maximum
Q27.A charge is distributed uniformly over a ring of radius ‘a’. Obtain an expression for the electric intensity
E at a point on the axis of the ring. Hence show that for points at large distances from the ring, it behaves like
a point charge.

Electric Intensity on the axis of a ring:

11




dE sin 8

2ma
Net electric field at point P = j dEcosB

0
dE = Electric field due to a small element
having charge dg
__1 4

ane, r?

Let & = Linear charge density = E'l

dl
dg = Adl
2ma
J ﬁl—,ﬁ;xi, where cos 8 = =
41'1:?:[} r r r-
___.?.“."._1 (2ma)
0T

Hence, E
i

4ne

= 1 Qx . where total charge Q

4ne 2
0 (x2 + a2)2
=k % 2na
At large distance 1.e. x >>a
1 Q

411}';‘1} ' x2

This is the Electric Field due to a point charge at distance x.

Q28. Write 4 properties of electric lines of force.

The properties of electric lines of force are:

i) Lines of force start from positive charge and terminate at negative charge.

ii) Lines of force never intersect.

iii) The tangent to a line of force at any point gives the direction of the electric field at that point.

iv) The number of lines per unit area, through a plane at right angles to the lines is proportional to the magnitude of E.
That is, when the lines of force are close together, E is large and where they are far apart, E is small.

Q29. Consider two hollow concentric spheres, S; and S, enclosing charges 2Q and 4Q respectively as shown

in the figure.

12




(1) Find out the ratio of the electric flux through them.

(i1) How will the electric flux through the sphere S; change if a medium of dielectric constant ‘g‘ is introduced
in the space inside S;, in place of air? Deduce the necessary expression.
Ratio of flux
We know electric flux (¢) = Eg
0
Thus, ¢, due to S, = 32,
€y
0, due to 5, = 20+4Q _6Q
Ep Ep

=~ Electric flux through the sphere S; decreases with the introduction of dielectric inside it.

Q30. Two-point charges + q and -2q are placed at the vertices ‘B’ and ‘C’ of an equilateral triangle ABC of

side as given in the figure. Obtain the expression for (i) the magnitude and (ii) the direction of the resultant
electric field at the vertex A due to these two charges.

A

13




(i) Magnitude,

o1 g
Eapl=gre, 2 =F
=% 1 2
IE, =21 _op
AC " dr e, g2 .
Eﬂetﬂ JI:EEF‘FEE"'EXEEXEK(—%} B c
. o__1
[+ cos 120° = 5

= 4E? +E2—2F2

1 g43
= 2 = = = V3
3E2 =E3 e, o2
(if) Direction of resultant electric field at vertex A,

E 5 5in120°
ac TE g cos120°

3 Ex+/3
BT B
1 3E T 3
2E- + E x (T] T

= L _tan 30°
3

o = 30° (with side AC)

tan o = E

SECTION-D - Long Ans Type ( 5 Mark each )
Q31. a) Derive an expression for the electric field E due to a dipole of length ‘2a’ at a point distant r from the
centre of the dipole on the axial line. (b) Draw a graph of E versus r for r >> a.
(c) If this dipole were kept in a uniform external electric field diagrammatically represent the position of the
dipole in stable and unstable equilibrium and write the expressions for the torque acting on the dipole in both
the cases.
Answer:

(a) Expression for electric field due to dipole on its axial lane:




""—‘-J!a
(o]

1

s~

o=

4

F 3
v

Electric field intensity at point I’ due to
charge - ¢,
E =0 3
-9 drne, " (x +a)? *
Due to charge +g,
- B 1 q .
O P

- =

_i
Net Electric field at point P, E= E_+E_,

q 11 -
4ng, x [{x —-a  (x+ ﬂ}z]fx}
1 |i dagx :| (52] 1 (g=2a)2x )

4me, {xz—azjz - 4me, (2 - gl )?
2 1 2px -
E = 411213.[1‘2';&2)21 s p =g x 2a)
For x == a
g 1 2p.
2 _ 232 44 — _1 &p
(x% — a%)* = x E 4@0.x31

(b)Only the faces perpendicular to the direction of x-axis, contribute to the Electric flux. The remaining faces

of the cube given zero

Y

A

e

pd

Z
Total flux ¢ = ¢, + ¢

. e
- <§E.n‘s+§E,ds =0+ 2a) . a2
I i
o ¢ = 2a°

Charge enclosed (q) = ¢e, = 2a%¢ [¢ 4

“o

15




(b) Graph between E Vs r

v

E

r——

(i) Diagrammatic representation
(ii) Torgue acting on these cases

(1) In stable equilibrium, torque is zero (6 = 0)

b
> E
& - >
p
- +q 3
Stable equilibrium E

(i) In unstable equilibrium also, torque is zero (6 = 180°)

['.'?=;><E=pEsinB}

— =
p E
+q -q .

- > E

Unstable equilibrium

Q32. (a) Using Gauss’ law, derive an expression for the electric field intensity at any point outside a uniformly
charged thin spherical shell of radius R and charge density a C/m?. Draw the field lines when the charge
density of the sphere is

(i) positive,

(i) negative.

(b) A uniformly charged conducting sphere of 2.5 m in diameter has a surface charge density of 100 pC/m?.
Calculate the

(i) charge on the sphere

(i) total electric flux passing through the sphere

Answer:

(@) (i) To find out electric field at a point outside a spherical charged shell we imagine a symmetrical Gaussian

surface in such a way that the point lies on it.
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— = q

From Gauss’s theorem, ¢ = § E.ds=12
]

s

Flux ¢ through &'
0 = §E.dS =§EdS =E4nr?
5 5"

= Ed4m? = in
£p

(i)
>\/1t<<
forg>0 forg<0
& () Given:r= 2—25 m, o =100 pC/m?

Charge on the sphere, Q = .42

2
or Q=100 x 10‘6x4x3.14x[%§-]

=19.6 x 10 C = 1.96 % 1073C

(if) Flux passing through the sphere
_Q _ 196x107*
b= Eg O = SEsx10

0 = 2.2 x 108 Nm?/C

Q33. A hollow cylindrical box of length 1m and area of cross-section 25 cm? is placed in a three-dimensional

coordinate system as shown in the figure. The electric field in the region is given by E =50 X { where E is in

NC™ and x is in meters. Find Net flux through the cylinder.

Charge enclosed by the cylinder.

17




Answer:

(/) The magnitude of the electric field at the left
face is
E =50 NC”!
Therefore flux through this face
¢,=EAcos®
=50 x 25 x 10~ x cos 180°
=-125x 107 NC' m?
The magnitude of
the electric field
at the right face is
E =100 NC™
Therefore  flux
through this face
¢, = 100 x 25 x 10 x cos 0°
=250 x 10 NC' ' m?
Therefore net flux
through cylinder is
0 + ¢, =125 x 10 NC*' m?

(if) Charge enclosed by the cylinder ¢ = %

Q = ¢n&t x Eﬂ
=125x 10 % 8.856 x 102 C
=1107 x 10-*C
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SECTION-E
(Case Study Based) (4 Mark each)
Case-1 - Electric Dipole
Q34.An electric dipole is defined as a couple of opposite charges “q” and “—q” separated by a distance “d”. By
default, the direction of electric dipoles in space is always from negative charge “-q” to positive charge “q”.

The midpoint “q” and “—q” is called the centre of the dipole. The simplest example of an electric dipole is a

pair of electric charges of two opposite signs and equal magnitude separated by distance.

Negative - Positive
—q ® ® |
e
2a

Electric Dipole

1. What is physical significance of an electric dipole?

Or  How can you realize an electric dipole in practice?
In most molecules the centre of positive and negative charges coincide at the same point because of which the
distance between two charges is zero. Carbon dioxide and methane fall under the category of zero dipole
moment. This type of molecules is known as non-polar molecules. The molecules that have permanent dipole
moment as the centre of positive and negative charge don’t coincide are called polar molecules e.g. water
molecule.

2.In an electric dipole two equal and opposite charges are situated at very small separation, why they do not
recombine to become neutral?

The charges in a dipole are bounded in the molecule hence they are not free to recombine.

3. What happens when an electric dipole is held in non-uniform electric field?

An electric dipole always experiences a torque when placed in uniform as well as non-uniform electric field.
But in non-uniform electric field, dipole will also experience net force of attraction. So the electric dipole in

non-uniform electric field experiences both torque and force.
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4. In which orientation,a dipole placed in a uniform electric field is in (i) stable equilibrium (ii) unstable equilibrium?
(1)When the dipole is aligned parallel to the electric field (i.e. the angle between dipole moment and the electric
field is 00), then the dipole is in stable equilibrium.

(2)When the dipole is aligned anti-parallel to the electric field (i.e. the angle between dipole moment and the
electric field is 180°), then the dipole is in unstable equilibrium.

Case-2 - Gauss’s Theorem

Q35.According to the Gauss law, the total flux linked with a closed surface is 1/gg times the charge enclosed by
the closed surface.

For example, a point charge q is placed inside a sphere of radius r. Now, as per Gauss law, the flux through the

sphere is q/&o.

The electric field is the basic concept of knowing about electricity. Generally, the electric field of the surface is
calculated by applying Coulomb’s law, but to calculate the electric field distribution in a closed surface, we
need to understand the concept of Gauss law. It explains the electric charge enclosed in a closed or the electric
charge present in the enclosed closed surface.

| Gauss’s Law |

A

Electric field lines

¢ x Qenc

—_—

¢= Ed—s’=Qenc

E
g; €o
ds
Charge o @ : Electric flux

»
»

A

E : Electric field

—

ds : Infinitesimal surface area

Gaussian Q.. : Charge enclosed
surface

e, : Permittivity of air

1. What is the electric flux through a cube of side 1 cm which encloses an electric dipole?
Net electric flux is zero.

Reason: (i) Independent to the shape and size. (ii) Net charge of the electric dipole is zero

2. Fig. shows three point charges +2q, — g and +3q. The charges +2q and —q areenclosed within a surface
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‘S’. What is the electric flux due to this configuration through the surface ‘S’?

+3q =

Net charge inclosed +2g+ (-q) = +q, so flux =g/ €
3.An infinite line charge produced a field of 9x10* N/C at a distance of 4cm. Calculate the linear charge

density.
2x107'C/m

4.The electric field due to an infinite plane sheet of charge at a distance of 3cm is 9x10* N/C, then what will be

electric field at a distance of 9cm.

9x10* N/C , Reason: electric field due to infinite plane thin sheet of charge is independent of distance.
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Ans

CHAPTER -2 ELECTRIC POTENTIAL AND CAPACITANCE
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each

Equipotential at a great distance from a collection of charges whose total sum is not zero are

approximately

(A) Spheres. (B) Planes. (C) Paraboloids. (D) Ellipsoids.

Option (A) is correct.

Explanation: For equipotential surface, these surfaces are perpendicular to the field lines. So there
must be electric field, which cannot be without charge. So the algebraic sum of all charges must not be
zero. Equipotential surface at a great distance

means that space of charge is negligible as compared to distance. So the collection of charges is
considered as a point charge.

Electric potential due to point charge is, V= Kq/r

which explains that electric potentials due to point charge is same for all equidistant points. The locus
of these equidistant points, which are at same potential, forms spherical surface.

A positively charged particle is released from rest in a uniform electric field. The electric potential
energy of the charge

(A) remains a constant because the electric field is uniform.

(B) increases because the charge moves along the electric field.

(C) decreases because the charge moves along the electric field.

(D) decreases because the charge moves opposite to the electric field.

Option (C) is correct.

Explanation: As we know that, an equipotential surface is always perpendicular to the direction of
electric field. Positive charge experiences the force in the direction of electric field. When a positive
charge is released from rest in uniform

electric field, its velocity increases in the direction of electric field. So K.E. increases, and the P.E.
decreases due to law of conservation of energy.

Figure shows some equipotential lines distributed in space. A charged object is moved from point A to

point B.
S30% 40w 30N

1 1 1 1 1 1 1 1 1 1 1 11 1 1
1 1 1 1 1 1 1 1 1 1 1 11 1 1
1 1 1 1 1 1 1 1 1 1 1 11 1 1
1 1 1 1 1 1 1 1 1 1 1 11 1 1
1 1 1 1 1 1 1 1 1 1 1 11 1 1
I Ad 1 B 1 Al & 1 4B 1 1 = | B 1
1 1 1 1 1 1 1 1 1 1 1 11 1 1
1 1 1 1 1 1 1 1 1 1 1 11 1 1
1 1 1 1 1 1 1 1 1 1 1 11 1 1
1 1 1 1 1 1 1 1 1 1 1 11 1 1
L o ! I ! !

10% Z20W 30V 40V 50W 10 20% 50W 10% 20% 40N 50%

Fig. (i) Fig. (ii) Fig. (iii)
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(A) The work done in Figure (i) is the greatest.
(B) The work done in Figure (ii) is least.
(C) The work done is the same in Figure (i), Figure (ii) and Figure (iii).
(D) The work done in Figure (iii) is greater than Figure (ii), but equal to that in Figure (i).
Option (C) is correct.
Explanation: The work done by the electrostatic force is given by W12 = q (V2 — V1)
As the potential difference between A and B in all three figures are equal, 20 V, so work done by any
charge in moving from A to B surface will be equal
The shape of equipotential surfaces due to an isolated charge is
(A) Concentric spherical shells and the distance between the shells increases with the
decrease in electric field
(B) Concentric spherical shells and the distance between the shells decreases with the
decrease in electric field
(C) Equi-spaced concentric spherical shells
(D) Changes with the polarity of the charge.
Option (A) is correct.
Explanation: Concentric spherical shells and the distance between the shells increases with the
decrease in electric field. It does not depend on the polarity of the charge.Q.
In the circuit shown in Figure, initially key K; is closed and key K is open. Then K; is opened and

K5 is closed. Then

Kl KZ
e} o
(©C) 19)
p— Ci—=— Co,——

(A) Voltage across C1 = Voltage across C2

(B) Voltage across C1 > Voltage across C2 , ifC1 > C2
(C) Charge on C1 = charge on C2

(D) None of the above

Option (A) is correct.

Explanation: Since C1 and C2 are in parallel, VVoltage across C1 = Voltage across C2
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Capacitance of a parallel plate capacitor can be increased by

(A) Increasing the distance between the plates.

(B) Decreasing the distance between the plates.

(C) Decreasing the area of plates.

(D) Increasing the thickness of the plates.

Option (B) is correct.

Explanation: C = kepA / d

A parallel plate capacitor is charged by connecting it to a battery. Which of the following will remain
constant if the distance between the plates of the capacitor is increased in this situation?
(A) Energy stored

(B) Electric field

(C) Potential difference

(D) Capacitance

Option (C) is correct.

Explanation: As the battery remains connected with the capacitor, the potential difference

remain constant.

Two spheres are separately charged and then brought in contact, so

(A) Total charge on the two spheres is conserved.

(B) total energy of the two spheres is conserved.

(C) Both (a) and (b)

(D) None of the above

Option (A) is correct.

Explanation: According to the law of conservation of charge, total charge on the two spheres is
conserved.

A parallel plate condenser has a capacitance 50 p F in air and 110 pF when immersed in an oil. The
dielectric constant 'k' of the oil is

(A) 0.45 (B) 0.55 (©) 1.10 (D) 2.20

Option (D) is correct.

Explanation: k= C/Cy =110 uF /50 u F =2.20
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Ans

11.

Ans

12.

Ans

13.

Ans

The variation potential V with r & electric field E with r for a point charge is correctly shown in the

graphs
1 E ) E E 1
Elv v é v AL N
¢ 2 o ¢
r— r— r— r—
(a) (b) (c) (d)
Option (B) is correct.
Explanation: Va 1/r and E o 1/1°
A soap bubble is given negative charge, its radius will
(A) Increase (B) decrease (C) remains unchanged (D) fluctuate

Option (A) is correct.

Explanation: Due to mutual repulsion of charges distributed on the surface of bubble, the radius will
increase.

In the given figure, three capacitors C;, C, and C; are joined to a battery, with symbols having their

usual meanings, the correct conditions will be:
R e

ey

———

,© Jrocon
., >
- ~

e

(A) Qi=Q2=QzandV;=V,=V3+V
(B) Qi=Q2+QzandV=Vi+V,+V;3
(C) Qi=Q2+QzandV=V;+V,
(D) Q3=Qzand V>=V3
Option (C) is correct.
Explanation: In Q in series is same and in parallel is distributed but V in series is distributed and in
parallel is same.
Two conducting spheres A and B of radii a & b respectively are at the same potential. The ratio of
surface charge densities of A and B is
(A)b/a (B) ab (C) &b’ (D) b%/a?

Option (A) is correct.
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Ans

15.

Ans

Explanation: Joined by a wire means they are at the same potential. For same
potential kQ1/a;=kQ,/a,=Q1/Q,=a/b
Further, the surface charge density of the sphere having radius R and charge Q is Q/4m R?

o r Q0 PP
~61/62 2 /b2 —Q2 Xaz—b/a

The electric field at the Centre of a cavity is-
(A) Zero (B) kq /a* (C) kg/a (D) kq/2a

Option (A) is correct.
Explanation: We know that electric field inside the conductor is zero. When a conductor is placed in an
electric field EO, the free electrons inside conductor starts moving in the direction opposite to the applied field.
And this re-distribution of charges creates its own field Ep. Ep is in a direction opposite to EQ. Hence, net
electric field inside the conductor is always zero.
A dipole is placed parallel to electric field. If W is the work done in rotating the dipole from 0° to
60°, then work done in rotating it from 0° to 180°is

(A)2 (B) 3W C)4wW (D) WI2
Option ( C) is correct.
Explanation: Work done in rotating dipole by 6 angle from 0°,W=PE(1-cos0)
W=PE(1-c0s60°)=PE(1-1/2)=PE/2
Or, PE=2W
W'=PE(1—c05180°)=PE(1—(—1))=2PE=2x2W = 4W

Directions : In the following questions no. 16 to 18, A statement of Assertion (A) is followed by a statement

of Reason (R). Mark the correct choice as.

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

(B) Both A and R are true but R is NOT the correct explanation of A
(C) Ais true but R is false

(D) Ais false and R is True

16.

Ans

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 size
of the conductor

Option (A) is correct.

Explanation: C = gA/d

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
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Ans

18.

Ans

19.

Ans

plate. So, reason is also true. Reason explains the assertion.
Assertion (A): Circuit containing capacitors should be handled very carefully even when the power
is off.
Reason (R): The capacitors may break down at any time.
Option (C) is correct.
Explanation: Even when power is off capacitor may have stored charge which may 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.
Assertion (A): Electric field is always normal to equipotential surfaces and along the direction of
decreasing order of potential.
Reason (R): Negative gradient of electric potential is electric field.
Option (A) is correct.
Explanation: E = - dV/dr
So, The electric field is always perpendicular to equipotential surface. Negative gradient of electric
potential is electric field. So, direction of electric field must be in the direction of the decreasing
order of electric potential.

SECTION-B ( SA- | Type Questions) - 2 Marks each
A capacitor of 4 pF is connected as shown in the circuit Figure. The internal resistance of the battery

1s 0.5 Q. Find the amount of charge on the capacitor plates.

4 uF
” 10Q
|1
1"25V
— NN
20

As capacitor offer infinite resistance for DC circuit. So current from cell will not flow across branch
of 4 uF and 10 Q.

So Current will flow across 2 ohm branch.

Total resistance in the branch is 2+0.5=2.5 Q. Current following in 2 Q resistance is 1 A. So
Potential Difference (PD) across 2 Q resistance V. =RI =2 x 1 =2 Volt. As battery, capacitor and 2
branches are in parallel. So PD will remain same across all three branches. As current does not flow
through capacitor branch, so no potential drop will be across 10 Q.

So PD across 4 uF capacitor =2 Volt

Q=CV=4pFx2V=8uC
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Ans

21.

Ans

22,

Ans

23.

Ans

The capacitance of a parallel plate capacitor is 10 uF. When a dielectric plate is introduced in
between the plates, its potential becomes 1/4th of its original value. What is the value of the
dielectric constant of the plate introduced?

C’ =KC (where K is the dielectric constant).

V=Q/C

VvV’ =Q/IC’
V’'=V/4=Q/C’=Q/KC=V/K
~K=4

A capacitor is charged by a battery. The battery is removed and another identical uncharged
capacitor is connected in parallel. What factor of the total electrostatic energy of resulting system?
Ui= % CV?

After second uncharged capacitor is connected, the charge gets distributed and voltage across both
becomes half. Equivalent capacitance C+C=2C due to parallel combination.

Us =% (2C)(V/2)* = %2 U;

So, total electrostatic energy of resulting system is decreases by a factor of 2

Draw the graph between the capacitance of a parallel plate capacitor and charge given to it, Justify

this graph.
F;
,IS C= constant
Q

Since Capacitance C is independent of charge Q.
Depict the Equipotential surfaces for a system of two identical positive point charges placed a

distance‘d’ apart.

/— Equipotential surface
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Ans

25.

Ans

A test charge ‘q’ is moved without acceleration from A to C along the path from A to B and then
from B to C in electric field E as shown in the figure. (i) Calculate the potential difference between
A and C. (ii) At which point (of the two) is the electric potential more and why?

>

\ 1

L
2.0 L---X L0
( 1{_ A[ﬁl‘.ﬁ

-

Since work done is independent of the path therefore we may directly move from A to C. Potential

difference between A and C,

i

my

V.-V, =-

Fefl cos180°

e I

c

=—E(-1)]al
=F x4
=4FK
So,Vc —Va=4E
(ii) Electric potential will be more at point C as direction of electric field is in decreasing potential.
Hence
Ve >Va

Deduce the expression for the potential energy of a system of two point charges g; and g.brought

from infinity to the points ;'and 3 respectively in the presence of external electric field E.
The work done in bringing charge g; from infinity to g IS q1V(;I ).
Work done on g, against external field = g, V( ;2)

_ 44

Work done on g, against the field due to g, &/

Where, r1; is the distance between g; and g5,

By the superposition principle for fields,
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; [%V{Fszi)
Work done in bringing g, to 2 is TE N2

Thus,

Potential energy of system = The total work done in assembling the configuration

='§‘1V[;|]+q:V{;1}+f|_‘?z

o112
SECTION-C( SA - Il Type Questions)- 3 Marks each
26. A parallel plate capacitor is made of two dielectric blocks in series. One of the blocks has
thickness d; and dielectric constant k; and the other has thickness d, and dielectric constant k; as
shown in Figure. This arrangement can be thought as a dielectric slab of thickness d (= d;+d>)
and effective dielectric constant k. Then find k.

d Y

dll kz
AN
Ans Capacitance of a parallel plate capacitor filled with dielectric of constant k; and thickness d; is,
klEﬂﬁ
T
1

Similarly, for other capacitance of a parallel plate capacitor filled with dielectric of constant k2
and thickness d2 is,

_kogpA

C
2 d,
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Ans

Both capacitors are 1n series so equivalent
capacitance C 1s related as :

1 1 1 cy do

— —+ — —+
L L Co kKiegfs Ka€Eghh

Euﬂ klkz
So, C —_ KikaEgh ()
(kpds + kodqy)
—— keg.A _ kegA (i)
d (dy +dz)

where, d = (d{+d5)
Comparing eqgns. (1) and (d1). the dielectric
constant of new capacitor is :

_ kyko(dy +dy)

K
(kyds + Kkadqy)

A parallel plate condenser with a dielectric of dielectric constant k between the plates has a
capacity C and is charged to a potential V volt. The dielectric slab is slowly removed and then
reinserted. Find net work done by the system in this process.

Initial potential energy of the capacitor U= % CV?

When dielectric is removed potential energy becomes U’ = ¥ (C/k)V?

When again reinsert the dielectric slab potential energy becomes Us= %2 CV?

So, net work done W= Us- U; =0

Two point charges 4Q, Q are separated by 1 m in air. At what point on the line joining the
charges is the electric field intensity zero? Also calculate the electrostatic potential energy of the

system of charges, taking the value of charge, Q =2 x 10’ C.

0 . Q Electrostatic potential energy of the system is
1 r |':r l=x ﬁ
- 1 m - /= q949;
Let the point be at a distance x from r i
4Q charge. . A .
r ¥
Electric field at P due to 4Q = Electric field
_ . 4x (2 %10 )
at P dueto Q U =0x10" =
; 14
[/ =9=10" xﬂ

U=144x107" =1.44%107]
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Ans

X=2-2X0r—x=2-2x
X+2X=20r—x+2x=2
3Xx=20rx=2

2
x=—
Jorx=2
"X =2 mis not possible
) 2
LN ==

Im

() Net capacitance of three identical capacitors in series is 2 pF. What will be their net
capacitance if connected in parallel?

(i) Find the ratio of energy stored in the two configurations if they are both connected to the
same source._

Solution:

(i) When connected in series, the net capacitance is 2 pF.

When connected in parallel,
Ceq=C1+Cy+C3=6uF + 6 uF + 6 uF = 18 uF.
(ii) Energy for series combination

E‘:%Cuql‘l”:%xEx]ﬂ'ﬁxV (1)

Energy for parallel combination

E=1c l’f’:=%x18x1ﬂ""xi’ (2)

PTg e

As both are connected to the same source
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!

30. A parallel-plate capacitor is charged to a potential difference V by a dc source. The capacitor is
then disconnected from the source. If the distance between the plates is doubled, state with
reason how the following change:

(1) electric field between the plates
(i) capacitance, and

(iii) energy stored in the capacitor

Ans (i (i) (iii)
Q=Cv Let the initial capacitance Energy of a
(e,A) be C and the final 2
0 |‘LJ{MJ 10
v d capacitance be C'. capacitor, U 2 C
)=g AE . . .
0=¢ 0 Accordingly, Since Q remains the same but
S E= v cofd the capacitance decreases,
| - . B f'?r I {_):
Therefore, the electric field o A /=—=_
C'=X 2 ,q
between the parallel plates 2d [ 7
depends only on the charge and ﬁi =2 Ul
the plate area. It does not depend c ur o2
C'=—
on the distance between the 2 U U
lates. Hence, the capacitance of )
P P The energy stored in the
Since the charge as well as the the capacitor gets halved .
g P _ g capacitor gets doubled when
area of the plates does not when the distance

the distance between the plates

ic fi between the plates is
change, the electric field between p i< doubled.

the plates also does not change. doubled.

SECTION-D( LA type Questions) - 5 Marks each
31. (a) Find the expression for the potential energy of a system of two point charges g; and g
located at r; and r, respectively in an external electric field E.
(b) Draw equipotential surfaces due to an isolated point charge (+q) and depict the electric field
lines.
(c) Three point charges +1uC, -1uC and +2uC are initially at infinite distance apart. Calculate
the work done in assembling these charges at the vertices of an equilateral triangle of side 10
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cm.
(@ (i) work done to bring a charge q in the electric field at a distance r;=0;V/(r1)

(i) work done to bring a charge q in the electric field at a distance r,=0,V(r2)

(iii) work done on g to move it against the force of g;= Kgi02/r12
=~ The potential energy of the system = q;V(r1)+ q2V(r2)+ Kgugo/r12
(b)An equipotential surface is a surface at every point of which the electric potential is same.
Equipotential surfaces are always perpendicular to field lines. For an isolated point charge,
equipotential surfaces are the surfaces of concentric spheres with charge at the centre as depicted

in the following figure

(c) At infinity , net potential energy is:
PE. =0

In the Triangular Configuration, potential energy will be :

- PE&={—E_E_1{+%}K].D 12

d d d
— PEA = —%+% % 1012
i d
" 1{ 12
= PEA = -3 = 10
[
9 % 10"
=;-P1::é_={—”17}xmi?
(Tog
:PEQ_={—E}XIDH]}XID 12

— PEA = -9x107%)

So, work done is :

W=(-9x10"%) -0

34




32.

Ans

— W= —=9x10""joule

Two point charges q and —q are located at point (0,0,-a) and (0,0,a) respectively.

(a) Find the electrostatic potential at (0,0,z) and (x,y,0).

(b)How much work is done in moving a small test charge from the point (5,0,0) to (-7,0,0) along
the x-axis?

(c) How would your Ans change if the path of the test charge between the same points is not
along the x-axis but along any other random path?

(d) If the above point charges are now placed in the same positions in a uniform external field E,
what would be potential energy of the charge system in its orientation of unstable equilibrium?
Justify your Ans in each case.

(a) Charge — q is located at (0, 0, — a) and charge + q is located at (0, 0, a). Hence, they form a
dipole. Point (0, 0, z) is on the axis of this dipole and point (X, y, 0) is normal to the axis of the
dipole. Hence, electrostatic potential at point (x, y, 0) is zero. Electrostatic potential at point (0,

0, z) is given by,

{ b b
e
dne\z—a/) dneg,\ z+a

B glz+a—z+a)
4n g, (:: —cr:]

_ 2ga _ P
dn £, (z: —c.f:) 4rn g, {:: —.:J:)

Where,

S0 = Permittivity of free space

p = Dipole moment of the system of two charges = 2ga

(b) A test charge is moved from point (5, 0, 0) to point (-7, 0, 0) along the x-axis. Electrostatic
potential (V1) at point (5, 0, 0) is given by,

v _—4 1 L4 1
' dne, "u'll{j_[}}: +{_“}'—* dn e, (5_1}}-‘ +a’

. 2, .2 f 2
dn g, Jzn +a dme, J25+a

=0

Electrostatic potential, V5, at point (— 7, 0, 0) is given by,
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Ans

. 1 414 I
S ) () TS (7Y (a)
_ —4q L4 I
dn e, \)'I:I‘}+a: dr e, ~,|'r4‘-'='+c.rJ
=)

Hence, no work is done in moving a small test charge from point (5, 0, 0) to point (=7, 0, 0)

along the x-axis.

(c) The Ans does not change because work done by the electrostatic field in moving a test charge

between the two points is independent of the path connecting the two points. Because
electrostatic field is conservative.

(d) The two charges make an electric dipole.

Dipole moment p = g.2a

Potential energy in position of unstable equilibrium = 2pE

(a) Define the capacitance of a capacitor. Obtain the expression for the capacitance of a parallel
plate capacitor in vacuum in in term of plate area and separation d between the plates.

(b) a slab of dielectric constant K has the same area as the plates of a parallel plate capacitor but
has a thickness 3d/4. Find the ratio of the capacitance with dielectric inside it.

The capacitance of any capacitor is its ability to store charge

C=Q/IN

C= capacitance

Q=Charge

V= Potential across capacitor.

The Sl unit of capacitance is farad(F).

Consider a parallel plate capacitor consisting of two large conducing plates held parallel to each
other and separated by a small distance (d),

A — area of each plate

if plate (1) carries a charge + Q and (2) carries - Q then, due to attraction the charges exist only
on inner surfaces facing each other.

Let surface density of charge on (1) and (2) be 6:=Q/A and 5,=Q/A respectively.
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P4

The electric field due to a plane charged sheet, at a point close to it in vacuum is c2e0directed

normal to the surface.

The field at a point P between the plates then is:
E=El + E2 =0/2€y + 6/2¢p = 6/ep—(1)
along the direction from (1) to (2), due to both plates.
The work done in moving a unit positive charge from the negative to positive plate against field
is Ed. Which is by definition "V' or the potential difference between the plates.
Hence, we have V = Ed = Q d/egA—(2)
=~ Capacitance of the parallel plate capacitor is C=Q/V=€0A/d
(b)C=e0A/d
C'= Aeo/ (d-t+t/K)
Put t=(3/4)d ;
C'= Aeo/(d-3d/4+3d/4K)
C'= Aeo/(d/4+3d/4K)
C'= Aeo/(K+3)/4
C'=4A¢y/( K+3)
C/C’ =4K/K+3
SECTION-E( Case Study/Source Based Questions) —4 Marks each
CASE 1: Electrostatic Potential & Field: Read the passage given below and Ans the following
questions:
The potential at any observation point P of a static electric field is defined as the work done by
the external agent (or negative of work done by electrostatic field)in slowly bringing a unit
positive point charge from infinity to the observation point. Figure shows the potential variation
along the line of charges. Two point charges Q; and Q; lie along a line at a distance from each

other.
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The following questions are multiple choice questions. Choose the most appropriate Ans

1. At which of the points 1, 2 and 3 is the electric field is zero?
Ans As%rv =E,, the negative of the slope of V versus r curve represents the component of
electric field along r. Slope of curve is zero only at point 3.

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

2.What is the nature charges Q; and Q, respectively?
Ans. Near positive charge, net potential is positive and near a negative charge, net potential is
negative. Thus, charge Q; is positive and Q-, is negative.

3. Positive and negative point charges of equal magnitude are kept at (0,0,2) and(O,O,_Ta)
respectively. Find the work done by the electric field when another positive point charge is
moved from(-a, 0, 0) to (0, a, 0) .

Ans It can be seen that potential at the points both A and Bare zero. When the charge is moved

from A to B, work done by the electric field on the charge will be zero.

4

CASE 2: Energy store in Capacitor- A capacitor is a device to store energy. The process of
charging up to a capacitor involves the transferring of electric charges from its one place to

another. This work done in charging the capacitor is stored as its electrical potential energy.
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1. What will be the energy stored in the system of 2 capacitors of same capacitance C connected
in series across a potential difference V.

Ans- Total capacitance in series combination(C”)= C/2

Energy stored (U)= %2 C/2xV? = ¥4 C V?

2.A metallic sphere of radius 18 cm has been given a charge of 5x10°°C. Calculate the energy
stored in the conductor.

Ans- C= 41 ¢R= 2x10™'F

qZ
U=L=0625
2C

3.a capacitor with capacitances 5x10°F is charged to 5x10°°C. if the plates are pulled apart to

reduce the capacitance to 2x10°F, how much work is done?

_ _q* q* _ 6
Ans- work done W= U¢- U'_f vl 3.75x10™J
f i
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CHAPTER 3 - CURRENT ELECTRICITY
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
1 If steady exists in awire is i = 5 A then total electrons passed by a given point in a second will be
) 0.125 x10%° b)  3.125x10% c) 0.125 x1018 d)  3.125x10'8

Ans.  Correct Option (ii)) i = 5
dq
[ — — 5
T
After integral g= 5t since t=1 s therefore qg=5C

=—> _ =3.125x10" electrons { Since g=ne}

n =
1.6 x10~19

2 Current i is passing through the sections 1 and 2 as shown in figure. Area of section 1 is doubled
than area of section 2. Ratio of charge passing through sections 1 and 2
S e
a) 1:2 b) 1:4 c) 1:1 d) 2:1
Ans.  Correct Option:(iii) 1:1 Since Current i is same at both the sections
3 In a wire of circular cross-section with radius r, free electrons travel with a drift velocity v, when a

currenti flows through the wire. What is the current in another wire of half the radius and of the

some material when the drift velocity is 2v

a 2i b i L L
) ) C) > d) Z
Ans. T S 5 -\ 2
Correct Option: (iii) EHlnt. [ = neAvy; = nenr<vy; = nem (5) 2v,4
The V-1 graph of a conductor at two different temperatures is If,“'
shown in fig. The ratio of temperature % is T
2

a) tan%6
b) cot?6 7,
c) sec?6 8
d) cosec?6 g ]

Ans.  CorrectOption: (ii)cot?6




5 The ratio of mobility ofa —Particle and a proton is-

a) 1:1 b) 2:1 C) 1:2 d) 1:4
AnS. . VI . . —Eﬂ—z_e E—l
Correct Option: (iii) 1:2 ; Mobility p = mmy — am¥ e 2
6 The specific resistance of a wire is p, its volume is 3m® and its resistance is 3 ohms, then its
length will be
1 ) = 0 = 1
a) . N ) . d 3
Ans. S
Correct Option: (")ﬁ
3
Volume = Al=3= A=T
| x| 2
NowR=p—:>3='0 :pl—:lzzg:i
A 3/ 3 P Ap
7 It is easier to start a car engine on a hot day than on a cold day. This is because the internal

resistance of the car battery

a) Decreases with rise in temperature b) Increases with rise in temperature
c) Decreases with a fall in d) Does not change with a change in
temperature temperature

Ans.  Correct Option: (a) Decreases with rise in temperature

because Internal resistance « ———
Temperatue

8 A metallic block has no potential difference applied across it, then the mean velocity of free

electrons is -(Where T = absolute temperature of the block)

a) Proportional to T b) Proportional to VT

0 Zero d) Finite but independent of temperature

Ans.  Correct Option: (ii) Proportional to vT

In the absence of external electric field mean velocity of free electron (Vims) IS given by

/3KT
Vrms = T :>Vrms oc ﬁ
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Ans.

10

AnS.

11

AnS.

12

Ans,

Three equal resistances each of value R, are joined as shown in the

figure. The equivalent resistance between M and N is

a) R b) 2R c) d)

N |
w =

Correct Option: (iv)g

Three resistances are in parallel.

1 1 1 1 3
e — = — —  — = —
R R R R R

The equivalent resistancer'- %g

The figure shows a network of currents. The magnitude of currents is shown here. The current i will
be

a) 3A \‘{5”' 24
b)13 A g4
C)23A
d)-3A

EA

Correct Option (iii) 23 A
By Kirchhoff's current law: 15+3+5-i =0

The current density (number of free electrons per m®) in metallic conductor is of the order of
a) 1022 b) 1024 c) 1026 d) 1028

Correct Option: (iv)1028

: i
by using the formulan = s

A strip of copper and another of germanium are cooled from room temperature to 80 K. The
resistance of

a) Each of these increases

b) Each of these decreases

C) Copper strip increases and that of germanium  ecreases

d) Copper strip decreases and that of germanium increases
Correct Option: (iv) Copper strip decreases and that of germanium increases
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Ans.

14

Ans.

15

Ans.

The filament of 60W and 100 W bulbs are of same length. Then
a) 60W filament is thicker b) 100W filament is thicker

C) Both are of same thickness d) both cannot have same length
Correct Option: (i) L00W filament is thicker

2
We know that, P = % for same mains circuit V is same.
Thus, Reg>R100
Also, R = %l where p= resistivity, A=area and L= length of wire.
Thus less resistor implies thicker element.
So the 100 W bulb has thicker filament.
The resistance of silver wire at 0° is 1.25 Q. Up to what temperature it must be heated so that its
resistance is doubled? (givena for silver=0.0041°C™)
a) 350°C b) 200°C c) 244°C d) 300°C
Correct Option: (iii) 244°C
R=Ro (1 +aAT)
here, R, = initial resistance = 1.25Q
o = temperature coefficient = 0.0041°C™*
and R = 2R,
~ 2Ry =Ry [1+0.0041 x (T - 0)]
=2=1+0.0041xT

= T =1/0.0041 = 243.90 °C ~ 244 °C

A cell having emf of 1.5V, when connected across a resistance of 14 Q, produces a voltage of only
1.4V across the resistance. The internal resistance of the cell must be
a) 1Q b) 1.4Q c) 0.5Q d) 1.5Q

Correct Option: (a) 1 Q

In case of discharging of a cell

e=V+ir

15—14+< 1'5)
SO Ty L
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Ans.

17

Ans.

Ol—( 1.5 )
ST \1a+)"

1.5r=14+0.1r
14r =14
r=1Q

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select the
correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.

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

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

(c) Alistrue but R is false

(d) Ais false and R is also false

Assertion: An electrical bulb starts glowing instantly as it is switched on.
Reason: Drift speed of electrons in a metallic wire is very large
Correct Option: (c)A is true but R is false
As the conductor is full of electrons, with slight drift anywhere the queue starts moving. As a
result bulb starts glowing instantly. Drift velocity of electrons in a good conductor is very low.
Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select the
correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.

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

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

(c) Alistrue but R is false

(d) Ais false and R is also false

Assertion: Two bulbs of same wattage, one having a carbon filament and the other having a metallic
filament are connected in series. Metallic bulbs will glow more brightly than carbon filament bulb
Reason: Carbon is a semiconductor.

Correct Option: (d ) A is false and R is also false

In series, current remains same. So, power P is proportional to resistance R, i.e, P o« R. Now,
resistance of carbon is more than a metal since carbon is a non-metal. So, carbon filament glows more

brightly. Also, carbon is not a semiconductor.
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AnSs.

19

AnSs.

20

AnS.

21

Ans.

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select the
correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.
(@) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true and R is NOT the correct explanation of A
(c) Alistrue but R is false
(d) Ais false and R is also false
Assertion: Conductivity of a metal is much higher than that of an electrolyte at room temperature.
Reason: Free electron density in metals is much lesser than the density of ions in
electrolytes and also free electrons have smaller mobility than ions.
Correct Option: (c) A is true but R is false
SECTION: B

A particle of charge 2uC and mass 1.6 g is moving with a velocity 4 ms™. At t=0 s the particle enters

in a region having an electric field E(in NC™) = 80 { +60j. Find the velocity of the particle at t= 5s.

U

4t ms? g=2uC, m=1.6 g =1.6 x 10°kg andE= 80 i +60j NC™

_ qE_2x10"%x(80 1 +60J)
T m 1.6x10~3

Qu
Il
3 |"'1¢

(100 4 75/) x 1073 ms™

Q
Il

+dt = 4i+(100% + 75§) x 1073x5ms™

S
Il
<l

¥ = (4.51 4+ 0.375))ms™

Figure represents a part of closed circuit. What is the potential difference between points A and B?

Potential difference across 2Q=2x2=4V

2a 2 W 141
Potential difference across 1Q=1x2 =2V ATWWA—T “‘*'"—IB
Given thate.m.f. of the cell is 3 V. 0
I

Therefore;ByKirchhoffe’s voltage law:).e = }iR

Vag-3=4+2 OR Vpag=9V

The emf of a cell is always greater than its terminal voltage. Why? Give reason.

(a) In an open circuit, the emf of a cell and terminal voltage are same.

(i) In closed circuit, a current is drawn from the source, so, V = E — Ir, it is true/valid, because each

cell has some finite internal resistance.
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ADnS,

23

Ans.

24

Ans.

25

| — V graph for two identical conductors of different materials A and B is shown

in thefigure. Which one of the two has higher resistivity?

The resistivity of material B is higher.

Reason: If the same amount of the current flows through them, then VB >VA, and from Ohm’s law RB
>RA. Hence the resistivity of the material B is higher.

Plot a graph showing variation of voltage(y-axis)versusthe current (x-axis) drawn from the cell. (a)
What is the intercept on y-axis?

(it) What is the slope of the graph?

Q) The intercept on y-axis gives the emf of the cell.

(i) The slope of graph gives the internal resistance.

I (volt)—

Iy
I {amperg) —s

What will be the value of current through the 2 Q

resistance for the circuit shown in the figure? Give L
10V— 50 10£2§ - 20V
reason to support your Ans. 3
.lAzﬁg.EA.l
No current will flow through 2 Q resistor, because in a B : c F &
closed loop, total p.d. must be zero. So Iy
10-511=0..(a) oV §5;z mé L
20-1012 =0 ...(ii) L -
and resistor 2 Q is not part of any loop ABCD and EFGH A~ 1 D E I, H
Figure shows two circuits each having a '
galvanometer and a battery of 3 V. When a0 " Y 60 1 7’*’--@2::
T 7 ) “
thegalvanometers in each arrangement do not @ ’ " ‘
60O — — — 3.0V —
- - - R - — T )
show any deflection, obtain the ratloR—:. 3777, o ) &
60 1, 90 Ry, 80
L ©
30V 1.200
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26

Ans

For balanced Wheatstone bridge, if no current flows through the galvanometer

R, 9
4 6
R, 9
4x9
Ry =——=6Q
For another circuit
6 R,
12° 8
6x8
Ry =—5—=4Q
R, 6 3
R, 4 2
SECTION: C

The following table gives the length of three copper wires, their diameters, and the applied potential
difference across their ends. Arrange the wires in increasing order according to the following:

(1) The magnitude of the electric field within them,

(ii) The drift speed of electrons through them, and

(iii) The current density within them.

Wire No. Length Diameter Potential Difference
1 L 3d \Y
2 2L d \Y
3 3L 2d 2V
() Ei=7F =5 E=2

> E, <E; <E,
(i) vy E
= Udz < Ud3 < Udl

(iii) I =neAvy

| = Current produced

A = Cross-sectional area of conductor

n = no. of electrons per unit volume in the conductor
v, = drift velocity

e = charge on electron =-1.6 x 10 ° C
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ADnS,

28

Ans.

Current density | = % =nevy=>Jxvy=>J,<J3<];

Calculate the value of the current drawn from a 5 V battery in AV

the circuit as shown. 50

WA
A‘I_
5V
The equivalent wheatstone bridge for the given combination is shown in figure B
alongside. s e
A D
The resistance of arm ACD, R, =10 + 20 = 30Q
100 200

Also, the resistance of arm ABD, R, = 5+ 10= 15Q

Since the condition g = gis satisfied, it is a balanced Wheat stone

bridge.

No current flows along arm BC.

. . . _ Rg, XRs,

~Equivalent resistance R, = Ro 7 Rs,

R = 30x15 30x15 100
“9730+ 15 45

Current drawn from the source,

1= 22 054
"Ry 10

Under what condition will the current in a wire be the same when connected in series and in parallel of
nidentical cells each having internal resistance r and external resistance R ?

When internal resistance of cell r is equal to external resistance.

Let n identical cell of internal resistance r connected in series and parallel with external resistance R.

|- ne
ST R+ nr
And

€ ne
I,

:R+ T hR+ r
n

According to question- I = I,
ne _ ne
R+nr nR+r
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AnS,

>R+nr=Rn+r

=>nr—-r=Rn-R

=r(n-1)=R(n-1)

r=R

Plot a graph showing the variation of current densityfversus the electric field E for two conductors of
different materials. What information from this plot regarding the properties of the conducting
material, can be obtained which can be used to select suitable materials for use in making (a) standard

resistance and (ii) connecting wires in electric circuits?

The current densityJis related to electric field as J=cE
Here, o is the conductivity of the material.

The above relation is equivalent to Ohm’s law.

Now, for a given material, ¢ is a constant.

Hence, the plot of j versus E will be a straight line starting from the origin.
1

/-

Slope = r.//

ra

—*E

The slope of the graph gives the conductivity o of the material.

The graph with a greater slope is a better conductor and the graph with a lesser slope is a poor
conductor than the other.

(a) To make a standard resistance: A resistor should allow only a limited current to flow through it.
Hence, from the graph, we come to know that the material whose plot is similar to plot (2) should be
used to make a resistor.

(i1) To make a connecting wire: A wire should allow all the current to flow through it without resisting
it. So, it should have a higher conductivity. Hence, from the graph, we come to know that the material

whose plot is similar to plot (1) should be used to make a wire.
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Ans.

31

Ans.

Two cells of emfs 1.5 V and 2.0 V having internal resistance 0.2 Q and 0.3 Q E,
respectively are connected in parallel. Calculate the emf and internal resistance of C
the equivalent cell.
E;"z
|+
E "

rn=02Q 1 =03Q

E=?,r=? (When two cells are connected in parallel)

E_E1r2+Ezrl_1.5x0.3+2x0.2_0.45x0.40_17V
Coon+rn 0.2+0.3 05

_ nr, 02x03 006
TT i+, 02+ 03 05

Q=012Q

SECTION: D

Q) If ] = EWhere Jis current density and E is electric field. Name the physical quantity

what factors it does depend?
(i) A metallic wire with resistance Aper unit length is bent to form a circle of
radius R. Calculate the effective resistance between the points P and Q,
making an angle of 90° with each other at the centre.
P

(a) x is resistivity. It depends on temperature and nature of the material.
(i) Let Ry = Resistance of part PMQ

R, = Resistance of part PQ

Circumference of circle 2R (Here R is the radius of the circle)

If A = resistance per unit length then: R, = %x 2nRA and R, = ix 2nRA

3 1
RiR, 3% 2mRA X e 2mRA

" Ri+R, Zx 2R + ix 2R

3 2192
I (2mR)“A
2mRA

R =—-mRA

€6,

X

and on
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One heater coil takes time t; to heat a glass of water and another takes time t, to heat the same amount
of water. How much time will it take to heat the same amount of water when the two are connected in
series and when the two are connected in parallel? VVoltage applied is same in all cases.

Let R;and R, be the resistances of two coils.

t; = Time taken by coil 1 to heat water

t, = Time taken by coil 2 to heat water

V= voltage supply

For, 1% coil, heat supplied by it, H = ‘;—Ztl
1

For, 2" coil, heat supplied by it, H = Z—th
2

To heat the same amount of water to same temperature, heat supplied by the coils must be equal.

V? &

Rl 1 R2 2

RZ _ t_Z

Ry g e (1)

Q) When the coils are connected in series. Then, resultant resistance R; + R,

t” = Time taken to heat up water in this case. Then;

vz V2
t =H=—t
R, +R, R,
R, +R,
t' = 1
R,

t =t +t, {using eq. 1}

(i) When the coils are connected in parallel then, the resultant resistance = %.
1 2

Let t” be the time to heat water in this case. Then;

vz o, o v?
Wt =H= R—1t1
R1+R,
t":( RyR, )t_lz R, t; _ 1 .
R, +R,JR, R, +R, %J,l 1
2
"o 1 _ tity .
= <§_1+1> t, = powve {using eq. 1}
2

Two wires of equal length, one of aluminium and the other of copper have the same resistance. Which

51




Ans

of the two wires is lighter? Hence explain why aluminium wires are preferred for overhead power
cables. (py; = 2.63 x1078Qm, p.,, = 1.72 x1078Qm , Relative density of Al = 2.7 , of Cu=8.9)
Resistivity of aluminium, p,; = 2.63 x1078Qm

Relative density of aluminium, d;=2.7

Let I; be the length of aluminium wire and m; be its mass.

Resistance of the aluminium wire = R;

Avrea of cross-section of the aluminium wire = A;

Resistivity of copper, p., = 1.72 x1078Qm

Relative density of copper, d,=8.9

Let I, be the length of copper wire and m; be its mass.

Resistance of the copper wire = R,

Avrea of cross-section of the copper wire = A;

The two relations can be written as

Itis giventhat, R, =R,

. ly 7]
< P1 A P2 2,

And, l1:l2
N —
TA 4

OR Ay _ p1 _ 263x107% _ 2,63

4, ps  172x10-8 172

Mass of the aluminium wire,
m, = VolumexDensity
=Alixd; = A lhd, ... 3)

Mass of the copper wire,
m, = VolumexDensity

=A,l,xd, = Ayl,d, ... 4)
Dividing equation (3) by equation (4), we obtain

my  Ailydy
ms; Bl Aylyd,

FOI‘ ll = l2
my;  Aidy
m, B A,d,
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Forﬂ — 283
A, 172
my; A;dy  2.63 2.7

- = 2~ 046
m,  Ayd, 172789

It can be inferred from this ratio that m, is less thanm,. Hence, aluminium is lighter than copper.

Since aluminium is lighter, it is preferred for overhead power cables over copper.
SECTION: E

CASE 1: .Kirchhoff's Rules
In 1942, a German physicist Kirchhoff extended Ohm's law to complicated circuits and gave two laws,
which enable us to determine current in any part of such a circuit. According to Kirchhoff's first rule,
the algebraic sum of the currents meeting at a junction x in a closed electric circuit is zero. The current
flowing in a conductor towards the junction is taken as positive and the current flowing away from the
junction is taken as negative.
According to Kirchhoff's second rule, in a closed loop, the algebraic sum of the emf's and algebraic
sum of the products of current and resistance in the various arms of the loop is zero. While traversing a
loop, if negative pole of the cell is encountered first, then its emf is negative, otherwise positive.
1. Name the physical quantities which are conserved in Kirchhoff’s laws.
Ans - Charge and energy
2. Find the value of current | in the given circuit.

4 A
Ans- =2 A %
) S ) ! ZA
3.What is the Potential difference between A and in - 3 A
3
the circuit shown
SA
4 - A i |- S — 'l
& W 2 8x | IR H Ly I
Ans-5.6 V
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CASE 2 : Grouping of Cells:

A single cell provides a feeble current. In order to get a higher current in a circuit, we often use a
combination of cells. A combination of cells is called a battery. Cells can be joined in series, parallel or
in a mixed way.

Two cells are said to be connected in series when negative terminal of one cell is connected to positive
terminal of the other cell and so on. Two cells are said to be connected in parallel if positive terminal of
each cell is connected to one point and negative terminal of each cell connected to the other point. In
mixed grouping of cells, a certain number of identical cells are joined in series and all such rows are
then connected in parallel with each other.

<< 2 —>

HH - H
T

| H s

l dx *—l'—ﬁ———l*—l ) @

R
AN~

Read the given passage carefully and give Ans of the following questions:

(1) To draw the maximum current from a combination of cells, how should the cells be grouped?
ANS : Depends upon the relative values of internal and external resistances.

(2) What is the total emf of the cells when n identical cells each of emf € are connected in parallel?
ANS Total emf of the cells when n identical cells each of emf & are connected in parallel is ¢

(3) 4 cells each of emf 2V and internal resistance of 1Q are connected in parallel to a load resistor of
2Q. Find the current through the load resistor.

ANS. I=mE/ mR+r

m = number of cells = 4

E=2V,R=2Q, r=1Q

I=8/8+1 = 8/9 = 0.888A
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Q.3

Ans
Q4

Ans
Q.5

Ans

CHAPTER —4 -MOVING CHARGE AND MAGNETISM
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each

If an electron is moving with velocity v produces a magnetic field Bthen-

(a) the direction of field Bwill be same as the direction of velocity v.

(b) the direction of field Bwill be opposite to the direction of velocity v.

(c) the direction of field B will be perpendicular to the direction of velocity v.

(d) the direction of field Bdoes not depend upon the direction of velocity v

(c)

Current flows through uniform, square frames as shown in the figure. In which case is the magnetic

field at the center of the frame not zero?

(a) (b)

—» »— >
(0) (4)
(©)

In an inertial frame of reference, the magnetic force on a moving charged particle is F. Its value in
another inertial frame of reference will be-

(a) remained same

(b) changed due to change in the amount of charge

(c) changed due to change in velocity of charged particle

(d) changed due to change in field direction

(c)

The magnetic field of a given length of a ware for single turn coil at its center is B. Then.Its value
for two turns of coil will be:

(@) B/4 (b) B/2 (c) 4B (d) 2B

(c)

10 ev electron is circulating in a plane at right angle to a uniform field of magnetic induction

10"t Wh/m2 (1G). The orbital radius of electron is:

(@ 12cm (b) 16 cm (c)11cm (d) 18 cm

(c)
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Q.6

Ans
Q.7

Ans
Q.8

Ans

Q.9

Ans
Q.10

Ans
Q.11

There are two straight long wires, insulated from each other, along x and y axis carrying equal
currents as shown in figure. AB and CD are lines in x-y plane and at 45° with the axes. The
magnetic field of the system is zero at points on the line:-

(a) AB : (b) OB but not on OA
(c)CD (d) OC but not on OD
@

A proton and an a-particle moving with the same velocity and enter into a uniform magnetic field
which is acting normal to the plane of their motion. The ratio of the radii of the circular paths
described by the proton and a-particle respectively:-

@1:2 (b)1: 4 (c) 1: 16 (d)4:1

(a)

Wire in the form of a right-angle ABC, with AB=3cm and BC = 4cm, carries a current of 10A.
There is a uniform magnetic field of 5T perpendicular to the plane of the wire. The force on the
wire will be:

(@) 1.5N (b) 2.0N (c) 2.5N (d) 3.5N

(©)

In a region constant uniform electric and magnetic field is present. Both fields are parallel. In this
region a charge released from rest, then path of particle is:-

(@) Circle (b) Helical (c) Straight line (d) Ellipse

(©)
A particle of mass m, charge Q and kinetic energy T enters a transverse uniform magnetic field of
induction. After 3 seconds the kinetic energy of the particle will be:

@T (b) 4T (c) 3T (d) 2T

(a)

A horizontal overhead powerline is at a height of 4m from the ground and carries a current of 100

A from east to west. The magnetic field directly below it on the ground is:-

(a) 2.5 x 107 T, southward (b) 5 x 10° T, northward

(c) 5 x10°® T, southward (d) 2.5 x107 T, northward
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Ans

Q.12

Ans
Q.13

Ans
Q.14

Ans
Q.15

Ans
Q.16

Ans

(©)

A current of 10 A is flowing in a wire of length 1.5 m. A force of 15 N acts on it when it is placed
in a uniform magnetic field of 2 T. The angle between the magnetic field and the direction of the
current is

(a)30° (b)45° (c)60° (d)90°

(a)

If resistance of a galvanometer is 6 Q and it can measure a maximum current of 2 A. Then required

shunt resistance to convert it into an ammeter reading up to 6 A, will be

(a)2 Q ()3 Q (c)4 Q (d)5Q
(b)
The magnetic field due to a straight conductor of uniform cross-section of radius a and carrying a
(a) B (b) B
B B
) (@)
steady current is represented by s e

(a)

A charged particle moves through a magnetic field perpendicular to its direction. Then
(a)kinetic energy changes but the momentum is constant

(b)the momentum changes but the kinetic energy is constant

(c)both momentum and Kkinetic energy of the particle are not constant

(d)both momentum and kinetic energy of the particle are constant.

(b)
Assertion: A circular loop carrying current lies in XY plane with its center at origin having

a magnetic flux in Z-axis direction.
Reason: Magnetic flux direction is independent of the direction of current in the conductor.

(c) The direction of magnetic field due to current carrying conductor can be found by applying
right hand thumb rule or right-hand palm rule. When electric current is passed through a circular
conductor, the magnetic field lines near the center of the conductor are almost straight lines.

Magnetic flux direction is determined only by the direction of current.
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Q.17

Ans

Q.18

Ans

Q.19

Ans

Q.20

Ans

Assertion: The magnetic field at the ends of a very long current carrying solenoid is half of
that at the center.

Reason: If the solenoid is sufficiently long, the field within it is uniform.

(b) For a solenoid Bend ¥2 Bin. Also, for a long solenoid, magnetic field is uniform within it but

this reason is not explaining the assertion.

Assertion: If two long wires, hanging freely are connected to a battery in series, they come

closer to each other.

Reason: Force of attraction acts between the two wires carrying current.

(d) When two long parallel wires, are connected to a battery in series. They carry currents in

opposite directions; hence they repel each other.

SECTION-B(2 Mark)

A beam of a particles projected along +x-axis, experiences a force due to a magnetic field along
the +y-axis. What is the direction of the magnetic field?

'_:; = q{;x E}

Direction of the magnetic field is towards negative direction of z-axis.

A charge ‘q” moving B along the X-axis with a velocity v is subjected to a uniform magnetic
field B acting along the Z-axis as it crosses the origin O.

(i) Trace its trajectory.

(i1) Does the charge gain Kkinetic energy as it enters the magnetic field? Justify your Ans.

B Z-axis
2 Y
/ q
X
(1) g | Zaxis
T
> Y
VERVARY,
'y . helical

(i)K.E. does not change irrespective of the direction of the charge as
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Q.21

Ans

Q.22

Ans

Q.23

Ans

Q.24

— - =

Power delivered, F.o= glo x B).; =0
o

— =
[ scalar triple product (v x B). v = 0]

A proton and a deuteron, each moving with velocity v~ enter simultaneously in the region of

magnetic field B~ acting normal to the direction of velocity. Trace their trajectories establishing

the relationship between the two.

X X X X X X
X X X X X X
A X

X
X

e A

X X X
%

o -

A particle of mass 10 kg and charge 5 pC enters into a uniform electric field of 2 x 10° NC™,

moving with a velocity of 20 ms™ in a direction opposite to that of the field. Calculate the

distance it would travel before coming to rest.

F = gE, = ma=qE
s 5
.\ a= ﬂ: 5x10 " x2x10 - 10° ms2
m 107
As v? = u? - 245, v = 0, when particle comes at rest
2
». Distance, S = H o 20x 20 = 400 X 1U"3=U,2m
2a  2410° 2
s 85=20em

Write the expression for Lorentz magnetic force on the particle of charge g moving with

velocity v in a magnetic field B. Show that no work is done by this force on the charged

particle.

Lorentz magnetic force F = q (v X B)

As the magnetic force F acts in the direction perpendicular to the
direction of velocity V or the direction of motion of the charge particle,
so the work done is zero.

So, W = F.ds = FdsCose =Fdscos90 =0

Match the following -

(i) An Ammeter (@) A low resistance device connected in parallel
(ii) A voltmeter (b) A low resistance device connected in series.
(ii1) An ideal voltmeter (c) Has infinite resistance.
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Ans
Q.25

Ans

Q.26

Ans

(b (i) a (ii) c

Which one of the following will have a minimum frequency of revolution,
when projected with the same velocity v perpendicular to the magnetic field B:

(i) a — particle and (ii) B — particle.

Frequency of revolution v= gB/2xtm and g/m of a — particle is less, hence o — particle will have

minimum frequency of revolution.

SECTION-C(3 Mark)
Two long straight parallel conductors carry steady currents I, and I, separated by a distance d. If
the currents are flowing in the same direction, show how the magnetic field set-up in one
produce an attractive force on other. Obtain the expression for this force. Hence define one
ampere.
Consider two infinitely long parallel conductors carrying current I; and I, in the same direction.
Let d be the distance of separation between these two conductors.

Wire 1 Wire 2
B] — !'1011 : 1
2md
F2=12><E2><BlginEl
. - —
{sin 8 = 1) L Fy F, L
I
= Fq:IXIr.xM B, ®E1
2 2 2 I y
Force per unit length, | |
Holilz Kol ' !
F=2l1ls B, = “t=
d * % 2nd
F, =1, x1, xB,sin 9 (sin © = 1)
_ Bolylah
= F, = Ror2h
! 2nd

) [,I
Force per unit length, F = H012
ree per unit leng 2nd

According to flaming left hand rule, this force acts at right angle to CD, towards AB in the
plane of the paper similarly, an equal force is excited on the wire AB by the field of wire CD.
When the current in the two wires in the same direction the force between them are attractive.
When the current in the two parallel wires flow opposite direction then the force between them

is repulsive.

Definition of 1 ampere = 1 ampere is that value of steady current, which on flowing in each of the
two parallel infinitely long conductors of negligible cross section placed in the vacuum at distance
of 1 m from each other, produces between them a force of 2 x 107 Newton per meter of their

length.
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Q.27 A galvanometer of resistance G is converted into a voltmeter to measure up to V volts by
connecting a resistance R; in series with the coil. If a resistance R, is connected in series with
it, then it can measure up to V/2 volts. Find the resistance, in terms of R; and R, required to be
connected to convert it into a voltmeter that can read up to 2V. Also find the resistance G of
the galvanometer in terms of R; and R..

Ans  For voltmeter of range V, V=1I3(G+Ry)..... Q)

For voltmeter of range V/2, VI2=14 (G +Ry) ......... 2
Dividing the (1) by (2) we get
2=(G+R)/I(G +Ry) or 2G+R;=G+R, so0 G=R;-2R;
Let R3 be resistance required for conversion into voltmeter of range 2 V. Then
2V =14 (G +Ry) ........ (3)
From equation (1) and (3)
2=(G+R3)/(G+Ry)or 2G+2R;=G+R3 S0 R3=G+2R;=(R1—2R;) +2R;
= 3R;:-2R,.

Q.28  Along straight wire of a circular cross-section of radius ‘a’ carries a steady current ‘I’. The current
is uniformly distributed across the cross-section. Apply Ampere’s circuital law to calculate the
magnetic field at a point V in the region for
() r<aand (ii) r >a.

Ans  Consider an infinite long thick wire of radius V with axis XY. Let | be the current flowing through
the wire.

When the point P lies outside the wire:

F. dT
_}
— T B
T r—%s
.
dil_,
e S R B
H ==
LT
—

Let r be the perpendicular distance of point P from the axis of the cylinder, where r > a.
Here B— and d |— are acting in the same direction.

Applying Ampere’s circuital law, we have
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Bdl =pl = §Bdl cos 0 =pl

inr
= B[dl =y I cos0 =1
/ .
. - Kol . B X
= B.2mr = p,l = B - . B -

When the point P lies inside the wire:

Here r < a. We have two possibilities:

According to Ampere circuital law,

(1) “Whenever the current floras only through the surface of the wire, B = 0 as current in the closed
path will be zero.”

(i) “Wherever in the case when current is uniformly distributed through the cross-section of
conductor, current through the closed path will be:

I’ = Current per unit area of the wire x area of the circle of radius r

I [rd
fa’ a®

Applying Ampere's circuital law,
§=B.dl =pr

Iré
= BxImr =, x —
i
— B = HHoIr B oy

2n  a®

Q.29 An ammeter of resistance 0.80 2 can measure current upto 1.0 A.
(i) What must be the value of shunt resistance to enable the ammeter to measure current upto
5.0A?
(i) What is the combined resistance of the ammeter and the shunt?
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Ans (i) R, =080 Q, i =1.0A, i=5A

ShLll"lt, S = [—jﬁ—'—JRE = [L]US{]
I — i'g
_ % % 0.80 = 0.20 Q

(i1} Combined resistance of ammeter and shunt,
1 1 1 1 1

= +
chmbmed ’ Rﬂ. 5 0.8 0.20

080 080 8

8

s R = — = 0.16 £
50

combined

Q.30  Two identical circular wires P and Q each of radius R and carrying current ‘I’ are kept in
perpendicular planes such that they have a common center as shown in the figure. Find the
magnitude and direction of the net magnetic field at the common center of the two coils.

[ - E

— - - e

P - T T

Tl ——— — e

I

=

Ans  Magnetic field produced by the two coils at their common center are:

By B

Bl - H’ONI
2R
and B, = KNI

2R
The resultant field at the
common centre is:

B= B?+B}?
2 RNI NI 4242 NI
- 2R 242R V2R

tanﬂ=% tan 8 =1 . B = 45°
1

The net magnetic field is directed at an angle of 45° with either of the fields.
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Q.31

Ans

SECTION-D (5 Mark)

Applying ampere’s circuital law to calculate the magnetic field inside a long straight solenoid.

Figure shows the longitudinal sectional view of
long current carrying solenoid. The current
comes out of the plane of paper at points
marked.

The B is the magnetic field at any point inside the
solenoid.

Considering the rectangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. (1)

§ B-dl=p, x(Total current passing through

loop abcd)
[[Ba+[ Bd+[ B

a N
+Id Bd"—".lo(Tll)
N .
where, " number of turns per unit length

ab =cd = I = length of rectangle.
[ a" Bdll cos0° + [ Ball cos90° +0

a " NY),.
+ L Bdl cos90° =p,, (T)h

b N} ,. N1 ,.
BL dl=uo(—i-)h=81=p.o (T)ll

= B=uo(%)i or B=puqni
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Q.32 Applying Biot-Savart law to find the magnetic field due to a circular current carrying loop at a
point on the axis of the loop state the rules used to find the direction of this magnetic field.

A d
Ans T
! Jx‘l a s
\ A Q
e/
! 9% el .
= B
x NG
r v "AQ.
4
A

By Biot- Savart’s law, the field dB due to a small element dl of the circle, centered at A is given

by,
Ho dl
dB="—J] ——— 1
4 (x2+r2) 1)

This can be resolved into two components, one along the axis OP, and other PS, which is
perpendicular to OP. PS is exactly cancelled by the perpendicular component PS’ of the field due to

a current and centered at A’. So, the total magnetic field at a point which is at a distance x away

from the axis of a circular coil of radius r is given by,

2

P Mo r
Ty R Ar

If there are n turns in the coil, then

_ tgnl r?

e xRSO (2)
X 2 (22 +r2)302

where L is the absolute permeability of free space.
Q.33  Derive an expression for the torque on a rectangular coil of area A, carrying a current | and place in
a magnetic field B. The angle between direction of B and vector perpendicular to the plane of the

coil is 0. Indicate the direction of the torque acting on the loop. consider a rectangular coil PQRS

suspended in a uniform magnetic field B, with its axis perpendicular to the field.

65




Ans

Let us now consider the case when the magnetic field B is in the plane with the rectangular loop.
No force is exerted by the field on the arms of the loop that is parallel to the magnets, but the arms

perpendicular to the magnets experience a force given by F,
F, =IbB
This force is directed into the plane.

Similarly, we can write the expression for a force F, which is exerted on the arm CD,
Fz = .”JB = Fl

We see that the net force on the loop is zero and the torque on the loop is given by,

a @
T:F:LE-I_ FEE

a i
T =1bB5 +1bB— = I(ab)B = IAB
Where ab is the area of the rectangle. Here, the torque tends to rotate the loop in the anti-clockwise
direction.

Let us consider the case when the plane of the loop is not along the_magnetic field. Let the angle

between the field and the normal to the coil be given by 8. We can see that the forces on the arms
BC and DA will always act opposite to each other and will be equal in magnitude. Since these
forces are the equal opposite and collinear at all points, they cancel out each other’s effect and this
results in zero-force or torque. The forces on the arms AB and CD are given by F; and F,. These
forces are equal in magnitude and opposite in direction and can be given by,

F:L:F::jrbB

These forces are not collinear and thus act as a couple exerting a torque on the coil. The magnitude

a el
T =5 Esinﬂ'+ insinﬁ"
T = Tabhb =sin 8

of the torque can be given by, T =1ABsin@
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SECTION-E (Case Study Based )

Q.34 CASE 1: HELICAL MOTION OF CHARGED PARTICLES: A charged particle of mass m and

(i)

Ans

(i)

Ans

(iii)

Ans

charge q, entering a region of magnetic field B”with an initial velocity v making an angle 0 with
B”. Let this velocity have a component v, (vcos@) parallel to the magnetic field and a component
vn (vsin®) normal (perpendicular) to it. There is no force on a charged particle in the direction of
the field. Hence the particle continues to travel with the velocity v, parallel to the field. The
normal componentv,of the particle results in a Lorentz force (v'» x B”) which is perpendicular to
both v"randB”.The particles thus has a tendency to perform a circular motion in a plane
perpendicular to the magnetic field. When this is coupled with the velocity parallel to the field, the
resulting trajectory will be a helix along the magnetic field line, as shown in Figure below.

Velocity of charge at

Y/\ the starting point
Component of charge | 5Vsin®
/
(=)

ible f
responsible for Magnetic field
Vcos© direction (B)

Charge Radius Helical path of
+q Pitch charge

circular motion

VYV

Two charged particles A and B having the same charge, mass and speed enter into a magnetic field
in such a way that the initial path of A makes an angle of 30° and that of B makes an angle of 90°
with the field. Then what will be relation between the radius of curvature of the trajectory followed
by them.

A will have smaller radius of curvature than that of B, because r=mvsin6/qB

A neutron enters a region of uniform magnetic field 0.15 T with a velocity making an angle 30° with

the magnetic field vector. The path of the neutron will be?
Straight line because neutron has not any charge so there will not be any magnetic force on it.

A negatively charged particle having velocity v enters a region of uniform magnetic field at an
angle 30° with the direction of magnetic field. Then what will be effect on its kinetic energy?

Kinetic energy will remain constant because magnetic force never changes magnitude of velocity.

It changes direction only.
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Q.35 Case 2: Moving coil galvanometer: Moving coil galvanometer is an electromagnetic device that
can measure small values of current. It consists of permanent cylindrically cut magnets, coil,
soft iron core, pivoted spring, non-metallic frame, scale, and pointer. The magnetic field in
moving coil galvanometer is radial in nature it means the magnetic field always lies in the plane
of coil which makes the torque acting on the coil maximum. When the current is passed through
the coil a torque acts on the coil. Due to this torque the coil rotates and with the coil spring also
rotates. This rotation in the coil generates a restoring torque in the spring. In equilibrium

condition torque in the coil due to current is equal to the restoring torque in the spring.

Scale

Pointer —» Permanent magnet

\ Soft-iron
core

1
Uniform radial
magnetic field

(i)  What is the function of a moving coil galvanometer?

Ans It is a deflection instrument which gives a deflection when a current flows through its coil.

(i)  How to make the field radial in a moving coil galvanometer?

Ans Poles are cylindrically cut and make the shape concave (Horse shoe)

(iii)  In a moving coil galvanometer, having a coil of N-turns of area A and carrying current i is
placed in a radial field of strength B. What will be torque acting on the coil?
Ans  Torque (t) = NiABsinf

In radial magnetic 6=90° so 1 =NiAB
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Q.1

ANS
Q.2
ANS

Q.3

ANS
Q.4

ANS
Q5

ANS
Q.6

ANS
Q.7

ANS
Q8

ANS

CHAPTER —5 - MAGNETISM AND MAGNETIC MATERIAL

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
The magnetic dipole moment of a current carrying coil does not depend upon:
(A) number of turns of the coil.  (B) cross-sectional area of the coil.
(C) current flowing in the coil. (D) material of the turns of the coil.
(D) material of the turns of the coil.
The net magnetic flux through any closed surface, kept in a magnetic field is:
(A) Zero (B) 47/po (C) 4pon (D) po/dn

(A) Zero

The equatorial magnetic field of Earth is 0.4 G. Then its dipole moment on equator is:
(A) 1.05 X 102 Am? (B) 2.05 X 10%° Am?

(C) 105 X 10** Am? (D) 2.05 X 10**Am?

(A) 1.05 X 102 Am?

A magnetising field of 2x10°Am'produces a magnetic flux density of 8T in an iron rod. The
relative permeability of the rod will be:

(A) 10% (B) 1 (c) 10* (D) 10°

(c) 10

A magnet of magnetic moment M and pole strength m is divided in two equal parts, then magnetic
moment of each part will be

(A) M2 (B)M/4 ©) M (D) 2M

(A) M/2

Which of the following is true

(A) Diamagnetism is temperature dependent (B) Paramagnetism is temperature dependent
(C) Paramagnetism is temperature independent (D) None of these

(B) Paramagnetism is temperature dependent

The major contribution of magnetism in substances is due to

(A) Orbital motion of electrons (B) Spin motion of electrons

(C Equally due to orbital and spin motions of electrons (D) Hidden magnets

(B) Spin motion of electrons

A magnet of magnetic moment 50 i A-m?is placed along the x-axis in @ magnetic field B =
(0.5i+3.0j )T. Thetorque acting on the magnet is

(A) 175 k Nm (B) 150 k Nm (C) 75i Nm (D) 2537 k Nm

(B) 150 k Nm
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Q.9

ANS

Q.10

ANS
Q.11

ANS
Q.12

ANS
Q.13

ANS
Q.14

ANS
Q.15

ANS

A bar magnet is held perpendicular to a uniform magnetic field, If the couple acting on the magnet
is to be halved by rotating it, then the angle by which it is to be rotated is

(A) 30° (B) 45° (C) 60° (D) 90°
(A) 30°

The Sl unit of magnetic permeability is

(A) Wb Al m (B) Wb A'm?* (C)Hm (D) Tm™* A.
(B) Wb A'm™*

The magnetic material, which moves from stronger to weaker parts of a magnetic field is known as
(A) Diamagnetic ~ (B) Paramagnetic  (C) Ferromagnetic (D) Anti-ferromagnetic

(A) Diamagnetic

A small rod of bismuth is suspended freely between the poles of a strong electromagnet. It is found
to arrange itself at right angles to the magnetic field. This observation establishes that bismuth is
(A) Diamagnetic  (B) Paramagnetic (C) Ferromagnetic (D) Anti-ferromagnetic

(A) Diamagnetic

For a paramagnetic substance

(A =1 B) ur=0 (C) w>1 (D) p,=infinity

©€) p>1

According to Curie's law, the magnetic susceptibility of a substance at an absolute temperature T is
proportional to

(AT (B) 1/ T? (C) T? (D) UT

(D) 1T

Intensity of magnetization is given as

(A) Magnetic moment per unit mass (B) Magnetic moment per unit volume

(C) Magnetic moment per unit atomic weight (D) None of the above

(B) Magnetic moment per unit volume
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Q.16

ANS
Q.17

ANS
Q.18

ANS

Q.19

ANS

Q.20

ANS

SECTION - A
ASSERTION REASION TYPE QUESTIONS
Directions: (16-18) for assertion and Reason Type Questions In this type of question, a statement
of assertion [A] is followed by a statement of reason [R]. Mark the correct choice as :
(A) Both assertion and reason are true and reason is the correct explanation of assertion.
(B) Both assertion and reason are true and reason is not the correct explanation of assertion.
(C) Assertion is true but reason is false.
(D) Both assertion and reason are false.
ASSERTION: In magnet, the molecular magnets are aligned in same direction.
REASON: Iron behaves as magnet.
(C) Assertion is true but reason is false.
ASSERTION: Basic difference between an electric line and magnetic line of force is that former is
discontinuous and the latter is continuous or endless.
REASON: No electric lines of forces exist inside a charged body but magnetic lines do exist inside
a magnet.
(A) Both assertion and reason are true and reason is the correct explanation of assertion.
ASSERTION: In water, value of magnetic field decreases.
REASON: Water is a diamagnetic substance.
(A) Both assertion and reason are true and reason is the correct explanation of assertion.
SECTION -B
A magnetic dipole is situated in the direction of a magnetic field. What is its potential energy? If it
is rotated by 180°, then what amount of work will be done?
P.E. Of dipole=-M B cos0°=-M B
Work done = MB(cos 0°- cos 180°)
=MB(1 +1) = 2MB.
Define the term magnetic susceptibility and write its relation in terms of relative magnetic
permeability.
Magnetic susceptibility is a property which determines how easily a specimen can be magnetised,

when placed in the magnetising field. Magnetic susceptibility of a material is defined as the ratio

of intensity of magnetisation (M) induced in the material to the magnetising force (H) applied on it.

It is represented by ym.
i.e., ym= M/H

relative magnetic permeability p, is related to ymby the relation =1+ ym
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Q.21

ANS

Q.22

ANS

Q.23

ANS

Q.24

ANS

Two magnetic materials A and B have relative magnetic permeabilities of 0.96 and 500. Identify
the magnetic materials A and B.

For magnetic material A, p,=0.96 <1 . A must be diamagnetic in nature.

For magnetic material B, p.= 500 which is high. Therefore, B must be a ferromagnetic material.
Under what situation a magnet suspended in a uniform magnetic field will be (a) in stable
equilibrium and (b) in unstable equilibrium?

When axis of the magnet of magnetic moment m makes an angle 6 with the direction of magnetic
field B, then torque on magnet is t = mB sin 6 and its PE, U=-m B cos 6.

(a) The magnet will be in stable equilibrium if T =0 and U is minimum. It will be so if the
magnetic moment of magnet acts in the direction of magnetic field, i.e., 8 = 0°.

(b) The magnet will be in unstable equilibrium if T =0 and U is maximum. It will be so if the
magnetic moment of magnet acts in opposite direction to that of magnetic field.

Two circular loops of radii r and 2 r have currents | and 1/2 flowing through them in clockwise and
anticlockwise sense respectively. If their equivalent magnetic moments are m; and mpwhat is the

relation between m4 and m,?

m; = Inr?
m= I(mdr>)2 = 1Q2nr?)
mi/m, = 1/2

The direction of m; is opposite to the direction m,

Define the term: Magnetic dipole moment of a current loop. Write the expression for the magnetic
moment when an electron revolves at a speed v around an orbit of radius r in hydrogen atom.

A current carrying loop behaves as a system of two equal and opposite magnetic poles separated by
a distance. Hence it behaves as a magnetic dipole. Magnetic dipole moment of current loop is the
product of current | and area A enclosed by the loop of current, i.e.

m=IA =l x 112 = (¢ /T) mr?

2 evr
X @ = T

2nr/V

72




Q.25

ANS

Q.26
ANS

Three identical specimens of magnetic materials nickel, antimony and aluminium are kept in a non-
uniform magnetic field. Draw the modifications in the field lines in each case. Justify your Ans.
The modifications in field lines are as shown in given figure. This is because, Nickel is

ferromagnetic, Antimony is diamagnetic and Aluminium is paramagnetic.

S T R R

¥ Auminium P~

i

SECTION -C
Find expression for work done in rotating a bar magnet in a uniform magnetic field.
When a magnetic dipole of moment m is held at an angle 6 with the direction of a uniform
magnetic field B. the magnitude of the torque acting on the dipole is
T=mB sin 0
This torgue tends to align the dipole in the direction of the field. Work has to be done in rotating the
dipole against the action of the torque. This work done is stored in the magnetic dipole as potential
energy of the dipole.
dw=1d0 = mBsin6d0
Total work done in rotating the dipole from 6 = 61to 6 = 0,
W = feelz mB sin0d0 = -mB (cos0,-cos0;)
Therefore potential energy of the dipole is U = -mB (cos6-c0s90°)
When 0; = 90%nd 0,= 0 then U = -mB (cos6,-cosb,)
U=w= -mB cos 0
Now, small amount of work done in rotating the dipole through a small angle de against the

restoring.
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Q.27 Deduce an expression for the magnetic dipole moment of an electron orbiting around the nucleus
and hence define Bohr magneton.

ANS In every atom, electrons revolve around the nucleus. A revolving electron is like a loop of current,
which has a definite magnetic dipole moment. When electron revolves in anticlockwise direction,
the equivalent current is clockwise, Therefore, upper face of the electron loop acts as south pole and
lower face acts as north pole, Hence an atom behaves as a magnetic dipole.

If e is the charge on an electron revolving in an orbit of radius r with a uniform angular velocity o,

é D
(0]

N

then equivalent current

| = (charge)/(time) = e/T

where, T= the period of revolution of electron =2 n/ ®
[=e2n/0 =we/2mn
Area of the orbit A = 71

Magnetic moment of the atom is given by

we 1
m=I1A == x x1? = = eor?
2n 2

According to Bohr's theory, an electron in an atom can revolve only in certain stationary orbits, in
which angular momentum of electron (m v r) is an integral multiple of nh / 2 = where h is Planck's
constant. mvr.r = nh/2 tm, (Where me is mass of electron)
m= neh/4 tme
n=1 for first orbit electrons
M= eh/4 mm, IS known as Bohr magneton

The magnetic moment of first orbit electrons is known as Bohr Magneton.
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Q.28

ANS

Q.29

ANS

Write three points of differences between para-, dia- and ferro-magnetic materials, giving one
example of each.

Diamagnetic Materials:

()When a diamagnetic material is suspended in a uniform magnetic field, they set their longest axis
at right angles to the direction of the field, i.e., the shortest axis are along the direction of the field.
This is shown in Fig.

(i) When a sample of diamagnetic material is placed in a non-uniform magnetic field, these
substances have a tendency to move from stronger parts of the field to the weaker parts.

(iii) When a specimen of a diamagnetic material is placed in a magnetising field, the magnetic field
lines prefer not to pass through the specimen. It implies that the magnetic field lines are repelled or
expelled and the field inside the material is reduced. This reduction is slight, being one part in 10°.
Paramagnetic Material:

(i) When a paramagnetic substance is suspended in a uniform magnetic field, they rotate so as to
bring their longest axis along the direction of the field. This is shown in Fig.

(it) When a sample of paramagnetic substance is placed in a non-uniform magnetic field, they tend
to move from weaker parts of the field to the stronger parts. It implies that paramagnetic substances
get weakly attracted to a magnet

(iii) When a specimen of a paramagnetic substance is placed in a magnetising field. the magnetic
field lines prefer to pass through the specimen rather than through air.

Ferromagnetic materials:

(i) They are strongly magnetised in the direction of external magnetising field in which they are
placed.

(if) They have a strong tendency to move from a region of weak magnetic field to the region of
strong magnetic field, i.e., they get strongly attracted to a magnet.

(i) Relative magnetic permeability of ferromagnetic materials is very large (= 10° to 10°)

Define magnetising field, magnetic induction, permeability, intensity of magnetisation and
susceptibility. Write the relation between permeability and susceptibility.

Magnetising Field: The magnitude of magnetising force may be defined as the number of ampere
turns flowing round unit length of toroidal solenoid to produce the magnetic induction B, in the
solenoid.

Magnetic Induction:The force experienced by a unit positive charge moving with unit velocity in a
direction perpendicular to the magnetic field.

Magnetic permeability:
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Q.30

ANS

Magnetic permeability of a material is equal to the ratio of the magnitude of magnetic induction (B)
to the magnetising force or magnetising intensity (H) It is represented by p.

Intensity of magnetisation:

The intensity of magnetisation of a magnetic material is defined as the magnetic moment per unit
volume of the material placed in the magnetising field.

Magnetic Sucessptibility:

Susceptibility of a magnetic material is defined as the ratio of the intensity of magnetisation (1)
induced in the material to the magnetising force (H) applied on it. Magnetic susceptibility is
represented by .

Relation between relative permeability and magnetic Sucessptibility is

pe = 1+

Derive an expression for torque acting on a bar magnet held at an angle with the direction of a
uniform magnetic field.

A magnetic dipole is placed in a uniform magnetic field is represented by equidistant parallel lines.
NS is a bar magnet of length 2| and strength of each pole is m. The magnet is held at angle 6 with

the direction of magnetic field B.

Force on N-pole = mB, along vector B

Force on S-pole = mB, opposite to vector B

These forces being equal, unlike and parallel will form a couple, which tends to rotate the magnet
clockwise so as to align it along vector B.

Draw NA perpendicular to B and SA ||B

Torque acting on the bar magnet = moment of the couple = force x perpendicular distance

=mB x NA
In A NASsin6 = NA/NS = NA/21 , NA = 2] sinf
tT=mBx2lsin6=M X B where M = mx21

Tt = MXB
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SECTION -D

Q.31 (a) Discuss briefly electron theory of magnetism. How does it account for the three kinds of
behaviour of magnetic substances?
(b) A bar magnet of length 10 cm has a pole strength of 10 Am. Calculate the magnetic field at a
distance of 0.2 m from its centre at a point on its (i) axial line (ii) equatorial line.

ANS (a) We know that each electron in an atom is revolving in an orbit around the nucleus. The
revolving electron is equivalent to a tiny loop of current. Therefore, it possesses some orbital
magnetic dipole moment

In addition to the orbital motion, every electron is assumed to have a spin motion around its axis.
Therefore, another dipole magnetic moment called spin magnetic moment M, is also associated with
electron.

M = current x area of the loop.

The vector sum of M, and Ms provides the net magnetic dipole moment M to the atom, i.e.,

M= M, +Ms,

In a diamagnetic substance, M, and Ms, cancels each other for every atom so that the atom has no

net magnetic dipole moment.

77




Q.32

ANS

Q.33

Therefore, motion of all the electrons in an atom of a diamagnetic material is assumed to be reduced
to motion of two electrons revolving with same angular velocity in a circular orbit of same radius,
but in opposite sense. The magnetic moment of the two being equal and opposite, cancel each other
(in the absence of any external magnetic field) so that net magnetic moment of each atom is zero.
(b) Here 21 =10 cm, I=5cm =0.05 m,

m=10 Am
B; =? ,B,=?,d=0.2m:
M=mx2l=10x0.1=1Am?

_u0 2Md _
4w (d?-12)?

2.84x10° T

B1 = Baxia

The given figure shows the variation of intensity of magnetisation (M) versus the applied magnetic
field intensity (H), for two materials A and B.

(a) Identify the materials A and B.

(b) For the material A, plot the variation of intensity of magnetisation versus temperature.

Since M /H = ym(susceptibility of material),

slope of M-H graphs gives ymFor material A, since slope is positive and has a smaller value, it is
likely to be a paramagnetic. For material B, since slope is M also positive but has a large value, it is

oy

likely to be ferromagnetic.

— T

The M-T graph for A ( a paramagnetic material) is shown in the above figure.
Ans the following:

(a) Why does a paramagnetic sample display greater magnetisation (for the same magnetising field)
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Q.34

when cooled?
(b) Why is diamagnetism, in contrast, almost independent of temperature?
(c) If a toroid uses bismuth for its core, will the field in the core be (slightly) greater or (slightly)
less than when the core is empty?
(d) Is the permeability of a ferromagnetic material independent of the magnetic field? If not, is it
more for lower or higher fields?
(e) Magnetic field lines are always nearly normal to the surface of a ferromagnetic at every point.
(This fact is analogous to the static electric field lines being normal to the surface of a conductor at
every point.) Why?
(a)Alignment of magnetic dipoles increases with decrease in temperature. This gives rise to greater
resultant magnetic moment.
(b) The induced dipole moment in a diamagneticsubstance is opposite to B and is independent of the
internal motion of the atom.
(c) We know that bismuth is diamagnetic and as such
H<HoOT W/po<1
B/Bo= /o B/Be<l
Or B< B,
Hence, the field in the core (B) is less than the field (B,) when the core is empty. But B is only
slightly less than B, as for bismuth p/pois only slightly less than 1.
(d) The permeability of ferromagnetic substances is field dependent and it is more for higher fields.
(e) At the interface of the two media, magnetic field lines meet that medium normally which has
very large value of . This is so in case of ferromagnetic surface.
SECTION - E
CASE BASED STUDY TYPE QUESTIONS
CASE-1
Directions:
When the atomic dipoles are aligned partially or fully, there is a net magnetic moment in the
direction of the field in any small volume of the material. The actual magnetic field inside material
placed in magnetic field is the sum of the applied magnetic field and the magnetic field due to
magnetisation. This field is called magnetic intensity(H). H=B/u,—M where M is the
magnetisation of the material, po is the permittivity of vacuum and B is the total magnetic field. The
measure that tells us how a magnetic material responds to an external field is given by a
dimensionless quantity is appropriately called the magnetic susceptibility: for a certain class of

magnetic materials, Intensity of magnetisation is directly proportional to the magnetic intensity.
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ANS

ANS

Q.35

(1) What is the net magnetic moment of diamagnetic material?
net magnetic moment of a diamagnetic material is zero.
(2) Write the relation between relative permeability and Sucessptibility.
Mr =1+ ym.
(3)Why do magnetic lines of force prefer to pass through ferromagnetic materials?
This is because permeability (1) and susceptibility (yy) of such materials are very high.
CASE -2
Current loop behaves like a magnetic dipole and has a magnetic field. They behave just like a
magnet. Interesting part is, it depends upon the direction of current in loop which decides whether
magnetic field line is in outward or inward direction. With the help of this outward and inward

direction of magnetic field, north and south poles get decided.

Woodsorew wﬁm W
ant

!/-v S Head / ™
*\3 4

Conductor

>

South Pole Morth Paole

Anticlockwise direction of current creates north pole (outward direction magnetic field) and
clockwise direction of current creates a south pole (inward direction magnetic field). Magnetic
dipole moment M with the circular current loop carrying a current | and of area A. The magnitude of
M s given by

IM|=1XA
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ANS

ANS

ANS

Current in the circular coil produces magnetic field and Amperes found out that magnetic field
created due to circular coil is similar to the magnetic field due to a bar magnet. Wood screw head
sign shows that direction of screw is inward because we are not able to see pointed part of screw and
so direction is inward. This inward direction of screw denotes the direction of the magnetic field.
Read the given passage carefully and give Ans of the following questions:

(1) Why the net magnetic moment of a diamagnetic material is zero?

The magnetic moment of the two being equal and opposite, cancel each other so the net magnetic
moment of each atom is zero.

(2) How the direction of magnetic moment of a current carrying circular loop is decided?

The direction of magnetic moment of a current carrying circular loop is decided by right hand thumb
rule.

(3) A thin circular wire carrying a current I, has a magnetic moment M. The shape of the wire is
changed to a square and it carries the same current. What will be the magnetic moment of the square
loop?

Since 2nR =4s ; s= nR/2

Therefore area of square loop = (1tR/2)2 ;

Magnetic moment of square loop =IA =1 n°R?/4:;

M= 1 xnR% n/4; =Mm/4
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CHAPTER — 6- ELECTROMAGNETIC INDUCTION

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each

In electromagnetic induction, the induced charge is independent of
(@) Change of flux (b) time.
(c) resistance of the coil (d) None of these
According to Faraday’s law of electromagnetic induction
(a) Electric field is produced by time varying magnetic flux.
(b) Magnetic field is produced by time varying electric flux.
(c) Magnetic field is associated with a moving charge.
(d) None of these
A moving conductor coil produces an induced e.m.f. This is in accordance with
(a) Lenz’s law (b) Faraday’s law
(c) Coulomb’s law (d) Ampere’s law
The self-inductance of a coil is a measure of
(a) electrical inertia (b) electrical friction
(c) induced e.m.f (d) induced current
Two pure inductors each of self-inductance L are connected in series, the net inductance is
(@) L (b)2L (c) L/2 (d) L/4
A magnet is moved towards a coil (i) quickly (ii) slowly, then the induced e.m.f. is
(@) larger in case (i) (b) smaller in case (i)
(c) equal to both the cases  (d) larger or smaller depending upon the radius of the coil
When current in a coil changes from 5 A to 2 A in 0.1 s, average voltage of 50 V is produced. The
self-inductance of the coil is
(@) 1.67 H (b)6 H (c)3H (d)0.67H
A coil having 500 sg. loops of side 10 cm is placed normal to magnetic flux which increases at a
rate of 1 T/s. The induced emf is
(@ 0.1V (b) 0.5V (c)1V (d)5s5V
The north pole of a long bar magnet was pushed slowly into a short solenoid connected to a short
galvanometer. The magnet was held stationary for a few seconds with the north pole in the middle
of the solenoid and then withdrawn rapidly. The maximum deflection of the galvanometer was
observed when the magnet was
(@) moving towards the solenoid (b) moving into the solenoid
(c) at rest inside the solenoid (d) moving out of the solenoid
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The magnetic flux linked with a coil of N turns of area of cross section A held with its plane
parallel to the field B is

(a) ﬁgﬁ (b) NAB (9 # (d) zero

If number of turns in primary and secondary coils is increased to two times each, the mutual

inductance
(a) becomes 4 times (b) becomes 2 times
(c) becomes A times (d) remains unchanged 4

There are two coils A and B as shown in Figure. A current starts flowing in B as shown, when A is
moved towards B and stops when A stops moving. The current in A is counter clockwise. B is kept

stationary when A moves. We can infer that

A B

(a) there is a constant current in the clockwise direction in A.
(b) there is a varying current in A.
(c) there is no current in A.

(d) there is a constant current in the counter clockwise direction in A.

An e.m.fis produced in a coil, which is not connected to an external voltage source. This is NOT
due to

(a) the coil being in a time varying magnetic field.

(b) the coil moving in a time varying magnetic field.

(c) the coil moving in a constant magnetic field.

(d) the coil is stationary in external spatially varying magnetic field, which does not change with
time.

A cylindrical bar magnet is rotated about its axis (Figure). A wire is connected from the axis and is

made to touch the cylindrical surface through a contact Then
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Bar —| —__
magnet w

-

S

a) a direct current flows in the ammeter A.

(b) no current flows through the ammeter A.

(c) an alternating sinusoidal current flows through the ammeter A with a time period T = 2w

(d) a time varying non-sinosoidal current flows through the ammeter.

The relation between the direction of induced emf and the direction of motion of the conductor is?
(@) Parallel (b) Equal

(c) Not related (d) Perpendicular

Assertion: Lenz’s laws is consequence of conservation of energy.
Reason : If a conducting wire is placed in time varying magnetic field then current is induced in it.
(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the Assertion.
(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the Assertion.
(c) If the Assertion is correct but Reason is incorrect.
(d) If both the Assertion and Reason are incorrect.
Assertion: Figure shows a horizontal solenoid connected to a battery and a switch. A copper ring is
placed on a smooth surface, the axis of the ring being horizontal. As the switch is close the ring
will move away from the solenoid.

Reason : Induced emf in the ring, e=-d®/dt take polarity in such a way that it opposes the strength
of current in the solenoid.

G O O

—]

(@) If both Assertion and Reason are correct and the Reason is a correct explanation of the
Assertion.

(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the
Assertion.

(c) If the Assertion is correct but Reason is incorrect.

(d) If both the Assertion and Reason are incorrect.

Assertion: Mutual Inductance of two long coaxial solenoid depends on current flowing through the
two solenoids.
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Reason: Mutual Inductance of two current carrying coils is independent of orientation of the two
coils.
(@) If both Assertion and Reason are correct and the Reason is a correct explanation of the
Assertion.
(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the
Assertion.
(c) If the Assertion is correct but Reason is incorrect.

(d) If both the Assertion and Reason are incorrect.

Question 1 2 3 4 5 6 7 8 9
Ans b a b a b a a d d
Question 10 11 12 13 14 15 16 17 18
Ans d a d d a a C a d

SECTION-B (SA-I Type)
An induced current has no direction of its own, comment.
Ans-Yes, it is perfectly correct to say that an induced current has no fixed direction of its own. The
direction of induced current depends upon the change in magnetic flux because in accordance with
Lenz’s law the induced current always opposes the change in magnetic flux.
A metallic rod held horizontally along the east-west direction is allowed to fall under gravity. Will
there be an emf induced at its ends? Justify your Ans.
Ans-Lenz’s law states that the polarity of the induced emf is such that it tends to oppose the cause of

its production.Yes, as it will cut the horizontal component of the earth’s magnetic field.

Kamla peddles a stationary bicycle the pedals of the bicycle are attached to a 100 turn coil of area
0.10 m? . The coil rotates at half a revolution per second and it is placed in a uniform magnetic field
of 0.01 T perpendicular to the axis of rotation of the coil. What is the maximum voltage generated in
the coil?

Solution Here f = 0.5 Hz; N =100, A=0.1m2and B=0.01T.

Employing Eq. g =NBA (2t v) =100 x 0.01 X 0.1 x2 x3.14x0.5=0.314V
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The maximum voltage is 0.314 V
Two concentric circular coils one of small radius r; and the other of large radius ry, such that ry <<r,
are placed co-axially with centres coinciding. Obtain the mutual inductance of the arrangement.

Solution Let a current [, flow through the outer circular coil. The
field at the centre of the coil is B, = p, I, / 2r,. Since the other
co-axially placed coil has a very small radius, B, may be considered
constant over its cross-sectional area. Hence,

P = “"1252
_ .l"-"'I:lI':rl2 I,
2r,
=M, 1,
Thus,
pomrs
M, = UT;

From Eq. (6.14)

2
e

M, =M, =FI;?.—I
Tz

Note that we calculated M, from an approximate value of &, assuming
the magnetic field B, to be uniform over the area n r2. However, we

=
can accept this value because r, << r,.

A rectangular frame of wire is placed in a uniform magnetic field directed outwards, normal to the
paper. AB is connected to a spring which is stretched to AB and then released at time t = 0. Explain
qualitatively how induced e.m.f. in the coil would vary with time. (Neglect damping of oscillations of

spring

A.‘Ir
®© o © L€ «
C L
]
' ' ' :o ©
! —'TITH'\*E
I
€ ' e :f €
I
D T
® ® 'y B':n B «

Ans-As the spring is released AB is pulled out of the field. This increases the area of the loop inside
the magnetic field. This increases flux and hence an induced emf is produced. The portion AB does
not stop at AB but moves outwards. Now the spring will push AB inwards. This will decrease the
area of the loop thereby decreasing the induced emf. This continues and hence the emf increases and

decreases periodically.
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The figure below shows two positions of a loop PQR in a perpendicular uniform magnetic field. In

which position of the coil is there induced emf?

® W ' W o X x X
F[
P
* Q X * ‘ :
2 ¥
X R X X R
fay (b)
x X X X X X -

Ans- In position b. as magnetic flux is changing with the loop.
Rectangular loop PQMN with movable  arm PQ of length 10 cm and resistance 4 Q is placed in a
uniform magnetic field of 0.25 T acting perpendicular to the plane of the loop as is shown in the
figure. The resistances of the arms MN, NP and MQ are negligible.
calculate the
(1) emf induced in the arm PQ and

(ii) current induced in the loop when arm PQ is moved with velocity 20 m s™.

Mo . x x xPx x
o A A A I 4
x| xoxoxox[x x o
x| x x x x x|x x
x| % % x x x|x x
% w X X X Ix %
xMyx x ox ox xQUx x

given L=10cm=0.1m,B=0.25T,v=20ms™
(a)e=BLv=0.25%x0.1%x20=05V
(b)1=¢/R=0.5/4=0.125 A

SECTION-C  (SA-1l Type)

Obtain the expression for the magnetic energy stored in an ideal inductor of self-inductance L when a
current | passes through it.
Ans-Let i be the current at some instant through a pure inductor. If di / dt is the rate of change of
current through the inductor then the voltage between the terminals of the inductor at this instant is
V=L di/dt
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Therefore instantaneous power in the inductor is

P =V i = Lididt

The energy di supplied to the inductor during an infinitesimal time interval dt is
dU=Pdt sodU=Lidi

The total amount of energy supplied while the current increases from zero to a final value | is

U=LJ"di=12L
This gives the expression for the energy stored in an inductor.

State Lenz’s law. The energy f required to build up a steady current 1, in a given coil, varies with 1 in
the manner as shown. Calculate the self-inductance of the coil.

A

L =]
]

O i i e

_-'I*> E (in mJ)

Rl T

—
[]

L 4

700200300
——> | (in mA)

Ans Lenz’s law- states that the direction of induced emf is such that it opposes the cause of its

production.

The energy stored in an inductor is given by the relation

E= 1/2LF

From the graph for a current of 200 mA the energy is 4 mJ, therefore self-inductance of the coil.

2E/P =L

or

2x4x10-3(200x10-3)2=0.2 H

or

L =200 mH

In a ceiling fan, each blade rotates in a circle of radius 0.5 m. If the fan makes 2 rotations per second

and the vertical component of the earth’s magnetic field is 8 x 10 T, calculate the emf induced

between the inner and outer ends of each blade.
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Ans-

Herer=0.5m,v=2rps, B=8x10°T,e=7
Sm=dnv=2xnx2=4n

1 1- Brim
-~ Induced emf. e = —Brv = —B =
2 "4 2 o 2

_ 8x10 7 x(0.5) 4n
2
e=12.56 x 107°V
29 (1) State Faraday’s law of electromagnetic induction.
(ii) A jet plane is travelling towards west at a speed of 1800 km/h. What is the voltage difference
developed between the ends of the wing having a span of 25 m, if the Earth’s magnetic field at the
location has a magnitude of 5 x 10™ T and the dip angle is 30°?
(i)

Mathematically lel = %

(if) v = 1800 km/h in the west, [=25m, By
=5x 10 tesla, & = 30°

since v, | and B are to be perpendicular to get induce emf, the vertical component alone will contribute
to the induction
By = Bg sin 8 = 5 x 10~ x sin 30°

=25 x 10 tesla
The induced emf = — By, vl

3
= 2.5 % 104 x 1B800x10° ¢
3600

- %5 x 101 = — 3.125 volt

30 Derive an expression for the self-inductance of a long air-cored solenoid of length | and number of
turns N.
Ans-Consider a long solenoid of length I and radius r with r << 1 and having n turns per unit length. If
a current | flows through the coil, then the magnetic field inside the coil is almost constant and is
given by
B = ponl
Magnetic flux linked with each turn = BA = onlA
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...where [A = nr® = cross-sectional area of the solenoid
~ Magnetic flux linked with the entire solenoid is
& = Flux linked with each turn x Total
number of turns
= pugnlA x nl = pyn?lAl

But & = LI
- Self-inductance of the long solenoid is
L = ponilA
If N is the total number of turns in the solenoid
then n = N
2
. L = BoNTA
i
SECTION - D LONG ANSWER TYPE

31 Define mutual inductance between two long coaxial solenoids. Find out the expression for the mutual
inductance of inner solenoid of length | having the radius r; and the number of turns n; per unit length
due to the second outer solenoid of same length and n, number of turns per unit length.

Ans-
Mutual induction is the phenomenon of inducing emf in a coil due to the rate of change of current in a

nearby coil.

When a current I, is set up through S; (outer solenoid), it in turn sets up a magnetic flux through S;.
Let us denote it by ¢ 1, The corresponding flux linkage with solenoid S; is,

N,;¢, = ML ...(1)
) (Here N, is total no. of turns with S))
M,, is referred to as coeficient of mutual
inductance.

N, turns
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The flux linkage with coil S, is,
Ny = (ny0) (mry?) (ugn,L,)
= gt nomr 2L, ..(2)
from equation (1)
M,, = ugnyn el
Now consider reverse case
Nod, = My, ..(3)

Here N is total no. of turns with S,)
M2 is referred to as coefficient of mutual inductance of solenoid S, with respect to solenoid S;.

Thus, flux linkage with solenoid S, is

Nyo, = (n) (mr?) (o ly) A4
. from equation (3), we get
My, = pghynnr
Using equations (2) and (3), we get
Mz =My =M
If a medium of relative permeability (it had been present the mutual inductance would be

M = W gyl

Starting from the expression for the energy w = 1/2LI? stored in a solenoid of self-inductance L to

build up the current I, obtain the expression for the magnetic energy in terms of the magnetic field B,
area A and length | of the solenoid having n number of turns per unit length. Hence show that the

energy density is given by B/2po
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Since magnetic energy = %le = %(ponZAl)I2
= Expression for magnetic energy

- % (L 2R AL

Energy

Energy density = Volure

1 p3n?12(AID

VvV = Al
2 1o(AD ( )

_ 1 (uenD?
2 Mo
B2

Energy density = 5
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same rate. Draw graphs showing the variation of the
(a) emf induced with the rate of change of current

(b) energy stored in each inductor with the current flowing through it.

Compare the energy stored in the coils, if the power dissipated in the coils is the same

L;=15mHand L, =25 mH

Ca) AL

(=) ] L,=25mH L, 6 =15 rmH
e
i ——= o
1 .2
wy _
1 .
Bdo —~ L 2
= 2¥y
But £,7/;, = e,i, (.- power dissipated is same)
. -'-1-,.—_'2—2=L—2 [‘.‘-Et-{;iSSEIIIIEEIndE=-—L£
> Eq L-[ ot o F
et
. my LI{LE} Lz _ 25 _ 4 ce
. Lo | L, I, 15

The current through two inductors of self-inductance 15 mH and 25 mH is increasing with time at the
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SECTION - E

(Case Based Study Questions)

Motional EMF : Conductor PQ of length L moving towards right with velocity V

perpendicular to magnetic field B directed into the plane of paper as the conductor pk moves it

its free electrons also move in the same direction and experience magnetic Lorentz force

F=evB. By Fleming's left hand rule electrons move from P to Q within the conductor the end P

becomes positive and end Q becomes negative. An electric field is set up in the conductor from

P to Q this exerts a force F=eE on the free electrons. The accumulation of charges at the two

ends continues till these two forces balance each other ie F,=F. or evB=eE or vB=E. Potential

difference between the ends P and Q is V=EI=vBI. It is the magnetic force on the free electrons

that maintains potential difference and produces the EMF E=BIv. This MF is produced due to

the motion of conductor it is called a motional EMF.

X X
X X
X X
X X
X X

X X X X
P
+ + 3
fFe X X
X X
.e ———— g
! x %
Fm
X X

(i) A conducting wire sits on smooth metal rails as shown in the figure a variable

magnetic field points out the page the strength of this field is increased linearly from zero

immediately after the field start to increase what will be the direction of the current in the wire

and the

direction

of the wires motion
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North
..ittil’: west = East
/ “— Wire South
Conducting

rails

Ans —wire — South  and Motion - West
(i) A 50 cm long bar ab is moved with a speed of 4 metre per second in a magnetic
field B=0.01 T as shown in the figure. Find the EMF generated in the bar.

Ans— e=Blv =0.02V
(ili)  Use Lenz’s law to determine the direction of induced current in the situations described by
Fig. (a) A wire of irregular shape turning into a circular shape; (b) A circular loop being
deformed into a narrow straight wire.

W’

(a)

Ans — (a) anticlockwise (b) anticlockwise
35

In year 1820, Oersted discovered the magnetic effect of current. Faraday gave the thought that reverse
of this phenomenon is also possible i.e., current can also be produced by magnetic field. Faraday
showed that when we move a magnet towards the coil which is connected by a sensitive galvanometer.
The galvanometer gives instantaneous deflection showing that there is an electric current in the loop.

Whenever relative motion between coil and magnet takes place an emf induced in coil. If coil is in
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closed circuit then current is also induced in the circuit. This phenomenon is called electromagnetic

induction.

(1) Two similar circular loops carry equal currents in the same direction. On moving the coils

further apart, the electric current will

Ans Remains same.

(if) A closed iron ring is held horizontally and a bar magnet is dropped through the ring with its length
along the axis of the ring. Will acceleration of the falling magnet be greater or less than ‘g’?

Ans Less than ‘g’

(iif) On what factors the magnitude of induced emf set up in the coil depends whenever there is a
relative motion between them? ( any two)

Ans : (a) relative speed between the coil and magnet

(b) magnetic moment of the coil

(c) resistance of the coil.
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Q1.

Ans,

Q2.

Q3.

Q4.

AnNS.

Chapter—7 - Alternating Current

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
Q 1to Q 15 are MCQ type carry one mark each

The instantaneous voltage through a device of impedance 20 Q is E = 80 sin 100 = t. The effective
value of the current is

(a) 3A (b) 2.828 A () 1.732 A d4A

Hint: Eg =80V, lo=Eo/ Z, Ims= lo/ V2

If the rms current in a 50 Hz ac circuit is 5 A, the value of the current 1/300 seconds after its value
becomes zero is

(a) 5V2A (b) 5/3/2 A(c) 5/6 A (d) 52 A

When a voltage measuring device is connected to AC mains, the meter shows the steady input voltage
of 220V. This means

(a) input voltage cannot be AC voltage, but a DC voltage.

(b) maximum input voltage is 220V.

(c) the meter reads not v but < v?>and is calibrated to read V< v2? >

(d) the pointer of the meter is stuck by some mechanical defect.

To reduce the resonant frequency in an LCR 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.

Hint: wo=1/VLC , resonant frequency can be reduced by increasing capacitance.
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Q5.

ADnS,
Q6.

AnS,
Q7.

Q8.

AnS.
Qo.

AnS.
Q 10.

Ans.

A conducting ring of radius 1 m kept in a uniform magnetic field B of 0.01 T, rotates uniformly
with an angular velocity 100 rad s with its axis of rotation perpendicular to B. The maximum
induced emf in it is

(a) 1.5V (bynV

(c)2nV (d05nV

Hint: The maximum induced emf = BA®

An inductor of reactance 1 € and a resistor of 2 € are connected in series to the terminals of a 6 V
(rms) a.c. source. The power dissipated in the circuit is

(@ 8W (b) 12 W

(c) 144 W (d)18W

Hint: P = Vimslims cos @, Irms= Vims/ Z, Vims= 6 V, Z=/R% + X? ,cos 9 =R/Z

The output of a step-down transformer is measured to be 24 V when connected to a 12 watt light

bulb. The value of the peak current is

(@) 1/V2 A (b) V2 A

(©)2A (d)2v2 A

A 20 volt AC is applied to a circuit consisting of a resistor and a coil with negligible resistance. If

the voltage across the resistor is 12 volt, the voltage across the coil is

(@ 16V (b) 10V
(c)8V (dy6V
Hint: V = \/VZ + V2, V=20 Volt, Vg = 12 Volt
A sinusoidal voltage of peak value 283 V and frequency 50 Hz is applied to a series LCR circuit in
which R =3 Q, L =25.48 mH, and C = 796 pF, then the power dissipated at the resonant condition
will be
(@)39.70 kW (b) 26.70 KW
(c)13.35 kW (d)Zero
Hint: At resonance, Power dissipated = I2,,R , lims= lo/V2 ,1o=V,/R
In an LCR series a.c. circuit, the voltage across each of the components, L, C and R is 50V. The
voltage across the LC combination will be
(a) 100 V (b) 50 V2 V
(c)50V (dov
Hint: since the phase difference between L & C is . Therefore net voltage difference across LC is

50-50=0
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Q11.

Q12.

AnSs.

Q 13.

Ans.

Q 14.

AnS.

Q 15.

A circuit is connected to an ac source of variable frequency. As the frequency of the source is
increased, the current first increases and then decreases. Which of the following combinations is
likely to comprise the circuit?

@ L,CandR (b) Land C

(c) Land R (d)Rand C

A 15 ohm resistor, an 80 mH inductor and a capacitor of capacitance C are connected in series with
a 50 Hz ac source. If the source voltage and current in the circuit are in phase, then value of
capacitance is

(@ 100 uF

(b) 127 pF

(c) 142 uF

(d) 160 p F

Hint:tan(p=%=0,XL-Xc=0,C:ﬁ , 0o =50 Hz
0

A 300 ohm resistor and a capacitor of (25/m) u F are connected in series to a 200 V — 50 Hz ac
source. The current in the circuit is

(@ 0.1A

(b) 0.4 A

(c) 0.6 A

(d) 0.8 A

Hint: 1=V/Z,Z=R? + X2 , Xc=1/oC

A transformer having efficiency of 90% is working on 200V and 3kW power supply. If the current
in the secondary coil is 6A, the voltage across the secondary coil and the current in the primary coil
respectively are

(@) 300V, 15A

(b) 450 V, 15A

(c) 450V, 13.5A

(d) 600V, 15A

P

Hint: Efficiency =—*4100 V; I, = 3000

A transformer is used to light a 140 W, 24 V bulb from a 240 V a.c. mains. The current in the main
cable is 0.7 A. The efficiency of the transformer is
(@) 63.8% (b) 83.3%
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() 16.7 % (d) 36.2 %
ANS. Hint: Efficiency =-2x 100, Poyt = 140 W, Piy = 240 X 0.7 = 166 W

Q 16 to Q 18 are Assertion Reason type carry one mark each.
Q16. Assertion : A step up transformer cannot be used as a step down transformer.
Reason : Transformer works only in one direction.
(a) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is not the correct explanation of A.
(c) Alistrue but R is false.

(d) Ais false and R is also false.

Q17. Assertion : The power in an ac circuit is minimum if the circuit has only a resistor.
Reason: Power of a circuit is independent of the phase angle.
(a) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is not the correct explanation of A.
(c) Alistrue but R is false.
(d) Ais false and R is also false.

Q 18. Assertion : Choke coil is preferred over a resistor to control the current in an AC circuit.
Reason : Power factor of an ideal inductor is zero.
(a) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is not the correct explanation of A.
(c) Alistrue but R is false.
(d) Ais false and R is also false.

Ans. Hint: Power factor = Cos ¢, ¢= phase difference between voltage and current

ANS. (MCQs)
1 2 3 4 5 6 7 8 9 10
b b C b b C a a C d
11 12 13 14 15 16 17 18
a b C b b d d a

Q 19to Q 25 are SA — | type carry 2 marks each
Q19. Arresistor R and an inductor L are connected in series to a source of voltage V =V Sin wt. The
voltage is found to lead current by n/4. If the inductor is replaced by capacitor C, the voltage lags
behind current by n/4. When L, C and R are connected in series with the same source, find (1)

average power dissipated (ii) instantaneous current in the circuit.




Ans.

Q 20.

AnS,

Q21.

AnS.

For LR circuit, tanp =1, X, /R=1, X . =R.
For CR circuit, tan 9 = 1, Xc/R =1, Xc=R.
For LCR circuit, when L, C and R are connected in series then actually three R are connected in
series. Thus circuit will be resistive.
Impedance =3 R. And
V =V, Sin wt
| =1y Sin wt.
() Pav=Vimslms €050 = Vimslims= (Vo / v2) X (lo / v/2)
(i) instantaneous current, | = Iy Sin wt

A girl peddles a stationary bicycle the pedals of the bicycle are attached to a 100 turn coil of area
0.10 m?. The coil rotates at half a revolution per second and it is placed in a uniform magnetic field
of 0.01 T perpendicular to the axis of rotation of the coil. Find (i) maximum voltage generated in
the colil (ii) average emf generated in coil over one complete rotation.
Here f= 0.5 Hz; N =100, A=0.1 m*and B=0.01 T.

0) Eo=NBA (27 f)=100 x 0.01 x 0.1 x 2 x 3.14 x 0.5=0.314 V.

The maximum voltage is 0.314 V.
(i)  Zero.

A device ‘X’ is connected to an a.c source. The variation of voltage, current and power in one
complete cycle is shown in Fig.

(a) Which curve shows power consumption over a full cycle?

(b) Identify the device ‘X’.

(a) Power is the product of voltage and current (Power, P = VI).

So, the curve of power will be having maximum amplitude, equals to the product of amplitudes
of voltage (V) and current (1) curve. Frequencies, of B and C are-equal, therefore they represent
V and | curves. So, the curve A represents power.

(b) Here phase difference between V and I is © /2. Therefore, the device ‘X’ may be an inductor
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Q22.

Ans.

Q 23.

AnS,

Q 24

AnS.

Q 25.

Ans.

(L) or capacitor (C) or the series combination of L and C.

The current through a resistor is 2 A when connected to a 220 V, 50 Hz line. Find the value of
capacitor which is to be connected to reduce the currentto 1 A.

To reduce the current from 2 A to 1 A, the impedance is to be doubled.

When only R is present then R=V/I = 220/2= 110 ohm.

Now a capacitor is connected in series and impedance becomes 220 ohm.

Z=/R? + X%, Xc = 110 V3, f= 50 Hz

Xc=12nfC,C=16.7 nF.

A coil of 0.01 henry inductance and 1 ohm resistance is connected to 200 volt, 50 Hz ac supply.
Find the impedance of the circuit and time lag between max. alternating voltage and current.
R=1 ohm, L=0.01 H, V=200 Volt, f= 50 Hz

Impedance, Z = Z = /R? + X2 = 3.3 ohm
For phase angle,
tan=Z/R=X_/R=3.14
¢ =72°=1.2 radian
time lag between alternating voltage and current
¢=wt, t=0¢/w=(1/250) second
Calculate the current drawn by the primary of a 90 % efficient transformer which steps down 220 V
to 22 V, if the output resistance is 440 ohm.
Efficiency = (Vs Is)/(Vp Ip) X 100 = 90 %,

s=22V,V,=220V,
Is/1,=9,
Also Is = V¢/R = 22/440,
Therefore , 1, = 0.0056 A
Explain why the reactance provided by a capacitor to an alternating current decreases with
increasing frequency.
Capacitor plates get charged and discharged when an AC voltage is applied across the plates. So
the current through capacitor is as a result of charging of its plates. Because the frequency of the
capacitive circuit increases, the polarities of the charged plates change more rapidly with time,
giving rise to a larger current. The capacitance reactance due to a capacitor C varies as the inverse
of the frequency (f) (as Xc=1/2xn f C) and hence approaches zero as f approaches infinity. The
current is zero in a DC capacitive circuit, which corresponds to infinite reactance.

Q 26 to Q 30 are SA- Il type carry three marks each
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Q26. 1MW power is to be delivered from a power station to a town 10 km away. One uses a pair of Cu
wires of radius 0.5 cm for this purpose. Calculate the fraction of ohmic losses to power transmitted
if

(i) power is transmitted at 220V. Comment on the feasibility of doing this.
(ii) a step-up transformer is used to boost the voltage to 11000 V, power transmitted, then a step-

down transformer is used to bring voltage to 220 V. (resistivity of copper is 1.7x 10 SI unit)
Ans. (i) P=1MW =10°W, V=220V

P =VI, I =P/V = (50000/11) A
R=pl/A, p=17x10%0hm m, 1 = 20000 m, A = r*= 3.14x 0.5x0.5x 10™
R = p I/A=4 ohm
Power loss in transmission, Pjess= I°R = 82.6 MW > 1 MW
Hence this method of power transmission at 220 V is not feasible.
(ii) Proceeding in the same way as in part (i), we will get
Poss= 3.3 x 10* W

Fractional power loss = 0.033
Power loss in % = 3.3 %.

Therefore this method is feasible.
Q27. (i) Find the value of the phase difference between the current and the voltage in the circuit shown
below. Which one leads in phase: current or voltage?
(i)  Without making any other change, find the value of additional capacitor C; ,to be connected
in parallel with the capacitor C in order to make the power factor of the circuit unity.

L = 100 mH | uF e &
. Son . : e AN
g 6 i i 7
s i h ‘,4,‘;;7 §5 s
N
u

V = Vysin (1000 t +¢)
Ans. (i) X, =w L= 100 ohm
Xc = 1/wC =500 ohm

Since Xc> X, hence current leads the voltage.

Tan ¢ = (Xc - XO)/R =1, ¢ = 45°
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(i1) To make power factor unity,

X’ =XL , 1/wC’ =100,
C=10uF,
C=C+(C1,10=2+C;,Cy1=8pF

Q28. A capacitor of unknown capacitance, a resistor of 100 Q and an inductor of self-inductance = 4/

AnSs.

Q 29.

AnS.

henry are connected in series to an ac source of 200V and 50 Hz. Calculate the value of the
capacitance and impedance of the circuit when the current is in phase with the voltage. Calculate
the power dissipated in the circuit.

R=100 Q, L=4/m* H, Vrus=200V, f=50Hz

When current and voltages are in phase

2nfL=1/2nfC

4 1
2t x50 X = =
w4 21 X50C

C=-x10"F
4
When the current is in phase with the voltages then Z=R=100€2

. V
Current, iyms= r;"S:ZA

Power =200x 2x cos 0= 400 W

A capacitor (C) and resistor(R) are connected in series with an ac source of voltage of frequency
50Hz. The potential difference across C and R are respectively 120V, 90V and the current in the
circuit is 3A. Calculate

(i) the impedance of the circuit

(i) the value of the inductance, which when connected in series with C and R will make the
power factor of the circuit unity.
(i) Z=R? + XZ

Z =50 ohm.

Xc=XL

(11) As power factor =1
100mL=40

_2
L_E henry
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Q 30.

ADnS,

Q31

AnSs.

In a step up voltage transformer, explain giving reasons, the following facts:

(a) the output current is less than the input current

(b) the iron core is laminated

(c) the input power is more than the output power

(@) In an ideal transformer, P= Vp Ip= Vs Is

In a step up transformer output voltage Vs > input voltage Vp

So the output current Is < input current Ip

(b) the laminated iron core minimises the energy losses due to eddy current

(c) In an actual transformer, small energy losses occur due to flux leakages, resistance of windings,

eddy currents and hysteresis. So the input power is less than the output power.

Q 31to Q 33 are LA type carry 5 marks each

An electrical device draws 2kW power from AC mains (voltage 223 Vims = /50000 V). The
current differs (lags) in phase by ¢ (tan ¢ = -3/4) as compared to voltage. Find (i) R, (ii) X¢c — X,
and (iii) Iv.

Another device has twice the values for R, Xc and X,. How are the Anss affected?

P=2000W Current lags the voltage so

V?=50000V, Xc>X

Tang = "

V2
p=_
Z

2000=50000/Z
Z=50000/2000=25€Q

Z=vVR? + (Xc - XL)*

R4 (Xc - X)%=25% ... (1)
tang = _T

Xc - XL=—R

Xo- X’ "=R> (I

Putting this in egn |

R2+—=R? =625
16

R=20Q

XC - X|_ =15Q
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Q 32.

Ans.

Q 33.

Ans.

Ims=V/Z=223/25= 9A approx

l0=12.6A

(i) Describe, the working principle of a step up transformer with the help of a suitable diagram.
Obtain the relation between input and output voltages in terms of the number of turns of primary
and secondary windings and the currents in the input and output circuits.

(if) Given the input 15A and the input voltage of 100V for a step-up transformer having 90%
efficiency, find the output power and the voltage in the secondary if the output current is 3A.

(i) Diagram

Principle

Relation between voltage, number of turns and currents

(in)input power, P; = I; x V;= 15x100=1500W

output power, Po- P; x% =1350W

loVo= 1350W

output voltage, V, = 1350/3= 450V

(a) Draw graphs showing the variations of inductive reactance and capacitive reactance with
frequency of applied ac source.

(b) Draw the phasor diagram for a series RC circuit connected to an AC source.

(c) An alternating voltage of 220V is applied across a device X, a current of 0.25A flows, which lag

behind the applied voltage in phase by% radian. If the same voltage is applied across another device

Y, the same current flows but now it is in phase with the applied voltage.
(i) Name the devices X and Y.
(i) Calculate the current flowing in the circuit when the same voltage is applied across the series
combination of X and Y.
(a) Correct graphs
(b) Correct phasor diagram

(c) in device X:

Current lags behind the voltage by =

Xis an inductor

In device Y:

Current in phase with the applied voltage
Y is resistor

We are given that
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0.25=220/X.

XL =880Q

Also 0.25=220/R
R - 880Q

For the series combination of X and Y
Equivalent impedance = v X *+ R*=8802Q
Current flowing=220/880V2 =0.177 A

Q 34 to 35 are case based questions carry 4 marks each

Q 34. Read the following paragraph and Anss the questions:
The large-scale transmission and distribution of electrical energy over long distances is done with
the use of transformers. The voltage output of the generator is stepped-up. It is then transmitted
over long distances to an area sub-station near the consumers. There the voltage is stepped down. It
is further stepped down at distributing sub-stations and utility poles before a power supply of 240 V
reaches our homes.
(i) A power transmission line feeds input power at 2300 V to a step down transformer with its
primary windings having 4000 turns. What should be the number of turns in the secondary in order
to get output power at 230 VV?
(it) Why we need to step-up the voltage for power transmission? Explain.
(iii) Suggest at least two ways with reason by which energy losses can be reduced in a transformer?
Ans. (i) Using Ep/Es = Np/Ns,

2300/230 = 4000/Ns, Ns= 400
(i) Onincreasing the voltage, the current through transmission line is reduced and
consequently I2R loss is cut down.
(iii)  Laminating soft iron core so that loss due to eddy currents can be minimized.
Using soft iron core so that flux leakage can be reduced.
Using windings of good conductor so heat loss can be minimized.

Q35. AC Voltage applied to a capacitor: Let a source of alternating e.m.fE = Egsin (wt) be connected to a
capacitor of capacitance C. If | is the instantaneous value of current in the circuit at instant t, then [
:% sin (ot+ g ). The capacitive reactance limits the amplitude of current in a purely capacitive

circuit and It is given by X¢c = 1/ C.
0] Does a capacitor allow the flow of direct current through it? Justify your Ans.
(i)  What is the capacitive reactance of a 5 yuF capacitor for a frequency of 106 Hz?
(ili)  How capacitive reactance vary with frequency of alternating voltage? Show it
graphically also.

Ans. (i) No. Capacitive reactance is infinite for direct current.

(i) Xc=1/0 C = 1887 ohm
(i) X¢ o 1/f, Xc decreases on increasing f. ( Appropriate Graph)
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CHAPTER: 8 - E.M. WAVE

SECTION-A ( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
MULTIPLE CHOICE QUESTIONS:
The amplitude of electric field in an electromagnetic wave is 5 V m ™. The amplitude of the

magneticfield in this wave is?

(A)5T (B)15x10°T
(C) 1.67x10°%T (D)1.67 x10 0T

What is the ratio of speed of infrared and ultraviolet rays in vacuum?
(A) 2:1 (B) 1:2 (©)1:1 (D) 1:v/2

Arrange the following electromagnetic radiations in the order of increasing energy:
A: Blue light B: Yellow light C: Xrays D: Radio wave
(A) D,B,A,C (B) AB,D,C
(C) C,AB,D (D)B,AD,C
During the propagation of electromagnetic waves in a medium:
(A) Electric energy density is half of the magnetic energy density.
(B) Electric energy density is equal to the magnetic energy density.
(C) Both electric and magnetic energy densities are zero.
(D) Electric energy density is double of the magnetic energy density.
The charging current for a capacitor is 0.25A. What is the displacement current across its plates?
(A)0.25 A (B) 0.5 A (C)25A (D) 5A
A capacitor has been charged by a dc source of 0.1 A and 6 Volt. What are the magnitudes of the
charging Current and displacement current when the capacitor is fully charged?
(A). lIc=14=0.1 A (B) le=lg=6 A
(C) lc=lg=0 (D).Ic#1d
Choose the correct Ans from the alternatives given.
A parallel plate capacitor with plate area A and separation between the plates d is charged by a
constant current I. Consider a plane surface of area A/2 parallel to the plate and drawn between the
plates. The displacement current through the area is:
(A) o (B)lp/2
©C /4 (D) Io/8
Hint : use formula E =Q/ Agy ; @k = (A/2)E &Ip =d ¢ /dt
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10.

11.

12.

13.

14.

The electric field of a plane electromagnetic wave varies with time of amplitude

2 Vm propagating along a z-axis. The average energy density of the magnetic field (in Jm™ ) is

(A) 13.29 x 10 (B) 8.86 x 102
(C) 17.72 x 10" (D) 4.43x10™"?
Hint : use formula Ug = ¥4 (Bo?/po) ; Bo = Eo/ ¢ ; & ¢ = 1/ Vo €
A Charge particle oscillates with frequency of 50 nHz. The frequency of EM wave generated is
(A) 50 nHz (B) 100 nHz (C) 25nHz (D) 50 Hz
One requires 11 eV of energy to dissociate a carbon monoxide molecule into carbon and oxygen
atoms. The minimum frequency of the appropriate electromagnetic radiation to achieve the
dissociation lies in
(A) visible region (B) infrared region
(C) ultraviolet region (D) microwave region
Hint : use formula E=hv
The phenomenon which shows quantum nature of electromagnetic radiation is
(A) Piezoelectric effect (B) Photoelectric effect
(C) Hall effect (D) Tyndall effect
Which one of the following statements are correct?
(A) X-rays are suitable for radar system and aircraft navigation.
(B) Water molecules readily absorb infrared radiation and their thermal motion increases.
(C) Microwaves are produced in Coolidge tube.
(D) Gamma radiations generate due to electron transitions between upper and
lower energy levels of heavy element when excited by electron bombardment
A plane electromagnetic wave of energy U is reflected from the surface. Then the momentum
transferred by electromagnetic wave to the surface is
(A) O (B) 2U /c
(C) Ul2c (D) 2Uc
A plane electromagnetic wave propagating along x direction can have the following pairs of EandB
(i) Ex, By (ii) Ey, Bz  (iii) Bx, Ey (iv) Ez, By
(A). i, ii (B). i, iv
©). i, iii (D).i, iii, iv
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15.

16.

17.

18.

Source of generation of EM waves is

(A) Constant Charge (B) Oscillating Charge

(c) constant magnetic Field (d) None of the above

Assertion: Electromagnetic radiation exerts pressure.

Reason: Electromagnetic waves carry both - Momentum & Energy.

A. Both assertion and reason are True, and reason is the correct explaination.

B. Both assertion and reason are True, but reason is not the correct explaination.

C. Assertion is True , but reason is False.

D. Both assertion and reason are False.

Assertion: The EM waves of shorter wavelength can travel longer distances on
earth’s surface than those of longer wavelengths.

Reason: Shorter the wavelength, the larger is the Velocity of propagation.

A. Both assertion and reason are True, and reason is the correct explaination.

B. Both assertion and reason are True, but reason is not the correct explaination.

C. Assertion is True , but reason is False .

D. Both assertion and reason are False.

Assertion : When an em wave going through vacuum is described as :
E = Eosin (kx-wt) , then w/k is independent of wavelength.

Reason: w/ k is speed of the wave.

A. Both assertion and reason are True, and reason is the correct explaination .

B. Both assertion and reason are True, but reason is not the correct explaination .

C. Assertion is True , but reason is False.
D. Both assertion and reason are False.

ANS. (MULTIPLE CHOICE QUESTIONS):

.NO. ANS Q.NO. ANS Q.NO. ANS
1. C 6. C 11. B
2. C 7. B 12. B
3. A 8. B 13. B
4. B 9. A 14. B
5. A 10. C 15. B
16. B 17. C 18. A
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19

20

21

22

(a)Welders wear special goggles or face masks with glass windows to protect their eyes
fromelectromagnetic radiations. Name the radiations and write the range of their frequency.
(b)Optical and radiotelescopes are built on the ground but X-ray astronomy is possible only froma
satellite orbiting the earth, why?

Ans(a). Ultraviolet radiations.Frequency range 1015 — 1017Hz.

Ans(b). The visible radiations and radiowaves can penetrate the earth’s atmosphere but X-rays
areabsorbed by the atmosphere
Gamma rays and radio waves travel with the same velocity in free space. Distinguish between them in

terms of their origin and the main application.

Ans Gamma rays : These rays are of nuclear origin and are produced in the disintegration of
radioactive atomic nuclei and in the decay of certain subatomic particles. They are used in the
treatment of cancer and tumours.

Radio waves : These waves are produced by the accelerated motion of charges in conducting wires or
oscillating electric circuits having inductor and capacitor. These are used in satellite, radio and
television communication

The electric field in an electromagnetic wave is given by :

E = (50 N C)sin w(t — x/c).

Find the energy contained in a cylinder of cross-section 10 cm? and length 50 cm along the x-axis.
Ans The energy density is

Ua= % g0Eo? =1/2x(8.85x10™%)x(50)?

=1.1x10%Jm?

The volume of the cylinder is V = 5 x 10 m®. (calculate by vol. formula of cylinder)

The energy contained in cylinder is

U=(1.1x10%Im3x(5x10*m®)=55x%x 10"

(a) The charge on a parallel plate capacitor varies as q = gocos 2nvt. The plates are very large and close
together (area = A, separation = d). Neglecting the edge effects, find the displacement current through
the capacitor?

(b) A variable frequency ac source is connected to a capacitor. How will the displacement current
change with decrease in frequency?
Ans (a). Conduction current Ic= Displacement current Ip

Ic = Ip =dg/dt = d (qocos 2avt)/dt = - 2nqgvsin2mvt

Ans(b). On decreasing the frequency, reactance Xc = 1/ oc will increase which will lead to decrease

inconduction current. In this case Ip= Ic, hence displacement current will decrease.
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23 (a) Explain briefly how electromagnetic waves are produced by an oscillating charge. How is the
frequency of the e.m. waves produced related to that of the oscillating charge?
(b) How are infrared waves produced? Why are these referred as heat waves?

Ans(a): An oscillating or accelerated charge is supposed to be source of an electromagnetic wave. An
oscillating charge produces an oscillating electric field in space which further produces an oscillating
magnetic field which in turn is a source of electric field. These oscillating electric and magnetic field
hence, keep on regenerating each other and an electromagnetic wave is produced. The frequency of
e.m. wave = Frequency of oscillating charge.
Ans(b):Infra red waves are produced by hot bodies and molecules. They are produced due to the de-
excitation of atoms. Infrared waves incident on a substance increase the internal energy and hence the
temperature of the substance. That is why they are called heat waves

24 About 5% of the power of a 100 W light bulb is converted to visible radiation. What is the average
intensity of visible radiation.
(a) at a distance of 1 m from the bulb?
(b) at a distance of 10 m?
Assume that the radiation is emitted isotopically and neglect reflection.
Ans :Power in visible radiation, P = (5/100)x100 =5 W
For a point source, Intensity I = p/4nr?, where r is distance from the source.
(a) When distance r= 1 m, 1= p/4n(1)*=0.4 W/m?
(b) When distance r = 10 m, 1= p/4n(10)*= 0.004 W/m?

25  Compare the following:
(a) Wavelengths of the incident solar radiation absorbed by the earth’s surface and the radiation re-
radiated by the earth.
(b) Tanning effect produced on the skin by UV radiation incident directly on the skin and that coming
through glass window.
Ans. (a) The radiation re-radiated by the earth has greater wavelength.
(b) Tanning effect is significant for UV radiation incident directly on the skin while the effect is
negligibly small for the UV radiation coming through glass window.

SECTION: C - S.A. Il TYPE (3 MARK QUESTION)

26. Suppose that the electric field part of an electromagnetic wave in vacuum is
E =(.31N/C)cos [(1.8rad/m )y + (5.4 x10° rad/s) t] (i)

(a) What is the direction of propagation?
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217.

28.

(b) What is the wavelength I?

(c) What is the frequency n?

Ans : (a) The waves is propagating along negative y-direction of its direction is —j.

the given equation with the standard equation.

E=Epcos[2m(y/ At vt)]

Weget2n/A=1.8
So wave length, A=2 7/ 1.8=3.5m.
(c) Also, 2 v=>5.4x 10°
n =5.4x10%2 n =859 x 10°Hz.
The electric field of a plane electromagnetic wave in vacuum is represented by
E, = 0.5Cos[2nx10%(t-x/c)] & Ex=0, E,=0
(a)What is the direction of propagation of the wave?
(b)Compute the component of associated magnetic field.
(c)Determine the wave length of the wave.
Ans.(a) ittravelsalongx-axis)
(b) By = (0.5/3x10% Cos[2nx10°(t-x/c)]
(c) A=3m
Electric part of an em wave in vacuum is
E =[3.1 cos{1.8(rad/m)x+(5.4 X 10°rad/s)t}]j N/C.

a). What is the direction of the wave ?

b). what is wavelength of wave?

c)What is the frequencyv?

d). what is the amplitude of magnetic field vector?
Ans (a) —ve x direction

(b )A=21/k=2.49m ,

(c) v=m/21=8.6x10°Hz,

(d) B=E/c=1.03x1078T
(put the values of variables & get the result required in above)

(b) Comparing
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29. Write the generalised expression for the Ampere’s circuital law in terms of the conductioncurrent and
the displacement current. Mention the situation when there is:
(i) only conduction current and no displacement current.
(i1) only displacement current and no conduction current.
(iii) write a difference between displacement current and conduction current

Ans :Generalised Ampere’s circuital Law—

db,

$ B-dl = ol + “()EUT

Line integral of magnetic field over closed loop is equal to petimes sum of conduction currentand
displacement current.
(1) In case of steady electric field in a conducting wire, electric field does not change withtime,

conduction current exists in the wire but displacement current may be zero. So,

—

54; ;; dl = e ¥ .

(ii) In large region of space, where there is no conduction current, but there is only a
displacementcurrent due to time varying electric field (or flux).
So,

. d$ ,.
IB.dl = ’J_UEUT

(iii) Conduction current is due to the flow of electrons in a circuit. It exists even if electrons flow at a
uniform rate. Displacement current is due to the time-varying electric field. It does not exist under

steady conduction
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30.

31.

(a)Why is the orientation of the portable radio with respect to broadcasting station important?
(b)Professor C.V. Raman surprised his students by suspending freely a tiny light ball in atransparent
vacuum chamber by shining a laser beam on it. Which property of em waves washe exhibiting? Give
one more example of this property.
(c) E.M. wave is constituted by electric and magnetic field both, then why we consider only electric
field in some phenomenon like polarization etc. ?
Ans. (a)As electromagnetic waves are plane polarised, so the receiving antenna
should be parallel to electric/magnetic part of the wave.
(b) Electromagnetic waves exert radiation pressure. Tails of comets are due to
solar radiation.
(c) Since cis a very large number, the electric field component in an em wave
is much larger than its magnetic component. AsE =B x c.
In other words, an em wave is predominantly an electric wave. That is why
if we have to change the polarisation (or any other characteristics) of an
em wave, we need to affect the electric field
SECTION C: L.A. TYPE (5 MARKS)

(i) Identify the part of the electromagnetic spectrum which is:

(a) Suitable for radar system used in aircraft navigation.

(b) Produced by bombarding a metal target by high speed electrons.

(if) Why does a galvanometer show a momentary deflection at the time of

charging ordischarging a capacitor? Write the necessary expression to

explain this observation.

(iii) (@)Write in brief, how X-Rays can be produced.

(b)Write suitable comment on frequency range w.r.t. wave length range

of X-Rays.

Ans. (i) (a) Microwaves

(b) X-rays

(i1) Due to conduction current in the connecting wires and the production

of displacementcurrent between the plates of capacitor on account of

changing electric field.

Current inside the capacitor is given by : Ip = gydde/dt

(iii) (a)X-rays are produced by the bombardment of high energy electrons

on a metal target of highatomic weight (like tungsten).
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32.

(b) X-ray, electromagnetic radiation of extremely short wavelength and
high frequency, with wavelengths ranging from about 10°® to 10**m
and corresponding frequencies from about 10 to 10%° hertz (Hz).
(a) A variable frequency AC source is connected to a capacitor. How will the displacement
current change with decrease in frequency?
(b) You are given a 2 puF parallel plate capacitor. How would you establish an instantaneous
displacement current of 1 mA in the space between its plates?
(c) One requires 11 eV of energy to dissociate a carbon monoxide molecule into carbon and
oxygen atoms. The minimum frequency of the appropriate electromagnetic radiation to achieve
the dissociation lies in which part of em wave.
(1+2+2)
Ans (a)
Capacitive reactance X, =1/2n f ¢
Hence X.ox 1/ f
As frequency decreases, X, increases and the conduction current is inversely
proportional to X. It means the displacement current also decreases as the conduction current is
equal to the displacement current.
(b) The capacitance of capacitor C=2uF
Displacement current 1p=1 mA
Charge in capacitor,q=CV
Ipdt =CdV. [as g=it]
Or Ip =C dV/dt
1x107° = 2x10°® x dV/dt
Or dV/dt =(1/2) x10° = 500V/s
Hence by applying a varying potential difference of 500 V/s, we would produce a displacement
current of desired value.
(c) Here it is given, the energy required to dissociate a carbon monoxide molecule into carbon
and oxygen atoms is E = 11 eV
We know that, E = hf, where h=6.62 x 10°** J-s
so f=11x16x10"/6.62x 10
f=2.65x 10" Hz

this frequency radiation belongs to ultraviolet region.
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33.

(a) How can you say em waves carries the energy?
(b) What is meant by the transverse nature of electromagnetic waves? Draw a diagram showing
the propagation of an electromagnetic wave along X-direction, indicating clearly the directions of

oscillating electric and magnetic fields associated with it.

Ans :(a) The EM waves are produced by the accelerated charge. The electron
jumping from outer to inner orbit of the electron radiates EM

waves. EM waves are propagated as electric & magnetic fields

oscillation in mutually perpendicular directions which shows that EM

waves carry momentum & energy.
(b) Transverse Nature of Electromagnetic Waves: In an electromagnetic wave, the electric and
magnetic field vectors oscillate perpendicular to the direction of propagation of wave. This is called
transverse nature of electromagnetic wave.
In an electromagnetic wave, the three vectors E,B and K form a right handed system.
Accordingly if a wave is propagating along X-axis, the electric field vector oscillates along Y-axis and
magnetic field vector oscillates along Z-axis. Diagram is shown in figure.

Yi

—
Envelope of E
E B

_}
Envelope of B
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Q34

CASE .

Q35

CASE

CASE STUDY BASED QUESTIONS:
TOPIC: The electromagnetic (EM) spectrum is the range of all types of EM radiation. Radiation is

energy that travels and spreads out as it goes — the visible light that comes from a lamp in your
house and the radio waves that come from a radio station are two types of electromagnetic radiation.
The other types of EM radiation that make up the electromagnetic spectrum are microwaves,
infrared light, ultraviolet rays, X- rays and gamma rays.
(i). On which thing the classification is roughly based?
Ans Production and detection of waves.
(ii). Write any two uses of EM waves in our daily life?
Ans : Any two uses from daily life.
(iii). Identify among the following the pair of EM waves having highest frequency and highest
wavelength and write their frequency and wavelength range.

(A) UV rays and X- rays (B) Gamma rays and Microwaves.

(C) Gamma rays and Radio waves. (D) Radio waves and UV rays
Ans : (C) , Gamma rays — 10°Hz — 10?2 Hz Radio Waves A>0.1 m
TOPIC: Maxwell showed that the speed of an electromagnetic wave depends on the permeability
and permittivity of the medium through which it travels. The speed of an electromagnetic wave in
free space is given by c= 1/\Vu0e0. The fact led Maxwell to predict that light is an electromagnetic
wave. The emergence of the speed of light from purely electromagnetic considerations is the
crowning achievement of Maxwell's electromagnetic theory. The speed of an electromagnetic wave
in any medium of permeability p and permittivity € will be = ¢/K p,.Where K is the dielectric

constant of the medium and pr is the relative permeability.
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Q) What is dimensionsalformula of 1/2 ,E?
Where (g permittivity of free space; E =electric field) is

Ans [ML?T
(if) What is speed of EM wave in medium having dielectric constant 10 and relative magnetic
permeability 40.
Ans v =c/NK py = 1.5 x10" m/s.
(iii). Ans the following questions:
(a) Show, by giving a simple example, how EM waves carry energy and momentum.
(b) Why is it necessary in microwaves ovens to select the frequency of microwaves to match the
resonant frequency of water molecules?
Ans (i) EM Waves set the charge particle in motion on a surface at which they incident.
(if) Maximum energy transfer takes place from microwaves to the water molecules of the food stuff

and amplitude of oscillation becomes very large.
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CHAPTER — 9 - RAY OPTICS AND OPTICAL INSTRUMENTS

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
MCQs (Question 1 to 15 - 1 mark each)
Q1. A convergent lens will become less convergent in :

(@) oil (b) water
(c) both of (a) and (b) (d) none of these
Q2. A prism is filled with liquid of refractive index of V2. If angle of prism is 60°, find angle of minimum
deviation.
(a) 75° (b) 60° (c) 45° (d) 30°
Q3. A=45°
BLUE
GREEN
RED

B=90° C=45°

A beam of light consisting of red, green and blue colours is incident on a right-angled prism. The
refractive index of the material of the prism for the above red, green and blue wavelengths are
1.39,1.44 and 1.47 respectively. The prism will

(a) Separate part of the red colour from the green and blue colours

(b) Separate part of the blue colour from the red and green colours

(c) Separate all the three colours from each other

(d) Not separate even partially any colour from the other two colours

Q4. Refractive index of water and glass are 4/3 and 5/3. A light ray is going to water from glass. Then, its

critical angle will be:
(a) sin™4/5 (b) sin™'5/6 (c) sin™1/2 (d) sin*(2/1)

Q5.  What is the correct relation between the refractive indices n and n; if the behaviour of light rays is as
shown in the figure given below?

T T———— (@ n<n (b) ni>n

(©)np=n (d) None of these

Hint:In the figure shown, the convex lens is behaving as concave lens, it is possible only when
refractive index of lens is less than the surroundings i.e. ni<n.
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Q6.

Q7.

Q8.

Q.

The magnifying power of an astronomical telescope in normal adjustment is 100. The distance
between the objective and the eyepiece is 101 cm. The focal length of the objectives and eyepiece is

(@) 10 cm and 1 cm respectively (b) 100 cm and 1 cm respectively
(c¢) 1 cm and 100 cm respectively (d) 1 cm and 10 cm respectively

Hint:In normal adjustment, the object and final image are both at infinity and the separation between
the objective and the eye piece is f, + fe.

Therefore, f, + fe =101 cm ...(>i)

The magnifying power of the telescope in normal adjustment is: M = -fo/f, =-100

= fo =100f, .... (ii)

Solving equation ...(i) and ...(ii), we get f, = 100 cm and f. =1 cm.

The objective of a telescope must be of large diameter in order to
(@) remove chromatic aberration

(b) remove spherical aberration and high magnification

(c) gather more light and for high resolution

(d) increase its range of observation

You are given following three lenses. Which two lenses will you use as an eyepiece and as

anobjective to construct an astronomical telescope?

Lenses Power (D) Aperture (cm)
Ls 3 8
L, 6 1
Ls 10 1

(a) Objective-L; & Eyepiece-L3  (b) Objective-L, & Eyepiece-L3
(c) Objective-L3 & Eyepiece-L, (d) Objective-L; & Eyepiece-L
You are given following three lenses. Which two lenses will you use as an eyepiece and as an

objective to construct a compound microscope?

Lenses Power (D) Aperture (cm)
Ly 6 2
L, 3 8
Ls 10 1

(a) Objective-L; & Eyepiece-L; (b) Objective-L, & Eyepiece-L3
(c) Objective-L3; & Eyepiece-L, (d) Objective-L3 & Eyepiece-L;
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Q10.

Q11.

Q12.

Q13.

Q14.

Q15.

Q16.

Which of the following is not due to total internal reflection?

(a) Working of optical fibre

(b) Difference between apparent and real depth of a pond

(c) Mirage on hot summer days

(d) Brilliance of diamond

The wavelength of light in air is 6000 A° and in medium its value is 4000 A°. It means that the R.1 of
that medium with respect to air is

(a) 1.2 (b) 2.4 (c) 0.66 (d) 1.5

A screen is placed 90 cm from an object. The image of the object on the screen is formed by a convex
lens at two different locations separated by 20 cm, then the focal length of the lens is
@) 21.4cm (b) 15cm
(c) 10 cm (d) None of these
Hint: USE FORMULA: - f = (D*x%)/4D= (90°-20%)/4x90
If two thin lenses are kept coaxially together, then their power is proportional (R, R, radii of curved
surfaces) to
(@) R1+R; (b) (R1R2)/ Ry + R,
(©) (R1 + R2)/R1 Ry (d) None of these
The magnifying power of a telescope is 9. When it is adjusted for parallel rays the distancebetween the

objective and eyepiece is 20 cm. The focal lengths of its lenses are

@ 10 cm, 10 cm (b) 15cm, 5¢cm
(© 18 cm, 2 cm (d)11cm,9cm
A double convex air bubble in water behaves as
(a) Convergent lens (b) divergent lens
(c) plane slab (d) concave mirror

ASSERTION REASON QUESTIONS:

Directions: Each of these questions contains two statements, Assertion and Reason. Each of these
questions also has four alternative choices, only one of which is the correct Ans. You have to select
one of the codes (a), (b), (c), (d) and (e)given below.

(a) Assertion is correct, reason is correct; reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct; reason is not a correct explanation for assertion

(c) Assertion is correct, reason is incorrect

(d) Assertion is incorrect, reason is correct.

Assertion: When a convex lens (pg= 3/2) of focal length f is dipped in water, its focal length becomes

(4/3)F .
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Q17.

Q18.

Reason: The focal length of convex lens in water becomes 4f.

Hint: 1
_ al -1 _ [E- ]] _
f;r_f é | _f[y_z-lj _4f
akby ) 413

Assertion: If objective and eye lenses of a microscope are interchanged then it can work as telescope.
Reason: The objective of telescope has small focal length.

Hint: We cannot interchange the objective and eye lens of a microscope to make a telescope. The
reason is that the focal length of lenses in microscope are very small, of the order of mm or a few cm
and the difference (fo&fe) is very small, while the telescope objective have a very large focal length as

compared to eye lens of microscope.

Assertion: Spherical aberration occur in lenses of larger aperture.

Reason: The two rays, paraxial and marginal rays focus at different points.
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Q19

Q20

SECTION —B (2 MARKS )

Draw a labelled ray diagram of an astronomical telescope in the near point position. Write the
expression for its magnifying power.

Solution:

Astronomical telescope in the near point position:

Objective = Eye

Eve prece S
B Fo /

Magnifying power,

F [ F ]
m=—|1+—=
F D

£

Find the radius of curvature of the convex surface of a plano-convex lens, whose focal length is
0.3 m and the refractive index of the material of the lens is 1.5.

Solution:

The focal length of a combined lens can be determined by the formula

Here, R, =w andf =0.3 m
é ={u- I]KRLI
R =03(u-1)
=0.3(1.5-1)
=0.3=0.5
=0.15m

=15¢cm

123



about:blank
about:blank

Q21 (i) Out of blue and red light which is deviated more by a prism? Give reason.

(i) Give the formula that can be used to determine refractive index of materials of a prism in
minimum deviation condition.

Solution:

(i) Between blue and red light, blue light is deviated more by a prism. This is because the
wavelength of blue light is smaller than that of red light. Therefore, the speed of blue light is lower

than that of red light in a medium.

(i1) The formula used for determining the refractive index of materials of a prism in minimum
deviation condition,

_sin[(4+D,)/2]

n, = y
511
5

Where, ny; —* Refractive index of prism material with respect to the surrounding medium
A — > Angle of the prism

D —* Angle of minimum deviation
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Q22

Q23

Draw a labeled ray diagram of a reflecting telescope. Mention its two advantages over the refracting
telescope.

Solution:

Reflecting Telescope,

Tefleetineg Telescono.

Objective
- —— mirrar
Secondary e

mirror e § e

Eyepiece

Itz two advantages over Refracting telescope:
Its two advantages over Refracting telescope:
1. It reduces the spherical aberration and forms a clear focused image.

2. It doesn’t require a lens of very large aperture as refracting type requires that cannot
be manufactured easily.

A convex lens of focal length f; is kept in contact with a concave lens of focal length f,. Find the

focal length of the combination.

Solution:

For convex lens, focal length, f = f; and for concave lens, the focal length, f = -f;
The equivalent focal length of a combination of convex lens and concave lens is given as:

11 1

Ff £
_
fi-1,

=y
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Q24

Q25

Two monochromatic rays of light are incident normally on the face AB of an isosceles right-angled
prism ABC. The refractive indices of the glass prism for the two rays '1' and ‘2" are respectively 1.35
and 1.45. Trace the path of these rays after entering the prism.

Solution:

Critical angle of ray 1:
sin(c1)=1x1=11.35=cl=sin—1(11.35)=47.73°

Similarly, critical angle of ray 2:
sin(c2)=1u2=11.45=c2=sin—1(11.45)=43.6°
Both the rays will fall on the side AC with angle of incidence (i) equal to 45°. Critical angle of ray 1 is

greater than that of i. Hence, it will emerge from the prism, as shown in the figure. Critical angle of
ray 2 is less than that of i. Hence, it will be internally reflected, as shown in the figure.

For the same value of angle of incidence, the angles of refraction in three media A, B and C are 15°,
25° and 35° respectively. In which medium would the velocity of light be minimum?

Solution:

As light travels from a rarer to denser medium it bends towards the normal as its speed decreases. So,
if the bending is more, the speed of the light would be less in that medium, compared to other media.
As the angle of refraction is measured with respect to the normal, the ray making the least angle of
refraction would bend more and the speed of light would be minimum in that case. So, the correct
option is medium A where refracting angle is 15°.
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Q26

Q27

SECTION-C (3 MARKYS)
How does the frequency of a beam of ultraviolet light get affected when it goes from air into glass?
A ray of light incident on an equilateral glass prism shows minimum deviation of 30°.
Calculate the speed of light through the glass prism.
Solution:

The frequency of the ultraviolet beam of light does not change when it goes from air to glass. This is
because frequency is the property of source and does not change with medium.

sin{ 4 +0_)
‘2
sin A
2
(60 +30 ]

Hil‘lL

sin
2

B sin 457 B Speed of light in vacuum
sin 30° Speed of light in glass

#:

Speed of light in glass

1
=3 x 10% x sin30 x sin45°

1.5
=3x10%8x2
_3:-:](]5

J2

=2.13x10° m/s
You are given three lenses L;, L, and Lz each of focal length 20 cm. A object is kept at 40 cm in

front of L;, as shown. The final real image is formed at the focus ‘I’ of Ls. Find the separation

between L, L, and Ls.
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Solution:
L L2 L1
SR/ U AV A
40 cm 20 cm
- > - -

X1 Xz
Heref; =f,=f; =20 cm
Now, u; = —40 cm
From lens makers formula

1 1

| ul
1 1
—_— —

+

v
2

1
|1

A
1
"
~ I
—40
I

1
20

T 20 40
v, =40em

Here, image by Lj is formed at focus. So the object should lie at infinity for L. Hence, L, will
produce image at infinity. So, we can conclude that object for L, should be at its focus.

But, we have seen above that image by L; is formed at 40 cm right of L; which is at 20 cm left of
Lo(focus of Ly).

So X; = distance between L; and L, = (40 + 20) cm

=60 cm

Again distance between L, and Lz does not matter as the image by L, is formed at infinity so X,can
take any value
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Q28 A compound microscope uses an objective lens of focal length 4 cm and eyepiece lens of focal length
10 cm. An object is placed at 6 cm from the objective lens. Calculate the magnifying power of the
compound microscope. Also calculate the length of the microscope.

Solution:

First we shall find the image distance for the objective{'i*} ,

Magnification of the microscope is,

v DY (12 25
m=mm,=—"1+—|=—|[1+—
u, A 6 10

= — 7, negative sign indicates that the image is inverted.

The length of the microscope is Vo+ U, u=|ue| is the object distance for the eyepiece. And u, can be

found using,
1
o D u, ; as D is the image distance for the eyepiece.
:::L:L—L::»ul_ ==T.14cm
10 -25 u,

Hence, u = |ue| = 7.14 cm.

Length of the microscope vo+ u= 19.14 cm
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Length of the microscope is given as

L:mﬁ,ﬂ. :Mhm:n.l cm
D 25

A giant refracting telescope at an observatory has an objective lens of focal length 15 m. If an
eyepiece lens of focal length 1.0 cm is used, find the angular magnification of the telescope. If this
telescope is used to view the moon, what is the diameter of the image of the moon formed by the
objective lens? The diameter of the moon is 3.42 x 10° m and the radius of the lunar orbit is 3.8 x
10° m.

Solution:

\
Angular magnification = —L[I +£]: —@(] +LJ =—1560
£ D 1 25

i

Negative sign indicates that the image is inverted.

} f —f —

Diameter of the image of the moon formed by the objective lens = d (say)

diameter of the moon d
tana =a = - — = —
radius of the orbit 1

- (i
ors Mziﬂdﬂ}_usm
3.8x10 15

A convex lens made up of glass of refractive index 1.5 is dipped, in turn, in (i) a medium of
refractive index 1.6, (ii) a medium of refractive index 1.3.

(a) Will it behave as a converging or a diverging lens in the two cases?

(b) How will its focal length change in the two media?
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Solution:
Given Refractive index of glass, i, = 1.5
Refractive index of I medium, i; = 1.6

Ind

Refractive index of 11" medium, i, = 1.3

(a) For I medium

JTR T ::»&-cil
H

Hence, f > 0; concave lens or diverging lens
(ii) For 11" medium

4,

ful}auil:} :J.I

Hence, f < 0; convex lens or converging lens

(b)

(1) For first medium,

Positive numl:ber} for convex lens

(
( Positive number)
(

Positive number )

Original focal length
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1

! (!

1 ..

7 ==0.5 ( Positive number)
fi 05
oo

= fi=-5f

Hence, focal length will be 5 times the original focal length and its nature will become diverging.

(i) For second medium

fi 02
== = —

o0l
= 5L=2f
Hence, focal length will be twice the original focal length and its nature (Converging nature) will
remain same

SECTION -D (5 MARKS)
Q31 1 1 1

Derive the lens formula, / ¥ ¥ for a concave lens, using the necessary ray diagram.

Two lenses of powers 10 D and — 5 D are placed in contact.

(1) Calculate the power of the new lens.

(if) Where should an object be held from the lens, so as to obtain a virtual image of magnification 2?

Solution:

Derivation of lens formula:

132




ABis an object held perpendicular to the principal axis of the lens. A virtual, erect, and smaller image

A'B'is formed due to refraction through concave lens as shown in figure.

As As AB'Cand ABC are similar,

_AB'_CB
" AB (B

(i)
Again as As A'B'FandCDF are similar,

_A'B'_BF
" CD CF

However, CD = AB

_AB'_BF
" AB CF

(ii)
From (i) and (i),

CB' BF  CF-CB
CB CF CF

(iii)
Using new Cartesian sign conventions, let

CB=-u,CB =-v
CF=-f
-v_=f+v

—u  —f

v =uf =uv
uv=uf —vf

Dividing both sides by uvf, we obtain
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wv _uf  vf
wyf wvf wvf
11 1

f v u

This is the required lens formula.
(i) Power of new lens, P = P1 + P,
“P=10-5=+5D

(ii) Here, u =?
1
5 5 cm=20cm

m=2ie., U orv=2u

Using lens formula,

—= = —=——>_ u=-110cm

= Object distance = 10 cm

Draw a ray diagram to show the working of a compound microscope. Deduce an expression for the
total magnification when the final image is formed at the near point.

In a compound microscope, an object is placed at a distance of 1.5 cm from the objective of focal
length 1.25 cm. If the eye piece has a focal length of 5 cm and the final image is formed at the near
point, estimate the magnifying power of the microscope.

Solution:

Ray diagram for a compound microscope
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u,

m =
Total angular magnification,

A
a
B — Angle subtended by the image
a — Angle subtended by the object

Since o and B are small,

tane = ¢ andtan f= g4

tan
m = 'B

tan o

tana =——
D

And

L -

tan ff = ——
P D

_'rz:m,\t‘i'_f!';"B">< D A'B"
tmae D AB  AB

m

On multiplying the numerator and the denominator with A'B’, we obtain

_A'B"XA'B’
A'B'x AB
A
Now, magnification produced by objective, ~ AB
L _AB
Magnification produced by eyepiece, =~ AB

Therefore,

Total magnification, (m) = mg me
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v, _ (Image distance for image produced by objective lens )
i, ( Object distance for the objective lens)

i, =[I +£]
..liqu_-

fe— Focal length of eyepiece

m, =

= M,

= Yo I+£]
Ey -fc

Ya * L (separation between the lenses)

ty = —

.'.m:_L[1+£]

o S

w, =—1.5 cm

Jo=+1.5cm
(N

-'i‘rlil 1"“- HIJ
I |

125 v, 1.5
| 1 |

v, 1.25 1.5
100 10
125 15
_1500—-1250
1875

1 250

v, 1875

v, = +7.5 cm
J.=+5 cm

" = Yo 1 —I—£
Iy Fe

?.5[ 25]
= 14+ —=—
—1.5 >
:—?'Sxﬁ
1.5

m = —30]|
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Q33  Trace the rays of light showing the formation of an image due to a point object placed on the axis of
a spherical surface separating the two media of refractive indices n; and n,. Establish the relation
between the distances of the object, the image and the radius of curvature from the central point of
the spherical surface.

Hence derive the expression of the lens maker’s formula.

Solution:

&

:

Z
s

SRt b

s

A
»
Y

~
=
=

In the given figure, image is | and object is denoted as O.

The centre of curvature is C.

The rays are incident from a medium of refractive index " to another of refractive index ™.

We consider NM to be perpendicular to the principal axis.
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MM
tan Z/NOM = ——
OM

MM
tan S MNCM =——

MM
tan S NIM = ——
Ml

For ANOC, i is the exterior angle.
Therefore, i = ZNOM + ZNCM

_MN_MN
OM  MC

Similarly,
r=«NCM — ZNIM

_MN  MN

r=
ie. MC MI

According to Snell’s law,
nsini =n, sinr

For small angles,

ni=n,r

Substituting i and r, we obtain

n R H, — N
| + 2 |

OM MI_ MC

Where, OM, M1, and MC are the distances
OM =-u

MC =+R

Ml =v

Substituting these, we obtain

S A1)
v R

Applying equation (i) to lens ABCD, we obtain for surface ABC,
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n ", H,—=H
+ 2

— = = ' LA
OB BI, BC, )
For surface ADC, we obtain

e ML Wi ..(iii)

DI, DI DC,

.

For a thin lens,

Bl; =Dl

Adding (ii) and (iii), we obtain
nooon

) | 1 1
L =(n,—n)| —+—
OB DI BC,  DC.

Suppose object is at infinity and DI =f, then

n, 1

1
=i S e e e
A Py

Using sign convention,

BC, =+R,
DC, =R,

We obtain:

| | ]
— =, -1 ———
P }[ﬂ. R:]

21 _, Refractive index of medium 2 with respect to medium 1

This is known as lens maker’s formula.
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SECTION -E (CASE STUDY )
1. Optical fibre:

Limiting Ray
on Surface
‘2 2 : Crivcal Anglo 2
( .
n, Inderface ‘ U, Ny
\/
| ,\
1 Tolal Internal
Reflection - y
?
n, 0 (n>n,) NA = sin o :\.ln; ng

Strergth AMtemnber

Cladding

CTore

Outer jacket Coazing

An optical fibre is a structure comprising of thin rod of high-quality glass of refractive index n;
surrounded by a medium of refractive index n,. Very little light is absorbed by the glass. Light
getting in at one end undergoes repeated total internal reflection, even when the fibre is bent, and
emerges at the other end. All rays with angle of incidence 6; less than critical angle 6. is confined
inside optical fibre

Numerical aperture (NA) of structure is defined as sin a.

1. What should be the refractive index of core and cladding of optical fibre?

2. What are the uses of optical fibres? ( any two)

3. What are the necessary conditions for Total Internal Reflection to take place?

Ans (i) Refractive index of core should be greater than cladding.
(if) Endoscopy, Communication
(iii) (@) light must move from denser to rarer medium.
(b) angle of incidence must be greater than critical angle.
2: Lens in a medium:

A lens is a portion of transparent refracting medium bound by two spherical refracting surfaces

or one spherical surface and the other plane surface. A lens behaves according to the medium in
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which it is present.

Lens maker’s formula is relation between radii of curvature of bounding surfaces and the

L . ) 1 2 1 1 . .
refractive index of the material of the lens given by = = (n— — 1) (= — =), n2is refractive
f ni R1 R2

index of material f lens and n1 is refractive index of surrounding.

In an activity picture is stuck on the exterior curved surface of the transparent glass jar such that
the side of the paper with picture is facing the interior of the jar. The picture is observed from
the diametrically opposite end. According to different conditions following observations are
noted and concluded that a convex lens (or concave lens) made up of material with refractive
index n2 behaves as a converging lens (or diverging lens) when placed in a medium of refractive
index nl if n2>nland vice-versa.

1. What is the focal length of a double convex lens(n=3/2) if radius of curvature of its surfaces is

15cm?

Ans 15cm. use 1= (n_z — 1) (i — i)
f nl R1 R2

2. A glass lens is immersed in water. What will be the effect on the power of lens?

Ans It decreases ( since p o ny/ ny)
3. A biconvex lens made of a transparent material of refractive index 1.5 is immersed in water of
refractive index 1.33. What will be change in nature and focal length of the lens ?

Ans : nature remains same and f =80 cm
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Q2

Q3

Q4

Q5

Q6

Q8

CHAPTER —10 - WAVE OPTICS

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each

A laser beam is coherent because it contains

(A) waves of several wavelengths.

(b) incoherent waves of a single wavelength.

(c) coherent waves of several wavelengths

(d) coherent waves of a single wavelength.

If two sources have a randomly varying phase difference ®@(t), the resultant intensity will be given by
(@) 1o\2 (b) 1o/2 (c) 21, (d) 1oN2

Two coherent monochromatic light beams of intensities | and 41 superimpose. The maximum and
minimum possible intensities in the resulting beam are:

(@) 5land | (b) 51 and 3lI (c)3land I (d)9land I
Hint:
Maximum intensity, Imax= (11+V12)>=(NI+V41)*= 91

Minimum intensity Imin=(\11-V12)* = (N1-V41)*=I

In Young’s double-slit experiment, the phase difference between the light waves reaching the third
bright fringe from the central fringe will be (\=6000 A)

(a)Zero (b) 2n (c)4n (d) 6m

Hint:

...n:3

~2nm = 2X3Xw = 61
A parallel beam of moving electrons is incident normally on a narrow slit. A fluorescent screen is
placed at a large distance from the slit. If the size of the slit is further narrowed, then which of the
following statements is correct?

(a)The diffraction pattern cannot be observed on the screen

(b)The angular width of the central maxima of the diffraction pattern will increase

(c)The angular width of the central maxima of the diffraction pattern will decrease

(d)The angular width of the central maxima of the diffraction pattern remains the same

Hint:

We know that A=h/mv

Also for angular width

®=2\/d

So we can say o ochocl/v

So if the velocity increases, the angular width of the central maximum will decrease.

The wavefront due to a source situated at infinity is

(@) spherical

(b) cylindrical

(c) planar

(d) circular

What is the shape of wave front on earth for sunlight?

(a) spherical

('b) cylindrical

(c) planar

(d)circular

One of the two slits in Young’s double slit experiment is painted that it transmits half the intensity of
the other. What is the effect on the interference fringes?
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(A) the fringe system would be disappear

( B) the bright fringes would brighter & dark fringes would be darker

( C) the dark fringes would be brighter & bright fringes would be darker
(D) bright as well as dark fringes would be darker

What is the locus of all particles in a medium vibrating in the same phase called?

a. Fringe

b. Wavelet

c. Wave front

d. None of the above
What is the geometric shape of the wavefront that originates when a plane wave passes through a
convex lens?

a. Converging spherical
b. Diverging spherical
c. Plane
d. None of the above
How can the fringe width increase in Young’s double-slit experiment?
a. By decreasing the width of the slit
b. By reducing the separation of slits
c. By reducing the wavelength of the slits
d. By decreasing the distance between slits and the screen

Which of the following is conserved when light waves interfere?
a. Intensity
b. Amplitude
c. Phase
d. None of the above

If the locus of points which have same amplitude and vibrate in same phase are spheres then it is
called as

a) Spherical wave

b) Spherical wavefront
c) Plane wavefront

d) None

The energy of the wave travels in a direction ___ to the wavefront.
a) Parallel

b) Perpendicular

c) Bothaand b

d) None

What is the ratio of fringe width for bright and dark fringes in Young’s double slit experiment?
(A)l:1

(B)2:1

(C)V2:1

(D)4:1
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( ASSERSTION& REASON QUESTION)
Directions: These questions consist of two statements, each printed as Assertion and Reason. While

Ansing these questions, you are required to choose any one of the following four responses.
Assertion: No interference pattern is detected when two coherent sources are infinitely close to each
other.

Reason : The fringe width is inversely proportional to the distance between the two sources.

(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the Assertion.

(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the Assertion.

(c) If the Assertion is correct but Reason is incorrect.
(d) If both the Assertion and Reason are incorrect.
Assertion: Coloured spectrum is seen when we look through a muslin cloth.

Reason : It is due the diffraction of white light on passing through fine slits.

(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the Assertion.

(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the Assertion.

(c) If the Assertion is correct but Reason is incorrect.
(d) If both the Assertion and Reason are incorrect.

Assertion: It is necessary to have two waves of equal intensity to study interference pattern.

Reason: There will be an effect on clarity if the waves are of unequal intensity.

(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the Assertion.

(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the Assertion.

(c) If the Assertion is correct but Reason is incorrect.

(d) If both the Assertion and Reason are incorrect.

(Ans.MCQs)
2 3 4 5 6 7 8 9 10
d C d D C C C C C A

11 12 13 14 15 16 17 18
b d d b a a a d
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(VERY SHORT ANS TYPE QUESTION )( 2 MARKYS)
Is the phenomenon of interference of light in accordance with the law of conservation of energy?
Justify.
ANS : Yes law of conservation of energy is obeyed. In case of constructive interference, intensity
becomes maximum and bright fringes are formed in the screen whereas in case of destructive
interference, intensity being minimum, dark fringes are formed. This implies that in interference and
diffraction pattern, the intensity of light is simply being redistributed i.e. energy is only transferred
from dark to bright fringe and no energy is created or destroyed in the process.
In a single-slit diffraction experiment, the width of the slit is made double the original width. How
does this affect the size and intensity of the central diffraction band ?

ANS : Use The fringe width is inversely proportional to the slit width. The intensity is directly
proportional to the square of the slit width.

Step 1: In asingle slit experiment, the width of the central maximum,

Y1=2AD / d.ceorviine, (1)
where y is the width of the central maximum in a single slit diffraction, D is the distance of the slit to
the screen, A is the wavelength of the light, and d is the slit width

Hence, when the when the width is doubled, while every other variable is kept constant

Y,=2AD [2d...ccccceuen.... (2)
By comparison to the first equation, we can see that Y,=2Y; Hence, we can conclude that the width of
the maximum central decreases.

Step 2: Fc;r the intensity, it is intensity is directly proportional to the square of the fringe width
locd
Then I=kd? where k is a constant of proportionality,

Hence, when the width of the slit is doubled (and allowing all the variables making up the constant),
we have 12=k(2d)? then, 12=k4d2 , hence, by comparison with the original intensity, we see that 12=41
In a single slit diffraction experiment, the first minima for red light (660nm) coincide with first
maxima of some other wavelength A’. Find the value of A".

ANS :In a single slit diffraction experiment, position of minima is given by dsinf=nA
So for first minima of red sinB=1x(AR / d)
and as first maxima is midway between first and second minima, for wavelength A’
Its position will be
dsin®’'=2A"+21’
=sin®’=31"/ // 2d
according to given condition sinf=sin6’
=>1'=2/3AR
so A'=2/3x6600=440 nm = 4400A
(@) Consider a plane wave front incident on a thin convex lens. Draw a proper diagram to show how

the incident wave front traverses through the lens and after refraction focusses on the focal point of
the lens, giving the shape of the emergent wave front .

(b ) Does the appearance of bright and dark fringes in the interference pattern violate, in any way,
conservation of energy?
ANS :
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(@) Each point of the wave front is the source,of a secondary disturbance and the wavelets emanating
from these points spread out in all directions. These travel with the same velocity as that of the
original wave front.

The shape and position of the wave front, after time 't', is given by the tangential envelope to
the secondary wavelets.

< /
SR a0 //VL/L}//F

Transverse
Wave front

Plane Wave front \

(b) Yeslaw of conservation of energy is obeyed. In case of constructive interference, intensity
becomes maximum and bright fringes are formed in the screen whereas in case of destructive
interference, intensity being minimum, dark fringes are formed. This implies that in interference
and diffraction pattern, the intensity of light is simply being redistributed i.e. energy is only
transferred from dark to bright fringe and no energy is created or destroyed in the process.

How many interference fringes will be seen if the size of each of the slit is (1/5)th the separation
between the two slits?
ANS : Size of slit, a=d/5
Now we know that
2\AD/a= nAD/a
On putting the given values
2x5/d=n/d
n=10
hence , no of fringes are 10 .
State the reason, why two independent sources of light cannot be considered as coherent sources.

ANS: Coherent sources are defined as the sources in the initial phase difference remains constant. In
the case of two independent sources, the initial phase difference cannot remain constant because light
is emitted due to millions of atoms and their number goes on changing in a quite random.

How does the angular separation between fringes in single-slit diffraction experiment change when
the distance of separation between the slit and screen is doubled?

ANS :In a single slit experiment, the angular separation is given by 6=A/a where A be the
wavelength of incident light and a be the slit width.

So, it is independent of separation (D) of slit and screen. Thus, the angular separation will be
unchanged.

(3 MARKS)

How will the interference pattern in Young’s double slit experiment gets affected when (i) distance
between the slits S; and S is reduced and (ii) the entire set up is immersed in water. Justify your Ans
in each case.
ANS :i) fringe width of interference pattern = 8

B= b

d

fringe width in inversely proportional to the distance between slits S; and S,

i) B = Ab
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d
here 8 is parposnl to A
In water A of light decreases so fringe width will decrease.
Am= Agin cur
M
In Young's double slit experiment, describe briefly how bright and dark fringes are obtained on the
screen kept in front of a double slit. Hence obtain the expression for the fringe width.

ANS : When light waves from two illuminated slits is incident on the screen, the path traveled by
each light wave is different. This path difference leads to a phase difference in the two light
waves. The path difference is different for each point on the screen and hence, intensity is
different for all the points. This leads to the formation and bright and dark fringes on the screen.
Consider point P on the screen as shown in the figure.

(S2P)*=(S2)F)*+(PF)’

S2P=AD?*+(x+2d)?

Similarly,

S1P=VD*+(x-2d)?

Path difference is given by:

S2P-S1P= \VD*(x+2d)? - VD?+(x-2d)?
Using binomial expansion,

Ignoring higher order terms,

Ax = S2P-S1P = xd/D

For constructive interference i.e. bright fringes,

nA= xd/D

xn =nAD/d

Fringe width is equal to the distance between two consecutive maxima.

B = xn—xn—1=nAD/d — (n—1)AD/d //

B=AD/d

For a single slit of width a, the first maximum of interference pattern of a monochromatic light of
wavelength A occurs at an angle A/a. At the same angle of A/a, we get a maximum for two narrow slits
separated by a distance. Explain.

ANS: Width of the slitis a

The path difference between two secondary wavelets is given by,
NA = asinf

Since, 0 is very small, sin6=0

So, for the first order diffraction n=1, the angle is \/a

Now, we know that 6 must be very small 6=0 (nearly) because of which the diffraction pattern is
minimum.

Now for interference case, for two interfering waves of intensity 11 and 12 we must have two slits
separated by a distance.

We have the resultant intensity, | = i+ | 5 + V2l115c0s0

Since, 6=0 (nearly) corresponding to angle a, so cos6=1 (nearly)

So,

I=1+1,+ \/2I1I20059

We see the resultant intensity is sum of the two intensities, so there is a maxima corresponding to the
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angle a\.

This is why at the same angle aA we get a maximum for two narrow slits separated by a distance a.
How is a wavefront defined? Using Huygen’s construction draw a figure showing the propagation of a
plane wave refracting at a plane surface separating two media.

Hence verify Snell’s law of refraction.

ANS: Consider the diagram given below of a plane wavefront propagating from a denser to rarer
medium.

Incident wavefront

Medium 1

Refracted wavefront

In AABC,
sin i=BC/AC=v ;t/AC
In ACEA,
sinr = AE/AC = v ,t/AC

sini/sinr=BC/AE=vtlvot=v 1,V

M1=CV

M2 =CVo

W2 /].L 1=V 1/ Vo

sini/sintr= pa /W1
Or posinr = pj Sini.
It is Snell's law.
The ratio of the intensities at minima to the maxima in the Young's double slit experiment is 9 : 25.
Find the ratio of the widths of the two slits.
ANS :If the width of the slits are A; and A, , the amplitude will also be A ;andA .
The maximum amplitude, A" will happen when constructive interference happens-
A'=(A 1+A )
The maximum amplitude, A will happen when destructive interference happens-
A:(A 1—A 2)

We know that intensity is proportional to the square of amplitude.

L1/ 1= A 1A )2 (A+A L)
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9/25= (A 1—A 5 IA 1+A ,)?
9/25 = (A 1-A )?/ ( Al+A2)?
Al:A2=4:1
(5 MARKS)
State Huygen's principle, On the basis of Huygen's Wave theory of light, show that angle of
reflection is equal to angle of incidence. You must draw a labelled diagram for this derivation
explain the following, giving reasons:
Q) Is the frequency of reflected and reflected light same as the frequency of incident light?

(i) Does the decrease in speed imply a reduction in the energy carried by light wave?

ANS :Let SS' be the section of a plane reflecting surface and AB that of a plane wave front
striking at A Let v be the velocity of light and seconds the time for the edge B of the wave front to
reach the surface at A'.

According to Huygens' principle, such point on the wave front acts as a surface of secondary
wavelets. In the absence of SS', the wave front AB would have advanced to the position A'D after
is time t where A'D is parallel to AB. But at the presence of SS', as the wave front advances, the
points on SS' successively struck by the wave front become the surface of secondary spherical
wavelets. Thus, after a time t when the wave front strikes the point A’, the secondary wavelet
form A has acquired a radius

AB'=BA'=AD=vt,

By the time incident wave front strike A', the reflected ray has already covered a distance AB' in
the medium.

AB'=A'B=vt
From triangle ABA' and A'B'A
£B=£B'=900

A'A common AB=A'B=vt

Therefore, the two triangles are congruent

~ LBAA'=£B'A’A’

or Zi=4r

that is, the angle of incidence is equal to the angle of reflection. This is the second law of reflection.
Since AB, A'S' and SS' are in the plane of the paper, they will also be in the same plane. Therefore,
the incidence ray, the reflected ray and the normal at the point of incidence are all in the same plane.
This is the first law of reflection.
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(i) Both reflection and refraction occur due to interaction of light with the atoms at the surface
of separation. These atoms may be regarded as oscillators. Light incident on such atoms forces
them to vibrate with the frequency of light. As the light emitted by these charged oscillators is
equal to their own frequency of oscillation, so both the reflected and refracted lights have the
same frequency as the frequency of incident light.
(1i) No, reduction in speed on passing from a rarer to a denser medium does not imply a reduction in
energy of light because the frequency of light remains unchanged and the energy of a light photon
depends only on its frequency
(@) (i) Two independent monochromatic sources of light cannot produce a sustained interference
pattern’. Give reason.
(i1) Light wave each of amplitude "a" and frequency "®", emanating from two coherent light
sources superpose at a point. If the displacements due to these waves is given by y;=acoswt
and y,=acos(ot+d) where ¢ is the phase difference between the two, obtain the expression for
the resultant intensity at the point.
(b) In Young's double slit experiment, using monochromatic light of wavelength A, the intensity of
light at a point on the screen where path difference is A, is K units. Find out the intensity of
light at a point where path difference is A/3.

ANS :(a)(i) Two independent monochromatic sources of light cannot produce a sustained
interference because :

(1) If the sources are not coherent , they cannot emit waves continuously .
(2) Independent sources , emit the waves , which don't have same phase or a constant phase difference

(ii) given yj=acosot ,
yo=acos(wtt+d) ,

by superposition principle ,
resultant displacement , y=yl+y2 ,

or y=acosot+acos(wtto) ,

or y=2acos(¢/2).cos(wt+d/2),

or y=Acos(ot+¢/2) ,
it is an equation of simple harmonic plane progressive wave , whose amplitude is A,
here A=2acos(¢/2),
now intensity is proportional to square of amplitude , therefore

I=KA2=4Ka %cos *(¢/2) ,

where K is proportionality constant .

(b) In interference the intensity | at a point is given by,
I=locos?(m/A)x |
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where x= path difference ,
A= wavelength ,
lo= intensity of central maximum ,
when x=A , 1=K,
K=locos? (/M)A
or K=locos2n=lIo ,
when x=\/3 |, I=1',
I=locos 2(n/A)A/3
or  I'=locos 4(n/3)=10(1/2)*=K/4
Q33 0] Using Huygens’ construction of secondary wavelets explain how a diffraction pattern is
obtained on a screen due to a narrow slit on which a monochromatic beam of light is
incident normally.

(i) Show that the angular width of the first diffraction fringe is half that of the central fringe.
(iii)  Explain why the maxima 6 = (n + 1/2) M/a become weaker and weaker with increasing n
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We can regard the total contributions of the wavefront LN at some point P on the screen as the
resultant effect of the superposition of its wavelets like LM, MM ,, M,N. These have to be superpose
taking into account their proper phase differences. We therefore, get maxima and minima, La.
diffraction pattern, on the screen.

(b)

-
—
-
-
-

-——

-
-~ -
-

Conditions for first minima on the screen
asin 0 =
0=WNa
angular width of the central fringe on the screen =2 6 =2 V/a

Angular width of first diffraction fringe ( from fig. )= A/a
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Q34

Hence angular width of central fringe is twice the angular width of first fringe.
(c) Maxima become weaker and weaker with increasing n. This is because the effective part of the
wavefront, contributing to the maxima. becomes smaller and smaller, with increasing n .

CASE BASED QUESTION
When light from a monochromatic source is incident on a single narrow slit, it gets diffracted and a

pattern of alternate bright and dark fringes is obtained on screen, called "Diffraction Pattern” of single
slit. In diffraction pattern of single slit, it is found that

() Central bright fringe is -of maximum intensity and the intensity of any secondary bright fringe
decreases with increase in its order.

(1) Central bright fringe is twice as wide as any other secondary bright or dark fringe.

ANY YVY

Incident Light .
- = Slit

Viewing screen

(i) A diffraction pattern is obtained by using a beam of red light. What will happen, if the red light is
replaced by the blue light?

Ans. diffraction bands becomenarrower and crowded together
(it) Name two phenomena which support the wave theory of light?

ANS : Interference and diffraction

(ili)What are the conditions for two sources to be coherent? Suggest a way to get coherent sources?

Ans Two sources are said to be coherent if they have the same wavelength and constant phase

difference.

Coherent sources can be obtained by division of wave front as in Young’s double slit experiment.
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Q 35 Huygen's principle is the basis of wave theory of light. Each point on a wavefront acts as a fresh
source of new disturbance, called secondary waves or wavelets. The secondary wavelets spread out in
all directions with the speed light in the given medium. An initially parallel cylindrical beam travels in
a medium of refractive index p(l)=po+p2lpu(I)=p 2+u 21, where pp and p ou o and p oare positive
constants and | is the intensity of the light beam. The intensity of the beam is decreasing with

increasing radius.
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(a) (b)

(i) What is the source of cylindrical wavefront?

Ans. Linear source

(if) What is the phase difference between two particles on a wave front ? Give Reason.
Ans. Zero. Reason-All particles on a wavefront vibrate in same phase.

(iii) Show diagrammatically how the shape of plane wave front will change (a) on passing through a
prism (b) after reflection from a concave mirror?

. Ans. (a) Plane wave front will become tilted wave front on passing through the prism.

(b) Plane wave front convert into spherical wave front (converging) after reflection through concave
mirror.
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CHAPTER —11- DUAL NATUREOF MATTER AND RADIATION

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
1. In photo electric emission, for alkali metals the threshold frequency lies in the:
(a) visible region
(b) ultraviolet region
(c) infrared region
(d) far end of the infrared region
Ans - (a) visible region
2. What is the de-Broglie wavelength of an electron accelerated from rest through a potential difference of
V volts?
(a) 12.3/V? A°
(b) 12.3/V A®
(c) 12.2/V? A®
(d) None of these
Ans - (a) 12.3/V? A°
3. When a yellow light is incident on a surface, no electrons are emitted while green light can emit
electrons.
If the red light is incident on the surface then:
(@) no electrons are emitted
(b) photons are emitted
(c) electrons of higher energy are emitted
(d) electrons of lower energy are emitted
Ans - (a) no electrons are emitted
4. The de-Broglie wavelength of particle of mass 1 mg moving with a velocity of 1 ms™, in terms of
Planck’s
constant h, is given by (in metre):
(a) 10°h
(b) 10° h
(c)10°h
(d)10°h
Ans - (b) 10° h

5. When an electron jumps across a potential difference of 1 V, it gains energy equal to :
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() 1.602 x 10™%
(b) 1.602 x 10*°J
(c) 1.602 x 10%*
(d)1J
Ans - (a) 1.602 x 10™°
6. A strong argument for the particle nature of cathode rays is that they
(a) produce florescence
(b) travel through vacuum
(c) get deflected by electric and magnetic fields
(d) cast shadow
Ans - (c) get deflected by electric and magnetic fields
7. When the speed of electron increases, then the value of its specific charge
(@) increases
(b) decreases
(c) remains unchanged
(d) increases up to some velocity
Ans— (b) decreases
8. The work function of metal is
(i) Nature of the surface of metal
(i) Dimensions of the metal
(iii) Properties of the metal
(iv) abundance of the metal
(a) (i) only
(b) (i) and (iii)
(c) (i) and (iii)
(d) (ii) and (iv)
Ans - (d) (ii) and (iv)
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9. A photosensitive substance emits when illuminated by light.

(@) only proton
(b) only neutron
(c) proton and electron
(d) only electron
Ans — (d) only electron
10. The momentum of photon of wavelength 4 is
(@) ha
(b) h/a
(c)A/h
(d)h/ca
Ans - (b) h/A
11. The photoelectric effect can be understood on the basis of
(a) wave theory of light only
(b) electromagnetic theory of light only
(c) quantum theory of light only
(d) none of these

Ans- (c) quantum theory of light only

12. The photoelectric work function of a metal is 4.14 eV. The cut off wavelength for this is

(a) 4125 A°

(b) 2062.5 A

(c) 3000 A°

(d) 6000 A°
Ans - (c) 3000 A°

13. The threshold frequency for a certain metal is vo. When light of frequency v = 2vq is incident on it, the

maximum velocity of photo electrons is 4 x 10° ms™. If the frequency of incident radiation is increased to

5 v, then the maximum velocity of photo electrons (m/s) is
(a) 8 x 10°
(b) 2 x 10°
(c) 2 x 10’
(d) 8 x 10°
Ans - (d) 8 x 10°
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14. Which one of the following graph represent correctly the variation of maximum Kinetic energy
Emax With

the intensity of incident radiations having a constant frequency.

Emﬂk. EI‘I‘IH.’K.
(a) T (b) T
—>» intensity : —» intensity
E['I"IHK. Emax.
(c) T (d) T
—>» inlensity —» intensity
Ans — (d)

15. The frequency and the intensity of a beam of light falling on the surface of photoelectric material are
increased by a factor of two. This will:
(a) increase the maximum K_.E. of photo-electron as well as photoelectric current by a factor of two.
(b) increase maximum K_.E. of photoelectrons and would increase the photo current by a factor of two.
(c) increase the maximum K.E. of photo electrons by a factor of two and will not affect photoelectric
current.
(d) No effect on both maximum K_.E. and photoelectric current.
Ans - (b) increase maximum K.E. of photoelectrons and would increase the photo current by a factor of

two.

157




For question numbers 16-18, two statements are given-one labeled Assertion (A) and the other labeled
Reason (R).Select the correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.
(@) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is NOT the correct explanation of A
(c) Alis true but R is false
(d) A is false and R is also false
16. Assertion (A): An electron microscope is based on De Broglie hypothesis.
Reason (R): A beam of electrons behaves as a wave which can be converged by electric and magnetic
field.
(@) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is NOT the correct explanation of A
(c) Aistrue but R is false
(d) A is false and R is also false
Ans - (a) Both A and R are true and R is the correct explanation of A
17. Assertion (A): In photoelectric effect, the number photoelectrons emitted is always equal to number of
photons incident.
Reason (R): All the photons falling on the surface will eject photoelectrons, is not necessary.
(@) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is NOT the correct explanation of A
(c) Aistrue but R is false
(d) A is false and R is also false
Ans - (d) A is false and R is also false
18. Assertion(A): A particle of mass M at rest decay into particles of masses m; and my, having non-zero
velocities will have ratio of de-Broglie wavelengths unity.
Reason(R) : Here we cannot apply conservation of linear momentum.
(a) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is NOT the correct explanation of A
(c) Aistrue but R is false
(d) A is false and R is also false

Ans - (a) Both A and R are true and R is the correct explanation of A
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Section—-B  SA -1 Type Questions (2 marks each)

19. Why it is the frequency and not the intensity of the light source that determines whether the emissions
of photoelectrons will occur or not? Explain.
Ans - Greater the frequency, greater is the energy possessed by the photon of the light source.

The photoelectric effect occurs when the incident light has energy greater than the

threshold energy of the metal. The intensity of light merely determines the number of
photons present in the light source.

20. Red light, however bright, cannot cause emission of electron from a clean zinc surface. But, even weak
ultra-violate radiations can do so. Why?
Ans - This is because the threshold frequency of the given metal is greater than the frequency
of red light.

21. Light from a bulb falls on a wooden table, but no photoelectrons are emitted. Why?
Ans - This is because work function for wood is much more than the energy of visible light
photon.

22. The given graph shows the variation of photoelectric current(l) with the applied voltage(V) for two
different materials and for two different intensities of the incident radiations. Identify the pairs of curves

that correspond to different materials but same intensity of incident radiations.

Ans - Pairs 1-2 and 3-4
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23. An alpha particle and a proton are accelerated through same potential difference. Find the ratio (v,

p)
of velocities acquired by two particles.
Ans —
Gain in KE of particle = Qv
1
Empvﬁ = Kp = @pVpereereeeenn. ()Wp =V x =
1 .
Em.wi = Ko = G Vicoreeeeeinnae (4)
(11)/(1)
mavs:  ge 2

myvy @ 1

v my X 2 Zmy
w2 max1  4dm, x1 2

ViV, =1:y2

24. What is de Broglie wavelength of a bullet of mass 0.040 kg travelling at the speed of 1 km/s and why

[

it is
not seen to us?

Ans - A = h/mv
=6.63x 10 /0.040 x 10°
=1.65x 10 m
It is not visible as the wavelength is not in the range of visible light.
25. Draw the graph showing the variation of photoelectric current with anode potential for

(i) the same frequency but different intensities 13> I, > I; of incident radiation, and
il) the same intensity but different frequencies v;>v,>v3 of incident radiation.
y

Ans - (i) Same frequency but different intensities —

y —
o
5
S
go I; »” I7 > Iw
a /—-———— I
/-'-‘—P__— I;-
/-—-"‘_ I
Stopping
potential \
-V O Anode potential V —»

<— Retarding potential
(if) Same intensity but different frequencies —

Photocurrent
S

i

Saturation
current

]

oz = Yor O Anode potential V —»

-V, = V,

o3

- Retarding potential
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Section—-C  SA -1l Type Questions (3 marks each)
26. (a) Plot a graph showing the variation of photoelectric current with collector plate potential for different
frequencies but of same intensity of incident light.
(b) green and blue light of same intensity are incident separately on the same photosensitive surface. If

both of these cause photoelectric emission, which one will emit photoelectrons (i) having greater

kinetic
energy and (ii) producing larger photocurrent? Justify your Ans.
Ans - (a)
)
) >;/ =
/ .
(b) (i) blue light will emit photoelectrons having greater K.E, because frequency and
hence energy (E = hd) of blue light is more than the frequency and hence energy of
green light.

(i) Photoelectric current will be nearly same for blue and green light, because

intensity of saturation current is independent of frequency of incident light.
27. Find the ratio of the de Broglie wavelengths associated with an alpha particle and a proton, if both (i)

Have the same speeds. (ii)have the same Kinetic energy. (iii) are accelerated through same potential.

Ans- De Broglie wavelength A =h/mv
(A /hp=Ya
(i) da/p =%
(iii) A / p = %
28. When a given photo sensitive material is irradiated with light of frequency 3, the maximum speed of the
emitted photoelectron equals v max. v max 2 is observed vary with $ as per the following graph. Obtain
expression for (i) Planck’s constant and (ii) the work function of the given photo sensitive material, in

terms of the parameters I, n and the mass of the electron (iii) How is threshold frequency determined

from the graph?
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Ans - (a) Einstein photoelectric equation can be used to determine the plank’s constant 'h'. thus, we

Have
1 o )
K = SMVE,, = he — do
- 1_.?2 — (E_h) - 2‘:’1]
e e
We know, the slope of the graph is fn—h = %
Hence Planck’s constant, h = %ﬁ
(b)From the ereraph
200 _,
m hence the work function will be
. ml
Do = 2
(C) The threshold frequency is the intercept on horizontal axis
p=n

29. Find out an expression for de-Broglie wavelength of a charge q accelerated through a potential
difference
of V volts. What if charge particle is an electron?
Ans - The charged particle has a mass m and charge g.
The kinetic energy of the particle is equal to the work done on it by the electric field.
KE = qV
1 mv? = qV
Momentum, p = /2mqv
- de-Broglie wavelength associated with the particle, A =h/p =h/ W,
if charg e is electron then p = vV2mev,
A =h/p =h/r2mev = 1.227/\/V nm

162




30. Draw a graph showing the variations of de Broglie wavelength of a particle of charge gand mass m, with
the accelerating potential V. an alpha particle and a proton have same de Broglie wavelength equal to

1 A’. explain with calculations, which of the two has more kinetic energy.
Ans —

A

I

9 e
v

—
>

The de Broglie wavelength a particle is given by the expression,
A =h/p=h/2mE
Since the alpha particle and the proton have the same de Broglie wavelength, the ratio of
Kinetic energy is given by
Ea /Ep =mp/ ma =Y
Section—D LA Type Questions (5 marks each)
31. Using photon picture of light, show how Einstein’s photoelectric equation can be established. Write two
features of photoelectric effect which cannot be explained by wave theory.
Ans- (a) Light consists of photons. While interacting with matter the photon collides with an
electron it gives its entire energy to the electron and then exists no longer in photoelectric effect.
Energy used to knock out the electron is work function and remaining energy provides K.E. to
electron
Kmax = Y2 mv?
Kmax = h8 — po=h (8 — 90),
h9 is the energy of incident photon, (h80) is work function and rest energy is given to electron as

maximum KE.
(b) (i) Greater intensity has no effect on KE of an electron, cannot be explained by wavetheory.

(i) Wave theory also fails to explain the existence of threshold frequency.
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32. (a) Explain the laws of photoelectric effect on the basis of Einstein’s photoelectric equation.

(b) A nucleus of mass M initially at rest splits into two fragments of masses M’/3 and
2M’/3 (M > M”). find the ratio of De Broglie wavelengths of the two fragments.

Ans - (a) Photo electric effect: When some photosensitive substances are exposed to Ultravioletlight,
electrons are ejected from their surface which are called photoelectrons. This process is called
photoelectric emission.
Laws of photoelectric emission:
(i) There is a definite cut off value of frequency below which electrons cannot be ejected by any
substance.
(ii) Number of emitted electrons are directly proportional to the intensity of light incident.
(iii) Kinetic energy of emitted electrons depends on the frequency of incident light on substance.
(iv) There is no time logging between the incident of light and emission of electrons.
(b) By momentum conservation, M v =m1vi + mavz...........(1)
As M s initially rest so, v=0
Now (1) becomes, 0 = m1vi + mzv2
or mpvi= — mz Vv, it means that the magnitude of momentum of both masses are equal ie p;=p2

From de Broglie hypothesis, A1=h /p; and A2=h/p>

So, A2 /A= p1/p2=1 (p1=p2)
33. (a) Obtain the de Broglie wave equation for material particles.

(b) a particle is moving three times faster than electron. The ratio of de Broglie wavelength of the
Particle to that of the electron is 1.813 x 10™. Calculate the particle’s mass and identify the particle.

Ans - (a) Very low mass particles moving at speed less than that of light behave like a particle and wave.

De Broglie derived an expression relating the mass of such smaller particles and its
wavelength.

Plank’s quantum theory relates the energy of an electromagnetic wave to its wavelength or
frequency.
E=hv=hc/A....... (1)

Einstein related the energy of particle matter to its mass and velocity, as E =mc>........ (2)
As the smaller particle exhibits dual nature, and energy being the same, de Broglie

equated both these relations for the particle moving with velocity ‘v’ as,
E=he/d=m"

Then, hi = mv
or
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A=h/mv = h/momentum. where ‘h’ is the Plank’s constant.
This equation relating the momentum of a particle with its wavelength is de Broglie equation and
the

wavelength calculated using this relation is de Broglie wavelength.
(b) Given:v/ve=3and A/A=1.813x10*
De Broglie wavelength of a moving particle having mass m and velocity v is given by
P=mv=h/A
h=mvA=mevede=mvA
Mass of the particle, m=me [Ae / A][Ve / V]
Substituting the value, we get
m=9.1x10-31x (1/3)x(1/1.813x104)
or
m=1.67x1027kg
Thus the particle with this mass could be a proton or a neutron.
Section — E Case Study Based Questions (4 marks each)
34. According to de-Broglie, a moving material particle sometimes acts as a wave and sometimes as a
particle
or a wave associated with a moving particle which controls the particle in every respect. The wave
associated with moving particle is called matter wave/ de-Broglie wave where wavelength called de-
Broglie wavelength given by = h/mv.
(1) If a proton and an electron have the same de Broglie wavelength, then..........
(i) Which of these particles having the same kinetic energy has the largest de Broglie wavelength?
(iii) Two particles A; and A, of masses my, m, (m;> m;) have the same de Broglie wavelength. What
can
you say about their momenta?
OR
A particle is dropped from a height H. the de Broglie wavelength of the particle as a

function of height is proportional to ........
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Ans — (i) kinetic energy of electron < kinetic energy of proton

(ii) Electron

(iii) momentum of Al is less than the momentum of A2.
OR
H-1/2

35. Photoelectric effect is the emission of electrons from metal surface, when radiations of suitable
Frequency fall on them. The emitted electrons are called photoelectrons and the current so produced is

Called photoelectric current.

(i1) It is observed that photoelectron emission stops at a certain time t after light source is switched on.
Express stopping potential in terms of kinetic energy.
(iii) A point source of light power 3.2 X 10-3 W emits mono energetic photons of energy 5.0 eV and
work
function 3.0 eV. The efficiency of photoelectron emission is 1 for every 106 photons. Assume that the
photoelectrons are instantaneously swept away for emission. What is maximum kinetic energy of
photon.
OR
If the frequency of incident light falling on photosensitive metal is doubled, how kinetic energy of the
emitted photoelectronchanges?
Ans — (i) increase
(ii) KEmax/e
(iii) 2eV
OR
doubled
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Chapter -12- Atom
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each

1. The transition from the state n = 3 to n = 1lin a hydrogen like atom results in ultravioletradiation.

Infrared radiation will be obtained inthe transition from
@2—-1
(b)y3—2
(c)4—2
(d4—-3

Ans-(d)4 —3

2. In the Geiger-Marsden scattering experimentthe number of scattered particles detected aremaximum and
minimum at the scattering anglesrespectively at
(a) 0° and 180°
(b) 180° and 0°
(c) 90° and 180°
(d) 45° and 90°

Ans - (a) : The number of scattered particles detected will be maximum at the angle of scattering 6 = 0° and

minimum at 6 = 180°.

3. A 10 kg satellite circles earth once every2 h in an orbit having a radius of 8000 km.Assuming that Bohr
’s angular momentumpostulate applies to a satellite just as it doesto an electron in the hydrogen atom,
then thequantum number of the orbit of satellite is
(a) 5.3 x 10%

(b) 5.3 x 10%°

(c) 7.8 x 10*

(d) 7.8 x 10*°
Ans - (b) : Here, m =10 kg, r, = 8 x 10° m
T=2x60x60=7200s

nh
and from mv,r,= —
T 21

2Ty

Velocity of nth orbit, v,, =

27Ty
T

n=2ZxmxZzxr
T

n=53x10%®
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4. Which of the following is not correct aboutBohrs model of the hydrogen atom?
(@) An electron in an atom could revolve incertain stable orbits without the emissionof radiant energy.
(b) Electron revolves around the nucleus only inthose orbits for which angular momentum
L, = nh/2x.
(c) When electron make a transition from one ofits stable orbit to lower orbit then a photon
emitted with energy hv = E¢ — E;.
(d) Bohr model is applicable to all atoms.
Ans - (d) : The first three options (a), (b) and (c) are Bohr’s postulates of atomic model whereas option (d)
is not correct as Bohr’s model is applicable to hydrogen atom only.
5. If an electron in hydrogen atom is revolvingin a circular track of radius 5.3 x 10™* m witha velocity of
2.2 x 10° m s ! around the protonthen the frequency of electron moving aroundthe proton is
(a) 6.6 x 10" Hz
(b) 3.3 x 10" Hz
(c) 3.3x 10" Hz
(d) 6.6 x 10" Hz
Ans - (d) : Frequency of the electron moving around theproton is

__velocity of electron (v)

circumference (2mr)
Here,v=2.2x10°ms andr=5.30 x 10 ' m
v =6.6 x 10" Hz.
6. In which of the following systems will theradius of the first orbit (n = 1) be minimum?
(a) Doubly ionized lithium.
(b) Singly ionized helium.
(c) Deuterium atom.
(d) Hydrogen atom.
Ans - (a) : Radius of first orbit, r a 1/Z,For doubly ionized lithium, Z (= 3) will be maximum, hence

for doubly ionized lithium, r will be minimum.
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7. An electron in a hydrogen atom makes atransition from n = n; to n = n,. The time periodof the electron
in the initial state is eight timesthat in the final state. The possible values of n;and n; are

@n=4n,=2
(b)ny=8,n,=2
©)np=8,n,=1
d)yn;=6,n,=2
Ans — (a) In the nth orbit, let r,= radius and v, = speed ofelectron.
Time period,
2nr, T,
" Y

Now r, a n’ and Vhal/n
So Thon®
Here 8 = (ni/n,)®
ni/ny =2
ni=2n,
8. Energy is absorbed in the hydrogen atomgiving absorption spectra when transition takesplace from
(@)n=1—n"wheren'> 1
(byn=2—-1
(c)n"—>n
(d)n—>n'=o
Ans - (a) : Absorption is from the ground state n = 1 to n’ where n’ > 1.
9. In the Bohr model of the hydrogen atom, thelowest orbit corresponds to
(@) infinite energy
(b) maximum energy
(c) minimum energy
(d) zero energy.

Ans - (¢) : In hydrogen atom, the lowest orbit corresponds to minimum energy.
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10. The binding energy of an electron in theground state of He is equal to 24.6 eV. Theenergy required to
remove both the electrons is
(@) 49.2 eV
(b) 54.4 eV
(c) 79 eV
(d) 108.8 eV

Ans - (¢) : The energy needed to remove one electron from theground state of He = 24.6 eV.

2
As the He+ is now hydrogen-like, ionisation energy= | —13.6|i—2 eV

=>E=54.4¢eV
To remove both the electrons, energy needed
=(54.4+24.6)eV=79eV
11. Out of the following which one is not apossible energy for a photon to be emittedby hydrogen atom
according to Bohr’s atomicmodel?
(@) 0.65 eV
(b) 1.9 eV
(c)11.1eVv
(d) 13.6 eV

Ans - (c) : The energy of nth orbit of hydrogen atom is given as

_ -13.6

E, = eV

n2
E;=-13.6eV
E, = 136,/

22

_ -136
Es= 32 eV

E, = 136,/

42

E3-E2=-15-(-3.4)=19eV
E4 - E3=-0.85-(-1.5) = 0.65 eV
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12. The ratio of the speed of the electron in theground state of hydrogen atom to the speed oflight in
vacuum is
(@) 1/2
(b)2/237
(c)1/137
(d)1/237
Ans -(c) : Speed of the electron in the ground state ofhydrogen atom is

2me? c

Vo ume n 137 ¢

where, ¢ = speed of light in vacuum,

A is the fine structure constant. It is a pure numberwhose value is1/137
v 1

c 137

13. Suppose an electron is attracted towards theorigin by a force k/r, where Kk is a constant and ris the
distance of the electron from the origin. Byapplying Bohr model to this system, the radiusof nth orbit
of the electron is found to be rnandthe kinetic energy of the electron is found to beTn. Then which of
the following is true?
(a) Tha 1/n?
(b) Ty, is independent of n; rpoc n
(©) Tha l/n;ryx n
(d) Tn o 1/n ;1 n?

Ans -(b) : Applying Bohr model to the given system,

mv?  k

rn T'TL
And

nh

mvr, = o
nh

v 2mmr,

Sor,an

Th 002/

To=k/2

Tn is independent of n.
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14. The electric current | created by the electronin the ground state of H atom using Bohr modelin terms of

Bohr radius (o) and velocity ofelectron in first orbit vg is

evy

2nay

Vo
d) ——
( )Zna

Ans - (a) : In the ground state of hydrogen atom, suppose,
ag = Bohr radius
Vo = velocity of electron in first orbit

Time taken by electron to complete one revolution,

2ma,
= e
charge(e ev
Current created, | = —=9 () _ €%
time (T) 21ag

15. If the radius of inner most electronic orbitof a hydrogen atom is 5.3 x 10 ** m, then theradii of n = 2
orbit is
(@) 1.12 A
(b) 2.12 A
(c)3.22 A
(d) 4.54 A
Ans - (b) : As, I, = nag
Here, ap=5.3x 10 m,n=2
r = (2)%ag

=43=4x53x10 "1 m=21.2x10 " m=212A.
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For question numbers 16-18, two statements are given-one labeled Assertion (A) and the other labeled
Reason (R).Select the correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.
(a) Both A and R are true and R is the correct explanation of A

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

(c) Alis true but R is false

(d) Ais false and R is also false

16. Assertion (A) : According to classical theory,the proposed path of an electron in Rutherford

atom model will be circular.

Reason (R) : According to electromagnetic theoryan accelerated particle continuously emits
radiation.

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

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

(c) Alis true but R is false

(d) Ais false and R is also false

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

According to classical electromagnetic theory, an accelerated charge continuously emits radiation. As
electrons revolving in circular paths are constantly experiencing centripetal acceleration, hence they will be
losing their energy continuously and the orbital radius will go on decreasing andform spiral and finally the
electron will fall into the nucleus.

17. Assertion (A) : Between any two given energylevels, the number of absorption transitions

is always less than the number of emissiontransitions.

Reason (R) : Absorption transitions start fromthe lowest energy level only and may end at any
higher energy level. But emission transitionsmay start from any higher energy level and end
at any energy level below it.

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

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

(c) Alistrue but R is false

(d) A'is false and R is also false
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Ans -(a) Both A and R are true and R is the correct explanation of A
Absorption transition

A

Absorb T
radiation =»

Two possibilities in absorption transition.

Emission transition

Y v A

Three possibilities in emission transition. Therefore number ofabsorption transition < number of emission
transition.For any two states A and B such that Ea < Eg we haveabsorption spectrum for A — B transition

and emission B — A.But most of the time atoms are in ground state, absorption isonly from the ground state.

18. Assertion (A) : Total energy of revolvingelectron in any stationary orbit is negative.
Reason (R) : Energy is a scalar quantity. It canhave positive or negative value.
(a) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is NOT the correct explanation of A
(c) Ais true but R is false

(d) A'is false and R is also false
Ans - (b) Both A and R are true but R is NOT the correct explanation of A

The reason is correct, but does not explain the assertion properly. Negative energy of revolving electron
indicates that it is bound to the nucleus. The electron is not free to leave the nucleus.

Section — BSA — | Type Questions (2 marks each)
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19. Why is the classical (Rutherford) model foran atom of electron orbiting around the nucleus

not able to explain the atomic structure?

Ans - According to electromagnetic theory, electron revolving around the nucleus are continuously
accelerated. Since an accelerated charge emits energy, the radius of the circular path of a revolving electron
should go on decreasing and ultimately it should fall into the nucleus. So, it could not explain the structure
of the atom. As matter is stable, we cannot expect the atoms to collapse.

20. Find the radius and energy of a He+ ion inthe states n = 2.
Ans —r =0.529 n?z
r (n=2) = 0.529% = 1.058A

E(n=2)=-136% = 13.6eV
21. Why is the classical (Rutherford) model for an atom of electron orbitting around the nucleus not
able to explain the atomic Structure?
Ans -The classical method could not explain the atomic structure as the electron revolving around the
nucleus are accelerated and emits energy as the result, the radius of the circular paths goes on decreasing.
Ultimately electrons fall into the nucleus, which is not in practical.
22. Find the radius of the ground state orbit ofhydrogen atom.

n2h?
Ans = 4m2mkZe?
n=1andZ =2 sor; =0.027 nm

23. Find the speed in the ground state electron.

Z 2
Ans -v = £
2megnh
n=1and Z =2

v1 = 2¢/137 m/s
24. The radius of the innermost electron orbitof a hydrogen atom is 5.3 x 10-11 m. What arethe radii of

the n = 2 and n = 3 orbits?
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Ans -Radius of innermost electron
n2h? €,
mme?
Forn=1,r;=53x 10" m
Forn=2r,=2.12x10"m
Forn=3r3=4.77 x 10’ m.

25. Would the Bohr formula for the H-atomremain unchanged if proton had a charge(+4/3)e and

T =

electron a charge (—3/4)e, wheree = 1.6 x 10 '°C. Give reasons for your Ans.
Ans -In Bohr’s formula,
mv? 1
r 41T €

(e)(—e)

Force « (—e) (e) = —&

If charge on proton is (+4e/3) and charge on electron is (-3e/4), then their product (+4e/3)X (-3e/4) = -€*
ThusBohr Formula remains the same.

Section — CSA — Il Type Questions (3 marks each)

26. The electron in a given Bohr orbit has a totalenergy of —1.5 eV. Calculate its
(i) kinetic energy.
(ii) potential energy.
(iii) wavelength of radiation emitted,

when thiselectron makes a transition to the groundstate.

Ans —(i) The kinetic energy (Ex) of the electron in an orbit isequal to negative of its total energy (E).
Ex=-E=-(-15)=15eV

(if) The potential energy (E,) of the electron in an orbit isequal to twice of its total energy (E).
Ep=2E=-15%x2=-3.0eV

(iii) Here, ground state energy of the H-atom = -13.6 eV

When the electron goes from the excited state to the groundstate, energy emitted is given by
E=-15-(-136)=121eV=121x1.6x 10"

Now, E =hc/A

A=hc/E=1.025x 10" =1025 A

27. (1) How does de-Broglie hypothesis explain Bohr’s quantization condition for stationaryorbits?
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(i) Find the relation between the threewavelengths 14, I, and I3 from the energylevel diagram shown in

the figure.

;‘hl }h3

- B
h 4 A

Ans - (i) de-Broglie hypothesis may be used to derive Bohr’s formula by considering the electron to be a

wave spread over the entire orbit, rather than as a particle which at any instant is located at a point in its
orbit. The stable orbits in an atom are those which are standing waves. Formation of standing waves require
that the circumference of the orbit is equal in length to an integral multiple of the wavelength. Thus, if r is
the radius of the orbit

nh

2nr = NA = —
p

which gives the angular momentum quantization.

nh

L: = —
pr 2T

=, N
@ 2%

n=4
(i) Ec c
2 s
bB vl - 3 B
/\2
E, y h 4 A

Clearly, from energy level diagram,
Ec—Ea=(Ec—Eg) + (Ez —Ea)
(On the basis of energy of emitted photon).

hc_ hc+ hc

13_11 A,
A A

A3= 1742
M+ A,

which is the required relation between the three given wavelengths.
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28. Show that the radius of the orbit in hydrogenatom varies as n?, where n is the principalquantum
number of the atom.
Ans -Radius of nth orbit of hydrogen atom : In H-atom, an electron having charge —e revolves around the
nucleus of charge +e in a circular orbit of radius r, such that necessary centripetal force is provided by the

electrostatic force of attraction between the electron and nucleus.

mv? kZe? nh
— = —-Andmvr = —
r r 21

Putting value of v from second equation to first we get

n2h? €,

e

r o< n?

29. A small particle of mass m movesin such a way that the potential energyU = ar’ where a is a constant
and r is the distanceof the particle from the origin. Assuming Bohr’smodel of quantisation of angular
momentum forcircular orbits, find the radius of nth allowedorbit.

Ans -The force at a distance r is

F= v _ 2
= o ar

Suppose r be the radius of nth orbit. The necessary centripetal

force is provided by the above force. Thus,

muv?
— = 2ar
r
And
_ nh
mvr = >

1
n?h? ]4
8amm?

Solving these we get r = [

30. A gas of hydrogen like atoms can absorbradiations of 68 eV. Consequently, the atoms emitradiations of
only three different wavelengths. Allthe wavelengths are equal or smaller than that
of the absorbed photon.

(i) Determine the initial state of the gas atoms.
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(ii) 1dentify the gas atoms.
(iii) Find the minimum wavelength of theemitted radiations.

n(n-1)

Ans -(i) >

3

~n=3

I.e. after excitation atom jumps to second excited state.

Hence, ns = 3. So n; can be 1 or 2.

If n; = 1 then energy emitted is either equal to, greater than orless than the energy absorbed. Hence, the
emitted wavelengthis either equal to, less than or greater than the absorbedwavelength.

Hence, n; # 1

If nj = 2, then Ec > E,. Hence Ae < Ay

(i) E3-E2 =68 eV

2(1_ 1) _
13.6 22 (3 — 3) = 68
~ Z = 6The gas atoms correspond to carbon.
__ 12400 12400 __ 12400 0
(iii) Appin = 5 E @30@2G-D = e T 28.49 A
Section-D LA Type Questions (5 marks each)

31. (a) Write two important limitations ofRutherford model which could not explain theobserved features of
atomic spectra.
(b) How were these explained in Bohr’s modelof hydrogen atom?
Ans -(a) (1) Limitation of Rutherford’s model :Rutherford’s atomic model is inconsistentwith classical
physics. According toelectromagnetic theory, an electron is acharged particle moving in the circular orbit
around the nucleus and is accelerated, soit should emit radiation continuously and thereby looseenergy. Due
to this, radius of the electron would decreasecontinuously and also the atom should then producecontinuous
spectrum, and ultimately electron will fall intothe nucleus and atom will collapse in 10-8 s. But the atom is
fairly stable and it emits line spectrum.

(11) Rutherford’s model is not able to explain the spectrumof even most simplest H-spectrum.

(b) Bohr’s postulates to resolve observed features of atomicspectrum :
(i) Quantum condition: Of all the possible circular orbitsallowed by the classical theory, the electrons are
permitted tocirculate only in those orbits in which the angular momentumof an electron is an integral

multiple of h/2m,hbeingPlanck’sconstant. Therefore, for any permitted orbit,

n
L=mvr=—,n=123,....
21

where n is called the principal quantum number, and thisequation is called Bohr’s quantisation condition.
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(ii) Stationary orbits: While revolving in the permissibleorbits, an electron does not radiate energy. These

nonradiatingorbits are called stationary orbits.

(iii) Frequency condition: An atom can emit or absorbradiation in the form of discrete energy photons only

whenan electron jumps from a higher to a lower orbit or from alower to a higher orbit, respectively.

hv = E; — Eswhere v is frequency of radiation emitted, Ejand Ezarethe energies associated with stationary

orbits of principalquantum number ni and nf respectively (where nj>ny).

32. Using Bohr ’s postulates, derive theexpression for the frequency of radiation emittedwhen electron in
hydrogen atom undergoestransition from higher energy state (quantumnumbern;) to the lower state, (ny).
When electronin hydrogen atom jumps from energy staten; = 4 to ns = 3, 2, 1. Identify the spectral

seriesto which the emission lines belong.

Ans -
mv? B kZe?
r  r?
nh
mvr = —
21
Solving these
€on?h?
= ——
[Ime?

2
Total energy = Kinetic energy + Potential energy = %mvz +(-) k%

E=- R—hzcwhere, R = Rydberg constant
n

Energy emitted AE = E; — E¢

And AE = hv
IR
v=Rc n? e

When electron in hydrogen atom jumps from energy staten; = 4 to ns = 3, 2, 1, the Paschen, Balmer and
Lyman spectralseries are found.
33. If E and J,are the magnitude of total energy and angular momentum of electron in the nth Bohr orbit

respectively, then show the dependency of E on Jj,.
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r r?
nh
mvr = —
21
Solving these
€on’h?
T, = >
[Ime

2
Total energy = Kinetic energy + Potential energy = %mv2 + () k%

Rhc

E=- 7where, R = Rydberg constant
5 1
a —
Jn®
Section - E Case Study Based Questions (4 marks each)

34. Hydrogen is the simplest atom of nature. Thereis one proton in its nucleus and an electron movesaround
the nucleus in a circular orbit. Accordingto Niels Bohr, this electron moves in a stationaryorbit. When
this electron is in the stationaryorbit, it emits no electromagnetic radiation. Theangular momentum of
the electron is quantized,i.e., mvr = (nh/2p), where m = mass of the electron,v = velocity of the electron
in the orbit, r = radius ofthe orbitand n =1, 2, 3, .... When transition takesplace from Kth orbit to Jth

orbit, energy photon isemitted. If the wavelength of the emitted photonis I, we find that

1 1 1
—=R|—————1|,
e

Where R isRydberg’sconstant.On a different planet, the hydrogen atom’sstructure was somewhat

different from ours. Theangular momentum of electron was P = 2n(h/2m),i.e., an even multiple of (h/2m).
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(1) What will be the minimum permissible radius of the orbit?

(i) In our world, the velocity of electron is vowhen the hydrogen atom is in the ground state.

What should be the velocity of electron in this state on the other planet?
(iii)
(@) Compare the angular momentum of the electron inn = 2 orbit and in n = 1 orbit.

(b) Compare the kinetic energy of the electron in n = 2orbit and in n = 1 orbit.
OR
(i)  In Bohr’s model of hydrogen atom, let PErepresent potential energy and TE the total

energy. In going to a higher orbit how PE and TE will change? (2)

4€yh?

mrme?

Ans — (i) (b)
(i) (b) vo/2
(iii) The angular momentum of the electron inn = 2 orbit is more than that in n = 1 orbit.

The kinetic energy of the electron in n = 2orbit is less than that in n = 1 orbit.

OR
PE increases, TE increases
35. The Bohr’s model explains the spectral linesof hydrogen atomic emission spectrum. While theelectron
of the atom remains in the ground state, its energy is unchanged. When the atom absorbsone or more

guanta of energy, the electronsmoves from the ground state orbit to an excitedstate orbit that is farther

182




away. The given figure shows an energy level diagramof the hydrogen atom. Several transitions are
marked as I, I1, 111 and so on. The diagram isonly indicative and not to scale.

nrd

F
11 [Vl V TVI
Y

|

w e 8

Principal quantum number
[

h 4

=

(i) In which transition is a Balmer series photon is absorbed (Ans with reason)? (1)
(i) Find the wavelength of the radiation involved in transition (1)
(ii1) Which transition will occur when a hydrogen atom is irradiated with radiation of wavelength1030

nm? In which transition change in energy is highest?

OR
(iif) Compare transition 1 and V in term of energy, frequency/wavelength. (2)
Ans — (i) VI
(ii) 487 nm
(iii) V ans V
OR

(iii) Energy for transition V is more than the transition I. Frequency for transition V is more than

the transition I.
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Chapter -13- Nuclei

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each

Q1. Which of the following quantities is not conserved in a nuclear reaction?
a. Mass
b. Charge
c. Momentum
d. None of the above
Ans. (a) Mass
Q2.Particles which can be added to the nucleus of an atom without changing its chemical properties
are called
a. Neutrons
b. Electrons
c. Protons
d. alpha particles
Ans. (a) Neutron
Q3.The mass of an atomic nucleus is less than the sum of the masses of its constituents. This mass
defect is converted into
a. heat energy
b. light energy
c. electrical energy
d. energy which binds nucleons together
Ans. (d) energy, which binds nucleons together
Q4. Chadwick was awarded the Nobel Prize in Physics in 1935 for his discovery of:
a. Electron
b. Proton
c. Neutron
d. None of these
Ans. (c) Neutron
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Q5.A nuclei having same number of neutron but different number of protons / atomic number are

called

a. Isobars
b. Isomers
c. lsotones
d. isotopes

Ans. (c) Isotones

Q6.What is the ratio of the volume of atom to the volume of nucleus?

a. 10°
b. 10%
c. 10"
d. 10®

Ans. (d) 107

Q7. Select the pairs of isobars and isotones from the following nuclei: sC**, N3, ;N sO'°
Isobars (sC**, /N*), Isotones (;N**, s0)

a
b. Isobars (sC**;N', Isotones (;N*3, 50)
c. Isobars (sC*, s0, Isotones (;N*3, ;N
d. Isobars (sC*, 7N, Isotones (sC**, s0'°)

Ans. (d) Isobars (sC**, 7N, Isotones (sC**, s0™)

Q8.Nucleus of an atom whose atomic mass is 24 consists of
a. 11 electrons, 11 protons and 13 neutrons
b. 11 electrons, 13 protons and 11 neutrons

C. 11 protons and 13 neutrons

d. 11 protons and 13 electrons
Ans. (c) 11 protons and 13 neutrons

Q9. Which one of the following has the identical property for isotopes?
Physical property

a
b. Chemical property
c. Nuclear property
d. Thermal property

Ans. (b) Chemical Property
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Q10. Nuclear forces are
a. spin dependent and have no non-central part
b. spin dependent and have a non-central part
c. spin independent and have no non-central part
d. spinindependent and have a non-central part
Ans. (b) spin dependent and have a non-central part
Q11. Two nuclei have mass numbers in the ratio 1:8. What is the ratio of their nuclear densities?
a. 1:8
b. 1:4
1:2
d 11
Ans. (d) 1:1

Q12.When the number of nucleons in nuclei increases, the binding energy per nucleon

o

(a) increases continuously with mass number

(b) decreases continuously with mass number

(c) remains constant with mass number

(d) first increases and then decreases with increase of mass number
Ans. (d) first increases and then decreases with increase of mass number
Q13. Fusion reactions take place at high temperature because

(a) atoms are ionised at high temperature

(b) molecules break up at high temperature

(c) nuclei break up at high temperature

(d) kinetic energy is high enough to overcome repulsionbetween nuclei
Ans. (d) kinetic energy is high enough to overcome repulsionbetween nuclei
Q14.Sun’s radiant energy is due to

(a) nuclear fission.

(b) nuclear fusion.

(c) photoelectric effect.

(d) spontaneous radioactive decay.

Ans. (b) nuclear fusion

Q15. Heavy stable nuclei have more neutrons than protons. This is because of the fact that
(a) neutrons are heavier than protons.
(b) Electrostatic force between protons are repulsive.
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(c) Neutrons decay into protons through beta decay.
(d) Nuclear forces between neutrons are weaker than that between protons.
Ans. (b) electrostatic force between protons are repulsive

Assertion & Reasoning Questions

Directions: These questions consist of two statements, each printed as Assertion and Reason. While Ansing

these questions, you are required to choose any one of the following four responses.
(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the
Assertion.
(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the
Assertion.
(c) If the Assertion is correct but Reason is incorrect.
(d) If both the Assertion and Reason are incorrect.
Q16. Assertion (A): Two protons can attract each other.

Reason (R): The distance between the protons within the nucleus is about 10> m.

Ans. (a) Both Assertion and Reason are correct and the Reason is a correct explanation of the Assertion.

Q17. Assertion: The binding energy per nucleon, for nuclei with atomic mass number A > 100, decrease

with A.

Reason: The forces are weak for heavier nuclei.

Ans. (c) The Assertion is correct but Reason is incorrect. Nuclear forces are constant for every nuclei.

Q18. Assertion (A): Thermonuclear fusion reactions may become the source of unlimited power for the

humanity.
Reason (R): A single fusion event involving isotopes of hydrogen produces more energy than
energy from nuclear fission of single uranium.

Ans. (c) The Assertion is correct but Reason is incorrect.
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Short Ans Questions Type-I

Q19. Given the mass of iron nucleus as 55.85u and A= 56. Find the nuclear density.

Ans. Use the formula density= mass (m)/volume (V)
V =Z2nR*, where R=R,A", Ro= 1.2fm

On solving density (p) = 2.29x10"" kg/m®.
Q20. State two characteristic properties of nuclear force.

Ans. (i) Nuclear forces are the strongest force in nature.
(i) They are saturated forces.

(i) They are charge independent.

Q21. Express 16mg mass into equivalent energy in electron volt.
Ans It is known that,

E=mc?

=E=16x10"°kgx(3x10%m/s)?

=E=16x9x10""Joules

=E=16x9x10""/1.6x10"%eV

=E=9x10%%V

Q22. What will be the ratio of the radii of two nuclei of mass numbers A; and A,?

Ans. The ratio is R1/R2=(A1/A2)""*

Q23. Draw a plot of the binding energy per nucleon as a function of mass number.

Ans. Correct graph
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Q24. Why is nuclear fusion not possible in the laboratory?

Ans Nuclear fusion is not possible in the laboratory as it is performed in high temperatures. This cannot be

attained in the laboratory.
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Q25. Explain one similarity and dissimilarity between nuclear fission and nuclear fusion.

Ans. Nuclear fission and nuclear fusion are dissimilar in the sense that former involves splitting the heavy
nucleus whereas latter involves fusing of two or more lighter nuclei. The similarity between two is that
both involve mass defect and hence nuclear energy is released in both the process.

Short Ans question Type-II
Q26. Draw a plot of potential energy of a pair of nucleons as a function of their separation.

Ans. A plot of the potential energy between two nucleons as a function of distance is shown in the diagram.

>
14}
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=
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@ foo
o
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=100
ol 2 3

r{fim)
Important conclusions from the graph:
(i) The nuclear force is much stronger than the Coulomb force acting between charges or the gravitational
forces between masses. The nuclear binding force has to dominate over the Coulomb repulsive force between
protons inside the nucleus. This happens only because the nuclear force is much stronger than the Coulomb
force. The gravitational force is much weaker than even Coulomb force.
(ii) The nuclear force between two nucleons falls rapidly to zero, as their distance is more than a few
femtometers. This leads to saturation of forces in a medium or a large-sized nucleus, which is the reason for
the constancy of the binding energy per nucleon.
(iii) The nuclear force between neutron- neutron, proton-neutron and proton-proton is approximately the
same. The nuclear force does not depend on the electric charge.
Q27. Binding energy per nucleon versus mass number curve is as shown. 7S, »'w, "?X and 25™%Y, are

four nuclei indicated on the curve.

e o o e s e e e e e e

e o O

Binding energy/nucleon
in MeV

e

Mass number of nuclei —e
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Ans.

Based on the graph:

(a) Arrange X, W, and S in the increasing order of stability.

(b) Write the relation between the relevant A and Z values for the following nuclear reaction. S — X +
w

(c)Explain why binding energy for heavy nuclei is low.

@S, W,and X

(b) The equation is ;S o ‘;X i gw
Z=Z1+ZandA=A1+ A,

(c) Reason for low binding energy: For heavier nuclei, the Coulomb repulsive force between protons
increases considerably and offsets the attractive effects of the nuclear forces. This can result in such

nuclei being unstable.

Q28. (a) Distinguish between isotopes and isobars, giving one example for each.

Ans

(b) Why is the mass of a nucleus always less than the sum of the masses of its constituents? Write one
example to justify your Ans.

Or

(a) Classify the following six nuclides into (i) isotones, (ii) Isotopes, and (iii) isobars: (CBSEAI2019)

t2C, 3He, 1°Hg, 7H, 337 Au, (4C
(b) How does the size of a nucleus depend on its mass number? Hence explain why the density of

nuclear matter should be independent of the size of the nucleus.

(a) Isotopes have the same atomic number while isobars have the same mass number
Examples of isotopes 6'°C, 6“C

Examples of isobars ,°He, °H

(b) Mass of a nucleus is less than its constituents because in the bound state some mass is converted
into binding energy which is energy equivalent of mass defect
Or
(i) Isotones: g'®Hg, 76"’ Au (ii) Isotopes: §°C , ¢**C

(iii) Isobars: ,°He, 1°*H

(b) The radius of the nucleus is given by




R =R,A"

Volume of the nucleus 43aR° = 437R* A

If m is the average mass of the nucleon then the mass of the nucleus M = mA
Hence nuclear density

_mass  mA _ m
volume :nﬁ'ﬁA -;-::Rj

Which is independent of the A i.e., the size of the nucleus

Q29. A nucleus with mass number A = 240 and B.E. /A= 7.6 MeV breaks into two fragments each of A=120
with B.E. /A = 8.5 MeV. Calculate the released energy.
Ans. Binding energy of nucleus with mass number 240,
(Egn)1=240 x 7.6 MeV.......cocevvnnnn. (1)
Binding energy of two fragments
(Egn)2=2 %120 x85MeV....ovivivininnnnnn, (ii)
Energy released = (Egn)2 - (Esn)1
= (2 x 120 x 8.5) — (240 x 7.6)
= 216 MeV
Q30. Calculate the energy in fusion reaction :
(H?+ (H — ;He*+ n
Where BE of 1H” =2.23 MeV and of ;He® 7.73 MeV
Ans. Total Binding energy (BE) of initial system (E;)
= 1H?*+ (H? = (2.23 + 2.23) MeV = 4.46 MeV
Binding energy of final system
He® = 7.73 MeV
Hence energy released = E¢- E;
=7.73 MeV - 4.46 MeV
=3.27 MeV
Long Ans Type
Q31. We are given the following atomic masses: ¢,”*°U = 238.05079 u, »"He = 4.00260 u, 9o*>*Th =
234.04363 u ;"H = 1.00783 u, 5,>*'Pa =237.05121 u Here the symbol Pa is for the element protactinium

(Z = 91). (a) Calculate the energy released during the alpha decay of 5,2>2U. (b) Show that cannot
spontaneously emit a proton.
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Ans. (i) The alpha decay of 5,°*2Uis given by
33U - 2%Th+ JHe
The energy released in this process is given by
Q= (My— M, — Mpe) x 931.5 MeV

Substituting the atomic masses as given in the data we find that
Q =(238.05079 — 234.04363 — 4.00260) x 931.5 MeV = Q =4.25 MeV.

(i) If 29®U spontaneously emits a proton, the decay process would be

137

138 1
g1Pa+ 4H

Y —

The Q for this process to happen is Q = (My — Mpa — My) % 931.5 MeV
Q =(238.05079 — 237.05121 — 1.00783) x 931.5 MeV = Q =-7.68 MeV

Thus the Q of the process is negative and therefore it cannot proceed spontaneously. We will have to supply

energy of 7.68 MeV to the 4,>°U nucleus to make it emit a proton.

Q32. Calculate the binding energy per nucleon of Fe*®,; Given mee = 55.934939 u, m, = 1.008665 u and mp =
1.007825 u.

Ans
Number of protons Z = 26
Number of neutrons (A —Z) = 30
Now mass defect is given by
Am=Zmy+ (A-Z)m,— M
Am =26 % 1.007825 + 30 x 1.008665 — 55.934939
=0.528461 u

Therefore binding energy
BE = Am x 931 MeV =0.528461 x 931

=491.99 MeV

BE/nucleon = 491.99/56 = 8.785 MeV
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Q33. Consider the fission of U?*® by fast neutrons. In one fission event, no neutrons are emitted and the
final end products, after the beta decay of the primary fragments, are 58Ce** and ,,Ru®. Calculate Q
for this fission process. The relevant atomic and particle masses are m(sU??)=238.05079 u,
m(58Ce'*%)=139.90543, m(44Ru**)=98.90594 u

Ans In the fission of 5,U%*, 10— particles decay from the parent nucleus. The nuclear reaction can be written
as: U8 +on'—58Ce™*+,,Ru®+10 (1€°)

It is given that:
Mass of a nucleusg;U*®, m1=238.05079 u
Mass of a nucleus 58Ce**°, m2=139.90543 u

Mass of a nucleus 4Ru*, m3=98.90594 u

Mass of a neutron ¢n*, m4=1.008665 u

Q-value of the above equation is: Q=[m’(s2U*®)+m(on')—m’(58Ce'*%)—m’(4sRu*®)—~10me]c?
Where,

m'=m'= Represents the corresponding atomic masses of the nuclei

m'( $92U**)=m1-92me

m’(58Ce***)=m2-58me

mM’(2sRu*®)=m3-44me

m(on')=m4

=Q=[m1-92me+m4—m2+58me—m3+44me—10me]c?

=Q=[m1+m4-m2-m3] c?

=0Q=[238.0507+1.008665—139.90543-98.90594] c?

=Q=[0.247995 c* Ju

It is known that, 1u=931.5 MeV/ c?

=0Q=[0.247995c2]x931.5 MeV/ ¢> =231.007MeV

Therefore, the Q-value of the fission process is 231.007 MeV.

Case Study Based Questions

Q34. Read the passage given below and Ans the following questions:

Neutrons and protons are identical particle in the sense that their masses are nearly the same and the
force, called nuclear force, does into distinguish them. Nuclear force is the strongest force. Stability of
nucleus is determined by the neutron proton ratio or mass defect or packing fraction. Shape of nucleus is
calculated by quadrupole moment and spin of nucleus depends on even and odd mass number. VVolume
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of nucleus depends on the mass number. Whole mass of the atom (nearly 99%) is centred at the nucleus.
(1) Write two characteristics of nuclear force.
(i1) The range of nuclear force is the order of
(iii) A force between two protons is same as the force between proton and neutron yes or no. Give
reason.

Or

Write two differences between nuclear fission and nuclear fusion.

Ans. (i) Any two characteristics like charge independent and non central force.
(i) The nuclear force is of short range and the range of nuclear force is the order of 1.4x10™m.
Now, volume o RPa A
(ii1) yes. Because this force is charge independent.
Or
Differences: 1. In nuclear fission heavy nucleus split into two lighter one while in nuclear fusion two

lighter nuclei combine to form a big nucleus along with tremendous amount of energy.

2. In nuclear fission the nucleus is radio-active while in nuclear fusion the nuclei are non radio-active

element.

Q35. Nuclear fission reaction is the nuclear reaction which is induced by neutron. For example in the fission
of uranium, the energy of the order of 200 MeV per fissioning nucleus is released. While the nuclear
reaction in which two or more nuclei get fused together to form the larger nucleus is called as nuclear
fusion reaction. The nuclear fusion which is initiated by increasing the temperature of the system is

called as thermonuclear fusion.

The controlled fusion reactions are initiated to produce steady power. The heat energy created on the

sun is due to the nuclear fusion reaction 3.6x16'kj. While the huge amount of energy released after the
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explosion of atom bomb is only due to the nuclear fission reaction.

Do any four Questions

(i) For which value of multiplication factor the operation of the reactor is said to be critical
(if) The source of energy output in the interior of the starsisdueto

(iii) The temperature of the interior of the sunis

or

What is the work of control rods in nuclear reactor? Give one example of material used for as control
rod.
Ans. (i) K=1
(if) thermonuclear fusion
(i)  1.5x 10’

or

Control rods are used to control the rate of nuclear reaction which are mostly made up of neutron

absorbing material. Example: cadmium
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Ans

Ans

Ans

Ans

CHAPTER -14 Semiconductor Electronics

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
If a full wave rectifier circuit is operating from 50 Hz mains, the fundamental frequency in the ripple

will be
(A) 25Hz (B) 50Hz (C) 70.7Hz (D)100Hz
(D)100Hz
If a half wave rectifier circuit is operating from 50 Hz mains, the fundamental frequency in the
ripple will be
(A) 25Hz (B) 50Hz (C) 70.7Hz (D)100Hz
(B) 50Hz
Which is reverse biased diode?

(A) (B)

N~
L1

S |

-10V

777777' (i)
©) (D)
g e % +7V
~ +5V
I —
-5V

(A)

— N AMW—
d

-10V

mnr
The depletion layer in the P-N junction region is caused by

(A) Drift of holes (B) Diffusion of charge carriers
(C) Migration of impurity ions ( (D) Drift of electrons

(B) Diffusion of charge carriers
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Ans

Ans

Ans

Ans

Ans
10

Electrical conductivity of a semiconductor
(A) Decreases with the rise in its temperature
(B) Increases with the rise in its temperature
(C) Does not change with the rise in its temperature
(D) First increases and then decreases with the rise in its temperature
(B) Diffusion of charge carriers
A semiconductor is cooled fromT; K to T, K Its resistance
(A) Will decrease (B) Will increase
(C) Will first decrease and then increase (D) Will not change
(B) Will increase
In a PN-junction diode
(A) The current in the reverse biased condition is generally very small ~pA
(B) The current in the reverse biased condition is small but the forward biased current is
independent of the bias voltage
(C) The reverse biased current is strongly dependent on the applied bias voltage
(D) The forward biased current is very small in comparison to reverse biased current
(B) Will increase
In an unbiased p-n junction, holes diffuse from the p-region to n-region because
(A) free electrons in the n-region attract them.
(B) they move across the junction by the potential difference.
(C) hole concentration in p-region is more as compared to n-region.
(D) All the above.
(A) The current in the reverse biased condition is generally very small ~uA
(B)
Carbon, silicon and germanium have four valence electrons each. These are characterized by
valence and conduction bands separated by energy band gap respectively equal to (EQ)C, (EQ)Si
and (Eg)Ge. Which of the following statements is true?
(A) (Eg)Si < (Eg)Ge < (Eg)c (B) (Eg)c < (Eg)Ge < (Eg)Si
(C) (Eg)c > (EQ)Si > (EQ)Ge (D) (Eg)c = (EQ)Si = (Eg)Ge
(C) hole concentration in p-region is more as compared to n-region
The circuit shown in the figure contains two diodes each with a forward resistance of 50 Q and
with infinite backward resistance. If the battery voltage is 6V, then find the value of current

through the 100 Q resistances.
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Ans
11

Ans
12

Ans
13

Ans
14

1502

50€2
6V 100£2
(A) 0.15A (B) 0.22A (C) 0.02A (D)0.03A
(C) 0.02A
The unidirectional flow of current through p-n junction makes it ideal to be used as
(A) an oscillator (B) a modulator (C)arectifier (D) a Voltage regulator
(C)a rectifier

In the depletion region of a diode

(A) There are no mobile charges

(B) Equal number of holes and electrons exist, making the region neutral.

(C) Recombination of holes and electrons has taken place.

(D) Immobile charge ions exist.

(D) Immaobile charge ions exist.

The semiconductor X is made by doping a germanium crystal with arsenic (Z= 33). A second
semiconductor Y is made by doping germanium with indium (Z = 49). The two are joined end to
end and connected to a battery as shown, which of the following statements is correct?

e
/|
1 | 1
(A) X is P-type, Y is N-type and the junction is forward biased.

(B) X'is N-type, Y is P-type and the junction is forward biased.

(C) X'is P-type, Y is N-type and the junction is reverse biased.

(D) X'is N-type, Y is P-type and the junction is reverse biased.

(D) P-type with electron concentration n. = 5X10° m™

Pure Si at 500 K has equal number of electrons (ne) and hole(n,) concentration of 1.5X10' m™.
Doping by indium increases hole(ny) concentration to 4.5X10% m™. The doped semiconductor is
of

(A) N-type with electron concentration ne = 5X10% m?

(B) P-type with electron concentration n, = 2.5X10*° m

(C) N-type with electron concentration n = 2.5X10% m™
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Ans
15

Ans
16

Ans
17

Ans
18

(D) P-type with electron concentration ne = 5X10° m™

(B) Doping pure Si with pentavalent impurities gives p-type semiconductor.
Which of the following is NOT true?

(A) The resistance of intrinsic semiconductors decreases with increase of temperature.
(B) Doping pure Si with pentavalent impurities gives p-type semiconductor.

(C) The majority carriers in n-type semiconductors are electron.

(D) The p-n junction also called semiconductor diode and can act as a Rectifier.
(A) Both A and R are true and R is the correct explanation of A

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select the
correct Ans to these questions from the codes (A), (B), (C) and (D) as given below.

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

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

(C) Alis true but R is false

(D) Ais false and R is also false

Assertion (A):

An n type semiconductor has a large number of electrons but still it is electrically neutral.
Reason(R): An n type semiconductor is obtained by doping of pentavalent impurity atoms and an
atom on the whole is electrically neutral.

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

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select the
correct Ans to these questions from the codes (A), (B), (C) and (D) as given below.

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

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

(C) Ais true but R is false

(D) Ais false and R is also false

Assertion(A): The electrical conductivity of n-type semiconductor is higher than that of p-type
semiconductor at a given temperature and voltage applied.

Reason(R): The mobility of electrons is higher than that of holes.

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

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select the
correct Ans to these questions from the codes (A), (B), (C) and (D) as given below.

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

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

(C) Alis true but R is false
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Ans

19

Ans

(D) A is false and R is also false
ASSERTION(A):
The electrical conductivity of a semiconductor increases on doping.
REASON(R):
Doping always increases the number of electrons in the semiconductor.
(C) Ais true but R is false

SECTION — B (Short Ans Type-I)

e ‘black box’, shown here, converts the input voltage waveform into the output voltage
waveform as is shown in the figure

NN Black box m
VJ \J

Input Output

Draw the circuit diagram of the circuit present in the ‘black box’ and give a brief description of
its working.
The black box represents a full wave rectifier

Circuit Diagram

Centre-Tap
Transformer

—l o Diode 1(D))
' —P—>
! Centre A X
g YT

\ .
/ : .
Diode 2(D,) R. Output

= Y

Working: The ac input voltage across the secondary coil of the transformer changes polarity
after each half cycle. Suppose during the first half cycle of input ac signal, the terminal A is
positive relative to centre tap and B is negative relative to centre tap. Then diode D;is forward
biased and diode Dais reverse biased. Therefore, diode D;conducts while diode D,does not. The
direction of current due to diode D,in load resistance RL is directed from A to B. In the next
half cycle, the terminal A is negative and B is positive relative to the centre tap. The diode Dais
reverse biased and diode D2 is forward biased. Therefore, diode D,conducts while D; does not.
The direction of current due to diode D,in load resistance Ry is still from A to B. Thus, the
current in load resistance RL is in the same direction for both half cycles of input ac voltage.
Thus, for an input ac signal the output current is a continuous series of unidirectional pulses.
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Ans

21

Ans

22

Ans

The figure shows a piece of pure semiconductor S in series with a variable resistor R and a
source of constant voltage V. Should the value of R be increased or decreased to keep the

reading of the ammeter constant, when semiconductor S is heated? Justify your Ans

[ 5]

v R

To keep the reading of ammeter constant value of R should be increased as with the increase in
temperature of a semiconductor, its resistance decreases and current tends to increase.

e graph of potential barrier versus width of depletion region for an unbiased diode is shown in

graph A. In comparison to A, graphs B and C are obtained after biasing the diode in different

ways. Identify the type of biasing in B and C and justify your Ans.

CA’ CB’ CC’

t t t
V) V) M)

X = X = X —>

B - reverse biased

In the case of reverse biased diode, the potential barrier becomes higher

as the battery further raises the potential of the n side.

C -forward biased

Due to forward bias connection the potential of P side is raised and hence

the height of the potential barrier decreases.

Two semiconductor materials X and Y shown in the fig are made by doping a Ge-crystal with

indium and arsenic respectively. The two are joined end to end and connected to a battery as

shown:

X £

|J/‘7b
el

0] Will the junction be forward biased or reverse biased.

(i) Sketch a I-V graph for this arrangement.

(i) By doping Ge with Indium X becomes p-type and by doping Ge with As Y becomes n-type.

Since p type X is connected to —ve terminal of cell hence diode is reversed biased.
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Ans

24

Ans

25

Breakdown
Voltage

Voltag‘e \

Reverse
Breakdown

Current

A 4

Reverse bias I-V Characteristics

semiconductor has equal electron and hole concentrations of 2 x 10%/m?*. On doping with a
certain impurity, the hole concentration increases to 4 x 10*°/m°.
(i) What type of semiconductor is obtained from doping?
(i) Calculate the new electron concentration of the semiconductor.
(i) As on doping the hole concentration has increased, the doped semiconductor is a p-type
semiconductor.
(i) As nj = 2 x 10%/m* and ny, = 4 x 10"%/m°.
From the relation ne .ny = ni?,
we get, ne = ni?/np = (2 x 10°)?/4 x 10%° = 108/m?®,

termine the current through resistance “R” in each circuit. Diodes D; and D are identical and

ideal.

In circuit (i) Both D; and D, are forward biased hence both will conduct current and resistance
of each diode is “0”. Therefore [I=3/15=0.2 A

In circuit (ii) Diode D, is forward bias and D, is reverse bias, therefore resistance of diode D; is
“0” and resistance of D> is infinite. Hence D; will conduct and D, do not conduct. No current

flows in the circuit.

Draw the energy band diagram when intrinsic semiconductor (Ge) is doped with impurity atoms
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of Antimony (Sb). Name the extrinsic semiconductor so obtained and majority charge carriers
init.
Ans Energy band diagram of n- type semiconductor

(TS o }l
s R "

»

-

n- type semiconductor
electrons — majority charge carriers

SECTION — C (Short Ans Type-II)

26 - L . : .
aw V-1 characteristics of a p-n junction diode. Ans the following questions, giving reasons:
(i) Why is the current under reverse bias almost independent of the applied potential up to a
critical voltage?
(if) Why does the reverse current show a sudden increase at the critical voltage?
Ans I (mA)
~
200+ B
150~ BARRIER
VOLTAGE
00+
50 A
15 10 5
V l | a | l 4 | | ' 4
g (VOLT) S 0.1 02 03 04 05 " r(VOLTS)
100+
200+
BREAKDOWN
VOLTAGE 300

400 '

Ip (UA)
(i) In the reverse biasing, the current of order of pA is due to movement/drifting of minority
charge carriers from one region to another through the junction.
A small applied voltage is sufficient to sweep the minority charge carriers through the junction.
So, reverse current is almost independent of critical voltage.
(i) At critical voltage (or breakdown Reverse bias voltage), a large number of covalent bonds
break, resulting in the increase of a large number of charge carriers. Hence, current increases at
critical voltage.
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Ans

28

plain with a proper diagram how an ac signal can be converted into dc (pulsating) signal with
output frequency as double than the input frequency using p-n junction diode. Give its input and
output waveforms.

A junction diode allows current to pass only when it is forward biased. So, if an alternating
voltage is applied across a diode the current flows only in that part of the cycle when the diode is
forward biased. This property is used to rectify alternating voltages and the circuit used for this
purpose is called a rectifier. In full wave rectifier output frequency = 2 X input frequency. Thus
here full wave rectifier used.

Circuit Diagram

Centre-Tap
Transformer
S Diode 1(D)

| | ~

i
: : 1 g
. A
' Centre
, X
| Tap -
: L B -
h
i Wi —r
S Diode 2(D.) R, Output
@
- L 4
Working with input and output waveforms
-
=
g > i
k=] \/ \-/
£
o
= (i)
[a
E 1 1 1
= i ' /_\
= ' ¢
£ [ii]v AN
=
(k)
_E Y 1 I = I
g — | | |
© | Due o Due to | Due to | Due to |
=gl Dy Day § Doyt Dajo
ER: i a i |
=" 1 i i i
= : >
S

When a voltage drop across a p-n junction diode is increased from 0.70 V to 0.71V, the change in

the diode current is 10 mA. What is the dynamic resistance of diode?

) What are the limitations of the intrinsic semiconductors when we use them for developing
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29

Ans

semiconductor devices? How can this material be converted into (a) p-type and (b) n-type
extrinsic semiconductor?

(1) Dynamic resistance =change in voltage/change in current=1ohm

(ii) Limitations of developing pure/intrinsic semiconductor-based devices

-Intrinsic semiconductor is a low conductivity material,

-There is no enough flexibility to control the number of intrinsic charge carriers and in intrinsic
semiconductor it is never possible to have either large number of electrons only or large number
of holes only.

(@) Intrinsic semiconductor can be converted into p-type semiconductor by doping of trivalent
impurity atoms like Gallium, Indium, Boron, Aluminium.

(b) Intrinsic semiconductor can be converted into n-type semiconductor by doping of pentavalent
impurity atoms like Arsenic, Phosphorous, Antimony, Bismuth.

a.c. signal (input waveform) is fed into two devices/circuits X and Y and the corresponding
waveform in the two cases shown in figure. Name the devices/circuits X and Y. Also draw their

detailed circuit diagrams.

o e NN - £
Y

A S T
L

Input Output

X is a half wave rectifier and Y is a full wave rectifier
Circuit diagram of half wave rectifier

l

[ranstormer

~
~
—

\ 4

g e
..\.(_G_D EP II S|'T

input R,

i
|

Circuit diagram of full wave rectifier
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Centre-Tap
Transformer
paian g Diode 1(D)

% R
[(Jf:‘*‘nlr(* X,
| Tap B
) —PH—>
e Diode 2(D.,) R, Output
e
= L 4

30 et : . .
Calculate the value of output voltage V, and Current I if Silicon diode and germanium diode

conduct at 0.7 V and 0.3 V respectively (refer figure)

) If now Germanium diode is connected 12 V in reverse polarity, find new value of output voltage

V, and Current I.

Ia Germanimn .)I O A
Diode D
Silcon Diode g SEL}
' Vo
12V C_ )
— o . N

Ans (i) Germanium diode conducts at 0.3 V only, so current will prefer to pass through germanium

diode so,

Vo=12-03=11.7V
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And,
= 117
5x 10°

= 2.34mA

(i)When germanium diode is reversed biased, the current will flow through the silicon diode.
Then,
Vp=12-0.7=113V
And,
I = 113
5x 10°
=2.26 mA

SECTION — D (Long Ans Question)
(a)Draw the typical shape of the V-I characteristics of p-n junction diode both in its (i) forward, (ii)
reverse bias configuration. How do we infer, from these characteristics, that a diode can be used to

rectify alternating voltages?

(b) The conduction band of a solid X is partially filled and for Solid Y is empty at 0 K but for Y it
is also partially filled at room temperature. State whether X and Y are a conductor, a

semiconductor or an insulator? Also draw the energy band diagram for X and Y.
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Ans (a)

I (mA)
~
200 B

1507 BARRIER
VOLTAGE
100

g A
15

Ve (VOLTS) = > St S=n e > Vo (V Ts
¥ ) 0.1 02 03 04 05 r (VOLTS)

200+
BREAKDOWN
VOLTAGE 300
400+
v
IR (uA)

A junction diode allows current to pass only when it is forward biased. So, if an alternating
voltage is applied across a diode the current flows only in that part of the cycle when the diode is
forward biased. This property is used to rectify alternating voltages and the circuit used for this

purpose is called a rectifier.

(b)X — conductor and Y — semiconductor

Conductor Semiconductor
Oirlapping -
% ke % / onduction band %ﬂ\
v o b t %
g | bund g =l
] ] ! EedeV
1 1 |
f
H Valence H k Valene g l E,
§ hand § bd ¥
[z

f . il
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2 . . . )
~ The ratio of number density of free electrons to holes, ne/ny, for three different materials, A, B and C
are (i) equal to one, (ii) more than one and (iii) less than one respectively. Name the type of
semiconductor to which A, B and C belong. Draw labelled energy band diagrams for the materials.

Ans (i) The material A is a pure semiconductor.

.
P

Electron energy

(a) (b)

(if) The material B is n-type semiconductor. (iii) The material C is p-type semiconductor.

e o o it i |
“0.01eV

E,

~0.01 - 0.05 eV
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Name the device whose |-V characteristics are shown below. Draw the circuit diagram for studying
these V-1 characteristics. How are these characteristics made use of in rectification?

I (mA)

B

200+ B

15071 BARRIER
VOLTAGE
100

4 A

Vg (VOLTS) = » Ve (VOLTS)

0.1 0.2 03 04 05

BREAKDOWN
VOLTAGE 300

lR (HA)

(b) Suppose a pure Si crystal has 5X10% atoms m™. It is doped by 1ppm concentration of
pentavalent As. Calculate the number of electrons and holes. Given that n; = 1.5X10* m™,

Ans (a) P-N junction diode/Semiconductor diode/crystal diode

Circuit diagram for forward bias Circuit diagram for reverse bias
characteristic curves characteristic curves
; Voluneter(V)
\Voluneter(V) C-\
\Z/ ot
{ ‘ i

!,
P n 5
5 Q)
Milliammeter Mics nammran

(mA) (WA )

/ Switch -\,L I
e— .
- b

()

I Switch

A p-n junction diode allows current to pass only when it is forward biased
(b) Here n; = 1.5X10'*m™

Doping concentration of pentavalent As atoms

= 1ppm =1 part per million

Therefore, number density of pentavalent Asatoms,

28
Np = 2 = 5X10% atom m”®

Now, the thermally generated electrons (n; = 1.5X10'°m™) are negligibly small as compared to

those produced by doping, so

ne = Np = 5X10% atom m™
_n®_ _ 15X10'°X15X10

nn = =
h Ne 5X1022

= 4.5X10°m™3,
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SECTION - E (Case study based Question)
Case study: Conductor, semiconductor and insulator

A band gap is the distance between the valence band of electrons and the conduction band.
Essentially, the band gap represents the minimum energy that is required to excite an electron up to
a state in the conduction band where it can participate in conduction. The lower energy level is the
valence band, and thus if a gap exists between this level and the higher energy conduction band,
energy must be input for electrons to become free. The size and existence of this band gap allows
one to visualize the difference between conductors, semiconductors, and insulators. These

distances can be seen in diagrams known as band diagrams, shown in Fig. below.

overlap

s

conduction
band

Fermi energy (¢ 2and gap

valence
band

increasing energy

metal semiconductor insulator

(i) What is the value of the forbidden gap of insulator and semiconductor?

(ii) The conduction band of a solid X is partially filled at absolute temperature. Will X be a

conductor, a semiconductor or an insulator?

(iii) Distinguish between n-type semiconductor and p-type semiconductor. Give reason, why a p-

type semiconductor crystal is electrically neutral, although n,>>n.?
OR

The ratio of number density of free electrons to holes, ne/ny, for different materials, A and B, are
(a) equal to one, (b) less than one respectively. Name the type of semiconductor to which Aand B

belong. Draw labelled energy band diagrams for the materials A and B.
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Ans (i) Ininsulator, energy gap is > 3 eV In conductor, separation between conduction and valence
bands is zero and in the insulator, it is greater than 1 eV. Hence in semiconductors the separation
between conduction and valence band is 1 eV.

(i1) X will be conductor

(iii)
n-type semiconductor p-type semiconductor
1. It is obtained by adding controlled 1. It is obtained by adding controlled
amount of amount of
pentavalent impurity to a pure trivalent impurity to a pure
semiconductor. semiconductor.
2. Ne>>Np 2. Np>>Ne
3. Its electrical conductivity is due to free | 3. Its electrical conductivity is due to
electrons. holes.

because impurity atoms added to the semiconductor are electrically neutral
OR
(a) The material A is a pure/intrinsic semiconductor.

e — E
|

.
»

Electron energy

(a) (b)

(b) The material B is p-type semiconductor

E,

I

|

| o
=0.01 - 0.05¢V
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35 Case study: p-n junction diode:
Read the following paragraph and Ans the questions

p-n junction is a semiconductor diode. It is obtained by bringing p-type semiconductor in close
contact with n- type semiconductor. A thin layer is developed at the p- n junction which is devoid
of any charge carrier but has immobile ions. It is called depletion layer. At the junction a potential
barrier appears, which does not allow the movement of majority charge carriers across the junction
in the absence of any biasing of the junction. p-n junction offers low resistance when forward

biased and high resistance when reverse biased.
(i) Name the two important processes that occur during the formation of a p-n junction.

(if)Can we take one slab of p-type semiconductor and physically join it to another n-type

semiconductor to get p-n junction? Give reason.

(iii) Explain how the width of depletion region in a p-n junction diode change, when the junction

Ans is- (a) forward biased (b) reverse biased.

OR
Draw V-I characteristic of a p-n junction diode in
(@  forward bias and (b) reverse bias

(i) (a) Diffusion (b) drift
(ii) No, because continuous contact at the atomic level will not be possible at the junction
(iii) (@)Width of depletion region decreases in forward bias
Reason:In the forward bias, external battery pushes the majority charge carriers towards the
junction.
(b)Width of depletion region increases in reverse bias
Reason:In the reverse bias, external battery attracts the majority charge carriers away from the
junction.
OR

I (mA)
-
200 - /B

150 saARRIER
VOLTAGE
100
15 10 >

O
Vg (VOLTS) = i

/ o 0.1 02 03 04 05

100

» Ve (VOLTS)

J 200
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CHAPTER — 1 - Electric Charges & Field
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each

When some charge is transferred to ...A... it readily gets distributed over the entire surface of ... A...
If some charge is put on ... B..., it stays at the same place. Here, A and B refer to

(a) insulator, conductor (b) conductor, insulator

(c) insulator, insulator (d) conductor, conductor

Ans (b) When some charge is given to conductor it spreads on its surface. When some charge is given
to insulator, it remains there, it do not spread, Free charges in conductor interact with added charge, so
added charge spreads on surface to be in equilibrium.

In general, metallic ropes are suspended on the carriers taking inflammable materials. The reason is
(@) to control the speed of the carrier.

(b) to keep the centre of gravity of the carrier nearer to the earth.

(c) to keep the body of the carrier in contact with the earth.

(d) none of these.

Ans c

Explanation: (c) For providing a path to the charge induced on the surface of the carriers.

Two charges q; and g are placed in vacuum at a distance d and the force acting between them is F. If
a medium of dielectric constant 4 is introduced around them, the force now will be

(@ F (b) F/2 (c) F/4 (d) 4F

Ansc

Explanation: F/4 In the presence of medium, force becomes 1/K times.

Two similar spheres having +Q and -Q charges are kept at a certain distance. F force acts between the
two. If at the middle of two spheres, another similar sphere having +Q charge is kept, then it
experiences a force in magnitude and direction as

(a) zero having no direction.

(b) 8F towards +Q charge.

(c) 8F towards -Q charge.

(d) 4F towards +Q charge.

Ans c

Explanation: Initially, force between A and C,
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+Q +Q -Q
e — - — °
A gfa Fe c

- 2 - 2 >
- r -

When a similar sphere B having charge +Q is kept at the mid-point of line joining A and C, then net
forceon B is

2 2 2
p v pae KO KO 8kO

5

= 8F

F,

et

The direction is shown in figure.

A charge Q is divided into two parts of g and Q — g. If the coulomb repulsion between them when
they are separated is to be maximum, the ratio of Q/q should be

(@) 2:1

(b) 172

(c)4:1

(d) 1/4

Ansa

Explanation: (a) Let separation between two parts be r, then F = k.q(Q — q)/r?, For F to be maximum
dF/dg=0thenQ/q=2/1=2:1

Four equal charges g are placed at the four comers A, B, C, D of a square of length a. The magnitude
of the force on the charge at B will be

+qQ a g

A B
a a
D C
+q a +q
3q2 4q2
(a) : (b) _
dne,a” dne,a”
(’2 - 1) 2
(1+2v2)4* 2 /!
o) —————— (d) ———
2 x4ne a” 4ne,a”
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Ans c

Explanation:

(€) Fye+Fp=/Fi+F. since

2
E,=Fc=ﬂzand

a
_ Y2k Kk 5 l)
o a’ +2a2 azk +2

ql (1+2J§)
2

dne,a 2
Fe
A+q +q Fo
T:“; :f :B FH
7} S e C
+q +q

The electric field inside a spherical shell of uniform surface charge density is

(a) zero.

(b) constant, less than zero.

(c) directly proportional to the distance from the centre.

(d) none of the these

Ansa

Explanation: All charges reside on the outer surface of the shell so according to Gauss’s law, electric
field inside the shell is zero.

A cylinder of radius R and length L is placed in a uniform electric field E parallel to the cylinder axis.

The total flux for the surface of the cylinder is given by

(a) 2nR’E (b)
(©) E-R-E—ﬂﬂ (d) Zero
Ansd
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Explanation:

()

A
L

Flux through surface 4 $, = E x nR*
and through B ¢ = -E x nR*
Flux through curved surface C

E.ds= jEdrcosS'ﬂ“ =0

Total flux through cylinder
=¢stopt =0

The electric field intensity due to an infinite cylinder of radius R and having charge q per unit length
at a distance air r (r > R) from its axis is
(a) directly proportional to r2.
(b) directly proportional to r°.
(c) inversely proportional to r.
(d) inversely proportional to r.
Ans c
Explanation:
(c) $E.d5 = §ds = 2nrie
According to Gauss’s law (£ is constant)

E.erri'=q—! or E= q ,
£ 2meyr

ie E o l
P
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10. Which of the following graphs shows the variation of electric field E due to a hollow spherical

conductor of radius R as a function of distance from the centre of the sphere?

A R 2
®) |
A >
(c) A
E
T
(d)

Ansa

Explanation: (a) Electric field due to a hollow spherical conductor is governed by equations E = 0, for
r<R...(I)

and E = Q/4m=0r” for r >R ... (i)

i.e. inside the conductor, electric field will be zero and outside the conductor it will vary according to
E oc 1/r2

11. The magnitude of electric field intensity E is such that, an electron placed in it would experience an
electrical force equal to its weight is given by
(a) mge
(b) mg/e
(c) e/mg
(d) e2g/m?
Ans b

Explanation: According to the question, eE = mg or E = mg/e
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12.

13.

14.

The Sl unit of electric flux is

(@) NC*m?

(b) N C m?

()N C?*m?

(d) N C*' m?

Ansd

The force between two small charged spheres having charges of 1 x 10~ C and 2 10~ C placed 20
cm apart in air is

(2) 45 % 10N

(b) 45x 103N

(c)5.4x10°N

(d)5.4x10°N

Ans b

Here. g, = 1 x 107'C, g, and 2 » 1077 C,

r=20cm=20x% 102 m

4 q>

As F = 47:501‘2

9510° x1x1077 % 2x1077
a (20x1072)?

=45%< 103N

Two insulated charged metallic sphere P and Q have their centres separated by a distance of 60 cm.
The radii of P and Q are negligible compared to the distance of separation. The mutual force of
electrostatic repulsion if the charge on each is 3.2 x 10~ C is

(@)5.2x10*N

(b) 2.5 x 103N

(c) 1.5x 10°N

(d)35x10*N

Ans b

Here g, =¢q,=32x 107 C,r=60 cm=0.6 m

. 1 g
Electrostatic force, F = Anen 2
ey r-
9x10°(3.2x107)?
=" —5 =25x102N

(0.6)
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15.

16.

17.

An electric dipole is placed at an angle of 30° with an electric field of intensity 2 x 10° NC ™, It
experiences a torque of 4 Nm. Calculate the charge on the dipole if the dipole length is 2 cm.
(@ 8mC
(b) 4 mC
(c) 8 uC
(d)2mC
Ansd
Explanation: t=P E Sine = gl E Sine
q=1/1ESine=4/2x102X 2 x 10° (1/2)

=2X10°=2mC
Assertion and Reasoning type Questions
Directions: These questions consist of two statements, each printed as Assertion and Reason. While
Ansing these questions, you are required to choose any one of the following four responses.
(a) Both Assertion and Reason are correct and the Reason is a correct explanation of the Assertion.
(b) Both Assertion and Reason are correct but Reason is not a correct explanation of the Assertion.
(c) Assertion is correct, Reason is incorrect
(d) Assertion is incorrect, Reason is correct
(d) Both Assertion and Reason are incorrect.
Assertion: A metallic shield in form of a hollow shell may be built to block an electric field.
Reason: In a hollow spherical shield, the electric field inside it is zero at every point.
Ans a
Assertion: The property that the force with which two charges attract or repel each other are not
affected by the presence of a third charge.
Reason: Force on any charge due to a number of other charges is the vector sum of all the forces on
that charge due to other charges, taken one at a time.
Ans (b) Force on any charge due to a number of other charges is the vector sum of all the forces on
that charge due to the other charges, taken one at a time. The individual force is unaffected due to the

presence of other charges. This is the principle of superposition of charges.
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18.

19.

20.

Assertion: Consider two identical charges placed distance 2d apart, along x-axis.

T >B

Q 0 Q
3

2d >I

The equilibrium of a positive test charge placed at the point O midway between them is stable for

displacements along the x-axis.
Reason: Force on test charge is zero.
Ans (b) If +ve charge is displaced along x-axis, then net force will always act in a direction opposite to
that of displacement and the test charge will always come back to its original position.

SECTION B
Figure shows three-point charges, +2q, -q and + 3g. Two charges +2q and -q are enclosed within a
surface ‘S’. What is the electric flux due to this configuration through the surface ‘S’

Ans
According to Gauss's law, ¢ = §Ed_§ = %
5

...where [g, is the total charge enclosed by the surface S

_29-9_4q . : _ 4 &
b = & " Electric flux, ¢ . +37

Write the expression for the work done on an electric dipole of dipole moment p in turning it from its
position of stable equilibrium to a position of unstable equilibrium in a uniform electric field E.
Ans

Torque, acting on the dipole is, t=p E sin 0

Torque, acting on the dipole is, T = pE sin 6

1]
W = J‘pEsianB = o = pE [cos 6; — cos 6,]
6y
@ = pE [cos 0° — cos 180°]
=pE [1-(-1)] =2pE ..|@ = 2pE
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21.

22.

Show that the electric field at the surface of a charged conductor is given by E = o/ egAiwhere o is the
surface charge density and h is a unit vector normal to the surface in the outward direction.

Ans

Electric field at a point on the surface of charged conductor, E = ﬁi

TEQY RZ
For simplicity we consider charged conductor as a sphere of radius ‘R’. If ‘6’ is in surface charge

density, then
Q = 4nR%c E= ——m—=—

E=2;
Eg.

...where [ N is a unit vector normal to the surface in the outward direction]
A thin straight infinitely long conducting wire having charge density X is enclosed by a cylindrical
surface of radius r and length I, its axis coinciding with the length of the wire. Find the expression for
the electric flux through the surface of the cylinder.
Ans
Since the field is everywhere radial, flux through the two ends of the cylindrical Gaussian surface is
zero. At the cylindrical part of the surface, E is normal to the surface at every point, and its magnitude
IS constant, since it depends only on r. The surface area of the curved part is 2xrl, where 1 is the length
of the cylinder.
Flux through the Gaussian surface = Flux through the curved cylindrical part of the surface is zero. At
the cylindrical part of the surface, E is normal to the surface at every point, and its magnitude is
constant, since at every point, and its magnitude is constant, since it depends only on r. The surface
area of the cylinder.
Flux through the Gaussian surface = Flux through the curved cylindrical part of the surface
=E x 2mrl

224



*
+
e
. M ™,
-
| % * e
It |
I * |
1 + |
FH +* |
q—f_-. -4+ |
E F + |
1 4+ |
1 ¥ |
1 1+ |
PP I e
el ¥
{ i bl i
~ * -
it ) B
M
a
+
-

o |
=
[P}

(@) Electric field due to an infinitely long thin straight wire is radial.
(b) The Gaussian surface for a long thin wire of uniform linear charge density
The surface includes charge equal to Al
Gauss’s law then gives
E x 2nrl = M/,
A
2reqr

te. | E=

23. Plot a graph showing the variation of coulomb force (F) versus (1/r%), where r is the distance between
the two charges of each pair of charges: (1uC, 2uC) and (2uC, — 3uC). Interpret the graphs obtained.
Ans
For (1 uC, 2 uC)

9x10°(1x10°)(2x107°) _ 0.018

2
r 1‘2

and for (2 uC, -3 pC)

F, = 9x10°(2x10°)(-3x107°) _ -0054

2 2
¥ T

F1=

Y Ao
< é\ 4}3
Repulsive
c,\DQO :u

&,
ﬁ.{@q’ Attractive
k3
e,
% \%J\?
=

=

Y’
Here positive slope depicts that force is repulsive in nature and negative slope depicts that the force is

attractive in nature.
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24.  Define the term “electric flux’. Write its S.I. units. What is the flux due to electric field E=3 x 10°

i N/C through a square of side 10 cm, when it is held normal to if?
Ans

Electric flux over an area in an electric field is the total number of lines of force passing through the

area. It is represented by ¢. It is a scalar quantity. Its S.1 unit is Nm? C™* or Vm.

Le., ¢ =J E.d5 =+
€p
S .

Electric flux ¢ by g enclosed

Hence the electric flux through the surface of sphere remains same.

Given: E = 3x10%i N/C
_ 2_ 10 10 o
A=10»10 cm 'Tﬁﬁxlmm

0= ExA =EA cos ®
cB=0andcosB =1

= EA

_Bx10%) x (10, 10
—{3x1ﬂ}x[1mx1mJ
= 30 Nm? C

25. Write 4 properties of electric lines of force.
Ans
The properties of electric lines of force are:
i) Lines of force start from positive charge and terminate at negative charge.
i) Lines of force never intersect.

i) The tangent to a line of force at any point gives the direction of the electric field at that point.

iv) The number of lines per unit area, through a plane at right angles to the lines is proportional to the magnitude
of E. That is, when the lines of force are close together, E is large and where they are far apart, E is small.
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26.

SECTION C
(i) Derive the expression for electric field at a point on the equatorial line of an electric dipole.

(ii) Depict the orientation of the dipole in

(a) stable,
(b) unstable equilibrium in a uniform electric field.
Ans
(i)
Electric dipole moment: It is the product of the magnitude of either charge and distance between them.
—*
g =qx2l
P 2l >
=1 -H?

It is a vector quantity whose direction is from negative to positive charge.

Expression :

Electric field intensity at P due to +q charge is

-1 _a along PD ...(1)

Electric field intensity at P due to -q charge is,
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1

E_ - Eﬁ—s;';%f along PC
= ﬁ(_ri{—fl—] along PC ...(if)

From (i) and (ii), |E.| =|E.| = ———sd
IE.| =|E_| i (2 + )
. (iif)
Net electric field intensity due to the electric
dipole at point P

E = JE2 + E2 + 2E,E_cos20

= E= JE% + E? + 2E2cos20 (vE.=E)
= E= -,H:ZEE + 2E2 c0s20
= E= |2E}(1+ cos26)

= E= J2E22c0s%0 (=1 + cos 28 = 2 cos’ 8)

E=2E, cos §=2x L zq 5= €os @
dmeg (r* + 1°)
[Using equation (ifi)]
1
Now from AOQAP, cos 8 =
w_frz +12

1 q !
x
41{50 (r2+!2) l:r? +I2]”2
2 :
E = _‘i"‘ﬁ_
= 41!23(!’2 + 12)3 2
Since g x 2I = p ...(p is dipole moment)

E=2x

E = m along (-)x-axis
0

If I << r ie. dipole is short, then P can be
neglected as compared to r*

Hence |E = —L3 along (-)x-axis
4ne,r

27. Obtain the expression for the torque t~ experienced by an electric dipole of dipole moment p” in a
uniform electric E?
Ans
(i)
(a) Torque on electric dipole : Consider an electric dipole consisting of two equal and opposite point
charges separated by a small distance 2a having dipole moment
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A qE
- +dNg——>
E —>» 1
5 l
. /o |
—.’E —q ,;‘__J:]'
+qE B C

Dipole in a uniform electric field
Let the dipole held in a uniform external

electric field E at an angle 0

. Force on charge (+g) = q]_i} along the
direction of E
Force on charge (—g) = —qE along the

_’
opposite direction of E
*. Net translatory force on the dipole
] -3
=qE -gE =0
So net force on the dipole is zero
—}

Since E

is uniform, hence the dipole does not undergo any translatory motion.

These forces being equal, unlike and parallel, from a couple, which rotates the dipole in clock-wise
direction

~ Magnitude of torque = Force x arm of couple

t=F. AC = gE. AB sin 0 = (gE) 2a sin 6
or T=q(2a) E sin 0

or T=pE 5in 8 [‘:p=q{2_:1}]
5
T=pxE

[The direction of T is given by right hand screw rule and is normal to p~ ]and E”
Special cases

(1) when®=0thent=PEsin0=0

=~ Torque is zero and the dipole is in stable equilibrium

(i1)) When 0 = 90 then t = PE sin 90 = PE

=~ The Torque is maximum
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28. A hollow cylindrical box of length 1m and area of cross-section 25 cm? is placed in a three-

dimensional coordinate system as shown in the figure. The electric field in the region is given by E=50
X 1 where E is in NC™ and x is in meters. Find Net flux through the cylinder.
Charge enclosed by the cylinder.

Y

Ans

(i) The magnitude of the electric field at the left
face is
E = 50 NC~!
Therefore flux through this face
¢,=EA cos 6
=50 x 25 x 10~* % cos 180°
==125 x 10* NC' m?
The magnitude of
the electric field
at the right face is
E =100 NC~
Therefore  flux
through this face
, = 100 x 25 x 10~ x cos 0°
=250 x 107 NC' m?
Therefore net flux
through cylinder is

b + ¢, =125 %102 NC' m?

(ii) Charge enclosed by the cylinder ¢ = %
Q = ¢n!t X Eﬂ
=125x 107 x 8.856 x 102 C
=1107 x 10 C
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29. Two-point charges + g and -2q are placed at the vertices ‘B’ and ‘C’ of an equilateral triangle ABC of

side as given in the figure. Obtain the expression for (i) the magnitude and (ii) the direction of the

resultant electric field at the vertex A due to these two charges.

+ \ -2

Ans

(i) Magnitude,

. 1 4 _g

E,pl=
AB T dme, g2

= 1 2
IEA(7I=EH—2‘E = 2E

E .= JI:EEF+E2+2}{2EKEK(—%]

[ cos 120° = - 5
= V4E? +E? - 22
1 q«ﬁ

= V3B = B3 =

(if) Direction of resultant electric field at vertex A,
o o — —_ Eapsini20°
-~ E ¢ +E pcos120°
V3 Ex+3
By o B
1 3JE 3
2E- + E b4 (T] _2"'

=1 _tan30e

3
o = 30° (with side AQ)
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30

A charge is distributed uniformly over a ring of radius ‘a’. Obtain an expression for the electric
intensity E at a point on the axis of the ring. Hence show that for points at large distances from the
ring, it behaves like a point charge.

Ans

Electric Intensity on the axis of a ring:

dq

| dE sin @
ai I T Hf,dE

L i »-———dEcos @

] x P - + dEcos B
i v " dE

dE sin 8
dq

2ma
Net electric field at point P = j dEcos®
0

dE = Electric field due to a small element
having charge dq
__1 4
4me, 12
Let A = Linear charge density = %}1
dg = Adl

J-—I—,Exi, where cos 8 = _}

Hence, E
5 411:5[] rt r

- Qx 5, where total charge Q

4!‘55,:, =
(2 +a2)2
=A ¥ 2na
At large distance re. x >>a

1 Q

4113{, ' Iz

This is the Electric Field due to a point charge at distance x.
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SECTION D
31. a) Deduce the expression for the torque acting on a dipole of dipole moment p— in the presence of a
uniform electric field E.
(b) Consider two hollow concentric spheres, S; and S,, enclosing charges 2Q and 4Q respectively as

shown in the figure.

(i) Find out the ratio of the electric flux through them.

(it) How will the electric flux through the sphere S; change if a medium of dielectric constant ‘g;* is
introduced in the space inside Sy, in place of air? Deduce the necessary expression.

Ans

(a) Torque on electric dipole. Consider an electric dipole consisting of two equal and opposite point

charges separated by a small distance 2a having dipole moment

_)
1 pl=q(2a)
> —
E - +¢1A}p—>¢i‘5
. 1
. /o
—'r — umdd—
+qE, < BTG

Dipole in a uniform electric field
Let the dipole held in a uniform external

electric field E at an angle 0

. Force on charge (+g) = qE along the
direction of E
Force on charge (—g) = —qE along the

_’
opposite direction of E
*. Net translatory force on the di pole

- —
=qE -gE =0
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So net force on the dipole is zero

—

E is uniform, hence the dipole does not undergo any translatory motion.

Since
These forces being equal, unlike and parallel, from a couple, which rotates the dipole in clock-wise
direction

=~ Magnitude of torque = Force x arm of couple

T=F. AC = gE.AB sin 8 = (gE) 2a sin 0
or T=¢g(2a) E sin 8

or T=pE 5in 8 [‘-‘P=r}{2_;}l
2= pxE
[The direction of t” is given by right hand screw rule and is normal to p” ] and E”
Special cases
(i) when 6 =0thent=PE sin0 =0
=~ Torque is zero and the dipole is in stable equilibrium
(i1)) When 0 = 90 then t = PE sin 90 = PE
=~ The Torque is maximum
(b) Ratio of flux

We know electric flux (¢) = Eg
0

Thus, ¢, due to S, = 39—,
Ep
20+40 _6Q

¢, due to 5, =
Ep Ep

9 _6Q/8 _3 . Ratio=3:1

&1 2Q/g 1
Do — 221
(ii) o, = Eﬂxar

=~ Electric flux through the sphere S; decreases with the introduction of dielectric inside it.

(a) Derive an expression for the electric field E due to a dipole of length ‘2a’ at a point distant r from
the centre of the dipole on the axial line. (b) Draw a graph of E versus r for r >> a.

(c) If this dipole were kept in a uniform external electric field diagrammatically represent the
position of the dipole in stable and unstable equilibrium and write the expressions for the torque

acting on the dipole in both the cases.
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Ans

(a) Expression for magnetic field due to dipole on its axial lane:
; : S
E “if E+1r
FI

-

« i >

+ X

Electric field intensity at point P due to

charge - ¢,

B = —L @)

-9 4mey (x + ﬂ}z

Due to charge +q,

.—}

1
E =
e, o a)z (%)

_g
Net Electric field at point P, E= E_+E

q 11 -
4“£ux|iix-ﬂ]2 {x+a}2]m
_ 1 |i[: dagx :|[_.f).., 1 {qKZa}EI(_ﬂ

4meg o _azlz - dmey (12 - g2 )2

g 1 2px -

E = ‘}ﬂe.ﬂ.[_‘fzréﬂl}zx = (g x 2a)
For x == a
g 1 2p.
(x2 — a%)? = af E —E—Px

(b)Only the faces perpendicular to the direction of x-axis, contribute to the Electric flux. The

remaining faces of the cube given zero
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Z
Total flux ¢ = ¢, + ¢y,

I T T
= <§E.n‘s+§E.ds =0+ 2a) . a2
I 11
o0 =243

Charge enclosed (q) = ¢e, = 2a%¢, [-_~¢= Ei
0

(b) Graph between E Vs r

v

E

F—>p

(i) Diagrammatic representation
(i) Torque acting on these cases

(1) In stable equilibrium, torque is zero (6 = 0)

"
» E
. * .
P
- +q ,
Stable equilibrium E

(i1) In unstable equilibrium also, torque is zero (6 = 180°)
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-+ - =¥
p E

+q -'q o

* E

Unstable equilibrium

(a) Using Gauss’ law, derive an expression for the electric field intensity at any point outside a
uniformly charged thin spherical shell of radius R and charge density a C/m?. Draw the field lines
when the charge density of the sphere is

(i) positive,

(i) negative.

(b) A uniformly charged conducting sphere of 2.5 m in diameter has a surface charge density of 100
HC/m?. Calculate the

(i) charge on the sphere

(i) total electric flux passing through the sphere

Ans

(@) (i) To find out electric field at a point outside a spherical charged shell we imagine a symmetrical

Gaussian surface in such a way that the point lies on it.
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— = q

From Gauss's theorem, ¢ = §E.ds = E—"’
]

s

Flux ¢ through &'
¢ = §E.dS =§Eds =E4nr?
5 s

(i)

A

forg>0 forqg=0
®) (i) Given:r= 2—25 m, o = 100 pC/m?
Charge on the sphere, Q = c.4nr?
25 Y
or Q=100x10%x4 x3.14 x [-i—-]

=19.6 x 10 C = 1.96 x 103C

(if) Flux passing through the sphere

_Q _ 19.6x107*
= O 0= TEsx10 T
¢ = 2.2 x 108 Nm?/C
SECTION E

Read the para given below and Ans the questions that follow:

34. A charge is a property associated with the matter due to which it experiences and produces an
electric and magnetic field. Charges are scalar in nature and they add up like real number.
Also, the total charge of an isolated system is always conserved. When the objects rub against

each other charges acquired by them must be equal and opposite.
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W

A
7

W
Electric field lines of a
positive poirt change

L
F 3

Electric field lines of a
negative point change

i. The cause of a charging is:

(@) the actual transfer of protons. (b) the actual transfer of electrons.
(c) the actual transfer of neutrons. (d) none the above
AnsD

ii. Pick the correct statement.

(a) The glass rod gives protons to silk when they are rubbed against each other.

(b) The glass rod gives electrons to silk when they are rubbed against each other.

(c) The glass rod gains protons from silk when they are rubbed against each other.

(d) The glass rod gains electrons when they are rubbed against each other.

AnsB

iii. If two electrons are each 1.5 x 10~1% m from a proton, the magnitude of the net electric
force they will exert on the proton is

(a) 1.97 x 1078N (b) 2.73 x 10~8N
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(c) 3.83 x 108N (d) 4.63 x 108N

AnsA

iv. A charge is a property associated with the matter due to which it produces and experiences:
(a) electric effects only (b) magnetic effects only

(c) both electric and magnetic effects (d) none of these.

AnsC

iv. The cause of quantization of electric charges is:

(a) Transfer of an integral number of neutrons. (b) Transfer of an integral number of protons.
(c) Transfer of an integral number of electrons. (d) None of the above.
AnsC

Read the para given below and Ans the questions that follow:
Surface Charge Density. Surface charge density is defined as the charge per unit surface area
the surface (Arial) charge symmetric distribution and follow Gauss law of electro statics

mathematical term of surface charge density ¢ = AQ/AS

{1

A B

Two large thin metal plates are parallel and close to each other. On their inner faces, the plates
have surface charge densities of opposite sign (+ s). Having magnitude 8.8 x 10712 cm™! as
shown here. The intensity of electrified at a point is E = ¢/¢yp and flux is @ = E .S whereAS=1
m? (unit arial plate)

i. E in the outer region (I) of the first (A) plate is

(@) 1.7 x 10722 N/C (b) 1.1 x 10712V/m
(c) Zero (d) Insufficient data
AnsC

ii. E in the outer region (I111) of the second plate (B) is

(@ 1N/C (b) 0.1 V/m

(c) 0.5N/C (d) zero

AnsD
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iii. E between (1) the plate is

(@ 1N/C (b) 0.1 V/Im

(c) 0.5N/C (d) None of these

AnsD

iv. The ratio of E from left side of plate A at distance 1 cm and 2 m respectively is
(a) 1:\2 (b) 10 : \2

(€)1:1 (d)~20: 1

AnsC

v. In order to estimate the electric field due to a thin finite plane metal plate the

Gaussian surface considered is

(a) Spherical (b) Linear
(c) Cylindrical (d) Cubic
AnsC
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Chapter — 2- Electric Potential & Capacitance

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
A positively charged particle is released from rest in a uniform electric field. The electric

potential energy of the charge

(a) remains a constant because the electric field is uniform.

(b) increases because the charge moves along the electric field.

(c) decreases because the charge moves along the electric field.

(d) decreases because the charge moves opposite to the electric field.

Ans c
Figures show some equipotential lines distributed in space. A charged object is moved from point
A to point B.

w

A, ,B A. .B (a) The work done in Fig. (i) is the greatest.
INENE ey (b) °The work done in Fig. (i) is least.
e P e (c) The work done is the same in Fig. (i), Fig.(ii) and Fig.
(i)
5y zonng“ﬁ)ov (d) The work done in Fig. (iii) is greater than
Fig. (i) but equal to that in Fig. (i).
Ans c

Equipotential surface at a great distance from a collection of charges whose total sum is not
zero are approximately.
(@) spheres  (b) planes (c) paraboloids (d) ellipsoids

Ans b.
Two small spheres each carrying a charge q are placed r metre apart. If one of the spheres is
taken around the other one in a circular path of radius r, the work done will be equal to

(a) force between them x r (b) force between them x 2nr  (c) force between them/2nr  (d) zero

Ans d.

The electric potential V at any point O (x, y, z all in metres) in space is given by V = 4x2 volt.
The electric field at the point (1 m, 0, 2 m) in volt/metre is

(a) 8 along negative x-axis (b) 8 along positive x-axis

(c) 16 along negative x-axis (d) 16 along positive z-axis
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Ans a

If a unit positive charge is taken from one point to another over an equipotential surface, then
(a) work is done on the charge.  (b) work is done by the charge.
(c) work done is constant. (d) no work is done.
Ans d
A hollow metal sphere of radius 5 cm is charged so that the potential on its surface is 10 V.

The potential at the Centre of the sphere is

(@ovVv (b) 10V
(c) Same as at point 5 cm away from the surface  (d) Same as at point 25 cm away from the
surface

Ans b

The electrostatic force between the metal plates of an isolated parallel plate capacitor C
having a charge Q and area A, is
(a) proportional to the square root of the distance between the plates.
(b) linearly proportional to the distance between the plates.
(c) independent of the distance between the plates.
(d) inversely proportional to the distance between the plates.
Ansc
A capacitor is charged by a battery. The battery is removed and another identical uncharged
capacitor is connected in parallel. The total electrostatic energy of resulting system

(a) increases by a factor of 4. (b) decreases by a factor of 2.

(c) remains the same. (d) increases by a factor of 2.

Ansh

A conductor with a positive charge
(@) is always at +ve potential. (b) is always at zero potential.

(c) is always at negative potential. (d) may be at +ve, zero or -ve potential.
Ansd
Figure shows the electric lines of force emerging from a charged body. If the electric field at A

and B are Ea and Eg respectively and if the displacement between A and B is r then
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14

15

(@ Ea>Eg  (b) EaA<Eg (c) Ea =Eglr (d)Ea =Eg /r?

Ansa

Which of the following options are correct? If a conductor has a potential V' 4- 0 and there
are no charges anywhere else outside, then

(a) there must not be charges on the surface or inside itself.

(b) there cannot be any charge in the body of the conductor.

(c) there must be charges only on the surface.

(d) there must be charges inside the surface.

Ansb

Which of the following options is correct? In a region of constant potential

(a) the electric field is uniform.

(b) the electric field is zero.

(c) there can be charge inside the region

(d) the electric field shall necessarily change if a charge is placed outside the region.

Ansb

64 drops each having the capacity C and potential \V are combined to form a big drop. If the
charge on the small drop is g, then the charge on the big drop will be

(a) 29 (b) 4q (c) 16q (d) 64q

Ansd

The radii of two metallic spheres A and B are r1 and r2 respectively (rl >r2). They are
connected by a thin wire and the system is given a certain charge. The charge will be greater
(a) on the surface of the sphere B. (b) on the surface of the sphere A.

(c) equal on both. (d) zero on both.

Ansb
Assertion and Reasoning type

Directions: These questions consist of two statements, each printed as Assertion and Reason.

While Ansing these questions, you are required to choose any one of the following four
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19

responses.
(a) Both Assertion and Reason are correct and the Reason is a correct explanation of the
Assertion.
(b) Both Assertion and Reason are correct but Reason is not a correct explanation of the
Assertion.
(c) Assertion is correct, Reason is incorrect
(d) Both Assertion and Reason are correct.
Assertion : For a non-uniformly charged thin circular ring with net charge is
zero, the electric field at any point on axis of the ring is zero.
Reason : For a non-uniformly charged thin circular ring with net charge zero, the
electric potential at each point on axis of the ring is zero.
Ansd
Assertion : Two metal plates having charges Q, —Q face each other at some
separation and are dipped into an oil tank. If the oil is pumped out, the electric field
between the plates increases.
Reason : Electric field between the plates, E med = E air /K
Ans c
Assertion : If the distance between parallel plates of a capacitor is halved and
dielectric constant is three times, then the capacitance becomes 6 times.
Reason : Capacity of the capacitor does not depend upon the nature of the material.
Ans c
Two point charges 4Q, Q are separated by 1 m in air. At what point on the line joining the charges
is the electric field intensity zero? Also calculate the electrostatic potential energy of the system of
charges, taking the value of charge, Q =2 x 10 ' C.

Solution
40 . Q0 Electrostatic potential energy of the system is
1 1 4 |':r |l —x ﬁ

o 1 —————
Let the point be at a distance x from

4Q charge.

Electric field at P due to 4Q = Electric field
at P dueto Q

245



20

21

X=2—-2X0or—x=2-2x
X+2X=20r—X+2x=2

3x=2o0rx=2

=k 94
r

U= 300 40

r r
4x(2x107Y
U:E}xlﬂqxg

—14

{j:li}x]ﬂqxw

U=144%107 =1.44=107]

r=

| b

orx=2
X =2 m is not possible
) 2
L=
Im

The given graph shows the variation of charge ‘q’ versus potential difference ‘V for two
capacitors C; and C,. Both the capacitors have the same plate separation but the plate area of C; is
greater than that of Cy Which line (A or B) corresponds to C; and why?

A

v

Since C = gy A/d, since the area for C, is more, therefore capacitance of C, is more. From the
graph greater the slope greater is than the capacitance, therefore, graph A belongs to capacitor C,.
While graph B belongs to capacitance C,

Describe schematically the equipotential surfaces corresponding to

(a) a constant electric field in the z-direction,

(b) a field that uniformly increases in magnitude but remains in a constant (say, z) direction.

Solution:

(a) Equidistant planes which are parallel to the x-y plane are the equipotential surfaces.
(b) Planes parallel to the x-y plane are the equipotential surfaces with the exception that when the

planes get closer, the field increases.
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A hollow metal sphere of radius 5 cm is charged such that the potential on its surface is 10 V.
What is the potential at the centre of the sphere?
Solution:

The electric field inside the shell is zero. This implies that potential is constant inside the shell
(as no work is done in moving a charge inside the shell) and, therefore, equals its value at the
surface, which is 10 V.

A parallel-plate capacitor is charged to a potential difference V by a dc source. The capacitor is
then disconnected from the source. If the distance between the plates is doubled, state with reason
how the following change:

(1) electric field between the plates

(i) capacitance, and

(iii) energy stored in the capacitor?

Solution:

(i) (i) (iii)

Q=Cv Let the initial capacitance Energy of a

o |'/%]{EJJ be C a-md the final | 1 Q

\ capacitance be C'. capacitor, U 2 C

Q=adL Accordingly, Since Q remains the same
E= 5,% oo Gl but the capacitance

Therefore, the electric field o L decrease§,1

between the parallel plates - 2d U’ =%%

depends only on the charge g =2 i [ 2 }

and the plate area. It does . C U1

not depend on the distance €= 2 U2

between the plates. Hence, the capacitance of i

Since the charge as well as  the capacitor gets halved

the area of the plates does when the distance between

not change, the electric field the plates is doubled.

between the plates also does

The energy stored in the
capacitor gets doubled when
the distance between the

plates is doubled.
not change.
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Define the term ‘potential energy’ of charge ‘q’ at a distance V in an external electric field.
Solution:

It is defined as the amount of work done in bringing the charge from infinity to its position in the
system in the electric field of another charge without acceleration.
V =Er.
(1) Can two equipotential surfaces intersect each other? Give reasons.
(if) Two charges -q and + q are located at points A (0, 0, —a) and B (0, 0, +a)
respectively. How much work is done in moving a test charge from point P (7, 0, 0) to
Q (-3,0,0)?
Solution:
(1) No, if they intersect, there will be two different directions of electric field at that
point which is not correct. If they intersect, then at the same point of intersection,
there will be two values of potential. This is not possible and hence two equipotential
surfaces cannot intersect.
(ii) Since both the points P and Q are on the equatorial line of the dipole and V =0 at
every point on it, work done will be zero. Also the force on any charge is
perpendicular to the equatorial line, so work done is zero.
Why does current in a steady state not flow in a capacitor connected across a battery?
However momentary current does flow during charging or discharging of the
capacitor. Explain.
Solution:
In the steady state, the displacement current and hence the conduction current, is zero
as |E| between the plates, is constant.
During charging and discharging, the displacement current and hence the conduction
current is non zero as |E| between the plates, is changing with time.

Current is non zero as | |E| between the plates, is changing with time.
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A parallel plate capacitor, each with plate area A. and separation d, is charged to a
potential difference V. The battery used to charge it remains connected. A dielectric
slab of thickness d and dielectric constant k is now placed between the plates. What
change, if any, will take place in :

(i) charge on plates?

(i1) electric field intensity between the plates?

Justify your Ans in each case.

Solution:

Given : Plate area of either plate of parallel plate capacitor = A

Distance between the plates = d and

potential difference between the plates = V

-~ Initially capacitance, C = €é0Ad,

Charge on plate, Q = CV

As the battery remains connected throughout, the potential difference between the
plates remains unchanged (V’ = V) on placing, a dielectric slab of thickness ‘d” and
dielectric constant ‘k’ between the plates.

(i) New charge on plates, Q’ =C’ V' =kCV =kQ

Thus, charge changes to k times of its original value.

(i1) Electric field intensity between the plates, E’:-V/d=E

Thus, electric field intensity between the plates of capacitor remains unchanged.
State Gauss’s law in electrostatic. Use this law to derive an expression for the electric
field due to a uniformly charged infinite plane sheet. An infinitely large plane sheet
has a uniform charge density +c. Obtain the expression for the amount of work done
in bringing a point charge g from infinity to a point, distance r, in front of the charge
sheet.

Solution:

Direction of E:- Let o be the uniform surface charge density of an infinite plane
sheet . We take the x-axis normal to the given plane. By symmetry, the electric field
will not depend on y and z coordinates and its direction at every point must be

parallel to the x-direction.

Magnitude of E: We take the Gaussian surface to be a rectangular parallelepiped of
cross-sectional area A, as shown. (A cylindrical surface will also do.) As seen from

the figure,

only the two faces 1 and 2 will contribute to the flux; electric field lines are parallel
to the other faces and they, therefore, do not contribute to the total flux.
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Sairlace
F charge densliy .-

The unit vector normal to

surface 1 is in —x direction /

while the unit vector normal to _ |-y
surface 2 is in the +x direction. E—— — 4 E
Therefore, flux E.AS through S N
both the surfaces are equal and ‘ . o 4 e—

add up. Therefore the net flux FIGURE

through the Gaussian surface is
2 EA. The charge enclosed by
the closed surface is GA. E

Therefore by Gauss’s law,

2 EA =0A/gy or, E=0/2¢

Vectorically, E =06/2¢pn "

where n” is a unit vector normal
to the plane and going away

f omit.

29  (i)Name the physical quantity whose Sl unit is JC-1. Is it a scalar or a vector
quantity?

(ii) In the given figure, charge +Q is placed at the centre of a dotted circle. Work
done in taking another
charge +q from A to B is W1 and from B to C is W2. Which one of the following is
correct: W1 > W2, W1=W2 and W1 < W2?
(iii) The field lines of a negative point charge are as shown in the figure. Does the
kinetic energy of a small negative charge increase or decrease in going from B to
A?
Solution:
(i) Electric potential. It is a scalar quantity.
(if) The points A and C are at same distance from the charge +Q at the centre,
so VA = VC Therefore, VA-VB =VC - VB
(iii) The kinetic energy of a negative charge decreases while going from point B
to point A, against the movement of force of repulsion.

30 A parallel plate is charged by a battery. When the battery remains connected, a
dielectric slab is inserted in the space between the plates. Explain what changes if

any, occur in the values of

(i) potential difference between the plates
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(ii) electric field strength between the plates
(iii) capacitance
(iv) charge on the plates
(v) energy stored in the capacitor
Solution-
(i) When battery remains connected, the potential difference remains the same.
(i) As electric field, E =V/d, V = constant and d = constant; therefore, electric field
strength remains the same.
(iii) The capacitance of capacitor increases as K > 1.
(iv) The charge Q = CV, V =same, C = increases; therefore, charge on plates
Increases.
(v) Energy stored by capacitor U = 1/2CV?, also increases.
(1) Net capacitance of three identical capacitors in series is 2uF. What will be their
net capacitance if connected in parallel?
(ii) Find the ratio of energy stored in the two configurations if they are both
connected to the same source.
Solution:
(1) When connected in series, the net capacitance is 2 pF.

When connected in parallel,
(i) Energy for series combination
1

E‘=%Cuqu’3=5x2x]ﬂ'ﬁxlf (1)

Energy for parallel combination

1 a1 - ) (
E, =5 CqV " =5 x18x107 %) (2)

As both are connected to the same source

1 P
£ Exleﬂ P

E, -Iixiﬂxlﬂ"’x}’ 9

1

Two point charges g; = 10 x 10 8 C and g, = —2 x 10 C are separated by a distance
of 60 cm in air.
(i) Find at what distance from the 1% charge, g:, would the electric potential be zero.

(i) Also calculate the electrostatic potential energy of the system.
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Solution:

4, T,

A p B

(i) Here, 1 =10 x 10°°C, g, =—2x 10°C
And AB=60cm =0.60=0.6 m

Let AP =x

Then, PB =0.6 — x

g =9
. |
Potential P due to charge AP

q = &

. z

Potential P due to charge PB
p=0= K _

- Potential at AP PB

kg _ kg, . 4 _ 9
AP PB T AP PB
Jloxio®t  —(2x10°) 10 2
a x 06-x x Oo—x
2% =6.0-10xr = 2x+10x = 6

.'.12x=6:>x=]£=0,5m

~Distance from first charge = 0.5 =50 cm

(ii) Electrostatic potential energy of the system

U=kdd:
r
, 1010 x(-2x107)
U:'}x[ﬂjx
0.6
_ & -
[ :%:;,U:—E{:x]ﬂ"' ==3x1071

An electric dipole is held in a uniform electric field.

(i) Show that the net force acting on it is zero.

(if) The dipole is aligned parallel to the field. Find the work done in rotating it
through the angle of 180°.°

_Solution:

(i) Consider an electric dipole consisting of two equal and opposite point charges,

—(g at A and + g at B, separated by a small distance 2a.
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|

2a :

|
' >

4L q—M----'
A Y -

AB = 2a, having dipole moment

1pl=a(2a)

Let this dipole be held in a uniform external electric field E atan angle [J with
the direction of £ .

Force on charge —q at A=—q E | in a direction opposite to E

Force on charge +q at B = +q E, along the direction of E
Net force on the dipole = qe—qE =0

(if) Work done on dipole, W = [JU = pE (cos 61 — c0s 6,)
W = pE (cos0° — c0s180°)

W = 2pE

Derive an expression for the energy stored in a parallel plate capacitor.
On charging a parallel plate capacitor to a potential V, the spacing between the plates is

halved, and a dielectric medium of =~ 10 is introduced between the plates, without
disconnecting the d.c source. Explain, using suitable expressions, how the (i) capacitance,
(ii) electric field and (iii) energy density of the capacitor charge.

Solution:
Energy stored in a parallel plate capacitor:
At any intermediate stage, suppose charge on conductor 1 is + g and charge on conductor 2
is— Q.

+0 -0

1 2
~Potential difference between conductors 1 and 2 is g/C, where C is the capacity of the
capacitor.
Suppose the capacitor is charged gradually and at any stage, the charge on the capacitor is g.
q

- Potential of capacitor = €
Small amount of work done giving an additional charge dg to the capacitor is

)
dw = = d,
C 7
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Total work done in giving a charge Q to the capacitor

=i 1 g=
o
W= 2 4 =_

=1 =i

po 10
C 2

As electrostatic force is conservative, this work is stored in the form of potential energy (U)

of the capacitor.

2
U=W= Q—
C

ba | —

PutQ=CV
CV}
2 2

- L“I :lCV1
2

nU==

(i) Let " be the charge in capacitance.

ke A
ad’

=

‘.'d'=%andk =g =10

Ed

d
10xg, =4
d
2

20xe, 4 _,
T: -Cn

U=

"=

C'=

(i) Charge of field:

p=L

7
=2 EE, = r

d d E
Charge of energy density:

U, :%E,;’ g1 :%xgn < 4E> %10

U =400,
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A capacitor is a device that stores electrical energy in an electric field. It is

a passive electronic_component with two terminals. The effect of a capacitor is

known as capacitance. While some capacitance exists between any two electrical
conductors in proximity in a circuit, a capacitor is a component designed to add
capacitance to a circuit.

1. The energy of a charged capacitor is given by the expression ( g = charge on the
conductor and C = its capacity)
(a) (b)  (c)29C  (d)
2. The condensers of capacity C ; and C , are connected in parallel, then the
equivalent capacitance is
@ Ci+Cy (b)) (o) (d)
3. A parallel plate condenser has a capacitance 50 p Finairand 110 puF when
immersed in an oil. The dielectric constant 'k' of the oil is
(a) 0.45 (b) 0.55 (c) 1.10 (d) 2.20
4 The energy of a charged capacitor resides in
(@) The electric field only (b) The magnetic field only

(c) Both the electric and magnetic field (d) Neither in electric nor

magnetic field

5. The capacity of a parallel plate capacitor is C. Its capacity when the separation

between the plates is halved will be
(@4cC (b) 2C (c) Cr2 (d) Cla
Ans: (a), (a), (d), (a), (c)
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Chapter — 3- Current Electricity

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
In a current carrying conductor the net charge is
(a) 1.6 x 10 *° coulomb
(b) 6.25 x 10*® coulomb
(c) zero
(d) infinite
Ans
()
Explanation:
In a current carrying conductor, the net charge is zero.
A current passes through a wire of nonuniform cross-section. Which of the following quantities
are independent of the cross-section?
(@) The charge crossing
(b) Drift velocity
(c) Current density
(d) Free-electron density
Ans
(d)
In the absence of an electric field, the mean velocity of free electrons in a conductor at absolute
temperature (T) is
(@) zero
(b) independent of T
(c) proportional to T
(d) proportional to T?
Ans
(a)
The electric field intensity E, current density J and specific resistance k are related to each other
through the relation
(@) E=J/k
() E=Jk
(c) E=k/
(dk=JE
Ans
(b)
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5.

The effective resistance between C & D in given circuit is

@R
(b) 3R
(c) 2R/3
(d)R/3
Ans

(c) 2R/3

The example of non-ohmic resistance is

(a) diode

(b) copper wire

(c) filament lamp

(d) carbon resistor

Ans

(a)

Constantan wire is used for making standard resistance, because it has
(@) high melting point

(b) low specific resistance

(c) high specific resistance

(d) negligible temperature coefficient of resistance
Ans

(d)
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10.

11.

12.

What is the suitable material for electric fuse?
(@ Cu

(b) Constantan

(c) Tin-lead alloy

(d) Nichrome

Ans

(©)

The electric resistance of a certain wire of iron is R. If its length and radius are both doubled,
then

(a) the resistance and the specific resistance, will both remain unchanged

(b) the resistance will be doubled and the specific resistance will be halved

(c) the resistance will be halved and the specific resistance will remain unchanged

(d) the resistance will be halved and the specific resistance will be doubled

Ans

(©)

To minimise the power loss in the transmission cables connecting the power stations to homes
and factories, the transmission cables carry current

(a) at a very low voltage.

(b) at a very high voltage

(c) at 220 volt

(d) neither at a very high voltage nor at a very low voltage.

Ans

(b) The power dissipated in the transmission cables is inversely proportional to the square of
voltage at which current is transmitted through the cables. Therefore to minimize the power loss
the transmission cables carry current at a very high voltage.

Emf of a cell is

(a) the maximum potential difference between the terminals of a cell when no current is drawn
from the cell.

(b) the force required to push the electrons in the circuit.

(c) the potential difference between the positive and negative terminal of a cell in a closed
circuit.

(d) less than terminal potential difference of the cell.

Ans

(a)

The Kirchhoff’s second law (}'iR = ) E), where the symbols have their usual meanings, is
based on

(a) conservation of momentum

(b) conservation of charge

(c) conservation of potential

(d) conservation of energy

Ans

(d) Kirchhoff’s first law is based on conservation of charge and Kirchhoff’s second law is based
on conservation of energy.
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13. Why is the Wheatstone bridge better than the other methods of measuring resistances?
(a) It does not involve Ohm’s law
(b) It is based on Kirchhoff’s law
(c) It has four resistor arms
(d) It is a null method
Ans
(d)

14.  If in the experiment of Wheatstone’s bridge, the positions of cells and galvanometer are
interchanged, then balance point will
(a) change
(b) remain unchanged
(c) depend on the internal resistance of cell and resistance of galvanometer
(d) None of these
Ans

(b)
15. An energy source will supply a constant current into the load if its internal resistance is
(a) very large as compared to the load resistance
(b) equal to the resistance of the load
(c) non-zero but less than the resistance of the load
(d) zero

Ans
(d)

Assertion and Reasoning type

Directions: These questions consist of two statements, each printed as Assertion and Reason. While
Ansing these questions, you are required to choose any one of the following four responses.

(a) Both Assertion and Reason are correct and the Reason is a correct explanation of the Assertion.
(b) Both Assertion and Reason are correct but Reason is not a correct explanation of the Assertion.
(c) Assertion is correct, Reason is incorrect

(d) Assertion is incorrect, Reason is correct

(d) Both Assertion and Reason are incorrect.
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16.

17.

18.

19.

Assertion : A current continues to flow in superconducting coil even after switch is off.

Reason : Superconducting coils show Meissner effect.

Ans b

Assertion : Voltmeter is connected in parallel with the circuit.

Reason : Resistance of a voltmeter is very large.

Ans b

Assertion : Ohm’s law is applicable for all conducting elements.

Reason : Ohm’s law is a fundamental law.

Ans c

SECTION B

Derive an expression for drift velocity of free electrons in a conductor in terms of relaxation
time of electrons.
Ans-
So average velocity of electrons is zero i.e. there is no net flow of electrons in any direction.
When the two ends of the conductor are connected to the battery a electric field E is set up
along the length of the conductor from +ve to ve terminal. Now electron experience a force
F=eE - - -(1)
If ‘m’ is the mass of electron and ‘a’ is the acceleration produced then, F = ma - - -(2)
Comparing equ.1 and eg2. So acceleration acquired by electrongE=ma so a=qE/m -
©)

Average time taken between two successive collisions is called relaxation time ().

R T P R A t
n
The drift velocity vq =us,+a =0+ a Hence a=vy/ (4) Comparing eq3 & 4.
vy eE ek 7t
_—— vd =
T m m

Therefore

20. Deduce Ohm’s law using the concept of drift velocity.

OR

On the basis of electron drift, derive an expression for resistivity of a conductor in terms of
number density of free electrons and relaxation time.

Ans- Drift velocityvg =e V /ml- - -( 1) (n- electron density, A-area of cross section)

eV 1

l = xen A = V:Zm#f
m [ etnAd

But electric current | =vgen A
V=IR This is Ohm’s law.

, ) mi
Where R is a constant krnown as resistance B =

Teen A
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21.

22.

23.

24.

25.

State Kirchhoff’s rules in electrostatics

Ans- Kirchhoff's First Law(Junction Rule) (The current Law )- At any junction, the total

current entering the junction is equal to the total current leaving the junction ”.

Hence, at any junction, the algebraic sum of the currents at any junction is zero. 1=0

It I,= I3 - T4~ Ig=0

Kirchhoff's Second Law — {The voltage Law}(Loop Rule)- In any closed loop of a circuit, the

algebraic sum of the voltage drops across the resistors is equal to the algebraic sum of the

e.m.f.s of the cells”.

“In any closed loop of a circuit, the algebraic sum of the product of potential difference across

the resistors and current through them is equal to the algebraic sum of the e.m.f.s of the cells ”.

In any closed loop, potential drops = e.m.fs. VI= E

Two cells each of emf E and internal resistances r; and r, are connected in series to an external
resistance R. Can a value of R be selected such that the potential difference of the first cell is 0.
Ans 1 = 28/(R+r11+1p) Potential diff. for firstcell Vi =€—-1r,=0

€ = QEn)/R+r+rn Solving these we get, R=r;-1;

An electric bulb rated for 500W at 100V is used in circuit having a 200V supply. Calculate the
resistance R that must be put in series with the bulb, so that the bulb delivers 500W.

Ans Resistance of bulb=V?/P = 20Q, | = 5A, for the same power dissipation, current should be
5A when the bulb is connected to a 200V supply. The safe resistance R’ = V’/I = 40Q.
Therefore, 20Q resistor should be connected in series.

A set of n-identical resistors, each of resistance R ohm when connected in series have

an effective resistance of X ohm and when the resistors are connected in parallel the

effective resistance is Y ohm. Find the relation between R, X and Y ?

Ans- n — resistors connected in series X = NR ---------------- 1)

n — Resistors connected in parallel 'Y =R/n ------------—--- 2)
Multiply eq. (1) & (2)
XY = R?

Two conducting wires X and Y of same diameter across a battery. If the number density of
electro in X is twice that in Y, find the ratio of drift velocity of electrons in the two wires.
Ans

261




26.

27.

I=neA v, R .
Ud_l;' ”-1;'
v 1
Asn,.=2n PR S
: y vy 2
¥
SECTION C
Using kirchoff’s law, determine the current 11, 12 and 13 for the network shown.
20
A 24V B
1 A /\/\I VvV [
1 27v 60
F— MWW—— <
I2
Ele)
el AMW———b

Ans- Applying junction rule at point F

Loop rule for BAFCB
211 +612-24+27=0

211 +612+3=0 ------- (2)
Loop rule for FCDEF
27 +612-413=0 -------- (3)

solving eg .(1) , (2) & (3) we get

11=3A,12=-15A,13=45A

Use Kirchhoff’s rules to obtain conditions for the balance condition in a Wheatstone bridge.
Ans

Conditions for the balance condition in a Wheatstone bridge :

Applying Kirchhoff’s loop rule to closed loop ADBA,
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-IIF:':, + 0+ LR, =0 “N = () A1)
For loop CBDC,

-1,R, + 0+ L11R3 =0 {Ix =0) ... (i)
From equation, (1)

L, _R,

L, R
From equation, (ii)

LRy R R o B_R

I, "R, R, R, R, R,

This is the required balance condition in a Wheatstone bridge arrangement.

28. 4 cells of identical emf E1, internal resistance r are connected in series to a variable resistor.

The following graph shows the variation of terminal voltage of the combination with the

current output.

(i)What is the emf of each cell used?

(if)For what current from the cells, does maximum power dissipation occur in the circuit?

Ans 4E = 5.6 E=14V

When | = 1A,V =2.8/4=0.7V
Internal resistance, r=(E-V)/1=0.7Q

The output power is maximum when internal resistance = external resistance = 4r.ln.x = 4E/

(4r +4r) = 1A

(iii)Calculate the internal resistance of each cell

A
5.6
4

ViVolts)
2.8

141

| | |
o5 1 15 2

I(Ampere)

v

29. Calculate the current drawn from the battery by the network of resistors shown in the figure.

20
A
A 10 542 D a0
vy Ay N
B C

Ay
202

t
4V

Ans
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Given : Circuit diagram can be rearranged as shown below :
It forms a wheatstone’s bridge
P R 1
o°s T 171
It is the condition of null point when no current flows through BD arm, i.e. 5 Q.
Resistances P = (1 Q) and R = (2 Q) are in series;

1
2

Similarly, Resistances Q = (2 Q) and S in series,

R,=2+4=6Q
Now;, R, and R, are in parallel,

1.1 1 _1.1_1 -

ﬁ'_ﬁ;ﬂ-ﬂ_g*-gﬁi :‘-R—Zﬂ
vV 4

I—E—E-—ZA

Current in the circuit is 2A.

30 A number of identical cells n, each of emf e, internal resistance r connected in series are
charged by a d.c. source of emf elr using a resistor R.
(i) Draw the circuit arrangement.
(i1) Deduce the expressions for
(a) the charging current and
(b) the potential difference across the combination of the cells.

Ans

(1) The circuit arrangement for charging n cells
is shown below :

«— necells —s

Jpmmmmm e ——
[ £r
! Al
3 R
| AN,

(i1) {a) Net emf = ¢’ — ne
Total resistance = R + nr
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31.

Netemf

Charging current, |

Total resistance
&' —ne
© R+nr
() P.D. across each cell
=g+ 1Ir
e+ e —ne 1
R+ nr
_eR+enr+e’r-enr _ eR+e'r
B R + nr T R+nr

P.D. across the series combination of
ncells, V=n(e+Ir

SECTION D
(i) Derive an expression for drift velocity of electrons in a conductor. Hence deduce Ohm’s
law.
(i1) A wire whose cross-sectional area is increasing linearly from its one end to the other, is
connected across a battery of V volts. Which of the following quantities remain constant in the
wire?
(a) drift speed
(b) current density
(c) electric current (d) electric field Justify your Ans.
Ans
(i)
(a) Relation between electric current and drift velocity : Consider a uniform metallic wire XY
of length | and cross-sectional area A. A potential difference V is applied across the ends X and

Y of the wire. This causes an electric field at each point of the wire of strength :
_E_.

—l=EmE

1A

E = ...(i)

~| =

Due to this electric field, the electrons gain a drift velocity V4 opposite to direction of electric
field. If q be the charge passing through the cross-section of wire in t seconds, then, current in

wire, | = qt
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32.

The distance traversed by each electron in time (t) = drift velocity x time = V4t
If we consider two planes P and Q at a distance V4t in a conductor, then the total charge

flowing in time t will be equal to the total charge on the electrons present within the cylinder

PQ.

The volume of this cylinder = cross sectional area x length = A V4t

If n is the number of free electrons in the wire per unit volume, then the number of free
electrons in the cylinder = n(A Vgt)

If charge on each electron is -e (e = 1.6 x 10™*° C), then the total charge flowing through a

cross-section of the wire,

q=(nmAV,t) (-¢e) = —neA Vi .. (1ii)
Current flowing in the wire,
[= - —neAV, t
t £
ie. Current | = —neA V, (i)

This is the relation between electric current and drift velocity. Negative sign shows that the
direction of current is opposite to the drift velocity.

(b) Charge = Current x time

(i) For 0 to 5 seconds, the current

~ 0+5
-2

Hence, q; = (2.5) x (5) =125C
(i) For 5 sec to 10 sec, the current = 5A
Hence, g =5% (10-5)=5x5=25C
g=01+0=125+25=375C

=25A

(i1) (c) Electric current will remain constant in the wire.
Reason : All other quantities depend on the cross sectional area of the wire and hence will not

remain constant.

(a) State the two Kirchhoff’s laws. Explain briefly how these rules are justified.

(b) The current is drawn from a cell of emf E and internal resistance r connected to the
network of resistors each of resistance r as shown in the figure. Obtain the expression for
(i) the current drawn from the cell and

(ii) the power consumed in the network.
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Ans
(@) Junction Rule : At any Junction, the sum of currents, entering the junction, is equal to the
sum of currents leaving the junction.
Loop Rule : The Algebraic sum of changes in potential, around any closed loop involving
resistors and cells, in the loop is zero.

Z(AV) = 0

Justification : The first law is in accordance with the law of conservation of charge. The
second law is in accordance with the law of conservation of energy.

(b) Given : EMF = E, internal resistance = r, resistance of each resistor = r

The equivalent circuit diagram is shown below

D ...(ii)

Now these resistances rcp and reg are in series,
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33.

r ¥
Frg = = 4 — =F sas
F= 513 (ni1)

Now 3 resistances rgy, 7cp and ry of v
each are in parallel
r

LTy (i)

1 r
Total resistance R = T ¥ Ti= 5 +7

Hence current drawn from the cell

Power consumed,

2
2 [i}:{g] ki
3 4r 3
16 3 ar

ﬁ
Il

]

a) Derive the relation between current density ‘J * and potential difference ‘V’ across a current carrying
conductor of length area of cross-section ‘A’ and the number density of free electrons.

(b) Estimate the average drift speed of conduction electrons in a copper wire of cross-sectional area
1.0 x 10-7 m2 carrying a current of 1.5 A. [Assume that the number density of conduction electrons is 9
x 1028 m-3]

(@)

Suppose a potential difference V is applied across a conductor of length | and of uniform cross-section
A. The electric field E set up inside the conductor is given by

E=VI

Under the influence of field E->, the free electrons begin to drift in the opposite direction E-> with an
average drift velocity vd.

Let the number of electrons per unit volume or electron density = n

Charge on an electron = e

Area=A E ?e electrons

_}
8 <—08
«— 9 <« 96
c— Q) €<— 9
< >
I A w1
— / —
conventional elactronic
current current

J L
i .
No. of electrons in length | of the conductor = n x volume of the conductor = n x Al
Total charge contained in length | of the conductor is
g=enAl ... (i)

All the electrons which enter the conductor at the right end will pass through the conductor at the left
end in time,
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34.

distance _ 1
VE]O‘C'i.tF Ud

.. (i)

Using equations (1) and (ii), we get
Ine A
Current I = £ —
t vy
Current density ‘]’ is given by
_ neAv,
A
Hence the current density of a metallic conductor is directly proportional to the drift speed of
electrons.

= nﬂﬁvd

I
= —— = HE'U' l|+-! o
J= = d Ve vy

() Since I = neAv, = v, = —
15

9x102 x1.6x107"° x1.0x10~

— 1.5 2B+26
= ox16 <10

%% x 102 = 1.04 X 10~ m/s

Fd:

SECTION E
Read the para given below and Ans the questions that follow:
Whenever an electric current is passed through a conductor, it becomes hot after some time.
The phenomenon of the production of heat in a resistor by the flow of an electric current
through it is called heating effect of current or Joule heating. Thus, the electrical energy
supplied by the source of emf is converted into heat. In purely resistive circuit, the energy
expended by the source entirely appears as heat. But if the circuit has an active element like a
motor, then a part of energy supplied by the source goes to do useful work and the rest appears
as heat. Joule’s law of heating forms the basis of various electrical appliances such as electric
bulb, electric furnace, electric press etc.
(i) Which of the following is correct statement?
(a) Heat produced in a conductor is independent of the current flowing.
(b) Heat produced in a conductor varies inversely as the current flowing.
(c) Heat produced in a conductor varies directly as the square of the current flowing.
(d) Heat produced in a conductor varies inversely as the square of the current flowing.
(ii) If the coil of a heater is cut to half, what would happen to heat produced?
(@) Doubled
(b) Halved
(c) Remains same

(d) Becomes four times.
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35.

(iii) A 25 W and 100 W are joined in series and connected to the mains. Which bulb will
glow brighter?

(@) 100 W

(b) 25 W

(c) Both bulbs will glow brighter

(d) None will glow brighter

(iv) A rigid container with thermally insulated wall contains a coil of resistance 100 €2,
carrying 1 A. Change in its internal energy after 5 min will be

(@) 0kJ

(b) 10 kJ

(c)20 kJ

(d) 30 kJ

(V) The heat emitted by a bulb of 100 W in 1 min is

(@) 100J

(b) 1000 J

(c) 600 J

(d) 6000 J

Ans. (i) c (i) a (ii) b (iv) d (v)d

Emf of a cell is the maximum potential difference between two electrodes of the cell when no
current is drawn from the cell. Internal resistance is the resistance offered by the electrolyte of a
cell when the electric current flows through it. The internal resistance of a cell depends upon
the following factors;

(i) distance between the electrodes

(ii) nature and temperature of the electrolyte

(ii1) nature of electrodes

(iv) area of electrodes.

| Lt

]
\ |
|

........
fffff

For a freshly prepared cell, the value of internal resistance is generally low and goes on
increasing as the cell is put to more and more use. The potential difference between the two
electrodes of a cell in a closed circuit is called terminal potential difference and its value is
always less than the emf of the cell in a closed circuit. It can be writtenas V = E — Jr.
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(i) The terminal potential difference of two electrodes of a cell is equal to emf of the cell when
(@) I#0 (b) 1=0 (c) both (a) and (b) (d) neither (a)nor (b)

(i1) A cell of emf E and internal resistance r gives a current of 0.5 A with an external resistance
of 12Q and a current of 0.25 A with an external resistance of 25Q . What is the value of the
internal resistance of the cell?

(@) 5Q (b) 12 (c)7Q (d) 32
(iii) Choose the wrong statement.

(a) Potential difference across the terminals of a cell in a closed circuit is
always less than its emf.

(b) Internal resistance of a cell decrease with the decrease in temperature of
the electrolyte.

(c) Potential difference versus current graph for a cell is a straight line with a -
ve slope

(d) Terminal potential difference of the cell when it is being charged is given
asV=E+Ir

(iv) An external resistance R is connected to a cell of internal resistance r, the maximum current
flows in the external resistance, when

@R=r (b)R<r () R>r (d) R=l/r

(v) IF external resistance connected to a cell has been increased to 5 times, the potential
difference across the terminals of the cell increases from 10 V to 30 V. Then, the emf of the cell
IS

(a) 30V (b) 60V (c) 50 V (d) 40 V

Ans
(b)
(b)
(b)
(a)
(b)
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CHAPTER —4- MOVING CHARGE AND MAGNETISM

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each

A charged particle is released from rest in a region of steady and uniform electric and magnetic
fields which are parallel to each other. The particle will move in —
(a) Straight line (b) Circle (c) Helix. (d)

Cycloid
Ans — (a) Straight line
If in a circular coil A of radius R current I is flowing and in another coil B of radius 2R current
21 is flowing, then the ratio of the magnetic field Ba and Bb produced by them will be -
(a) 1 (b) 2 © 5 (d) 4
Ans —(a) 1
A long solenoid has 200 turns per cm and carries a current | the magnetic field at its centre is
6.28 x 10 Wh/m? another long solenoid has 100 turns per cm and its carries a current of 1/3
the value of the magnetic field at the centre is -
(a) 1.05x 10 (b) 1.05 x 10 (C) 1.05 x 102 (d) 1.05x 10°
Ans — (c) 1.05 x 107
A charged particle moves through a magnetic field perpendicular to its direction then -
(a) Kinetic energy change but the momentum is constant
(b) The momentum change but the kinetic energy is constant
(c) Both momentum and kinetic energy of the particle are change
(d) Both momentum and kinetic energy of the particle are constant.
Ans — (b) The momentum change but the Kinetic energy is constant
A charged particle of mass m and charge g move along a circular path of radius r that is
perpendicular to the magnetic field B. The time taken by the charge particle to complete one
revolution is -
(a) 2/ B (b) 2nq® B/m (¢) 2ngB/m (d) 2rm/qB
Ans — (d) 2mm/qB
An electron, a proton and an Alpha particle having the same kinetic energy are moving in
circular orbits of radius Re, Rp , R,, respectively in a uniform magnetic field B the relation
between Re, Ry and Ry, is -
(@) Re>Rp =Ry (B) Re< Rp =Ry (¢) Re< Ry< Ry (d) Re< Ru< Ry
Ans — (b) Re<Rp =R,

Two thin long parallel wires separated by a distance d carry current of | A in the same direction.
They will -

(a) Attract each other with the force of p o 1%/ 2nd

(b) Repel each other with the force of P o 1%/ 2nd

(c) Attract each other with a force of a i ¢ I/ 2nd?

(d) Repel each other with force of p o I°/ 2nd?

Ans — (a) Attract each other with the force of p ¢ 1/ 2nd

Two long conductors separated by a distance d carry currents I; and I, in the same direction.
They exert a force F on each other. Now the current in one of them is increased to two times
and its direction is reversed the distance is also increase to 3d. New value of force between them
is -

(@) -2F (b) F/3 (c) - 2F/3 (d) - F/3
Ans —(c) - 2F/3

If an ammeter is to be used in place of a voltmeter then we must connect with the ammeter -

(@) A low resistance in parallel (b) A high resistance in parallel

(c) A high resistance in series (d) A low resistance in series.

Ans — (c) A high resistance in series.
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10.

11.

12.

13.

14.

15.

16.

17.

Tesla is the unit of -

(@) Electric flux (b) Magnetic flux

(c) Electric field (d) Magnetic induction.

Ans — (d) Magnetic induction.

A straight wire of diameter 0.5 mm carrying a current of 1 A is replaced by another wire of 1
mm diameter carrying the same current. The strength of the magnetic field far away is -

(a) Twice the earlier value (b) One half of the earlier value

(c) One quarter of nearly value (d) Same as the earlier value.

Ans — (d) Same as the earlier value.

The magnetic field of a given length of wire carrying a current for a single term circular coil at
centre is B. Then its value for two turns coil for the same wire, when the same current passes
through it, is -

(@) B/4 (b) B/2 (c)2B (d) 4B

Ans — (d) 4B

An electron moving in a circular orbit of radius r makes n rotations per second. The magnetic
field produced at the centre has magnitude -

(a) Zero. (bywon’e/r (¢) pone/2r  (d) po ne/2mr

Ans — (c) po ne/2r

When a charged particle moving with velocity V is subjected to a magnetic field of induction B,
the force on it is non zero. This implies that -

(a) Angle between them is either 0 or 180°

(b) Angle between them in necessary 90 °

(c) Angle between them can have any value other than 90°

(d) Angle between them can have any value other than 0 and 180°

Ans - (d) Angle between them can have any value other than 0 and 180°

A charge g moves in a reason, where electric field E and magnetic field B both exist. Then the
forceonitis -

(@) a(vxB) (b) qE +q(v x B) (©)gE +q (B xV) (d)gB +q (ExvV)
Ans - (b) gE + g(v x B)

Assertion and Reasoning type

Directions: These questions consist of two statements, each printed as Assertion and Reason.
While Ansing these questions, you are required to choose any one of the following four
responses.

(a) Both Assertion and Reason are correct and the Reason is a correct explanation of the
Assertion.

(b) Both Assertion and Reason are correct but Reason is not a correct explanation of the
Assertion.

(c) Assertion is correct, Reason is incorrect

(d) Assertion is incorrect, Reason is correct

(d) Both Assertion and Reason are incorrect.

Assertion: - A charge whether stationary or in motion produce a magnetic field around it.
Reason : - Moving charge produce only electric field in this rounding space.

Ans — (D)

Assertion:- If a proton and an Alpha particle enter uniform magnetic field perpendicularly with
the same speed the time period of revolution of Alpha particle is double that of proton.
Reason:- In a magnetic field the period of revolution of the charge particle is directly
proportional to the mass of the particle and is inversely proportional to charge of particle.

Ans — (A)

273




Assertion:- The torque on a rectangular coil carrying Steady current when it is suspended freely
in a uniform magnetic field due to a pair of force act on it.
Reason:- No net force act on a rectangular coil carrying Steady current when suspended freely
in a uniform magnetic field.
Ans — (B)
SECTION B

(a) Write the condition under which an electron will move un deflected in the presence of
crossed electric and magnetic field.
(b) Under what condition is the force acting on a charge moving through a uniform magnetic

field minimum?
Ans — (a) if the electron will move undeflected in the presence of electric and magnetic field

then Fmn=Fe
Or eVB =eE

Or V= z

B

(b) When e is equal to zero or 180° then
Fm=qvBsine =qvB x0 =0

Two wires of equal length are bent in the form of two loops. One of the loop is square shaped
whereas the other loop is circular. These are suspended in a uniform magnetic field and the
same current is passed through them which loop will experience greater torque? Give reason.
Ans - For a wire of giving length,
Area of circular loop > Area of the square loop.
So, the circular loop will experience greater torque in the magnetic field because torque

is proportional to the area of the Loop.
A wire of length L is bent round in the form of a coil having N turns of same radius. If a steady
current | flow through it in a clockwise direction, find the magnitude and direction of the
magnetic field produce at its centre.
Ans— If ris the radius of the coil then -

Nx2ar=L

Or r=L/2naN
So the magnetic field at the centre of the coil due to current I,

ONIx2nt N 01l 1
B =uoNI/2r= B2 :"‘: N? :n%N2

As this current flows clockwise throughout the Coil the direction of magnetic field will be out
of the plane of coil.

A charge particle of mass m charge q moving at uniform velocity V enters a uniform magnetic field
B acting normal to the plane of the paper. Derive an expression for the

(1) Radius of the circular path in which it travels and

(2) Kinetic energy of the particle. (Assuming v<<c)

Ans — (1) Force exerted by magnetic field = Centripetal force on the charge.

So qvB Sin 90 = % mv?
ﬂ
==
(2) Velocity V= %Br
So Kinetic energy = % mv? :?1 m(qBr/m)?

=g’ B%*/ 2m
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23. Why is the magnetic field radial in the moving coil galvanometer? Explain how it is achieved.
Ans - Radial magnetic field- By using pole pieces of a magnet and placing a soft iron cylindrical
core between the concave poles, we get a magnetic field with its lines of force pointing along the
radius of a circle. Such a field is called a radial field.

The plane of the coil rotating in such a field is always parallel to the field. As shown in figure.

Uniform radial
magnetic field

(a)

Pointer

‘—" -——Jewelled
Hair bearing

w)

@ (b
Need of radial field - The current | through a galvanometer coil is given by
I=ka / NBA Sine
Because of the presence of factors sin ©, the deflection is not quite proportional to the current 1.
So that the instrument is not a linear one.
To make its scale linear, the field is made radial. Then theta = 90

So that. [ = ka/NBA I Proportional a. .
24. Explain how can we convert a galvanometer into —
(@) Ammeter and (b) Voltmeter of a given range.

Ans — (a) To convert a galvanometer into an ammeter a low value Shunt connected parallel with the
galvanometer.
Potential Difference across the galvanometer = Potential difference across the shunt.
,G=(-1gS
S=1gG/(I-1g)
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25.

26.

27.

By connecting a shunt of resistance S across given galvanometer, we get an ammeter of desired
range. Moreover
l;= SI/(G+S)
(b) To convert a galvanometer into a voltmeter we connect a high resistance in series with it. The
value of the resistance is so adjusted that only current 1g which produce full deflection in the
galvanometer.
V =14 (G+R)

Or R=(\VI/ly)-G
A square shaped plain coil of area 100 cm square of 200 turns carries steady current of 5 A. It is
placed in a uniform magnetic field of 0.2 Tesla acting perpendicular to the plane of the coil.
Calculate the torque on the coil when its plane makes an angle of 60° with the direction of the field.

In which orientation will the coil be in stable equilibrium?
Ans — Torque = NIAB Sine =200 x 5x 0.2 x 1 x Sin 30 =100 N/m.

SECTIONC
Apply Biot- Savart law to derive an expression for the magnetic field at the center of a current
carrying circular loop.
Ans — Consider a current carrying circular loop of radius r wearing current I. we want to calculate
the
magnetic field at the center O. The entire loop can be divided into large number of small current
elements.
To calculate the magnetic field at the center O we consider a small dl from it. Then the magnetic
field -
dB=po I (dl x 1)/ 4n 1

At point O normally to the paper. The magnetic field at the center of O due to this current

element, will be

dB = po Idl Sin90/ 4m r* = p o Id1 / 4n 1°
pnoldl

And the total magnetic field at the center of this loop isB = [ dB =/

ol Jdl 0l (0
_polfal_pot ., . wol
41T T2 4T T2 2r

4TI T2

‘ﬁ<;? ~® O j}:
and for N terns of the coil it will be B = poNI/2r. TRE
Define current sensitivity and voltage sensitivity of a galvanometer. State the factors on which the
sensitivity of a galvanometer depends. How can we increase the sensitivity of a galvanometer?

Ans — Sensitivity of a galvanometer - A Galvanometer is said to be sensitive if it shows large scale
deflection even when a small current is passed through it or a small voltage is applied across it.
Current sensitivity - It is define as the deflection produce in the galvanometer when a unit current
flows through it.

Current sensitivity =Is=a/1=NBA/k
Voltage sensitivity - It is define as the deflection produce in the galvanometer when a unit potential
difference is applied across its ends.
Voltage sensitivity = Vs = a/ V =a /IR = NBA/kR
Voltage sensitivity = Current sensitivity/R
Factor on which the sensitivity of a moving coil galvanometer depends -
1. Number of turns N. 2. Magnetic field B.
3. Area A of the coil. 4. Torsion constant k of the spring and suspended wire.
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28.

Factors by which the sensitivity of the moving coil galvanometer can be increased -

1. Increasing the number of turns N of the coil.

2. Increasing the magnetic field B.

3. Increasing the area A of the coil.

4. Decreasing the value of the torsion constant k.

Derive an expression for the torque on a rectangular coil of area A, carrying a current | and place in
a magnetic field B. The angle between direction of B and vector perpendicular to the plane of the
coil is e. Indicate the direction of the torque acting on the loop.

Ans, —

Consider a rectangular coil PQRS suspended in a uniform magnetic field B, with its axis
perpendicular to the field.
Let I = Current flowing through the coil PQRS.
a, b = Sides of the coil.
A = ab area of the coil. e is the angle between the direction of B and normal to the plane of the coil.
According to the Fleming's left and rule the magnetic force on sides PS and QR are equal, opposite
and collinear, so their resultant is zero. Side PQ experience a normal inword force equal to 1bB
while side RS experiences an equal normal outward force. These two forces form a couple which
exerts.
atorque given by -
Torque = Force x perpendicular distance.
=IbBxaSine
=[BA sign e

If the rectangular loop N turns, the torque will be torque = NIAB Sine
But NIA = M = Magnetic dipole moment.

Torque = MB Sine

Torque vector=M x B
Such that it rotates anti clockwise about the axis of suspension.
(1) Case=1,if e =0 then Torque = zero.
(2) Case =2, If o =90"then Torque = NIAB = Maximum.
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29. A neutron, an electron and an Alpha particle moving with equal velocities, enter in a uniform
magnetic field going into the plane of the paper as shown in figure. Trace their paths in the field

and justify your Ans.

X X > > e N
X =

X x > x X
T @ =

> > x X X x
€ @ =

> x X x X X

Ans — Neutrons being neutral are not deflected by the magnetic field Alpha particles and electron

will turn to move along circular paths in positive direction as shown in figure in accordance with
the Fleming's left hand thumb rule.

- - X X x/x X X

X X X xX X x
n e e
o X X X X X
e @
-

x X N X X

30 A galvanometer of resistance G is converted into a voltmeter to measure up to V volts by
connecting a resistance R; in series with the coil. If a resistance R, is connected in series with it,

then it can measure up to % volts. Find the resistance, in terms of R; and R, required to be

connected to convert it into a voltmeter that can read up to 2V. Also find the resistance G of the
galvanometer in terms of R; and R..

Ans. - For voltmeter of range V,
V=1I3(G+Ry)...... 1)
For voltmeter of range V/2,
VI2=14 (G +R)) ......... (2)
Dividing the (1) by (2) we get
2=(G+R)/(G +Ry)
or 2G+R, =G+ Ry
so G=R;-2R,
Let R3 be resistance required for conversion into voltmeter of range 2 V. Then
2V =13 (G+Rs3) ... 3)
From equation (1) and (3)

2=(G+Ry)/(G+Ry) of 2G+2R;,=G+Rs
SOR;=G+2R;= (Rl - 2R2) + 2 Ry = 3R1-2Rs.
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31.

SECTION D

(a). Derive an expression for the magnetic field inside a long straight current carrying solenoid by
using the Ampere's circuital law and are also draw a graph for variation of magnetic field along the
axis of solenoid.

(b). A Solenoid coil of 300 turns/m is carrying a current of 5 A. The length of the solenoid is 0.5 m
and has a radius of 1 cm. Find the magnitude of the magnetic field inside the solenoid.

Ans — (a) A Solenoid means and insulated copper wire wound closely in the form of helix. The
magnetic field inside a closely wound long solenoid is uniform everywhere and zero outside it.

In the above figure the sectional view of along solenoid. At various terms of the solenoid, current
comes out the plane of paper at points marked (¢) And enters the plane of the paper at points marks
mark (X).

iy
d -emmemees et
: A
IS4 DD D OO ONENEEoooooOooooannag
» : ! e\
. !
e 7 ARy Pl LS Ib

XD XX XX XX XXX X XX R XX XX X XX X[

To determine the magnetic field B at any inside point consider a rectangular closed path abcd as the
ampere loop according to the Amperean loop. According to the Ampere's circuital law
¢ B.dl = | ox Total current close in the loop abcd.

Now @§B.dl=["B.dl + [ B.dl+["B.dl+ [ B.dl
d
But [ B.dl= [ B.dl=[ B.dl=0

So [’B.dl= [ BdlCos0=B [ dl=Bl
Where | = length of the side ab of the rectangular loop abcd.
Let number of turns per unit length of the solenoid = n
Then number of terms in the length | of the solenoid = nl
Thus the current | of the solenoid threads the loop abcd = nl times.
Total current threading the loop abcd = nll
Hence Bl = ponl |

Or B = ponl

The magnetic field at the end of the solenoid is just one half of that at its middle.
onl
Bend= %
The variation of magnetic field with distance on the axis of the long straight solenoid with distance
x from its centre is given below.

s
J B k
\ 2 \
End of o End of

solenoid < Distance — golenoid

(b) Here n =300 turns/m
I=5A

B—inl=drx10'v300v5=10v103T
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32.

33.

Two long straight parallel conductors carry steady currents I; and I, separated by a distance d. If the
currents are flowing in the same direction, show how the magnetic field set-up in one produce an
attractive force on other. Obtain the expression for this force. Hence define one ampere.

Ans. - Consider two long parallel wires AB and CD carrying, currents I; and I,. Let r be the
separation between them.

The magnetic field produced by the current I, at any point on wire CD is -

B D B D

B]_ =M o|1/27t1‘

This field acts perpendicular to the wire CD and points into the plane of paper. It exerts a force on
current carrying wire CD. The force acting on length | of the wire CD will be

FTzz I, 1 Bysin90 = Ip 1 o ly/2mr
F—lz =HWo lilz 2nr
According to flaming left hand rule, this force acts at right angle to CD, towards AB in the plane of
the paper similarly, an equal force is excited on the wire AB by the field of wire CD. When the
current in the two wires in the same direction the force between them are attractive.
When the current in the two parallel wires flow opposite direction then the force between them are
repulsive.
Definition of 1 ampere = 1 ampere is that value of steady current, which on flowing in each of the
two parallel infinitely long conductors of negligible cross section placed in the vacuum at distance
of 1 m from each other, produces between them a force of 2 x 10" Newton per meter of their
length.
Applying Biot-Savart law to find the magnetic field due to a circular current carrying loop at a
point on the axis of the loop state the rules used to find the direction of this magnetic field.
Ans. Consider a circular loop of wire of radius a and carrying current | as shown in figure.

l
“’
& d

| il

Let the plane of the loop be perpendicular to the plane of paper. we want to find the magnetic field
at an axial point P at a distance r from the centre O.

L bl |

Ik | Vs | i AR | 1 ol 4 1
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If sbe the position vector of point P relative to the element dl, then from Biot — Savart law, the

magnetic field at point P will be

0 Idl Sine
dB = :‘—

. T S2 0
but dl Perpendicular s, So e = 90", therefore

dB = Kot
4m S2
The field dB lie in the plane of paper and its perpendicular to s, as shown by PQ.

Let ¢ be the angle between OP and CP.

Then dB can resolved into two rectangular components.
(1) dB Sin ¢ along the axis and
(i)  dB cos ¢ parapedicular to the axis

For any two diametrically opposite elements of the loop, the component perpendicular to the axis
of the loop will be equal and opposite and will cancel out their axis components will be in the
same direction so they are added up.

So,

Total magnetic field at point P along the axis

B= de Sind
. no Idl
But Sing =a/s and dB=dB=E=
4 S2
_ [rosa a
ol B= f41'[ s2 X5
So B=t=—1dl
41s3 ola Lotz
_ nola _
~ams3 © 2ra 2 (r2+a2)3/2
For N turns
HWONIa2
T2 (r2+a2)3/2
UWONIa2

Case—1. if=0then B =
2a3

Case — 2. if r >> a then a?will be neglected and
B= _UONIa2
. ___ 2713 . . . .
Direction of the magnetic field following rules can be given for use and clock rule.
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34.

35.

SECTION E
Read the para given below and Ans the questions that follow:

A Galvanometer is a device used to detect current in an electric circuit. It cannot as such be used as
an ammeter to measure current in a given circuit. This is because a Galvanometer is a very sensitive
device, it gives full scale deflection for a current of the order of pA. Moreover for measuring
current, the Galvanometer has to be connected in series and it has a large resistance, this will
change the value of current in the circuit. To overcome this difficulties we connect a small
resistance Rs called shunt resistance in parallel with the Galvanometer coil, So that most of the
current passes through the shunt. Now to use Galvanometer as a voltmeter, it has to be connected in
parallel with the circuit element across which we need to measure potential difference. Moreover it
must draw a very small current, otherwise it will appreciably change the voltage which we are

measuring. To ensure this is large resistance R connected in series with the galvanometer.
Ammeter

Voltmeter

a-1)

a-1p

b
N%
o~ ]

Q1. A sensitive Galvanometer like a moving coil galvanometer can be converted into an ammeter
or a voltmeter by connecting a proper resistance of it.

Which of the following statement is true ?

(@) A Voltmeter is connected in parallel and current through its negligible.

(b) An ammeter is connected in parallel and potential difference across it is small.

(c) A voltmeter is connected in series and potential difference across it is small.

(d) An ammeter is connected in series in a circuit and the current passing through it is negligible.

Q2. By mistake a voltmeter is connected in series and an ammeter connected in parallel with a
resistance of an electric circuit. What will happen to the instruments?

(@) Voltmeter is damaged (b) Ammeter is damaged
(c,) Both are damaged(d) None of damaged.
Q3. A Galvanometer coil has resistance of 15 Ohm and gives full scale deflection for a current of 4
mA. To convert it to an ammeter of range 0 to 6A.
(a) 10 mQ resistance is to be connected in parallel to the Galvanometer.
(b) 10 mQ resistance is to be connected in series with the Galvanometer
(c) 0.1 Q resistance to be connected in parallel to the Galvanometer.
(d) 0.1 Q resistance is to be connected in series with the Galvanometer.

Q4. Two identical Galvanometers are connected into an ammeter and a millimeter. Resistance of
the shunt of millimeter through which the current passes through will be -

(@) More (b) Equal (c) Less (d) Zero

Q5. A Voltmeter has resistance of G Ohm and range of V volt the value of the resistance used in
series to convert it into a voltmeter of range nV volt is -

(@) nG (b) (n-1)G (c) GIn (d) G/(n-1)
Ans—(1)a 2 d 3)a (4) a 5) b

When a conductor carrying a current is placed in an external magnetic field, it experiences a
mechanical force. A current is an assembly of moving charges and a magnetic field exerts a force
on a moving charge. That is why a current carrying conductor when placed in a magnetic field

ovnaorionca a cidowwiavic fareo ac thao faorco avnarionecod hv tho movina aloctranc ic trancmittad ta thao
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conductor as a whole. A conductor of length L caring current | held in a magnetic field B at an
angle theta with it, experience a force given by F = ILB sin theta.

In vector F = 1 (LxB)

The direction of F is perpendicular to the both L and B and is given by Fleming's left hand rule. A
conducting bar with mass m length L sides over horizontal rails that are connected to voltage source
V. The source maintains a constant current | in the rails and bar, and a uniform magnetic field B,
acting vertically upwards, acts in the region between the rails.

Q1. Ignoring friction, air resistance and electric resistance, the magnitude and direction of the net
force on the conducting bar is -

(@) ILB, to the right (b) ILB, to the left

(c) 2ILB, to the right (d) 2ILB, to the left.

Q2. If the bar has mass m, find the distance d that the bar must move along the rail from rest to
attend speed v.

(a) 3V m/ 2 ilb (b) 5V2m/ 2 ilb

(c) V2 m/ ilb. (d) V2 m /2ilb

Q3. A force acting on a conductor of length 5 m caring a current of 8 ampere kept perpendicular to
the magnetic field of 1.5 T is -

(@) 100 N (b) 60 N

(c)50 N (d) 75N

Q4. A Straight wire of mass 200 gm and length 1.5 m carries a current of 2A. It is suspended in mid
air t2>y a uniform horizontal magnetic field B. The magnitude of B(In Tesla) is - (assuming g = 9.8
m/s©)

(@) 2 (b) 1.5

(c) 0.55 (d) 0.65

Q5. A wire of length | carries current | along x - axis. A magnetic field exists given by B = By(i +
+ k) T. The magnitude of the magnetic force acting on the wire is -

(a) ilBy (b) V3 ilBy

(c) 2ilBy (d) V2 ilBg

Ans— (1) a ) d 3) b (4) d (5) d
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CHAPTER - 5- MAGNETISM AND MATTER

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
A stationary magnet does not interact with:

(a) iron rod (b) moving charge
(c) magnet (d) stationary charge.
Ans - 1. (d) stationary charge.

Which of the following is weakly repelled by a magnet field?

(@) Iron (b) Cobalt

(c) Steel (d) Copper.

Ans - 2. (d) Copper.

Explanation: Copper is diamagnetic material.

A magnetic needle is kept in a non-uniform magnetic field experience

(a) a force as well as a torque (b) a torque but not a force

(c) a force and a torque (d) a force but not a torque.
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10.

Explanation: Field being non-uniform, the poles of the needle will experience non-uniform
forces. Hence, the needle experiences a force as well as a torque.

A magnetic dipole moment is a vector quantity directed from:

(a) north to south (b) south to north

(c) east to West (d) west to east.

Ans - 4. (b) south to north.

Explanation: Magnetic dipole moment vector is directed from south pole to north pole.
Relative permeability of a magnetic material is 0.5. The material is

(a) diamagnetic (b) ferromagnetic

(c) paramagnetic (d) not a magnetic material.
Ans - 5. (a) diamagnetic.

Explanation: Relative permeability of diamagnetic magnetic material is less than 1.
The strength of the magnetic field due to a bar magnet is

(a) constant everywhere (b) zero everywhere

(c) vary from point to point near the magnet (d) zero inside the magnet.

Ans - 6. (c) vary from place to point to point near the magnet.

Explanation: The strength of the magnetic field is not constant due to a bar magnet. It varies from

one point to another point.

A diamagnetic material in a magnetic field moves
(a) from stronger to the weaker parts of the field (b) perpendicular to the field
(c) from weaker to the stronger parts of the field (d) None of these.

Ans - 7. (a) from stronger to the weaker parts of the field.

Explanation: A diamagnetic material in a magnetic field moves from stronger to the weaker parts

of the field.

Susceptibility is positive and large for a

(a) paramagnetic substance (b) ferromagnetic substance
(c) diamagnetic substance (d) non-magnetic substance.

Ans - 8. (b) ferromagnetic substance.

The magnetic susceptibility for diamagnetic materials is

(a) small and negative (b) small and positive
(c) large and positive (d) large and negative.
Ans - 9. (a) small and negative.

A diamagnetic material in a magnetic field moves

(a) nernendicular to the field
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11.

12.

13.

14.

15.

(b) from stronger to the weaker parts of the field

(c) from weaker to the stronger parts of the field

(d) None of these.

Ans - 10. (b) from stronger to the weaker parts of the field.

Explanation: A diamagnetic material in a magnetic field moves from stronger to the weaker parts
of the field.

A ferromagnetic material is heated above its curie temperature. Which one is a correct statement?
(a) Ferromagnetic domains are perfectly arranged

(b) Ferromagnetic domains become random

(c) Ferromagnetic domains are not influenced

Ans - 11. (b) Ferromagnetic domains become random.

Explanation: - Beyond Curie temperature, ferromagnetic material turns into paramagnetic
material, as if ferromagnetic domains become random.

A substance which retains magnetic moment for a long time is

(a) diamagnetic (b) paramagnetic

(c) ferromagnetic (d) non-magnetic.

Ans - 12. (c) ferromagnetic.

Ferromagnetism arises due to
(a) vacant inner shells of an atom (b) filled inner sub shells of an atom

(c) partially filled inner sub shells (d) large number of electrons in valence orbit.

Ans - 13. (c) partially filled inner sub shells.

The relative permeability of a medium is 0.075. What is its magnetic susceptibility?

(@) 0.925 (b) — 0.925

(c) 1.075 (d)-1.075

Ans - 14. (c) 1.075.

A bar magnet of magnetic moment miis placed in a uniform magnetic field of induction B
The torque exerted on it is

a.m.B (b) —m.B

() mX B (d) —m X B.

Ans - 15 (¢)m X B.

ASSERTION - REASON TYPE QUESTIONS

For question numbers 12 and 13 two statements are given - one labeled Assertion (A) and the
other labeled Reason (R). Select the correct Ans to these questions from the codes (a), (b), (c) and
(d) as given below.

(a) Both Assertion and Reason are true and Reason is the correct explanation of Assertion.

(b) Both Assertion and Reason are true but Reason is NOT the correct explanation of Assertion.

LN ckioan so oo bt D oo o io falo
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16.

17.

18.

19.

(d) Assertion is false and Reason is also false.

Assertion (A): Magnetic poles cannot be separated by breaking a bar magnet into two pieces.
Reason (R): When a magnet is broken into two pieces, the magnetic moment will be reduced to
half.

Ans - 16. (B) is correct.

Explanation: Magnetic poles always exist in pairs even in atomic level. So, assertion is true.
When a magnet is broken into two pieces, the pole strength remains same; only the length
becomes half. So, the magnetic moment becomes half. So, the reason is also true. But R is not the
proper explanation of A.

Assertion (A): The basic difference between magnetic lines of force and electric lines of force is
electric lines of force are discontinuous and magnetic lines of force are continuous.

Reason (R): Magnetic lines of force exist in a magnet but no electric lines of force exist in a
charged body.

Ans - 17. (A) is correct.

Explanation: Let us consider an electric dipole. The electric lines of force exist outside only and
not inside the dipole.

Let us take a magnetic dipole. The magnetic lines of force exist outside as well as inside the
dipole.

So, it can be said that magnetic lines of force are continuous and electric lines of force are
discontinuous.

So, assertion and reason both are true and reason explains the assertion too.

Assertion (A): A bar magnet oscillates when slightly displaced from its position with its magnetic

moment parallel to the magnetic field .

Reason (R): A bar magnet is in stable equilibrium when placed parallel to a magnetic field.

Ans - (A) is correct.

Explanation: Every body when in stable equilibrium starts oscillating when slightly displaced.
SECTION B

Under what condition magnet suspended in a uniform magnetic field will be

(@) in stable equilibrium and (b) in unstable equilibrium?

Ans - 19. (a) When the axis of magnetic moment m makes an angle 8 with the direction of

magnetic field B, then torque on magnet is given by, T = mB sin 8 and potential energy

U= —mBcos6.

The magnet will be in stable equilibrium if T = 0 and U is minimum. It will be so if the magnetic

moment of magnet acts in the direction of magnetic field i. e. 8 = 0°.

(b) The magnet will be in unstable equilibrium if T = 0 and U is maximum. It will be so if the

waonocnmatio vaonaacnt of waoonaot oot anunacita divaotion to thaot of vaoomatio fiold i o O 1000

287




20.

21.

22,

23.

Two identical bars, one of paramagnetic materials and other of diamagnetic material are kept in
uniform external magnetic field parallel to it. Draw diagrammatically the modification in the
magnetic field pattern in each case. How does one explain this distinguishing feature?

\

P
/

AN

i

Y
Ans - 20. A paramagnetic material develops feeble magnetisation in the direction of the
magnetising field. Hence the lines of force become more dens in the paramagnetic material as
shown in figure as Y.
A diammagnetic material develops feeble magnetisation in the opposition direction of the
magnetising field. Hence the lines of force become less dens in the diamagnetic material as
shown in figure as X.
The following figure shows the variation of intensity of magnetisation versus the applied

magnetic field intensity H for two magnetic materials A and B?
+l

a. ldentify the materials A and B.
b. Draw the variation of susceptibility with temperature for B.

Ans - 21. a. For material A, the susceptibility y,, (Slope of I-H graph) is -I
small and + ve, so it is paragnetic.

21. b. For material B, the susceptibility y,, is small and - ve, so it is diamagnetic.
The susceptibility y,, is independent of temperature. yx,,

Xdia

A bar magnet of magnetic moment M is aligned parallel to the direction of uniform magnetic
field B. What is the work done, to turn the magnet, so as to align its magnetic moment
(a) opposite to the field direction and
(b) normal to the field direction.
Ans - 22. (a) The work done in turning the dipole from orientation 6, to 8, in field Bis given by,
W = —MB (cos 8, — cos 0;), 8; = 0°, 8, = 180° and 8, = 180°
So,W = —MB (cos 8, — cos8;) = —MB (cos 180° — cos 0°) = —MB(-1—1) = 2MB.

22.(b) So,W = —MB (cos 8, — cos8;) = —MB (cos 90° — cos 0°) = —MB(0 — 1) = MB.

A coil of ‘N’ turns and radius ‘R’ carries a current I. It is unwound and rewound to make another

coil of radius g , current remaining the same. Calculate the ratio of the magnetic moments of the
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24,

25.

26.

new coil and the original coil.
Ans - 23. If L is the length of the wire, then L = N x 2nR = N'x 2n g.
Number of turns in new coil, N" = 2N

Original magnetic moment, M = NIA = NI x nR2.

) 2 I NIx— '
New magnetic moment, M’ = N'[A" = 2Nl x (& 5)2 = NI x = Now, L = - 2 2.1
2 2 M NI x TR M 2

An iron ring of relative permeability u, has windings of insulated copper wire of n turns per
metre. When the current in the windings is I, find the expression for the magnetic field in the
ring.

Ans - 24. The magnetic field inside the ring has constant magnitude and tangential direction at

every point.

$B.dl = $B.dlcos0° = § B.dlcos0° = B x 2mr.
Total number of turns in the windings = 2mrn

and Ioncroseq = 2mrnx 1

From Ampere’s circuital law, we have, gﬁﬁ)m = Uolrlenciosed = MHolly X 2TrNl

& B x2nr = pouy x 2nrnl o B = pou,nl.

A short bar magnet placed with its axis at 30° with a uniform external magnetic field of 0.25 T
experiences a torque of magnitude equal to 4.5 x 10 ~2J. What is the magnitude of magnetic

moment of the magnet?

T

Ans-25.0 =30° B =0.25T,7=45x1072/,m =?t = mBsin 6 or, m = Y

4.5x 1072 45x107% 45x1072
0.25xsin300  025x05  0.125
SECTION C
Write any three properties of magnetic field lines.

Ans - 26. (i) The magnetic field lines of a magnet form continuous closed loop.
(i) The tangent to the magnetic field line at a given point represents the direction of net magnetic

or,m= m=36x10"2%JT"1 . m=0.36T" L.

field B at that point.

(iii) The larger the number of field lines crossing per unit area, the stronger is the magnitude of

magnetic field B.i.e. widely spaced magnetic field lines represent weak magnetic field and
closely spaced magnetic field lines represent strong magnetic field.
(iv) The magnetic field lines do not intersect to each other because at the point of intersection

there will be two directions at a point which is not possible.
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217.

28.

29.

(@) (b) (c)

The magnetic field lines of (a) a bar magnet, (b) a current carrying finite solenoid and (c)
magnetic dipole.

Why are all pieces of iron not magnet even though iron is a ferromagnetic material?

Ans - 27. Various domains in a piece of iron are randomly distributed. So, the net magnetism in
any direction is zero.

This is of the same order of magnitude as that of the observed magnetic field on the earth.

A closely wound solenoid of 2000 turns and area of cross-section 1.6 x 10 ~* m?, carrying a
current of 4 A is suspended through its Centre allowing it to turn in a horizontal plane. What is
the magnetic moment associated with the solenoid? What are the force and torque on the solenoid
if a uniform horizontal field 7.5 x 10" T is set up at an angle of 30° with the axis of solenoid?
Ans-28.m = NIA=2000x4x1.6x10"*=1.28 Am?.

This magnetic moment acts along the axis of the solenoid in a direction related to the sense of
current via the right — hand screw rule.

Net force experienced by the magnetic dipole in uniform horizontal field, F = 0.

The magnitude of the torque t exerted by the magnetic field B on the solenoid is given by,

T=mBsinf =1.28x7.5x 1072 xsin30° = 1.28 x 7.5 x 1072 x 0.5 = 4.8 x 1072
~17=0.048 Nm.

Derive an expression for the bar magnet as an equivalent solenoid.
Ans - 29. Let the solenoid of length 2l and radius a consisting n turns per unit length. Let P be the
point at a distance r from the Centre of the solenoid at which the magnetic field is to be

calculated

290




Let a circular element of thickness dx of the solenoid at a distance x from its Centre. So, it

consists of n. dx turns. Let | be the current flowing through this solenoid.

The magnetic field at a point P due to this circular element is given by, dB =

So, total magnetic field due to this solenoid is given by, B = [ dB = f_i{

B

B =

__ ponla? l

dx

A

2

ponla? fld
= x | dx
2r3 )

Ko, 2(n.2l)(Ima?)

r3

_ ponla®

2r3 " [x]—ll -

_ ponla®
2r

;U -(=D}=

ponla?
2r3

uondxla?
3.
2[(r—x)%2+a?]2
uondxla?

2[(r—x)2+a2]%

3
—z . Herer>>aand r>>x then, [(r — x)? + a?]z =~ r3.
[(r—=x)2+a?]2

2

2l - B
x 2r3

B = ﬂxi—?. [(n.2D)(Ima?)] = m = Total magnetic moment

41T

Thus, a solenoid and a bar magnet produce similar magnetic fields and have same magnetic

moments.

30 Write any three differences between paramagnetic materials, diamagnetic materials and
ferromagnetic materials, by giving one examples each.

_ Moni2la

Ans - 30.

S. Property Paramagnetic Diamagnetic Ferromagnetic

No. materials materials materials

i. Effects of They are feebly They are feebly They are strongly
magnet attracted by magnets | repelled by magnets | attracted by magnets

ii. In external | They acquire feeble They acquire feeble They acquire strong
magnetic magnetization in the magnetization in the | magnetization in the
field direction of the opposite direction of | direction of the

magnetizing field. the magnetizing field. | magnetizing field.

iii. In uniform | A freely suspended A freely suspended A freely suspended
magnetic paramagnetic rod diamagnetic rod ferromagnetic rod
field aligns itself parallel to | aligns itself aligns itself parallel

the magnetic field. perpendicular to the to the magnetic field.
magnetic field.

iv. In non - They tend to move They tend to move They tend to move
uniform slowly from weaker slowly from stronger | quickly from weaker
magnetic parts to stronger parts | parts to weaker parts | parts to stronger parts
field of the field. of the field of the field

V. Effect of Susceptibility varies Susceptibility is Susceptibility
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31.

32.

temperature | inversely as independent of decreases with
temperature. x,, « 1 | temperature. temperature in a
r complex manner.
Xm X -1,
whereT > T,.
SECTIOND

(a) Set up an expression for the torque on a magnetic dipole.

(b) A bar magnet of dipole moment 3 Am? rests with its Centre on a frictionless pivot. A force
F is applied at right angle to the axis of the magnet, 10 cm from the pivot. It is
observed that an external magnetic field of 0.25 T is required to hold the magnet in equilibrium
at an angle of 30°with the field. Calculate the value of force.

Ans -31. (a) Let a magnetic needle of dipole moment m is placed in uniform magnetic field B

and making an angle 6 with the direction of magnetic field B.

So, the torque acting on magnetic needle is given by, 7 = mxB so,7 = mB sinf. Let this
needle is rotating through an angle d6. So, work done to rotate this needle through an angle dé
is given by, dw = t.d6 = mB sinfv.d#6.
So, total work done in rotating the needle from an angle 6;to 6, and is given by,
W= [dw= f:lz 7.df = f:lz mB sinf df = mB f:lz sinf.d 6 = mB[—cos0 ]9921.
W = — mB(cosf, — cos6,).
If 6; = 90° and 6, = 6, then, W
= — (mB cos8 — c0s90°) = — mBcosf . W = — mBcos6.

This work done is stored as the magnetic potential energy of magnetic needle in uniform
magnetic field and is given by, U,, = — mBcosf. And U,,, = —m.B.
Magnetic potential energy is a scalar quantity. It is the dot product of two vectors magnetic
dipole moment and magnetic field.
31. (o) m =3 Am?,B = 0.25vT,0 =30%r=10cm = 0.1 m,F =?
mBsinf 3 x 0.25 x sin 30°

ro 0.1

So,7T = Fr =mBsinf or,F = =0.75x05x10 ~ F

=3.75N.

(a) Derive an expression for the magnetic field intensity of bar magnet at a point on the axial
line.
(b) A torque of 107> Nm is required to hold a magnet at 90° with the horizontal component H of

the earth’s magnetic field. Calculate the torque to hold it at 30°.
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33.

Ans - 32. (a) Let a bar magnet of pole strength g,,, and dipole length 2I. Let P be the point on the
axial line at a distance r from the Centre O of the bar magnet, where the magnetic field is to be
calculated.

B,

oY

S|
2|

So, the magnetic field at a point P due to North Pole of the bar magnet is given by,

n Ho dm -

By = ° X = 1)2 along NP = X ot

And the magnetlc field ata pomt P due to South Pole of the bar magnet is given by,
D #0

Bs=-x —"% = +z)2 along PS = 2 (r+l)2( D).

So, total magnetic field at a point P due to the bar magnet IS given by, § =By + By

B Ho am Ho 1 N

Ba=ax(r—l)2 (r+l)2( )_47'[ qm[(r )2 (r+l)2]l
Ho (r+D*—(0 - 1?
=Ex%l@—wu+w

= Ho r+l+r-—D+l-r+D], o Qmx2)x2r], -

%‘Ex%[ (=D + D P g Y m nLnZL“%

Uo mx?2r
- X (rz_l)zl.

mx?2r | _ Mo 2m
. a—_ h—

If r >> | then, B, = —

r3r 41 r3’

The direction of magnetic field is along S to N. i. e. along the direction of magnetic dipole
moment.
(b) The torque acting on the magnet of magnetic moment M, when held at angle 8to magnetic

field B,7 = MBsin8 = 107> xsin30° =10"%x 0.5~ 75x 10°® Nm.

(a) Deduce an expression for the magnetic field intensity of bar magnet at a point on the
equatorial line.

3+2.

(b) A toroid of mean radius 20 cm has 4000 turns of wire wound on a ferromagnetic core of
relative permeability 800. Calculate the magnetic field in the core of a current of 3 A passing
through the coil.

Ans - 33. (a) Let a bar magnet of pole strength g,, and dipole length 2. Let P be the point on
the equatorial line at a distance r from the Centre O of the bar magnet, where the magnetic
field is to be calculated.
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34.

So, the magnetic field at a point P on the equatorial line due to North Pole of the bar magnet
IS given by,BN =X

along NP

2 + 12
And the magnetlc fleld at a point P on the equatorial line due to South Pole of the bar magnet

is given by,BS = 4— X - along PS.
l
BS—BN—Ex ZHZ andcos@ wrrwrs
So, the net magnetic field is given by, B = 2By cos§ = 2 x &2 x —m__ : T
41 (r2 +12) (r2+12)2
x21 m
B=Z_qunl—3.'.B=f:—ox—3_
T (TZ + 12)5 T (7‘2 + 12)5
Ifr>>lthen, B=22x 5 = B=2 x O,
4T 723 4T r

The direction of magnetic field is in the direction opposite to that of its magnetic dipole
moment. i. e. from N to S.

33. (b) B = p,ponl —,ur/,to( )l =800 x 4 x 1077 (
9.6T.

4000
2w x 0.2

)x3=96x10"" =
SECTION E

Read the para given below and Ans the questions that follow:

As shown in figure a solenoid where the wire is coiled around a cylinder, each wire loop in this

coil acts as if it was a separate circular wire carrying the same current I, the current in the coiled

wire and the dense enough array of such loops may be approximated by a cylindrical current

sheet with the current density K = I x (N/L) = | x L(loops) /solenoid length.

For simplicity, let’s assume a long solenoid (length > diameter) which we approximate as

infinitely long. For a long solenoid (compared to its diameter), the magnetic field inside the

solenoid is approximately uniform and approximately parallel to the axis, except near the ends of

the solenoid. Outside the solenoid, the magnetic field looks like the field of a physical dipole,

with the North pole at one end of the solenoid and the South pole at the other end and is

approximately negligible.
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35.

34. i. Which of the following material can be used to make loops around the cylinder?
Plastic (b) Glass
(c) Quartz (d) copper.
Ans - 34. i. (d) copper.
34.ii The magnetic field inside the solenoid is
(@) Non-Uniform and parallel to the axis (b) Uniform and parallel to the axis
(c) Non-uniform and perpendicular to the axis (d) Uniform and perpendicular to the axis.
Ans - 34. 1i. (b) Uniform and parallel to the axis.
34. iii. A proton is moving from left to right direction and outside the solenoid, then what is
the direction of force on the proton?
(a) upwards (b) downwards

(c) proton will not deflect (d) inwards.

Ans - 34. iii. (c). proton will not deflect.

34. iv. Direction of magnetic field due to ma solenoid can be determined by

(a) Ohm’s Law (b) Fleming’s left-hand rule
(c) Ampere’s Right-hand rule (d) Biot-savart’s Law

Ans- 34. iv. (c) Ampere’s Right-hand rule.

35. In 1820, a Danish physicist, Hans Christian Oersted, discovered that there was a relationship
between electricity and magnetism. By setting up a compass through a wire carrying an electric
current, Oersted showed that moving electrons can create a magnetic field.Oersted found that, for
a straight wire carrying a steady (DC) current: The magnetic field lines encircle the current-carrying
wire.

The magnetic field lines lie in a plane perpendicular to the wire. If the direction of the current is
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BATTERY

WIRE

COMPASS

reversed, the direction of the magnetic force reverses.The strength of the field is directly proportional
to the magnitude of the current. The strength of the field at any point is inversely proportional to the
distance of the point from the wire.

35. i. First who discovered the relation between electric and magnetic field is-

(a) Hans Christian Oersted (b) Charles William Oersted

(c) Charles Maxwell (d) Andre Marie Ampere.

Ans - 35. i. (a) Hans Christian Oersted.

35. ii. If magnitude of the current in the wire increases, strength of magnetic field-

(@) increases (b) decreases (c) remains unchanged (d) none of these.
Ans - 35. ii. (a) increases.

35. iii. A compass needle is placed below a straight conducting wire. If current is passing
through the conducting wire from North to South. Then the deflection of the compassis .
(a) Towards West. (b) Towards East.

(c) keeps oscillating in East-West direction (d) No deflection

Ans -35. iii. (b) Towards East.

34.iv. Charges at rest can produces-

(a) Static electric field (b) Magnetic field

(c) Induced current (d) Conventional current.

Ans - 35. iv. (a) Static electric field.

CHAPTER — 6 - ELECTROMAGNETIC INDUCTION
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
The direction of induced emf during electromagnetic induction is given by
(A) Faraday’s law (B) Lenz’s law
(C) Maxwell’s law (D) Ampere’s law

Ans- (B) Lenz’s law- It states that the direction of induced emf is such that it tends to produce a
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Q2.

Q3.

Q4.

Q5.

Q6.

Q7.

current which opposes the change in magnetic flux which is producing it.
The Sl unit of inductance is the henry. It can be written as
(A) weber-ampere (B) volt-second/ampere
(C) joule/(ampere)® (D) ohm-second
Ans- (B) volt-second/ampere
Since we know that induced emf ¢ = -d@/dt = - L dI/dt, so L=|g|/ (dI/dt) volt-s /A
Lenz's law is consequence of the law of conservation of
(a) Charge (b) Momentum (c) Mass (d) Energy
Ans- (d) Energy
The self-inductance of a coil is directly proportional to
(A) Its length (B) the number of turns in coil
(C) resistance of coil (D) The square of the number of turns
= Ans- (D) Since; L = (LoN?A) /|
The current flows from A to B is increasing as shown in the figure. The direction of the induced
current in the loop is
(A) clockwise (B) anticlockwise O
(C) cannot be define (D) no induced emf will produce
Ans-(A) clockwise

> B

According to Lenz’s law it will oppose the increment of current so clockwise current will flow.
A magnet is moved towards a coil (i) quickly (ii) slowly, then the induced emf is

(A) larger in case (i)

(B) smaller in case (i)

(C) equal to both the cases

(D) larger or smaller doesn’t depend on the motion of magnet

Ans- (A) larger in case (i)

since € = -d@/dt ; here time is less in 1% condition so induced emf will be greater.

The south pole of the magnet is falling on the metallic ring on a table as shown in fig. The
direction of induced current if looked from upside in the ring will be

(A) clockwise and anticlockwise depending on the ring

(B) no induced current {}

(C) clockwise

(D) anticlockwise

Ans- (C) clockwise h
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Q8.

Qo.

Q1o.

Q11.

According to Lenz’s law induced current will oppose the motion of magnet towards the coil, so
upper face will become as south pole by flowing current in clockwise direction.
The magnetic flux linked with a coil is given by the equation @=3t* +2t+4 wb. The magnitude of
induced emf at time t=3s will be

(A) 16 V (B) 20V (C) 12v (D) 18V
Ans- (B) 20V
Since € = -d@/dt ; € = d(3t* +2t+4)/dt = 6t+2 volt ; at t=3s ; € =6*3+2=20volt
Two circular coils can be arranged in any of the three situations shown in the figure. Their
mutual

inductance will be

L — 0
(A) (B) ©
(A) The maximum situation in A
(B) The maximum situation in B

(C) The maximum situation in C

(D) Same in all situation

Ans- (A) The maximum situation in A
Since maximum flux want to be linked with another coil, so in situation A maximum field lines
will associated with the coil.
The self-inductance of long solenoid can’t be increased by
(A) increasing its area of cross section
(B) decreasing its length
(C) changing the medium with grater permeability
(D) Increasing the current through it.
Ans- (D)Increasing the current through it.
Since we know that the self-inductance is L=uN?A/L, where is p permeability of medium, N is
the total number of turns, A is the cross-sectional area of coil and L is the length of solenoid. The
term of current is not here so it doesn’t depend on current.
According to Faraday’s law of electromagnetic induction,
(A) An emf is induced by time- varying magnetic flux
(B) An emf is induced by constant magnetic flux
(C) A magnetic flux is associated with a rest charge
(D) All of the above

Ans-(A) An emf is induced by time- varying magnetic flux
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Q12

Q13.

Q14.

Q1s.

Q1e.

Q17.

Since € = -d@/dt ; where induced emf will produce due to change in magnetic flux.

Direction of the induced current in a wire which is moving in a magnetic field is given by
(A) Ampere’s rule (B) Right hand screw rule
(C) Fleming’s left hand rule (D) Fleming’s right hand rule

Ans- (D) Fleming’s right-hand rule

In electromagnetic induction, the induced charge is independent of

(a) change of flux

(b) time.

(c) resistance of the coil

(d) None of these

Ans- (B)

The closed loop PQRS is moving into a uniform magnetic field acting at right angles to the

plane of the paper as shown. State the direction of the induced current in the loop.

(A) in PQRSP direction

K X X X X P Q
(B) in SRQPS direction X X X X X
i X X X X X
(C) No current will be there
(D) cannot be determine XX X X X
X X X X X
Ans - (B
B) X X x x x S R

The polarity of induced emf is given by
(a) Ampere’s circuital law

(b) Biot-Savart law

(c) Lenz’s law

(d) Coulomb’s law

Ans-(c)

Assertion and Reason type questions

Following questions (16-18) are Assertion and reason type questions, so give Anss as follows
(A) Assertion and reason both are true and reason is the correct explanation of assertion

(B) Assertion and reason both are true but reason is not the correct explanation of assertion

(C) Assertion is true, reason is false

(D)Assertion is false, reason is true

Assertion: Acceleration of a magnet falling through a long solenoid decrease.

Reason: The induced current produced in a circuit always flow in such direction that it opposes
the change to the cause that produced it.

Ans-(A) Assertion and reason both are true and reason is the correct explanation of assertion
Assertion (A): When two identical loops of copper and Aluminium are rotated with same speed
in the same magnetic field, the induced current will be same.

Reason (R): Resistance of the both loops is unequal.
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Q1s.

Q19.

Q 20.

Q21.

Ans- (D)Assertion is false, reason is true

Assertion: Self-inductance is called the inertia of electricity.

Reason: Induced emf will generate in a coil when magnetic flux associated with coil is changed.

Ans-(B) Assertion and reason both are true but reason is not the correct explanation of assertion
SECTION -B

State faraday laws of induction.
Ans - There are two laws of electromagnetic induction.
Faraday’s First law: - When the amount of magnetic flux linked with the closed loop or circuit
changes, an emf will induces in the loop or circuit.
Faraday’s Second law: - The induced emf will be directly proportional to the rate of change of
magnetic flux linked with the closed loop or circuit. It means we can write as
¢ xd@/dt
¢=-N dg/dt
Where N are the number in loops. Here negative sign indicates the induced emf in the loop

opposes the change in magnetic flux.

What do you know about the magnetic flux? Explain briefly.
Ans - Total magnetic field lines passing normally through a given area placed in a magnetic field
is called magnetic flux. It is represented with @.
Let @ is the magnetic flux passing through an area ds which is placed at an angle with the
magnetic field. So we can write as @ =B . ds
= @=Bdscos6

Where 6 is the angle between the direction of magnetic field and normal to the surface.
SI unit of magnetic flus is Tesla-meter?, which is also called Weber (Whb). Its CGS unit is
Maxwell (Mx)

Magnetic flux is a scalar quantity.

What happen when two identical loops, one of copper and another of aluminium are rotated with
same angular speed in the same magnetic field. Compare

(i) the induced emf (ii) the current produced in the two coils. Justify your Ans.

Ans - (i) Here both the loops having same time period of rotation, area of loops, magnetic field
and frequency of rotation, so induced emfs in both coils will be same. Induced emf will not

depend on the material of coils. Since € = -N d@/dt
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Q22.

Q 23.

Q 24.

Q 25.

The Current in both coils will be different because both coils having different resistance. Here
resistance of aluminium is more than copper so current in copper coil more than the aluminium
coil. Since I = ¢/R

Current in a circuit falls steadily from 3 A to 1 A in 10 milliseconds (ms). If an average emf of
200 V is induced, then calculate the self-inductance of the circuit.
Ans- Givendl = i,-i;= 1A-3A = -2A
Anddt=10ms=10x 10°s ; &=_200volt
Since we know that induced emf

e =-N dd/dt
¢ =-d(LI)/dt Since @ = LI for a coil having self-inductance L, and | current flowing
through it
e=-L (dl)/dt
200 =- L (-2A) / (1 x 109
L =100 x 10
L= 1Henry

Q 23. Define Mutual inductance and write its Sl unit.
Ans - The phenomenon according to which an opposing emf is produced in a coil due to the
result of change in current or magnetic flux linked with a neighbouring coil, is called mutual
inductance.

Or induced emf is produced in a secondary coil due to the change in current in primary coil, is
called mutual inductance. It is denoted by M.

Since @ =MI Where M = pnin,l

=>M =@/l ; Sl unit will be Wb/ Amp or henry.

A magnet is quickly moved in the direction indicated by an arrow between two coils C1 and C2
as shown in the figure. What will be the direction of induced current in each coil as seen from the
magnet? Justify your Ans.

Ans- According to Lenz’s law, the direction of induced current is such that it opposes the relative
motion between the coil and magnet. The ¢ y
face which is near to coil C1 will oppose the

motion of magnet away from it so it behave

like a south pole to attract the magnet, so the

direction of current in coil C1 will be

clockwise. The near face of coil C2 will also (

oppose the motion of magnet to come
towards it so it will behave like south pole to
repeal the magnet, so the current in coil C2
will also be clockwise.

Q 25. A long solenoid with 15 turns per cm has a small loop of area 2.0 cm? placed inside the
solenoid normal to its axis. If the current carried by the solenoid changes steadily from 2.0 A to
4.0 Ain 0.1 s, what is the induced emf in the loop while the current is changing?

Ans - Given N; = 15; No=1 (A small loop is written)
A=2cm?:dl =4A-2A =2 Amp; dt=0.1s length of solenoid is let 1cm

To find ot _inducad amf in 2™ ~nil Haora hath coile ara cocovial Qo c. — M ALt

301




Since Mutual inductance of solenoid coil is given by M = pipninl

M= (lJ.oNlNzA) /1

M= (4nx 107 * 15%1 *2 x 10™) /1x 102
M=120nx 10°H

So Induced emf in coil will be

g2 =M dl/dt = 120  x 10 *(2/0.1)

&= 7.5x 10° Volt

SECTION -C

Q26. Q 26. Asquare loop of side 10 cm with its sides parallel to X and Y axes is moved with a
velocity of 8 cm s —1 in the positive X-direction containing a magnetic field in the positive Z-
direction. The field is non-uniform and has a gradient of 10-3 T cm-1 along the negative X-
direction (i.e. it increases by 10-3 T cm-1 as one moves in the negative X-direction). Calculate
the emf induced. —

Ans;
_—d¢
ST
__49B
TS
_ dB _dx _ dB
I R T

= —[(0.1)2 x (-8 x 1073V

=8x107%V
Q27. Q 27. Define the term self-inductance of a solenoid. Derive the expression of self-inductance.
Ans - When induced emf is produced in a single isolated coil due to change in magnetic flux
from the same coil, is called self-induction
Consider the flux shift caused by current flow. The flux change is measured in terms of time, as
de/dt
Use Faraday’s law of electromagnetic induction to solve the problem.
E = N(d¢/dt)
Where, N is the coil’s number of turns, and E is the induced EMF across the coil.

According to Lenz’s law: E = -N(d¢/dt)
For computing the value of inductance, we get
E = -N(d¢/dt)
Since Li=N® =NBA  -------- 1)
~ E = -L(di/dt)
Since Magnetic field at axis of solenoid is B = poNI
Total flux =N @
=N },Lol"ll A
=nL ponl A (N=nL)
= wn’LIA e (2)

By comparing eq (12) And (2) we get
L= Hon 1A
Q28. Q 28. Figure shows planar loops of different shapes moving out of or into a region of magnetic

field which is directed normal to the plane of loops downwards. Determine the direction of

induced current in each loop using Lenz’s law.
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Q 29.

Q 30.

Ans - In Fig. (i) the rectangular loop abcd is d

entering in the magnetic field, so the flux 0 g o :an .
! B
linked with it increases; The direction of PEXE T el
induced currents in this coil, will be such as X % % o % XX to
. R X X X x$ x x x x X
oppose the increase of magnetic flux; hence x x x x x x x the
- . . . x X X x x X
magnetic field due to current induced will be x x x x x x

] : . (iif) e
upward, i.e., currents induced will flow ™

anticlockwise as adcb.
In Fig. (ii), the triangular loop abc is emerging from the magnetic field, therefore magnetic flux

linked with these loops decreases. The currents induced in them will tend to increase the

magnetic field in downward direction, so the currents will flow clockwise as acha.

In fig (iii) circular loop is entering in the magnetic field, so the flux linked with them increases;
The direction of induced currents in these coils, will be such as to oppose the increase of
magnetic flux; hence the magnetic field due to current induced will be upward, i.e., currents
induced will flow anticlockwise.

in fig. (iv) the loop is emerging from the magnetic field, therefore magnetic flux linked with this
loop decreases. The currents induced in them will tend to increase the magnetic field in
downward direction, so the currents will flow clockwise.

(a) State Faraday’s law of electromagnetic induction.

(b) Explain, with the help of a suitable example, how we can show that Lenz’s law is a
consequence of the principle of conservation of energy.

Ans -

(a) Faraday’s law — “The magnitude of the induced emf in a circuit is equal to the time rate of
change of magnetic flux through the circuit.”

(Alternatively: Induced emf = —d@/dt)

(b) A bar magnet experiences a repulsive force when brought near a closed coil and attractive
force when moved away from the coil, due to induced current. Therefore, external work is
required to be done in the process.

Q 30. A metallic rod of length ‘I’ is rotated with a frequency ‘v’, with one end hinged at the
centre and the other end at the circumference of a circular metallic ring, about an axis passing
through the centre and perpendicular to the plane of the ring. A constant and uniform magnetic
field B parallel to the axis is present everywhere.

(a) Obtain the expression for the emf induced between the centre and the ring.

(b) Given that the rod has resistance ‘R’, then how much power will be generated?

X X X X X X o
metallic ring
X x

X X X X X X X
X X X X X X X
X X

X X X X X

X X X X X

Ang -
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Q31

Q32

(a) Emf induced = fol Bwrdr

1
- iBle
W = 21y
. & = BVI?
_€r (nBvl2)2
®) P =2="—F"
T2B2%y2 4
R
SECTION -D

(A) The currents flowing in the two coils of self-inductance L;=16 mH and L,=12 mH are
increasing at the same rate. If the power supplied to the two coils are equal, find the ratio of (i)
induced voltages, (ii) the currents

Ans - (i) Here induced emf e= —L Z_i
di

So E_l _ —leF
€2 —LZ%
€1_11_ 4
€2 12 3
Since power is same so P1=P2
€lil = e2i2
i1 €2 %
2 e1

(B) Predict the polarity of the capacitor C connected to coil, which is situated between two bar
magnets moving as shown in figure.

R i, R

Ans - Current induced in coil will oppose the approach of magnets near to the coil therefore,
left face of coil will act as N-pole to repeal magnet whose north pole is approaching near to the
coil and right face behave as S-pole to oppose the second magnet which is coming from right
side and its south pole is approaching near to coil. Here we are observing it from left side. For
this the current in coil will be anticlockwise as seen from left, therefore, the plate A of
capacitor will be positive and plate B will be negative.

Q 32.(A) Obtain the expression for the mutual inductance of two long co-axial solenoids S1

and S2 wound one over the other, each of length L and radii r; and r, and n; and n, be number

of turns per unit length, when a current | is set up in the outer solenoid S,.

Ans - When current flowing in one of two nearby coils is changed, the magnetic flux linked
with the other coil changes; due to which an emf is induced in another coil. This phenomenon
of electromagnetic induction is called the mutual induction. The coil, in which current is

changed is called the primary coil and the coil in which emf is induced is called the secondary
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coil. The SI unit of mutual inductance is henry
Explanation
The Magnetic field produced at any point inside the solenoid
S1 due to the current 11 is B1=poN1l; /Ly
Flux linked with each turn of S2=B1A,
Total Magnetic flux with linked with solenoid having N2 turns is
$2=B1AN2=( poN1l; / Ly )A;N2
So
$2=MI1
M=pON1IN2A,/L

Ny turns

Q 32 (B) Predict the directions of induced currents in metal rings 1 and 2 lying in the same

plane where current | in the wire is increasing steadily.

Ans - The current in the wire produces a magnetic

field vertically upward for coil 1 and vertically 1 O

downward for coil 2, in the vicinity of the coil. I »
When the current in wire increases, according to 2 Q

Lenz’s law, the current induced in the coils will

oppose this increase; so, the current in the coil 1 will be in clockwise direction. And current in

coil 2 will be in anticlockwise direction.

Q 33. (A) A rod of length 1 is moved horizontally with a uniform velocity ‘v’ in a direction

perpendicular to its length through a region in which a uniform magnetic field is acting
vertically downward. Derive the expression for the emf induced across the ends of the rod.
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Ans - Let us consider a straight conductor
moving in a uniform and time independent % X _* X pxX X X ¥ X
magnetic field. Figure shows a rectangular

> : x & |[x X X X X %
conductor PQRS in which the conductor B M
PQ is free to move. The rod PQ is moved oI |lxo oxooxoxox |Ix X
towards the left with a constant velocity v ! V+—
as shown in the figure. Assume that there ~ * [* || X * X X X pix X
is no loss of energy due to friction. PQRS YO R | . e N

forms a closed circuit enclosing an area
that changes as PQ moves. Itisplacedina  x x x % % X xYx X
uniform magnetic field B which is h * g
perpendicular to the plane of this system. If the length RQ = x and RS = L, the magnetic flux ®
enclosed by the loop PQRS will be
@ = magnetic field * Area

®=BLX
Since x is changing with time so the rate of change of flux ® will induce an emf given by
e =-(d D)/dt

= - d(BLX)/dt

= - BL dx/dt since here dx/dt = —v
¢ = BLV
The induced emf BLV is called motional emf. This equation is showing that if a conductor of
length L is moving in a unform magnetic field of strength B with velocity v then induced emf ¢
will produce in this conductor.

Q 33 (B) How does one understand this motional emf by invoking the Lorentz force acting on
the free charge carriers of the conductor? Explain.
Ans Suppose any charge ‘q’ in the conductor of length ‘L’ moving inward in the field. When
conductor is moving with velocity v so the charge g also moves with velocity v in the magnetic
field B. then the Lorentz force on the charge ‘q” will be F = qvB.
So, work done in moving the charge ‘q’ along the conductor of length L

W=F.L
W = qvBL
Since emf is the work done per unit charge
~e= W/q =BLv
This equation gives emf induced across the rod.
Q 33(C) The current flowing through an inductor of self-inductance L is continuously
increasing. Plot a graph showing the variation of (i) Magnetic flux versus the current (ii)

Magnetic potential energy stored versus the current.
Ans —

—
—_—

Sy
=
2
4 =
2 o0
L = 0
£ 22
b =
x o
=
5 ©
o =
=

Current —= Current —

SECTION - E

Case Study Based Questions: -

TO UUTIU TU GCTITTCOU OU U1 PTOPCTty OF U1 OOTT OOC CO vurir
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Q 35.

opposes the change of current in the other coil, or you can say in the neighbouring coil. When
the current in the neighbouring coil changes, the flux sets up in the coil and because of this,
changing flux emf is induced in the coil called Mutually Induced emf and the phenomenon is
known as Mutual Inductance. The value of Mutual Inductance (M) depends upon the following
factors 1. Number of turns in the secondary or neighbouring coil 2. Cross-sectional area 3.
Closeness of the two coils. The current, when passed in any of the coils wound around the
magnetic core, produces flux which links all the coils together and also the one in which
current is passed. Hence, there will be both self-induced emf and mutual induced emf in each
of the coils. The best example of the mutual inductance is the transformer, which works on the
principle of Faraday’s Law of Electromagnetic Induction. Faraday’s law of electromagnetic
induction states that “ the magnitude of voltage is directly proportional to the rate of change of
flux.” which is explained in the topic Faraday’s Law of Electromagnetic Induction.
(1) The phenomenon due to which there is an induced current in one coil due to current in a
neighbouring coil is?
(A) Electromagnetism (B) Susceptance
(C) Mutual inductance (D) Steady current
Ans - (C) Mutual inductance
(if) Mutual inductance between two magnetically coupled coils depends on
(A) Permeability of the core material
(B) Number of turns of the coils
(C) Cross sectional area of their common core
(D) All of the above
Ans - (D) All of the above
iii. Which of the following is unit of inductance?
(A) Ohm (B) Henry
(C) Ampere turns (D) Weber/meter
Ans - (B) Henry
iv. Which of the following circuit elements will oppose the change in current in a circuit?
(A) Capacitor (B) Inductor (C) Resistor (D) All of the above
Ans - (B) Inductor
An inductor is simply a coil or a solenoid that has a fixed inductance. It is referred to as a
choke. Let a current i flows through the inductor from A to B. Whenever electric current
changes through it, a back emf is generated. If the resistance of inductor is assumed to be zero
(ideal inductor) then induced emf in it is given by e=VVB-VA = - L di / dt Thus, potential drops
across an inductor as we move in the direction of current. But potential also drops across a pure
resistor when we move in the direction of the current. The main difference between a resistor
and an inductor is that while a resistor opposes the current through it, an inductor opposes the
change in current through it.

X X %X X X ¥ O OOX X X X
X Ix x x| x v x fx x X > v
X Ix x x| X% XWX x %
X X X X X ¥ X X X X

()A rectangular loop is moving inside the uniform magnetic field region (according to Figure).
Which statement is correct for rectangular loop?

CIUURVWIOT \D) ATTUCIULAWIOT
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(C) No current will flow (D) information is incomplete

Ans - (C) No current will flow

(ii)A rectangular loop (fig A) and a circular loop (fig B) are moving out of a uniform magnetic
field region (according to Figure) to a field-free region with a constant velocity v. Which
statement is correct for rectangular loop?

(A)Constant emf in fig A and Constant emf in fig B

(B) Constant emf in fig A and varying emf in fig

(C) Constant emf in fig B and varying emf in fig A

(D) varying emf in fig A and B

Ans - (B) Constant emf in fig A and varying emf in fig B
(iii)Predict the polarity of the capacitor in the situation described by the figure

(A)The polarity of plate 'B' will be positive with respect to plate ‘A" in the capacitor.
(B)The polarity of plate 'A" and 'B' will be positive

(C)The polarity of plate 'A" will be positive with respect to plate 'B' in the capacitor.
(D)Cannot be determine
Ans - (C) The polarity of plate 'A" will be positive with respect to plate '‘B' in the capacitor.
(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) It is equal due to gravity

(C) Itis less than due to gravity

(D) It is more than due to gravity

Ans (C) It is less than due to gravity

CHAPTER — 7- ALTERNATING CURRENT

SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
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Q1

Q.2

Q.3

Q.4

Q.5

Q.6

The maximum value of AC voltage in a circuit is 770V. Its r.m.s. Value is

(@) 70.7 V

(b) 100 V

(c) 500 V

(d) 704 V

Ans. (c)

We know V;m = Volv/2

Given Vo= 770 Volt

V;m.s= 700/2 = 500 Volt

An iron cored coil is connected in series with an electric bulb with an AC source as shown in
figure. When iron piece is taken out of the coil, the brightness of the bulb will

000000 @

=
(a) decrease

(b) increase

(c) remain unaffected
(d) fluctuate

Ans. (b)

When iron piece is taken out of the coil self-inductance (L) is decreased.

We Know X =wL, if L is decreased the inductive reactance is also decreased, when X, is
decreased current is increased in circuit and the brightness of the bulb will be increased.
Alternating current cannot be measured by DC ammeter, because

(@) AC cannot pass through DC ammeter

(b) Average Value of current of complete cycle is zero.

(c) AC changes direction

(d) AC ammeter will get damaged.

Ans. (b)

AC can not be measured by a DC ammeter because the average value of AC over one
complete one cycle is zero.

The unit of L/R (Where L inductance and R resistance) is

(a) Second

(b) sec™

(c) Volt

(d) Ampere

Ans. (a)

Unit of L

We know X, =wL and L = %
X has unit of resistance i.e., is ohm

ohm
So, L/R= 5.2 = gec
. ohm . .
In a series LCR circuit, resonant frequency depends on

(a) 2(b) 7=

VL
(c) VEC(d)7Z
Ans. (b)
Resonance frequency of a series LCR circuit f, = ﬁ

220 V is changed to 2200 V through a step-up transformer. The current in primary coil is 5
Amp, what is the current in secondary coil?

(@) 5 Amp.

(b) 50 Amp.

\L) V.0 ATTIY.
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Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

(d) 500 Amp.
Ans. (c)
For Transformer == = 2
Vp Is
_vr - 220 _
AndIs = 7% X Ip = 25X 5 = 0.5 Amp
Capacitor block to
(a) Direct current
(b) Alternate current
(c) Alternating and direct current both

(d) None of these

Ans. (a)
We know X, = L

wC
For D.C. w =0
So Xc= infinite
If the speed of rotation of a dynamo is doubled, then the induced emf will
(@) become half
(b) become double
(c) become four times
(d) remain unchanged
Ans. (b)
The induced emf in a dynamo € is directly proportional to the speed of rotation so if we
increase speed of rotation is doubled then the induced emf will become also doubled.
The working principle of an AC generator is
(@) Magnetic effect of current
(b) Mutual inductance
(c) Chemical effect of current
(d) electromagnetic inductance
Ans. (d)
The working principle of an AC generator is electromagnetic inductance.
A transformer works on the principle of
(@) Mutual inductance
(b) Self inductance
(c) Inverter
(d) Converter
Ans. (a)
A transformer works on the principle of Mutual inductance.
In a circuit, the current lags behind the voltage by a phase difference of 90°. The circuit
contain which of the following
(@) Only R
(b) Only L
(c)OnlyC
(dRandC
Ans. (b)

In a pure inductive circuit, the current lags behind the voltage by a phase difference of 90°.

Power factor varies between
(@2to25

(b) 0 to2

(c)0tol

LNt D
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Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Ans. (c)
Power factor= cos ¢ , cos ¢ varies from0to 1
The core of any transformer is laminated, so as to
(a) reduce the energy loss due to eddy current.
(b) make it light weight.
(c) make it robust and strong.
(d) increase the secondary voltage.
Ans. (a)
The laminated core reduces the energy loss due to eddy current.
The reactance of a capacitance C is 4 ohm. If both the frequency and capacitance be doubled,
then new reactance will be
(@) 1 ohm
(b) 2 ohm
(c) 4 ohm
(d) 8 ohm
Ans. (a)
1 1

We knOWXC = W_C= m

Given X, = 4 ohm, £=2f , C’=2C
p_ 11 1 _ X
~ owicr T 2nfrCr_2n2fZC_ 4

c
The Peak Value of AC voltage on 220 V mains is
(a) 200v2V
(b) 220v2 V
(c) 240v2 V
(d) 230v2 V

=1ohm

YIRS

Ans. (b)
We know V,.,,s =

V2

Athere Vo_ sz, = 200V2V

Assertion- Reason Questions

For Q.16 to Q.18 there are Two statements are given-one labelled Assertion (A) and the other
labelled Reason (R). Select the correct Ans to these questions from the codes (a), (b), (c) and
(d) as given below.

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

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

A

c) Alis true but R is false

d) A is false and R is also false

Assertion: - The sum of the instantaneous current values over one complete cycle is zero, and
the average current is zero.

Reason: - The applied voltage and the current varies sinusoidally and has corresponding
positive and negative values during each cycle.

Ans. (a)

Assertion(A): In a series LCR circuit at resonance condition, power consumed by the circuit is
maximum.

Reason(R): At resonance, the effective resistance of the circuit is maximum.

Ans. ()

Assertion (A): Capacitor serves as a block for D.C. and offers an easy path to A.C.
Reason (R): Capacitive reactance is inversely proportional to frequency.
Ans. (a)

CCOTION D
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Q.19

Q.20

Q.21

Q.22

An inductor L of reactance X is connected in series with a bulb B to an ac source as shown in
the figure.

SNV SE
L B
a.C. SOoUurce
o

(i)How does the brightness of the bulb change when Number of turns of the inductor is
increased? Explain briefly
(i)How does the brightness of the bulb change when a soft iron cylinder is inserted inside the
inductor? Explain briefly
Ans. (i) Decrease, when Number of turns of the inductor is increased its self-inductance
increased and inductive reactance also increased. When inductive reactance decreased current
in circuit will decrease and finally the brightness of the bulb decreases.
(ii) decrease, when iron piece is inserted of the coil self-inductance (L) is increased.
We Know X =wL, if L is increased the inductive reactance is also increased, when X, is
increased current is decreased in circuit and the brightness of the bulb will be decreased.
Write the four characteristic properties of the material suitable for making core of a
transformer.
Ans. Characteristic properties of material suitable for core of a transformer:
It should have high permeability
It should have low hysteresis loss.
It should have low coercivity/retentivity.
It should have high resistivity.

A capacitor of 100uF and a coil of resistance 50 Ohms and inductance 0.5H are connected in

series with a 110 V -50 Hz source. Calculate the rms value of current in the circuit.
Ans. Here C=100uF = 100 x 10° F = 10°™°F
R=50 Ohms
L=0.5H
E=110V
Frequency = v= 50Hz
X, =wL =2mnvL
=2x3.14x50x0.5 =157 Ohms
X.=1/we=1/2nve=1/2 x3.14 x 50 x 10* = 31.85 Ohms
Impedance of the circuit Z°=R’ + (X- Xo) 2
Z°=50% + (157 — 31.85)?
Z=134.77 Ohms
Rms current|=E,/Z=110/137.77=0.816 A

Explain the energy losses in a transformer. How are they minimized?

Ans. The energy losses in a transformer are as follows:
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Q.23

Q.24

(i) Hysteresis loss: This is due to the repeated magnetisation and demagnetization of the iron
core caused by the alternating input current. This can be minimised by using alloys like
mumetal or silicon steel.

(ii) Copper loss: Current flowing through the primary and secondary windings lead to Joule
heating effect. Hence some energy is lost in the form of heat. Thick wires with considerably
low resistance are used to minimise this loss.

(iii) Eddy current loss: Varying magnetic flux produces eddy current in the core. This leads to
wastage of energy in the form of heat. This can be minimized by using a laminated core made
of stelloy; an alloy of steel.

(iv) Flux loss: Flux produced in the primary coil is not completely linked with the secondary coil
due to leakage. This can be minimized by using a shell type core.

Also, due to the vibration of the core, sound is produced, which causes a loss in the energy.

(i) Find the value of the phase difference between the current and the voltage in the series
LCR circuit shown below. Which one leads in phase: current or voltage?

(i) Without making any other change, find the value of the additional capacitor, C1, to be
connected in parallel with the capacitor C, in order to make the power factor of the circuit
unity.

L=100 mH C=
— yrrse——|
|

(~>)
Ny
V =V, sin (1000t + f)

Ans. (z) Inductive reactance,
X, = oL = (1000 x 100 x 107) Q = 100 Q
Capacitive reactance,

o] 1 )
X =—== —]Q =5000Q
¢~ wC ~\1000x2x10™ ’
Phase angle,
X, -X
tand = L R :
100 - 500
tand = 200 =-1
=
$=-1
As X > X;, (phase angle is negative), hence current leads voltage.
(22) To make power factor unity
Xo =X, (where C" = net capacitance of parallel combination)
l—,, = 100
m -
Ci=10%10°F
C'= 10 pF
C'=C+C,
= 10=2 + C, = C,=8uF

(a)Why is the use of ac voltage preferred over dc voltage? Give four reasons.
(b) When an ac source is connected to an ideal inductor show that the average power

supplied bv the source over a complete cvcle is zero
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Ans. (a)
(i)The generation of ac is more economical than dc.
(i) Alternating voltage can be stepped up or stepped down as per requirement during
transmission from power generating station to the consumer.
(iii) Alternating current in a circuit can be controlled by using wattless devices like the choke
coil. (iv) Alternating voltages can be transmitted from one place to another, with much lower
energy loss in the transmission line.
(b) For an ideal inductor phase difference between current and applied voltage = /2 .. Power,
P = Vrmslrms cos ¢ = Vrmslrms cos 1/2 = 0 Thus, the power consumed in a pure inductor is
zero.

Q.25 What do you mean by mean/average value of alternating current. Deduce the expression for
mean/average value of alternating current.
Ans. The mean or average value of alternating current over anyhalf cycle is defined as that
value of steady current whichwould send the same amount of charge through a circuit inthe
time of half cycle (i.e., T/2) as is sent by the
alternatingcurrentthroughthesamecircuit,inthesametime.
Tocalculatethemeanoraveragevalue,letanalternatingcurrentberepresentedby
I=losinwt ... (1)
If the strength of current is assumed to remain
constantforasmalltime,dt,thensmallamountofchargesentinasmalltimedtis

dg=Idt ... (2)
Letgbethetotalchargesentbyalternatingcurrentinthefirsthalfcycle(i.e.,0->T/2).
q= fOT/ZI dt
. _ (T/2 . _ —coswt T/2
usingeq 1, we getq = fo Iy sinwt dt =1, [ ” ]0

1, wT
=-=2 cos——cosO]
w 2

I
— ;0 [cos m — cos 0] because wt= 271

=—2[-1-1] =22.(3)

If Imrepresents the mean or average value of alternatingcurrentover thelsthalfcycle,then

q=InXT/2 ...(4)
from (3) and (4), we get 2%’ = %m XT
21

Iy = —2==0.637 I,

Hence,meanoraveragevalueofalternatingcurrentoverpositive half cycle is 0.637times the
peak value ofalternatingcurrent,i.e.,63.7%ofthepeakvalue.

SECTION-C
Q.26  Ana.c. source generating a voltage IV = I, sin wtis connected to a capacitor of capacitance C.
Find the expression for the current | flowing through it. Plot a graph of V and | versus wt to

chow that tha cuivvant ic abhaad aftha vualtaaa by /)
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Q.27

Ans.

We have the applied a.c. voltage

V=Vysinwt - (2)
By Kirchhoff’s loop rule,

q .
— =V, sin wt
d d ¢ ’
_dq _ d .
=l =—=— (CV, sin wt)
s@ —__—c
=l = wCV, cos wt = Yo cos wt
1/wC
=1 =l cos wt =1, sin (wt + g) ------ (2)
-V
Where, I, = e (3)

Obviously, effective resistance of the circuit known as capacitive reactance (X;) given
by

Thyasin wt, f
/T L {
/

I=Iuﬂm[ Wi+nf2

P 1 1
CT wC  2nfC
From (1) & (2) we conclude that current in the circuit Leads the voltage in phase by %

An ac voltage V = VO sin wt is applied across a pure inductor of inductance L. Find an
expression for the current i, flowing in the circuit and show mathematically that the current
flowing through it lags behind the applied voltage by a phase angle of /2. Also draw graphs of
V and i versus wt for the circuit.

Ans.
We have the applied a.c. voltage
V =V,sinsinot = - (1)
By Kirchhoff’s loop rule,
V—L ar_ 0

al vV W de
o— = — = 2sinwt

dt L L ‘
£ (~) =
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Q.28

Q.29

-:>f01 dl = %foTsinwt dt

=1 =—% cos coswt = —I, cos coswt
=l =1, sin sin(wt — g) —————— (2)
=Y
Where, [, = " (3)
N
E
: L
NI g
_y sina .-a N /
Ll e e ) g et
HEER) . Jom -
¢ SN &
=T smfwt-x /2] - "k/'
1=, |

Obviously, effective resistance of the circuit known as inductive reactance (X;) given by
X, = wlL = 2nfL
From (1) & (2) we conclude that current in the circuit lags behind the voltage in phase by g

When an a.c. source is connected to a pure capacitor show that the average power supplied
by the source over a complete cycle is zero. Also plot a graph showing the variation of voltage,
current, power and flux in one cycle.
Ans.
We have, V =V, sin wt
&I = I, sin (wt + g) = [, cos wt

Average power per cycle

1 (T 1 (T
P =—f VXIdtz—f Volp sin wt cos wt dt
— T T Jo

— Yolo (T
=P =2 [ 2wt dt

=P = 0[+ [] 2wt dt = 0]

F-|
o Ch:ugt% 1 Dus;.:hargez Charge ?Duc]:urge_l
. T
I i =
Lo,
a =
T "/ T 3, —

A series LCR circuit with R=20Q, L=1.5Hand C=35puFis connected to a variable frequency
200Vac supply. When the frequency of the supply equals the natural frequency of the circuit,
what is the average power transferred to the circuit in one complete cycle?

Ans. It is known that, C=35uF=35X 10° F

Resistance, R=20Q

Inductance, L=1.5HL

Voltage, V=200V

It is known that,

Impedance, Z2=R*+(X,-X¢)*

At resonance, X =Xc
Z=R=20Q
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Q.30

Q.31

1=V /Z=200/ 20

[=10A

Average power, P=I"R

P=10°x20

P=2000W

Therefore, the average power transferred is 2000W.

A voltage V =V, sin sinwt is applied to a series LCR circuit. Derive the expression for average
power dissipated over a cycle.

Ans. We have the applied voltage

=
N —-
L
L e e

V =V, sin wt

&I = I, sin (wt + ¢p)Where, ¢ = (%)
SP=VXI=VysinwtX I, sin (wt+ ¢)
2P =V, X [j(sin wt cos ¢ +cos wt sin ¢ )
=P = Vyl, [sinza)t cos ¢ + %sinZwt sin gb]

Average power per cycle

1T 1T 5 1, .
P= —f P dt = —f Volo [Sln wt cos ¢ +—sin2wt sin d)] dt

=P= I"—C()S(pf sinwt dt + 22 Smd)f sin 2wt dt

= P—MT+0[ fsma)tdt —&fstwtdt—O]
T
Vol Vo
= P——coscosqb \/_X\/_Xcosqb
Where, cos ¢ = R/Z is called power factor

SECTION-D
State the working of a.c. generator with the help of a labelled diagram.

The coil of an a.c. generator having N turns, each of area A, is rotated with a constant angular
velocity. Deduce the expression for the alternating emf generated in the coil.

Ans. AC generator: A dynamo or generator is a device which converts mechanical energy into
electrical energy. It is based on the principal of electromagnetic energy into electrical energy.
It is based on the principle of electromagnetic induction.

Construction: It consists of the four main parts:
(i) Field Magnet: It produces the magnetic field. In the case of a low power dynamo, the
magnetic field is generated by a permanent magnet, while in the case of large power dynamo,
the magnetic field is produced by an electromagnet.;
(ii) Armature: It consists of a large number of turns of insulated wire in the soft iron drum or
ring. It can revolve round an axle between the two poles of the field magnet. The drum or ring
serves the two purposes:

It serves as support to coils and
It increases the magnetic field due to air core being replaced by an iron core.
(iii) Slip Rings: The slip rings Ry and R, are the two metal rings to which the ends of armature
coil are connected. These rings are fixed to the shaft which rotates the armature coil so that
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the rings also rotate along with the armature.

(iv) Brushes: These are two flexible metal plates or carbon rods (B; and B;) which are fixed and
constantly touch the revolving rings. The output current in external load Ry is taken through
these brushes.

Working: When the armature coil is rotated in the strong magnetic field, the magnetic flux
linked with the coil changes and the current is induced in the coil, its direction being given by
Fleming’s right-hand rule. Considering the armature to be in vertical position and as it rotates
in anticlockwise direction, the wire ab moves upward and cd downward, so that the direction
of induced current is shown in fig. In the external circuit, the current flows along B1R,B,. The
direction of current remains unchanged during the first half turn of armature. During the
second half revolution, the wire ab moves downward and cd upward, so the direction of
current is reversed and in external circuit it flows along B,R B;. Thus, the direction of induced
emf and current changes in the external circuit after each half revolution.

"
' m Armature
L)

0 i>/
\

Numerical:

N = number of turns in the coil

A = area enclosed by each turn of coil

B = strength of magnetic field

0 = angle, which is normal to the coil, makes with B at any instant t
~ Magnetic flux linked with the coil in this position

- =k
& =N (B.A) = NBA cos 6

NG
L2
A
)l
2y.C
Lo AN ,
7 L "where nis

normal vector

T
|
1
]
|

w W

If the coil rotates with an angular velocity w and turns through an angle 6 in time t
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Q.32

Q.33

8 = wf ;¢=NBAc05mt

—do _
dt

€ = g, sin 2nvi

E= NAB o sin of .. & = + g sin ot

Explain with the help of a labelled diagram, the principle, construction and working of a
transformer.

Ans. Principle: A transformer converts low a.c. voltage to high a.c. voltage or vice — versa. It is
based on the principle of mutual induction i.e., emf is induced in a coil when a changing
current is produced in the neighbouring coil.

PRIMARY IRON CORE SECONDARY
F
J »
E AN, NP E,
c: D :
f

Construction: It consists of two coils wound on a soft iron core. One of the coils called the
primary is connected to an a.c. source. The other coil, called the secondary, is connected to
the load.
Working: When an alternating emf is applied across the primary coil the input voltage keeps
on changing with time due to which magnetic flux through the primary coil changes. This
changing magnetic flux gets linked up with the secondary coil also, which in turn produces
induced emf in the secondary coil.
Es=Ns do; dt ........ (1)
Ep=N, do, dt ........ (2)
If all the magnetic flux generated in the primary coil gets linked up with the secondary coil i.e.,
®s=¢p
Then equations (1) and (2) becomes

Eq1 Es Ng

Eq2 _ Ep Np

Ns

:Es=N—P X Ep e (3)

N . . .
N—5= k is called transformation ratio
P

k>1
for step up transformer
k<1 for step down transformer
If there is no loss of energy then

EsIs=Ep Ip
A series LCR circuit is connected to an ac source. Using the phasor diagram, derive the
expression for the impedance of the circuit. Plot a graph to show the variation of current with
frequency of the source, explaining the nature of its variation.
Ans. Let an alternating Emf E = Eg sinwt is applied to a series combination of inductor L,
capacitor C and resistance R. Since all three of them are connected in series the current
through them is same. But the voltage across each element has a different phase relation with
current.
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LCR Circuit

The potential difference V|, Vc and Vg across L, C and R at any instant is given by
VL = |X|_, VC = |XC and VR = IR

Where | is the current at that instant.

X, is inductive reactance and

Xc is capacitive reactance.

Vg is in phase with I. V| leads | by 90° and V¢ lags behind | by 90°

Vo g

In the phases diagram,
Vi and V¢ are opposite to each other. If V| > V¢ then resultant (V- V() is represent by OD. OR
represent the resultant of Vg and (V, - V¢). It is equal to the applied Emf E.

E*=VZ+(V, -V.)’
E! =P +[R:+{}{,_ —x{.f]
E
JRE (X, =X, )

orl=

R* +(X, - X, )

The term ¥ is called impedance Z of the LCR circuit.

-

Z = JR: (X, =X ) :\/R’ +[f.n —L]L

c

Emf leads current by a phase angle ¢

L —L
tzm.;zﬁ: vl. _Vt' — XI. _}{L' — [oid]
R R R

When resonance takes place

1
wlL =—
e

Impedance of circuit becomes equal to R. Current becomes maximum and is equal to E/R
SECTION - E (Case study Based Questions)

Q.34 Read the following paragraph and Ans the questions
Power Associated with LCR Circuit
In an a.c. circuit, values of voltage and current change every instant. Therefore, power of an
a.c. circuit at any instant is the product of instantaneous voltage (E) and instantaneous current
(). The average power supplied to a pure resistance R over a complete cycle of a.c. is P=Ev Iv.
When circuit is inductive, average power per cycle is EvivCosd.
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D000 = "W\

600 mH 50 ul 10

<~} -

230 V, 60 Hz
In an a.c. circuit, 600 mH inductor and a 50 pf capacitor is connected in series with 10 ohm
resistance. The a.c. supply to the circuit is 230 V, 60 Hz.
What will happen to the overall power for a power system having induction motor loads and a
synchronous motor, which is overexcited, is also attached to it?
Write power factor for pure inductive and pure resistive circuit that are connected with a.c.
Calculate total power transferred per cycle by all the three circuit elements given in
paragraph.
OR
Calculate average power transferred per cycle to resistance.
Ans.
The Overall power factor improves because the synchronous motor that is overexcited
performs as a source of lagging reactive power.
0,1
17.32 W, or 17.42 W
Q.35 Casestudy: Transformer
Read the following paragraph and Ans the questions
A small town with a demand of 800 kW of electric power at 220 V is situated 15 km away from
an electric plant generating power at 440 V. The resistance of the two wire line carrying power
is 0.5Q per km. The town gets power from the line through a 4000-220 V step-down
transformer at a sub-station in the town.
Estimate the line power loss in the form of heat.
Characterise the step-up transformer at the plant.
How much power must the plant supply, assuming there is negligible power loss due to
leakage?
OR
Explain how to minimise energy loss due to copper wire.
Ans.
Line power loss = (200 A)2 x 15 Q = 600 kW.
Voltage drops on the line = 200 A 15Q = 3000 V.
The step-up transformer at the plant is 440 V - 7000 V.
Power supply by the plant = 800 kW + 600 kW = 1400 kW.
OR
Thick wires with considerably low resistance are used to minimise this loss.
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CHAPTER -8 - ELECTROMAGNETIC WAVES

SECTION-A(MCQs and Assertion/ Reasoning Questions) — 1 Mark each
MULTIPLE CHOICE QUESTIONS:
1. Which of the following type of radiations are radiated by an oscillating electric charge?
(@) Electric (b) Magnetic (c) Thermoelectric (d) Electromagnetic
ANS D

2. If E and B are the electirc and magnetic field vectors of e.m. waves then the direction of

propagation of e.m. wave is along the direction of

@ E (b)B (c) EXB (d) None of these

ANS C
3. According to Maxwell’s equation the velocity of light in any medium is expressed as
1 1 1o
| e [l | - \/ 1/ g d —
ANS B
4. The amplitudes of electric and magnetic fields related to each other are
@) Eq=B (b) Eq=cB
B c
© Eo=— ) Eo=—
c By
ANS B
5. The speed of electromagnetic wave is same for

(a) odd frequencies (b) even frequencies (c) all frequencies (d) none of these
ANS C

6. Microwaves are detected by
(a) bolometer (b) point contact diodes (c) thermopiles (d) the eye
ANS B

7. Which of the following is of shortest wavelength?
(@) X-rays (b) Y-rays (c) Microwaves (d) Radio waves
ANS B
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ANS

ANS

10.

ANS

11.

ANS

12.

ANS

13.

ANS

14.

ANS

15.

ANS

An accelerated electron would produce
(@) alpha-rays (b) beta-rays (c) Y-rays (d) e.m. waves
D

Radio waves of constant amplitude can be generated with
(a) rectifier (b) filter (¢) F.E.T. (d) oscillator
D

What is the cause of “Green house effect”?
(@) Infrared rays (b) Ultraviolet rays (c) X-rays (d) Radio waves
A

The ozone layer in the atmosphere absorbs
(@) only the radiowaves

(b) only the visible light

(c) only the Y-rays

(d) ultraviolet rays
D

Which one of the following has the maximum energy?
(a) Radio waves (b) Infrared rays (c) Ultraviolet rays (d) Micro waves
C

Displacement current goes through the gap between the plates of a capacitor when the charge
on the capacitor

(@) is changing with time (b) decreases (c) does not change (d) decreases to zero

A

The displacement current is

@) e, dog/dt v) %dq)ﬁ/dt
&) &;E/R (d e,qC/R
A

Displacement current is

(a) continuous when electric field is changing in the circuit
(b) continuous when magnetic field is changing in the circuit
(c) continuous in both types of fields

(d) continuous through wires and resistance only

A
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ASSERTION & REASON QUESTIONS:
Each of these questions contains two statements, Assertion and Reason. Each of these questions
also has four alternative choices, only one of which is the correct Ans. You have to select one
of the codes (a), (b), (c) and (d) given below.
(a) Assertion is correct, reason is correct; reason is a correct
explanation for assertion.
(b) Assertion is correct, reason is correct; reason is not a correct explanation for assertion
(c) Assertion is correct, reason is incorrect
(d) Assertion is incorrect, reason is correct.

16 Assertion : Electromagnetic waves interact with matter and set up oscillations.
Reason : Interaction is independent of the wavelength of the electromagnetic wave.

ANS C

17 Assertion : The basic difference between various types of electromagnetic waves lies in their
wavelength or frequencies.
Reason : Electromagnetic waves travel through vacuum with the same speed.

ANS A

18 Assertion : Displacement current goes through the gap between the plates of a capacitor when
the charge of the capacitor does not change.
Reason : The displacement current arises in the region in which the electric field is constant

with time.
ANS D
SECTION B
SHORT ANS -TYPE-1 (2marks)
19 What is displacement current? Write the expression for the displacement current.

Ans  The displacement current is that current which comes into existence, in addition in to the
conduction current, whenever the electric field and hence the electric flux changes with time.

b=, ™22 = £y S(EA)

20 (a)The speed of an electromagnetic wave in a material medium is given by v=1/\pe, u the
permeability of the medium and ¢ its permittivity. How does its frequency change? (b)How is the
speed of em-waves in vacuum determined by the electric and magnetic fields?

Ans  (a)Frequency remains unchanged.

(b) Speed of em-waves in vacuum is determined by the ratio of the peak values of electric and
magnetic field vectors. C= Ey/By

21 How are em waves produced by oscillating charges ? Draw a sketch of linearly polarized em
waves propagating in the Z-direction. Indicate the directions of the oscillating electric and
magnetic fields.

Ans A charge oscillating with some frequency, produces an oscillating electric field in space, which
in turn produces an oscillating magneticfield perpendicular to the electric field, this process goes
on repeating , producing em waves in space perpendicular to both the fields.
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22 Show that in the process of charging a capacitor, the current produced within the plates of the
capacitor is i = € od®g dt where O is the electric flux produced during charging of the capacitor
plates.

Ans  For a circuit containing capacitor, during its charging / discharging the current within the plates
of the capacitor varies, (producing displacement current ).

During the process of charging of capacitor, electric flux (between the plates of capacitor)
changes with time, which produces the current within the plates of capacitor. This current, being
proportional to rate change of flux known as displacement current. I = & o (d®g /dt)

23 Identify the part of the electromagnetic spectrum used in (i) radar and (ii) eye surgery. Write
their frequency range.
Ans  Microwaves: Frequency range ( 10 to 10*hz)
Ultraviolet rays: Frequency range ( 10™ to 10%'hz)
24 In a plane e.m. wave, the electric field oscillates sinusoidally at a frequency of 10'°Hz and

amplitude 12vm™.
(@) What is the wavelength of wave?
(b) What is the amplitude the oscillating magnetic field?

Ans  (a) Wavelength, A = c/v
= 3x10%10" = 3 X10®m
(b) By = Eo/c = 12/3x10° = 4X10°°T
(@) An em wave is travelling in a medium with a velocity v =vk. Draw a sketch showing the
propagation of the em wave, indicating the direction of the oscillating electric and magnetic
fields.
(b) write wave equation for electric field for the above em wave
Ans

a) s

b) By = EoSin[wt-kz] j T.
SECTIONC
SHORT ANS -TYPE-2 (3marks)
26 Which constituent radiations of electromagnetic spectrum is used?

(i) by orthopaedics.
(i) for treatment of cancer
(iii) in night vision camera.
Give reason for your Ans in each case.
Ans X rays high penetration power
Y rays, it destroys cancerous tissue
Infra-red rays, hot objects produce infra-red rays.
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27 The oscillating magnetic field of an electromagnetic wave is given by:
B,=60sin {2x10" nt-3007x} T
(a) What is the direction of propagation?
(b) Obtain the value of the frequency of the electro-magnetic wave.
(c)Obtain the value of the Eq of the electro-magnetic wave.

Ans  +ive X axis
Frequency f= 10'Hz.
Eo=180x10° N/C

28 Write the equation for electric field of electromagnetic waves. E.M. wave is constituted by
electric and magnetic field both, then why we consider only electric field in some phenomenon
like polarization etc.?

Ans Equation: Ey=Eg sin (wt-kx)jN/C.
Since c is a very large number, the electric field component in an emwave is much larger than
its magnetic component. As Eq = By ¢. In other words, an em wave is predominantly an electric
wave. That is why if we have to change the polarisation (or any other characteristics) of an em
wave, we need to affect the electric field

29 The electric filed of a plane electromagnetic wave in vacuum is represented by
E, = 60Cos[2nx10%(t-x/c)] & Ex=0, E,=0
(a)What is the direction of propagation of the wave?
(b)what is ths phase difference between electric field and magnetic field.
(c)Compute the component of associated magnetic field.
Ans  Along +ive x axis.
Phase diff= 0
B, = (20x10®) Cos[2nx10%(t-x/c)] T
30 How are electromagnetic waves produced ? What is the source of the energy carried by a
propagating electromagnetic wave ? Identify the electromagnetic radiations used
(1)in remote switches of household electronic devices; and
(ii) as diagnostic tool in medicine.
Ans Electromagnetic waves are produced by accelerated / oscillating charges which produces
oscillating electric field and magnetic field (which regenerate each other). Source of the Energy:
Energy of the accelerated charge. (or the source that accelerates the charges) Identification:
(1) Infra red radiation (2) X - rays
SECTION C
LONG ANS (5MARKYS)

31 Write types of electromagnetic waves and arrange them in decreasing order with respective to
energy. Identify the type of waves which are produced by the following way and write one
application for each

(1) Radioactive decay of the nucleus,
(ii) Rapid acceleration and decelerations of electrons in aerials,
(iii) Bombarding a metal target by high energy electrons.

ANS  Electromagnetic wave : GAMA RAYS>X-RAYS>U.V RAYS>VISIBLE RAYS>INFRARED
RAYS>MICROWAVES>RADIOWAVES.
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32

ANS

33

ANS

34

ANS

Type of wave Application

(a) Gamma rays Treatment of tumors

(b) Radio waves ' Radio and television
Communication systems

(c) X- rays Study of crystals

The magnetic field in a plane electromagnetic wave is given by:
By = 12 x 10 ®sin (1.20 x 10" z + 3.60 x 10™°t) T. Calculate the
Energy density associated with the Electromagnetic wave
Speed of the wave
Propagation of wave
Amplitude of electric field
Wave equation for electric field.
(i) Energy density u = %(B?/p)
u=11.5 X 10°)/m?>,
(ii) Speed = w/k
speed= 3 X 108 m/s
(iii) along -ive z axis
(iv) E=B C=12X10®X 3X 10° =36N/C
(V) Ex =36 sin (1.20 x 107 z + 3.60 x 10™°t) N/C

Compare the following

Wavelengths of the incident solar radiation absorbed by the earth’s surface and the radiation
re-radiated by the earth.

Tanning effect produced on the skin by UV radiation incident directly on the skin and that
coming through glass window.

Penetration power of gamarays,x-rays and u.v rays

Energy of microwave, radio wave and infrared ray

Wavelength produce by sun and bulb.

Radiation re-radiated by earth has greater wavelength

Tanning effect is significant for direct UV radiation; it is negligible for radiation coming
through the glass.

Penetration power of related as gamarays> Xx-rays >U.v rays

Energy of infrared ray > microwave > radio wave.

Wavelength of BULB > wavelength of SUN.

SECTIOND

CASE STUDY BASED QUESTION (4 MARKYS)
Microwave in aircraft navigation Microwave are used in aircraft navigation. A radar guns out
short bursts of microwave and it reflect back from oncoming aircraft and are detected by
receiver in gun. The frequency of reflected wave used to compute speed of aircraft
1 How are microwave produced?
a) klystron and magnetron valve
b) sudden deceleration of electron in x- ray tube
c)accelerated motion of charge in conducting wire
d)hot bodies and molecules
A
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ANS

ANS

ANS
35

ANS

ANS

ANS

ANS

2 why microwave use for aircraft navigation?

A) due to high wavelength

B) due to low wavelength

c) due to low frequency

d)due to their frequency modulation power

B

3 what is use of microwave?

a) in treatment of cancer

b) to observe changing blood flow

c)used to kill microbes

d)studying details of atoms and molecule

D

4 where do microwave fall in electromagnetic spectrum?

a) between u.v region and infrared

b) between gamma and u.v

c)between infrared and radio wave

d)between gamma and infrared

C

The greenhouse effect is a natural process that warms the Earth's surface. When the Sun's
energy reaches the Earth's atmosphere, some of it is reflected back to space and the rest is
absorbed and re-radiated by greenhouse gases. The absorbed energy warms the atmosphere
and the surface of the Earth

Q1 The one which is not considered as naturally occurring greenhouse gas is
(a) methane (b) CFCs (c) carbon dioxide (d) nitrous oxide

B

2 Which of the following is not a use of infrared waves

a) Used in treatment for certain forms of cancer

b) in military and civilian applications include target acquisition, surveillance, night vision,
homing, and tracking.

c) to observe changing blood flow in the skin

d) In imaging cameras, used to detect heat loss in insulated systems

A

3 which of the following is the best method for production of infrared waves
a) bombardment of metal by high energy electrons

b) radioactive decay of nucleus

€) magnetron valve

d) vibration of atoms and molecules

D

4 Wavelength of infrared radiations is

(@) shorter (b) longer (c) infinite (d) zero

B
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11

12

13

Chapter - 9 -Ray Optics and Optical Instrument
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
Section: A( 1 mark)
The distance between objective lens and eye lens of telescope in normal adjustment is

(@ X=fy+f. (b) X ="fyxf, (c) X="fy-f; (d) X="1,/f,

Ans. (a)

Blue color of the sky is due to the phenomena of

(@) Reflection (b) Refraction (c) Scattering (d) Dispersion
Ans. (¢)

When light travels from one medium to another, which are separated by a sharp boundary, the
characteristic which does not change is:

(@) Velocity (b) Wavelength (c) Frequency (d) Amplitude

Ans. (¢)

A plane mirror produces a magnification of

(@ -1 (b) +1 (c) zero (d) betwen 0 and + oo
Ans. (b)

A ray of light passes through an equilateral prism such that the angle of incidence is equal to the
angle of emergence. If the angle of incidence is 3/4th of the angle of prism, what is the angle of
deviation?

(a) 60° (b) 30° (c) 90° (d) 45°
Ans. (b)
The least distance of distinct vision is
@ D=25cm (b)D=25m (ccD=15cm (d) D =100cm
Ans. (a)
In a compound microscope, the intermediate image is
(@) Virtual, erect and magnified. (b) Real, erect and magnified.
(c) Virtual inverted and magnified. (d) Real, inverted and magnified.
Ans. (d)
For total internal reflection to occurs,
@i=C b)i<C (c)i>C d) i=90°
Ans. (c)
What is the focal lengths (or radius of curvature) of a planar mirror?
(@)zero (b)infinity (c)both (a) and (b) (d)none of these
Ans. (b)
A virtual image larger than the object can be obtained by
(@) concave mirror  (b)convex mirror (c) plane mirror (d)concave lens
Ans. (a)

Light of wavelength 6000A in air enters a medium of refractive index 1.5. What will be its
frequency in the medium?

(a)6 x 10**Hz (b)5 x 10"*Hz  (c)4 x 10"Hz (d)4 x 10"°Hz

Ans. (b)

When light undergoes refraction, what happens to its wavelengths?

(@) changes (b)remains same  (c) always increases (d) always decreases
Ans. (a)

Write the value of the refractive index of liquid | which glass of refractive index 1.5 disappears?
(@)1.5 (b) 1.2 (©)1.3 (d)1.0

Ans. (a)
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14

15

16

17

18

19
Ans

20

AnS.

21

Ans.

If the power of lens is +5 dioptre, what is its focal lengths?

(@) 25cm b) 30 cm (c) 20 cm d) 15cm
Ans. (c)

Which condition is true for minimum deviation.

(@)i>e b)i<e (c) i=e d)2i=e.

Ans. (c)

Directions: These questions consist of two statements, each printed as Assertion and Reason.
While Ansing these questions, you are required to choose any one of the following four
responses.

(@) If both Assertion and Reason are correct and the Reason is a correct explanation of the
Assertion.

(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the
Assertion.

(c) If the Assertion is correct but Reason is incorrect.

(d) If both the Assertion and Reason are incorrect.

Assertion : The focal length of the convex mirror will increase, if the mirror is placed in water.

Reason : The focal length of a convex mirror of radius R is equal to , f = R/2.

Ans(d) Focal length of the spherical mirror does not depend on the medium in which it placed.

Assertion : If the rays are diverging after emerging from a lens; the lens must be concave.
Reason : The convex lens can give diverging rays.
(d) If the rays cross focal point of convex lens, they become diverging.
Assertion : in astronomical telescope the objective lens is of large aperture
Reason : larger is the aperture ,larger is the magnifying power..
Ans(c) magnifying power is depend on focal length of the lenses
Section: B( 2 marks)
Why convex mirror is used as driver’s mirror? Is it a perfect driver’s mirror?

The convex mirror is used as a driver’s mirror as it gives a wide field of view of the traffic.
Because it always forms an erect and diminished image.

However, it does not give the correct idea of the speed of the vehicles coming behind. As the
convex mirror gives an erroneous idea of the traffic, it is not a perfect driver’s mirror

Draw a ray diagram showing the formation of image by a concave lens. Discuss the nature of the

image.
. /
ObjcclT\b\‘:,.-'?
£P‘ IT" Image N F 2F
\\\
\\

The image is always virtual, erect and diminished.
Why does the sky appear blue?

According to Rayleigh’s scattering law, when the light traverses the atmosphere, the intensity of
light scattered is inversely proportional to the fourth power of the wavelength of light. Therefore,

the scattering is prominent due to its small wavelength. Due to this, sky looks blue.
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22

Ans.

23

ADnS,

24

ADnS,

25

ADnS,

26

AnS.

A glass prism has a minimum angle of deviation Dy, in air. State with reason, how the angle of
minimum deviation will change, if the prism is immersed in a liquid of refractive index greater
than 1

For a glass prism placed in air,
. sin(A+D,)/2
sin A/2
When prism is immersed in a liquid of refractive index greater than 1, its refractive index w.r.t.

liquid will become less than n. From the above relation, it follows that the angle of minimum
deviation will decrease.

A double concave lens of glass of refractive index 1.6 has radii of curvature of 40cm and 60 cm.
Calculate its focal length in air.

1 1 1
F-o-f2)

F =-40cm
Write any two differences between reflecting type and refracting type telescope.

Reflecting Type Refracting Type

The objective is a parabolic mirrored The objective is achromatic converging lens.
It is free from chromatic and spherical It suffers from chromatic and spherical
aberrations aberrations.

Explain mirage effect produced in very hot deserts with the help of diagram.

b Light bl
g
& 8
—
? b
go Air at a uniform g E
E temperature . E‘c Air warmer near ground l

(@

’ ()

Section: C(3 marks)
A compound microscope uses an objective lens of focal length 4 cm and eyepiece lens of focal
length 10 cm. An object is placed at 6 cm from the objective lens. Calculate the magnifying
power of the compound microscope. Also calculate the length of the microscope.

Solution:
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Ans.

First we shall find the image distance for the objective ["“} ,
1 11

—=———:f =4cmu, =—bcm

foov. o,
=v, =12em

Magnification of the microscope is,

v D [12][ 25
m=mm, == 1+—|=| — || 1+—
I '”rl 1f; _6 I{]J

= — 7, negative sign indicates that the image is inverted.
The length of the microscope is v+ U, u=|ue| is the object distance for the eyepiece. And u, can be
found using,

1 1 1

Jo D ow ; as D is the image distance for the eyepiece.
1 1 1

= s — = ==, 14cm

10 -25 u, '
Hence, u = |ue| = 7.14 cm.
Length of the microscope vo+ u= 19.14 cm
Length of the microscope is given as
mf, f.  Tx4x10
D25

L =112 cm

Three light rays red (R), green (G) and blue (B) are incident on a right angled prism ‘abc’ at face
‘ab’. The refractive indices of the material of the prism for red, green and blue wavelengths are
1.39, 1.44 and 1.47 respectively. Out of the three which colour ray will emerge out of face ‘ac’?
Justify your Ans. Trace the path of these rays after passing through face ‘ab’.

a

B —»—
G i
R ——

45°
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B
G -

' ?\\\

The blue ray will emerge out of the face ‘ac’.

The three light rays will go through “ab’ as the three are perpendicular to ‘ab’. However, when
they will hit “ac’, they will refract with an angle of incidence of 45°.

Refractive indices for three light rays are given.

Red (R) =1.39

Green (G) = 1.44

Blue (B) = 1.47

Total internal reflection takes place if the angle of incidence is such that

sinp = |

The refractive indices are from air to prism. To convert them from prism to air, we take their
reciprocal.

1
AT
]
C=Tmh
] —
147 18

For red:
sini
sinr
sinds
=sinr
Hy

sin r = 0.9828, which is less than 1
Thus, red light will pass through the face ‘ac’.
Similarly, for green:
sinds
A
=1.01
This is greater than 1. Therefore, it will not pass through, but reflect back in the same medium.
For blue:
sin45
s
=1.039
Even this will reflect back because of total internal reflection
An object AB is kept in front of a concave mirror as shown in the figure.

s5inr =

sinr =
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(i) Complete the ray diagram showing the image formation of the object.
(if) How will the position and intensity of the image be affected if the lower half of the mirror’s

reflecting surface is painted black?

Ans.

. =
o
T

Image formed will be,

Inverted,

Between focus and center of curvature,

Small in size.

(ii) If the lower half of the mirror’s reflecting surface is painted black, the position of image will
be same but its intensity gets reduced.

4

29 You are given three lenses L3, L, and L3 each of focal length 20 cm. A object is kept at 40 cm in
front of L, as shown. The final real image is formed at the focus ‘I’ of Ls. Find the separation

between L4, L, and Ls.
L, L= L:

40 cm

A

20 em
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Solution:

AN N
P S

40 cm

Y
A
1

Xl Xz
Here f; =f, =f3 =20 cm
Now, u; = —40 cm
From lens makers formula

h‘rl HI f‘l
1 1
— T — + —
vi S
1 |
= — e —
20 —40
2= l
200 40
v, =40cm

Here, image by L; is formed at focus. So the object should lie at infinity for Ls. Hence, L, will
produce image at infinity. So, we can conclude that object for L, should be at its focus.

But, we have seen above that image by L; is formed at 40 cm right of L; which is at 20 cm left of
L,(focus of Ly).

So X; = distance between L; and L, = (40 + 20) cm

=60cm
Again distance between L, and L3 does not matter as the image by L, is formed at infinity so

X,can take any value.
30 Draw a labelled ray diagram of a refracting telescope. Define its magnifying power and write the

expression for it.
Write two important limitations of a refracting telescope over a reflecting type telescope.

Solution:

Refracting telescope:
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Magnifying Power: The magnifying power m is the ratio of the angle a.[1subtended at the eye by

the final image to the angle 3 which the object subtends at the lens or the eye.
ﬁ h I"l:- _ rﬁr

me—=— 2=
a f.h f

5

Limitations of refracting telescope over reflecting type telescope:
(NOTE: Write any two)

(i) Refracting telescope suffers from chromatic aberration as it uses large sized lenses.

(if) The image formed by refracting telescope is less brighter than the image formed by the
reflecting type telescope due to some loss of light by reflection at the lens and by absorption.

(iii) The resolving power of refracting telescope is less than the resolving power of reflecting type
telescope as the mirror of reflecting type telescope has large diameter.

(iv) The requirements of big lenses tend to be very heavy and therefore difficult to make and
support by their edges.

(v) It is also difficult and expensive to make such large sized lenses

Section: D( 5 marks)
Derive the relation between the focal length of a convex lens in terms of the radii of curvature of
the two surfaces and refractive index of its material. Write the sign conventions and two
assumptions used in the derivation of this relation.
A convex lens of focal length 40 cm and a concave lens of focal length 25 cm are kept in contact
with each other. What is the value of power of this combination?
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The image I, of the object O behaves like a virtual object for the second surface.
For surface ABC,

noooH, M,

ke Il S (i)

OB Bl  BC,

For surface ADC,

S T N T (i)
DI, DI DC,

For a thin lens, it is known that Bl; = Dl
Adding (i) and (ii),

nooon I 1
L+ L =(n,-n)| —+—

OB DI BC, DC,
Focus is the point where the image is formed when object is at infinity.
DI =f, when OB —

Using sign convention,
BC, =+R,
DC, =-R,

We obtain:

| | |
?—("u —”[E—R—J

Ay =—

21 Refractive index of medium 2 with respect to medium 1
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The sign conventions used here are as follows:
(i) All distances are measured from the optical centre.
(if) The distances measured in the same direction as incident light are taken as positive while the
distances measured in a direction opposite to incident light are taken as negative.
The two assumptions used in this derivation are as follows:
(i) The lens is thin.
(if) Aperture of the lens is small.
(iii) The rays are paraxial.
(Note: Any two of the above can be used to give the Ans)
When two thin lenses are in contact then,
| 1 1

A
Where,

f is the focal length of both the lenses combined.
f,is the focal length of the convex lens.

f, is the focal length of the concave lens

I
Power (P) of the lens = S
It is given that
f; =—40 cm = —0.40 m (by sign convention)
f,=25cm=0.25m

Therefore,
100 100
e s e —
P 40 25
P = 1.5 dioptre

11 1

Derive the lens formula, /¥ ¥ for a concave lens, using the necessary ray diagram.

Two lenses of powers 10 D and — 5 D are placed in contact.

(i) Calculate the power of the new lens.

(if) Where should an object be held from the lens, so as to obtain a virtual image of magnification
2?

338




Derivation of lens formula:

ABis an object held perpendicular to the principal axis of the lens. A virtual, erect, and smaller

image A'B" is formed due to refraction through concave lens as shown in figure.

As As A'B'Cand ABC are similar,
A'B CB .
""AB (B (i)
Again as As A'B'F andCDF are similar,
_A'B'_BF
“CcDb CF
However, CD = AB
_A'B'_BF
" AB  CF
From (i) and (ii),
CB" RBF CF-CR
e (iii)
CB CF CF
Using new Cartesian sign conventions, let
CB==u,CB =-v
CF=-f
-v_=f+v

—H -f
v =uf =uv

wuv =uf —vf
Dividing both sides by uvf, we obtain
wuv uf  vf
vl - wvf - wvf

| I

f v u
This is the required lens formula.
(i) Power of new lens, P = Py + P,
~P=10-5=+5D

(ii)

(ii) Here, u =?
I 1 100
P 3 5 cm=20cm

m=2ie, —U orv=2u
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Using lens formula,
1 1 1

v u
1 1

20 2u u
1-2 1 1
B
20 2u 20 2u
=~ Object distance = 10 cm
33 Draw a ray diagram to show the working of a compound microscope. Deduce an expression for

the total magnification when the final image is formed at the near point.

In a compound microscope, an object is placed at a distance of 1.5 cm from the objective of focal
length 1.25 cm. If the eye piece has a focal length of 5 cm and the final image is formed at the
near point, estimate the magnifying power of the microscope

Ray diagram for a compound microscope

T WSO, A"
3 ¥ IR s e TP
BE; P —— 'B" F, B B
u, i
‘ : AT
W i
oy
A k D i
. = -
oy - m=£
Total angular magnification, a

B — Angle subtended by the image
a — Angle subtended by the object
Since o and B are small,

tana = ¢ andtan f = 3

_tan fF

tan o

m

AB
tana =——
D

And

L Ll

lan 5 =
p D

= tan 7 A"B"x D A'B"
tane D AB  AB
On multiplying the numerator and the denominator with A'B’, we obtain

| _AB'XAB
A'B'x AB
 AB
Now, magnification produced by objective,  AB

A"B"
m. =

Magnification produced by eyepiece, =~ AB
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Therefore,
Total magnification, (m) = mg me
_ v, _ (Image distance for image produced by objective lens )

u, (Object distance tor the objective lens)

m :[I+E]
’ 5

fo — Focal length of eyepiece

m = mym,

_v_ﬂ' 1+£]
_”n i

v, =L

i

(Separation between the lenses)

uy = —f

7]
Som=— 1 +—
hl f

Section: E (case study)

Paragraph 1. Compound microscope

A compound microscope consists of two lenses. A lens of short aperture and short focal length
facing the object is called the object lens and another lens of short focal length but large aperture
is called the eye lens. Magnifying power is defined as the ration of angle subtended by the final
image at the eye to the angle subtended by the object is seen directly, when both are placed at
least distance of distinct vision

1. An objective lens consist of
(1). Short aperture and short focal length

(ii).large aperture and large focal length
(iii).short aperture and large focal length
(iv).large aperture and short focal length

Ans (i). Short aperture and short focal length
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2. An eyepiece consist of
(1).short aperture and short focal length

(ii).large aperture and large focal length
(iii).short aperture and large focal length
(iv).large aperture and short focal length

Ans (iv).large aperture and short focal length
3.Formula of magnifying power

(1).M= (beta/alpha)

(i1).M=(alpha/beta)
(iii).M=(1+(alpha/beta))
(iv).M=(1+(beta/alpha))

Ans (i).M= (beta/alpha)

4.Final image formed by compound microscope

(i) real & inverted
(ii) Erect
(iii) virtual & inverted
(iv). highly diminished

Ans (iii) virtual& inverted

If a beam of white light is made to fall on one face of prism the light emerging from the other

face of the prism consist of seven colours violet, indigo, blue, green , yellow, orange, red . The

phenomena of splitting of white light into its constituent colours is called dispersion of light .
1. Which one of the following colours will suffer greatest deviation.

(i) violet
(ii) indigo
(iii) blue
(iv) red

Ans (i) violet
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2. Which colour is taken as the mean colour (ie- mean refractive index for a material)

(i).yellow
(ii).red

(iii).voilet
(iv).green

Ans (i).yellow

3. The refractive angle of a prism for a monochromatic light is 60° and refractive index is
\2. For minimum deviation the angle of incidence will be

(i).60°
(ii).45°
(iii).30°
(iv).75°

Ans (iii).30°
4. Which of the following phenomena is used in optical fibres ?
(@) Total internal reflection
(b) Scattering
(c) Diffraction
(d) Refraction
Ans (a) Total internal reflection
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Chapter: -10- Wave Optics
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
Section: A (1 mark)
The locus of all particles in a medium, vibrating in the same phase is called

(a)wavelet
(b)fringe
(c)wavefront

(d) None of these
Ans(c)wavefront

The phenomenon of diffraction can be treated as interference phenomenon if the number of
coherent sources is

(a) one

(b) two

(c) zero

(d) infinity

Ans (d) Diffraction on a single slit is equivalent to interference of light from infinite number of

coherent sources contained in the slit.

The phenomena which is not explained by Huygens’s construction of wavefront.

(@) reflection

(b) diffraction

(c) refraction

(d) origin of spectra

Ans (d) The Huygens’s construction of wave front does not explain the phenomena of origin of
spectra.

A plane wave passes through a convex lens. The geometrical shape of the wavefront that
emerges is

(@) plane

(b) diverging spherical

(c) converging spherical

(d) None of these

Ans (c) Converging spherical

When light suffers reflection at the interface between water and glass, the change of phase in the
reflected wave is

(a) zero

(b)m

(c) /2

(d)2n

Ans (b) Phase reversal occurs i.e. phase change = & takes place on reflection, because glass is

miich denser than water
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Coherence is a measure of

(a) capability of producing interference by wave

(b) waves being diffracted

(c) waves being reflected

(d) waves being refracted

Ans (a) Coherence is a measure of capability of producing interference by waves.

Two sources of light are said to be coherent, when they give light waves of same

(a) amplitude and phase

(b) wavelength and constant phase difference

(c) intensity and wavelength

(d) phase and speed

Ans (b) For coherent sources A is same and phase is also same or phase diff. is constant.
Intensity of light depends on

(a) amplitude

(b) frequency

(c) wavelength

(d) velocity

Ans (a) According to wave theory, intensity of light is directly proportional to square of

amplitude.

If Young’s double slit experiment is performed in waterkeeping the rest of the set-up same, the
fringes will

(@) increase in width

(b) decrease in width

(c) remain unchanged

(d) not be formed

Ans (b) The wavelength of light in water (Aw=As/p) is less than that in air. When the set-up is
immersed in water, fringe width B (o A) will decrease.

In Young’s double slit experiment, the minimum amplitude is obtained when the phase difference

of super-imposing waves is (wheren=1,2, 3, ...)

(a) zero
b)2n-1)=
(c)nm
dDm+D=n

Ans (b) For minima, phase diff. = odd integral multiple of 1 = (2n-1)
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The fringe width in a Young’s double slit experiment canbe increased if we decrease
(a) width of slits

(b) separation of slits

(c) wavelength of light used

(d) distance between slits and screen

Ans (a) p=AD/d

Instead of using two slits, if we use two separate identical sodium lamps in young’s experiment,
which of the following will occur?

(a) General illumination

(b) Widely separate interference

(c) Very bright maxima

(d) Very dark minima

Ans (a) There will be general illumination as super imposing waves do not have constant phase

difference.
The wavefront of distant source of unknown shape is approximately.
(a) spherical b) cylindrical c) elliptical d) plane
Ans (d) plane
In the Young double slit experiment, the fringe pattern as seen on the screen is:
(a) parabola (b) Hyperbola (c) Ellipse (d) Spiral
Ans (b) Hyperbola
Ratio of intensities of two waves are given by 4:1. Then the ratio of the amplitudes of the two waves
a) 2:1 b) 1:2 c)4:1 d) 1:4
Ans a) 2:1
Directions: These questions consist of two statements, each printed as Assertion and Reason. While
Ansing these questions, you are required to choose any one of the following four responses.
(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the
Assertion.
(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the
Assertion.
(c) If the Assertion is correct but Reason is incorrect.
(d) If both the Assertion and Reason are incorrect.

Assertion: In Young’s double slit experiment if wavelength of incident light is just monochromatic
doubled, number of bright fringes on the screen will increase.
Reason: Maximum number of bright fringes on the screen is inversely proportional to the

wavelength of light used.
Ans d) A is false but R is true.

Assertion: Diffraction takes place for all types of waves mechanical or non-mechanical, transverse
or longitudinal.

Reason: Diffraction’s effect is perceptible only if wavelength of wave is comparable to dimensions
ofdiffracting device.
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Ans - b) Both A and R are true but R is NOT the correct explanation of A

Assertion: -Interference pattern is made by using yellow light instead of  red light, the fringes
become narrower.

Reason: - In YDSE, fringe width is given by f=AD/d

Ans(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the

Assertion.

Section: B (2 marks)
What type of wave front will emerge from a (i) point source, and (ii) distance light source?
Solution:

(i) For point source, wave front will be spherical.
(i) For a distant light source, the wave fronts will be plane wave fronts

How does the angular separation between fringes in single-slit diffraction experiment change when
the distance of separation between the slit screens is doubled?
Solution: We know angular separation is given as

DA
_B_d _4
D D d

Since [ is independent of D, the distance of separation between the screen and the slit so when D
is doubled, angular separation would remain same.

If Young’s double slit experiment’s apparatus is immersed in a liquid of n =1.33. What will happen
to the fringe width of the interference pattern?

ANS Fringe width (f)cowave length(L), when light of wave length enters water its changes to A /n,
hence [, this shows that the fringe width will be reduced by 1/n = 1/1.33
Sketch the wave front that corresponds to a beam of light

(i) coming from a very away source, and
(i1) diverging radially from a point source.
Ans

el iy
7B - B C
/ 2 v
Spherica

wavefror

Plane wavefronts

@
Sketch of a graph showing the variation of fringe width versus the distance of the screen from the
plane of the slits (keeping other parameters same) of the Young’s double slit experiment. What
information can one obtain from the slope of this graph?

Ans

B=AD/ d, B is proportional to D.

— e

A
B

D>

B/D=\/d
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slope of graph =\/d
Knowing the value of d and the slope of the graph, the wavelength of light used can be calculated.
What is the effect on the interference pattern observed in a Young’s double slit experiment in the

following cases:

(iii)  Screen is moved away from the plane of the slits;
(i) Separation between the slits is increased;
Ans
Fringe width, B= DA/d

(iv)  As 3 is proportional to D, so when screen is moved away from the slits, fringe width
increases.

(i1) As 3 is inversely proportional to d, so when the separation between the slits is increased, fringe
width decreases.
What is the effect on the interference fringes if the monochromatic source is replaced by a source
of white light?
Ans When the monochromatic light is replaced by a white light, (i) the central bright remains
white, and (ii) all the other colours will form individual maxima with the least wavelength violet
forming its bright close to the central bright.

In a Young’s double slit experiment, the slit is separated by 0.28mm and the screen is placed 1.4
m away. The distance between the central bright fringe and the fourth bright fringe is measured to
be 1.2 cm. Determine the wavelength of light used in the experiment.

Ans Given: d= 0.28 mm = 0.28 x 10° m,

D=14m,x=12cm=12x10%m,n=4,1=?

As we know x =nAD/ d

A=xd/nD

= (1.2 x 10 % x 0.28 x 10°)/4x1.4 = 6 x 10" m = 600 nm

Section: C(3 marks)
In a single slit diffraction experiment, when tiny circular obstacle is placed in path of light from a
distance source, a bright spot is seen at the centre of the shadow of the obstacle. Explain why?
State two points of difference between the interference patterns obtained in Young’s double slit
experiment and the diffraction pattern due to a single slit.
Solution: A bright spot is observed when a tiny circular object is placed in path of light from a
distant source in a single slit diffraction experiment because light rays flare into the shadow region
of the circular object as they pass the edge of the tiny circular object. The lights from all the edges
of the tiny circular object are in phase with each other. Thus, they form a bright spot at the centre
of the shadow of the the tiny circular object.

The two differences between the interference patterns obtained in Young’s double slit experiment
and the diffraction pattern due to a single slit are as follows:

(V) The fringes in the interference pattern obtained from diffraction are of varying width,
while in case of interference, all are of the same width.
(ii) The bright fringes in the interference pattern obtained from diffraction have a central

Maximunmr 1onowed Dy 1ringes Or aeCreasing Mmiernsity, Wnereds 11 Case Ot mterrercrice, all the
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bright fringes are of equal intensity.

Give difference between interference and diffraction.
Difference between interference and diffraction :

Interference Diffraction
(1) Interference is result of interference of | (1) Diffraction is result of the
light coming from two different wave superposition of the secondary
front originating from two different wavelets from different part of the
coherent source. same wavefront.
(2) In interference the fringe width is (2)In diffraction fringes are not of the
generally constant. same width.
(3) Point of minimum intensity are (3)In diffraction the minima’s are
perfectly dark that is Intensity = 0. never perfectly dark.

(4) All the maxima have same intensity. (4) The central maxima is most
intense secondary maxima have
varying intensity and rapidly fall is
zero.

What is the effect on the interference pattern observed in a Young’s double slit experiment in the
following cases:

(i) Screen is moved away from the plane of the slits;

(i) Separation between the slits is increased;

(iii) Widths of the slits are doubled?

Ans Fringe width, B= DA/d

(1) As 3 is proportional to D, so when screen is moved away from the slits, fringe width increases.
(i) As 3 is inversely proportional to d, so when the separation between the slits is increased,
fringe width decreases.

(iii) When widths of slits are doubled, contrast between maxima and minima decreases due to

the overlapping of interference patterns formed by various narrow pairs of the two slits.

State Huygens’s principle. Show, with the help of a suitable diagram, how this principle is used to
obtain the diffraction pattern by a single slit.

Draw a plot of intensity distribution and explain clearly why the secondary maxima becomes
weaker with increasing order (n) of the secondary maxima. Sereen

Solution: Huygen’s principle states that

i.  Each point on a wave front behaves as a P Secondary
R I‘“"““"{S maxima
source of secondary wavelets, the secondary  —» ;

Single slit
e

wavelets travel with the speed of light in that  ncomine

light

medium

Diffraction pattern
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ii.  The position of new wave front at a later time can be found out by drawing a common
tangent to all these secondary wavelets.
Intensity distribution of single slit distribution

For the first secondary maxima (n = 1), only one-third of the slit contributes to its intensity.
Secondly, for n = 2, only one-fifth of the slit contributes to the intensity.

Therefore, with increasing n, the intensity decreases.

How is Huygen's principle used to obtain the diffraction pattern due to a single slit? Show the plot
of variation of intensity with angle and state the reason for the reduction in intensity of secondary
maxima compared to central maximum.

Ans When a plane wave front is incident on a single slit, all the point sources of light constituting
the wave fronts are in same phase. The wavelets coming out from the wave front might meet over

the screen with some path difference, i.e. a phase difference is introduced between them.

AV RVANES

—2)\a -Aa O Aa 2\|a e

P >

Angle (6)

Inte

The brightness at a point on the screen depends on the phase difference between the wavelets
meeting at the point. We imagine that the slit is divided into smaller parts and the wavelets coming
out from these portions meet and superpose on the screen with proper phase difference.

The wavelets from different parts of the wave front, incident on the slit, meet with zero phase
difference to constitute a central maximum. In case of secondary maxima, there are some wavelets

meeting the screen out of phase, thus, reducing intensity of secondary maxima.
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State the importance of coherent sources in the phenomenon of interference.

In Young’s double slit experiment to produce interference pattern, obtain the conditions for
constructive and destructive interference. Hence deduce the expression for the fringe width.

How does the fringe width get affected, if the entire experimental apparatus of Young is immersed
in water?

Solution: Two sources are called coherent sources, if the phase difference between waves
from them is either zero or constant. And this is essential for interference of light.

For any other incoherent source of light a steady interference pattern can never be obtained, even
if the sources emit waves of equal wavelengths and equal amplitudes. This is because the waves
emitted by a source undergo rapid and irregular changes of phase, so that the intensity at any point
is never constant. Naturally the phase difference between the waves emitted by the two sources
cannot remain constant.

The two waves interfering at P have different
distances S;P = x and S,P = x + [Ix.

So, for the two sources S; and S,we can
respectively write,

I, =1, sin(ky —wt)

I, = 1 sin(k (x + Ax)— wt} =1, sin (ke — wf + 5)
§=kar=(27/A)xAx

The resultant can be written as,
I=1;sin{kx—wt+5)

Where 17 =1, +1,,7 + 21 T cosd
And tang =1, sin &/ ([, + 1, cos )

The condition for constructive (bright fringe) and destructive (dark fringe) interference are as
follows;

d = 2nz for bright fringes

d=(2n + 1) x for dark fringes

Where n is an integer.

Now to find the fringe width,

sinf =dtan # = L
The path difference is ¥ = S,P-SP nearly equal to d D
niD
V= .1
Hence we can write, = d is an integer.
Fringe width is the distance between two consecutive dark or bright fringes,
AD

so we have fringe width
If the whole apparatus is immersed in water and refractive index of water is n then,

v _ . . . .
—=— Where vis velocity of light in water

= n= T A = wavelength of light in air
V 0
vA . . )
= H=— A, = wavelength of light in water
"4"'.!
., A e
A == v = frequency of light in air and water
n
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Ad _Ad
Po= =D
|
[11] __ﬁ
M

This shows fringe width will be reduced by the factor of the refractive index of water.

(a) State Huygen’s principle. Using this principle explain how a diffraction pattern is obtained on

vA

— = —

a screen due to a narrow slit on which a narrow beam coming from a ¥4« monochromatic
source of light is incident normally.

(b) Show that the angular width of the first diffraction fringe is half of that of the central fringe.

(c) If amonochromatic source of light is replaced by Top
white light, what change would you observe in the
diffraction pattern? > &, 5
Solution : From S e = hoc
Explanation of diffraction phenomena along with the x
following diagrams. e
14
(b) Derivation to show
A or ﬂ.é‘:i
d for interference central fringe
JorAfd= 2
and 2d For diffraction first fringe. /\ /\
s\ LN s
2% o0 ) 2),

(c) Following changes will be observed

(i) Central fringe will be bright but subsequent bright fringes will be coloured instead of just being
bright.

(i) Fringe width, angular fringe width will not be constant.

Define the term ‘wavefront’. Draw the wavefront and corresponding rays in the case of a

(i) diverging spherical wave, (ii) plane wave.

Using Huygen’s construction of a wavefront, explain the refraction of a plane wavefront at a plane
surface and hence verify Snell’s law.

The locus of all the particles of the medium, which at any instant are vibrating in the same phase,
is called the wavefront.

Solution:
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Inzident wavefront

Medmm 1

' ﬁ-"gl
fedium 2 s

e

Wavefront AB strikes the surface PP’ with an angle of incidence ‘i’.
Speed of light in medium 1 is ™

Speed of light in medium 2 is"*
Let ‘7’ be the time taken by the wavefront to travel the distance BC.

BC=""

sini= 26 _ 0T i)
AC  AC

) AE T .

sinF=——=—— i)
AC  AC

Dividing (i) by (ii), we obtain

sini _ v (i)

sine v,

[

Refractive index(n;) of medium 1 is "
[N

:b'vlznl

C

Refractive index (n,)of medium 2 is *

[as

= Vo = y

Putting these values in equation (iii),
[

sini_ m_nm,

sin r n,

L tLI (Snell's Law)

sinFom

Section: E (case study)
Single Slit Diffraction Formula:
We shall assume the slit width a << D. x'D is the separation between slit and source.We shall

identify the angular position of any point on the screen by 3 measured from the slit centre which
divides the slit by a lengths. To describe the pattern, we shall first see the condition for dark

tan# = =
Iy I

tan == sind = f= F
0

:-'*TI
-

i

asinf = mi

m}l.l')
Y=

Ef
‘3 Cordition for minimum
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fringes. Also, let us divide the slit into zones of equal widths

(1) If the width of the slit in single slit diffraction experiment is doubled, then the central
maximum of diffraction pattern becomes
(a) broader and brighter
(b) sharper and brighter
(c) sharper and fainter
(d) broader and fainter
Ans (b) sharper and brighter
(2) A diffraction pattern is obtained by using beam of red. light what will happen, if red light is
replaced by the blue light?
(a) Bands disappear.
(b) Bands become broader and farther apart.
(c) No change will take place.
(d) Diffraction bands become narrow and crowded together.
Ans(d) Diffraction bands become narrow and crowded together.
3) When monochromatic light is replaced by white light in Fresnel’s biprism arrangement, the
central fringe is
(@) coloured
(b) white
(c) dark
(d) None of these
Ans (b) white

(4) The phenomenon of diffraction can be treated as interference phenomenon if the number of
coherent sources is
(@) one
(b) two
(c) zero
(d) infinity
Ans (d) infinity

Huygens’ principle: In optics, a statement that all points of a wave front of light in a vacuum or
transparent medium may be regarded as new sources of wavelets that expand in every direction at
a rate depending on their velocities. Proposed by the Dutch mathematician, physicist, and
astronomer, Christiaan Huygens, in 1690.

Huvgens' Prnciple:

Each wavefiont is the envelope of
the wavelets. Each pointona
wavefTont acts as an independent
source to generate wavelets for the
next wavefront. AB and CD are
two wavetronts.
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1. The idea of secondary wavelets for the. propagation of a wave was first given by
(a) Newton
(b) Huygens

(c) Maxwell

(d) Fresnel

Ans (b) Huygens

2. Light propagates rectilinearly, due to

(a) wave nature

(b) wavelengths

(c) velocity

(d) frequency

Ans (a) wave nature

3. Which of the following is correct for light diverging from a point source?

(a) The intensity decreases in proportion with the distance squared.

(b) The wavefront is parabolic.

(c) The intensity at the wavelength does not depend on the distance.

(d) None of these.

Ans (a) The intensity decreases in proportion with the distance squared.

4.The phenomena which is not explained by Huygen’s construction of wavefront

(@) reflection

(b) diffraction

(c) refraction

(d) origin of spectra

Ans (d) origin of spectra
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Chapter-11- Dual Nature of Radiation and Matter
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each
Q-1 Protons and alpha particles have the same de-Broglie wavelength. What is same for both of them
(a) Energy
(b) Time period
(c) Frequency
(d) Momentum
ANS  Ans (d) Momentum
Q-2 Kinetic energy of emitted electrons depends upon:
(a) frequency
(b) intensity
(c) nature of atmosphere surrounding the electrons
(d) none of these
ANS  (a) frequency
Q-3 Evidence of the wave nature of light cannot be obtained from:
(a) diffraction
(b) interference
(c) doppler effect
(d) reflection
ANS  (d) reflection
Q.4 Photoelectric emission occurs only when the incident light has more than a certain minimum-
a) Power b) wavelength C) intensity d) frequency
ANS. d) frequency

Q.5 The work-function of a metal is
a) the minimum current required to take out electron from the metal surface
b) the maximum frequency required to take out electron from the metal surface
¢) the minimum amount of energy required to take out the electron from the metal surface
d) None of these
ANS. ¢ ) the minimum amount of energy required to take out the electron from the metal surface
Q.6  »wave theory of light does not explain
a) Polarization b) diffraction c) photocurrent d) interference
ANS. c) photocurrent
Q.7 The work function for a metal surface is 4.14 eV. The threshold wavelength for this metal surfac
is:
(i) 4125 A (ii) 2062.5 A (iii) 3000 A (iv) 6000 A
ANS.  (iii) 3000 A
Q.8 Photoelectric emission from a given surface of metal can take place when the value of a ‘physical
quantity’ is less than the energy of incident photon. The physical quantity is :
(@) Threshold frequency (b) Work function of surface (c) Threshold wave length (d) Stopping
Potential
ANS.  (b) Work function of surface
Fill in the blanks-
Q.9 The minimum frequency required to eject an electron from the surface of a metal surface is

called--------- Frequency
ANS.  Threshold
Q.10  In photoelectric effect, saturation current is not affected on decreasing the ............... of incident

radiation provided its intensity remains unchanged.

ANS. Wavelength

Q.11 Two particles have equal momentum. What is the ratio of their de-Broglie wavelength?
(@2 (b) 1 ()3 (d)o.5

ANS. (b)1
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Q.12

ANS
Q.13

ANS
Q14

ANS
Q-15

ANS

Q.16

ANS

The charge of a photo electron is:
(@) 9.1x 103! C

(b) 9.1 x 10%' C
(€)9.1x10?*C

(d) none of these
(d) none of these

The energy E and momentum p of a photon is given by E = hv and p = h / A. The velocity of
photon

will be

(a) E/P

(b) (E/P)?

E
(c) \E
(d) (E/P)?
(@) E/P
Which one of the following graph represent correctly the variation of maximum Kinetic energy
Emax

with the intensity of incident radiations having a constant frequency?

Ernax, Emax.
(a) T / (b) T
—> intensity —» intensity
Emax. Emax.
(©) T | : (d) T
—> intensity —» intensity
(d)
Which of the following is the property of photons
(a) charge

(b) rest mass
(c) momentum
(d) none of these
(c) momentum
Directions: In each of the following questions, a statement of Assertion (A) is given followed by ¢
corresponding statement of Reason (R) just below it. Of the statements, mark the correct Ans
as:
(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 and reason is false

(D)If both assertion and reason are false

Assertion: Photoelectric saturation current increases with the increase in frequency of incident
light.

Reason: Energy of incident photons increases with increase in frequency and as a result
photoelectric current increases.

(d) Photoelectric saturation current is independent of frequency. It only depends on intensity
of light
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Q.17

ANS
Q.18

ANS

Q.19

ANS.

Q.20

ANS.

Q.21

ANS.

Q.22

ANS.

Assertion: Photosensitivity of a metal is high if its work function is small.

Reason: Work function = hfy where f; is the threshold frequency.
(b) Less work function means less energy is required for ejecting out the electrons.
Assertion: The photon behaves like a particle.

Reason: If E and P are the energy and momentum of the photon, then p=E / c.
(A)If both assertion and reason are true and reason is the correct explanation of assertion

SECTION-B

An a-particle and a proton are accelerated from rest by the same potential. Find the ratio of
their de-Broglie wavelengths.

h

,meqV

Ratio of their de-Broglie wavelengths for an o-

: . ;‘u ' q}’ml’
particle and a proton is o -
p GoMe

As Gy =24, my=4m,
.. (l)(l) o
A'n -\} 2 4 - 2\1)’—2—.

Explain briefly the reasons why the wave theory of light is not able to explain the observed

features of photo-electric effect.
Ans According to wave theory, the light propagates in the form of wave fronts, and the
energy is distributed uniformly over the wave fronts. With the increase of intensity of light, the
amplitude of waves and the energy stored by waves will increase. These waves will then, provide
more energy to electrons of metal; consequently, the energy of electrons will increase.
Thus, according to wave theory, the kinetic energy of photoelectrons must depend on the
intensity of incident light; but according to experimental observations, the kinetic energy of
photoelectron does not depend on the intensity of incident light
Two monochromatic beams, one red and the other blue, have the same intensity. In which
case (i) the number of photons per unit area per second is larger, (ii) the maximum kinetic
energy of the photoelectrons is more? Justify your Ans.

i) Since, the two beams have the same intensity therefore, the number of photons emitted

per unit are per unit time is the same.
(i) Blue light, because the energy of blue light is greater than that of red light (hv )B > (hv )R

Figure shows a plot of 1/+/V, where V is the accelerating potential, vs. the de-Broglie
wavelength ‘A’ in the case of two particles having same charge ‘q’ but different masses mj and n
Which line (A or B) represents a particle of larger mass?

A
1/ 8
v 7

P
S X
0 % '

B line represents particle of larger mass because slope oc1/v/m

358




Q.23

ANS.

Q.24

ANS

Q.25

ANS

Q.26

ANS.

Define threshold wavelength for photoelectric effect? De’broglie wavelength associated with
an electron associated through a potential difference V isA? What will be the new wavelength

when the accelerating potential is increase to 4V?
Ans. The maximum wavelength of radiation needed to cause photoelectric emission 15 known as threshold

wavelength.

o2y {_.
.:‘.—\/F‘
1227 . 12.27
= A= 4
VT
£ 1
A 2
Or
ot
2

The work function of Cs is 2.14eV. Find (a) threshold frequency for Cs (b) Wavelength of
incident
Light if the photo current is brought to zero by stopping potential of 0.6 V
work function ® = 2.14eV (a) Threshold frequency ® = hvg
(b) As Kmax = eV = 0.6 eV, Energy of photon E = Kyax + ® = 0.6eV + 2.14eV = 2.74eV
Wave length of photon A = 4530A
Define the term “Intensity of photon”, in the context of photoelectric emission
It is defined as the number of energy quanta (photons) per unit area per unit time.
SECTION-C
Calculate the kinetic energy of an electron having de Broglie wavelength of 1A
From de Broglie equation, we have

1=§ i) [p = mo]

K= -é-mvz or mv? =2K or m2? = 2mK

= pP*=2mKorp= 42mK
A= e

 2mk

W1

K= ——u0

or 2 2m

B (6.63 x 107)?
(1x1079)2 x 2 x (9.1x 107>})

48x107Y

—_—)

2
24 x 1077 ]

=15 x 102 ¢V [-1 eV = 1.6x 1071 J]
= 150 eV
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Q.27

ANS.

Q.28

ANS.

Draw a graph showing the variation of stopping potential with frequency of the incident
radiations.
What does the slope of the line with the frequency axis indicate. Hence define threshold
frequency?

Ans. Slope of the graph = i

Ay
Einstein photoelectric equation
‘l
Vo
stopping o v ~threshold frequency
potentia
= L
o
(frequency)
eV, =hv—¢ ————- (D
Differentiating equation (1)
eAV, = hAv
AV, h
Av e

Thus slope 15 equal to the ratio of planck’s constant to the charge on electron.
Threshold frequency — The minimum values of frequency of the incident light below which photoelectric

emission 1s not possible 1s called as threshold frequency.

Find the (a) maximum frequency, and (b) minimum wavelength of X-rays produced by 30 kV

electrons.

Answer

Potential of the electrons, V= 30 kV = 3 x 10° Vv
Hence, energy of the electrons, £ = 3 x 10* eV
Where,

e = Charge on an electron = 1.6 x 107 C
(a)Maximum frequency produced by the X-rays = v
The energy of the electrons is given by the relation:

= hv
Where,

h = Planck’s constant = 6.626 x 10 °¢ Js
E

i

6 = ® % 3 % 10*
_1.6x10 <10° _ 5 54 » 10" Hz
6.626 = 10 °

-~ (kS
Hence, the maximum frequency of X-rays produced is7"4 = 10 Hz.

(b)The minimum wavelength produced by the X-rays is given as:
- [ &
A

>

3 < 10"
e ]l()" =4.14 « 10" m =0.0414 nm

Hence, the minimum wavelength of X-rays produced is 0.0414 nm.




Q.29  The work function for a certain metal is 4.2 eV. Will this metal give photoelectric emission for
incident radiation of wavelength 330 nm?

Ans

Answer
No

— 2~V
Work function of the metal, @ =42 eV

Charge on an electron, e = 1.6 x 10°'° C

Planck’s constant, h = 6.626 x 103 Js

Wavelength of the incident radiation, A = 330 nm = 330 x 107 m
Speed of light, c = 3 x 10®° m/s

The energy of the incident photon is given as:

he

i

6.626 x 10 ™ x 3 x 10°
330 x 1077

=6.0x10"1]

6.0x 10"
=2 = _=376eV
1.6 <10

It can be observed that the energy of the incident radiation is less than the work
function of the metal. Hence, no photoelectric emission will take place.

Q.30 (@) Show on a plot the nature of variation of photoelectric current with the intensity of radiation
incident on a photosensitive surface.
(b) The graph shows variation of stopping potential V versus frequency of incident radiation v
for two photosensitive metals A and B. Which of the two metals has higher threshold frequency

and why?
1 I Metal B Metal A
Stopping
potential (V)
O] % v';f >
Wo Frequency of incident
e S radiation (v) —
Wl
BuL
(@ A
q
£
(b) Metal ‘A’, because of higher threshold

—— Intensity of Radiation
frequency for it.
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Q.31

ANS.

Q.32

Ans.

SECTION-D
What is the (a) momentum, (b) speed, and (c) de Broglie wavelength of an electron with kinetic
Energy of 120 eV.

Answer

Kinetic energy of the electron, £x = 120 eV

Planck’s constant, h = 6.6 x 1073 Js

Mass of an electron, m = 9.1 x 107! kg

Charge on an electron, e = 1.6 x 107** C

(a) For the electron, we can write the relation for kinetic energy as:
1

E, =—mv’
2

Where,
v = Speed of the electron

\'m

2x1.6x10" %120
-\ 9.1x107™"

= 42.198 x 10" =6.496 x 10" m/s

Momentum of the electron, p = mv

=9.1 x 107" x 6.496 x 10°

=591 x 10" kgms™!
Therefore, the momentum of the electron is 5.91 x 107** kgm s,
(b) Speed of the electron, v = 6.496 x 10° m/s
(c) De Broglie wavelength of an electron having a momentum p, is given as:

. 0

A=
P

b 6.6 x 107"

S I),‘;l.lloﬂl()"'m
.91 x |

=0.112 nm

Therefore, the de Broglie wavelength of the electron is 0.112 nm.

Define the terms threshold frequency and stopping potential in the study of photoelectric emission.

Explain briefly the reasons why wave theory of light is not able to explain the observed features in

photoelectric effect?

Threshold frequency: The minimum frequency below which there is no occurrence of

photoelectric effect is called the cut-off frequency or threshold frequency and denoted by vy.
Stopping potential: Stopping potential is the minimum negative voltage applied to the anode to

stop the photocurrent.

The wave theory of light is not able to explain the observed features of photoelectric current

because of following reasons

(i) The greater energy incident per unit time per unit area increases with the increase of intensity

which should facilitate liberation of photoelectron of greater kinetic energy which is in

contradiction of observed feature of photoelectric effect.

(if) Wave theory states that energy carried by wave is independent of frequency of light wave and

hence wave of high intensity and low frequency (less than threshold frequency) should stimulate

photoelectric emission but practically, it does not happen.
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Q.33

Ans.

Q34

A
ANS
B
ANS

(a) Define photoelectric work function? What is its unit?

(b) In a plot of photoelectric current versus anode potential, how does

(i) Saturation current varies with anode potential for incident radiations of different frequencies
but same intensity?

(if) The stopping potential varies for incident radiations of different intensities but same frequency.
(iii) Photoelectric current vary for different intensities but same frequency of radiations? Justify
your Ans in each case?

Ans. (a) The minimum amount of energy required to take out an electron from the surface of metal. It 15
measured 1n electron volt (eV).

(b) (1) Saturation current depends only on the intensity of incident radiation but 1s independent of the
frequency of incident radiation.

I i
A Saturation current

- a -
Anode Potentia

(11) Stopping potential does not depend on the intensity of incident radiations.

-
2azds potanta

(111) Photoelectric current 1s directly proportional to the intensity of incident radiations, provided the given

frequency 1s greater than the threshold frequency.
+ v
I|J

current)

CASE STUDY QUESTION -1

To study photoelectric effect, an emitting electrode of a photosensitive material is kept at a
negative potential and collecting electrode is kept at positive potential in an evacuated tube.

When light of sufficiently high frequency falls on emitting electrode, photoelectrons are emitted
which travel directly to collecting electrode and hence an electric current called photoelectric
current starts flowing in the circuit, which is directly proportional to the number of photoelectrons
emitted by emitting electrode. While demonstrating the existence of electromagnetic waves. Hertz
found that high voltage sparks passed across the metal electrodes of the detector loop more easily
when the cathode was illuminated by UV light from an arc lamp. The UV light falling on the metal
surface caused the emission of negatively charged particles, which are now known to be electrons,
into the surrounding space and hence enhanced the high voltage sparks
Who discovered cathode ray?

Heinrich Greissle

Cathode rays consists of which type of particles?

Electrons
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C What is threshold frequency?
ANS  The minimum frequency of radiation that will produce a photoelectric effect.
D Name the two phenomena which describe particle nature of light?
ANS  Compton effect and photoelectric effect
CASE STUDY QUESTION -2
Q.35 | The photon picture of electromagnetic radiations and the characteristics properties of photons
are as follows: In the interaction of radiation with matter radiation behave as if it is made of
particles like photon. each photon has energy equal to product of plank constant and
frequency and momentum equal to ratio of plank constant to wavelength. energy of photon is
independent of intensity of radiation. All the photon emitted from source of radiation travel
the with speed of light. The frequency of photon gives the radiation a definite energy (or
color) which does not change when photon travels through different media. The particles are
not deflected by electric or magnetic field. This shows photon are electrically
A shows particle nature of light.
ANS | Photo electric effect
B Which of the following statement about photon is incorrect?
photon exerts no pressure
momentum of photon is hv/c (v is frequency)
rest mass of photon is zero
(d) energy of photon is hv (v is frequency)
Ans | (a) photon exerts no pressure
C What is the rest mass of photon?
ANS | Zero
D Out of number of photons and total momentum, which one is not conserved in photon particle
collision?
ANS | Number of photons
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Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

Chapter-12 -ATOMS
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each

According to Bohr’s theory, the angular momentum of an electron revolving in second orbit

of hydrogen atom will be

(@) 2h/nt (b) h/n (c) 2nrh (d) mh
Answer: - (b)
Explanation: - L=nh /2% , But n=2, Hence L=h/n

The energy of the electron revolving in the orbit of Bohr radius is
(@) 13.6 MeV (b) -13.6 eV (c) -13.6 MeV (d) 13.6 eV
Answer:- (b) Explanation:- Bohr radius means n=1, AsE,=-13.6/n*> so E;=-13.6eV
If an electron jumps from 1% orbit to 3" orbit, then it will
(a) Absorb energy (b) Release energy (c) Remains same (d) None of these
Answer:- (a)
Explanation: - Electron is said to be in an excited state only when absorb energy.
In Bohr model of hydrogen atom which of the following is quantized?
(@) linear velocity of electron (b) angular velocity of electron
(c) Linear momentum of electron (d) Angular momentum of electron
Answer:- (d) , Explanation:- L=nh/2%
The number of waves contained in unit length of the medium is called
(@) elastic wave (b) Wave number (c) Wave pulse (d) None of these
Answer:- (b) Wave number
According to Bohr theory , the relation between principle quantum number n and the radius of
the orbitr is
(a) rcn (b) recl/n (c) recn? (d) rocl/ n?
Answer:- (c) Explanation:- r=n’h?/4n’mkze?
In Bohr’s model the atomic radius of the first orbit is ro. Then the radius of the third orbit is
@ro/9 (b)6ro (c)9re (d)3ro
Answer:- () , Explanation:- Because roc n*> here n=3
An electron orbiting in H-atom has energy level -3.4eV. Its angular momentum will be
(a) 2.1x10** Js (b) 2.1x10%°Js  (c) 4x10%° Js (d) 4x10* Js
Answer:- (a)
Explanation:- L=nh/2x
L=2x6.6x10"%/2x3.14 Here n=2 because energy is -3.4eV
L=2.1x10* Js
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

The ground state energy of hydrogen atom is -13.6eV. What is the potential energy of electron

in this state?

@0eVv (b)-27.2eV (c)lev (d)2eV

Answer:- (b) Explanation:- P.E=2x T.E =2x-13.6 eV=-27.2 eV

According to Rutherford’s atomic model the electrons inside an atom are

(a) Stationary  (b) centralized (c) Non stationary (d) None of these

Answer:- (c)

h/2r has the dimension of

(@) velocity (b) momentum (c) energy (d) angular momentum

Answer :- (d)

In terms of Rydberg constant the wave number of first Balmer line is

@R (b)3R (c)5R/36 (d)8R/9

Answer:- (¢) Explanation:- 1/A=R(1/2-1/3%)=5R/36

The ratios between Bohr radii are

(@) 1:2:3 (b) 2:4:6 (c) 1:4:9 (d) None of these

Answer: - () Because radius proportional to n.

What is the angle of scattering for zero impact parameter?

@0 (b)90 (c)180 (d) None of these

Answer:- (c)

A classical atom based on which model is doomed to collapse

(a) Rutherford’s model (b) Bohr’s model (c) None of these

Answer:- (a)

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select

the correct answer to these questions from the codes (a), (b), (c) and (d) as given below.

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

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

(c) Ais true but R is false

(d) Ais false and R is also false

Assertion:-For the scattering of alpha particles at large angles, only the nucleus of
the atom is responsible.

Reason: -Proton present in nucleus is lighter than electrons.

Answer:- (c) Ais true but R is false

Assertion:- The force of repulsion between atomic nucleus and alpha particle
varies with distance according to inverse square law.

Reason: - Rutherford did alpha particle scattering experiment.

Answer:- Both (A) and (R) are correct but (R) is not the correct explanation of (A)

DN ccoxtion: Totol avaorvcnrof alootvon tn o basdvacon aotowna 1o vnocaotiio
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Reason: - It is bounded to the nucleus.

Answer:-Both (A) and (R) are correct and (R) is the correct explanation of (A).

SECTION-B (Very Short Ans and Short Ans type questions)
QUESTION NO 19 TO 25
Write all the postulates of Bohr’s model.
Ans- (1) Nuclear concept (2) Quantum condition
(3) Stationary orbits (4) frequency condition
Define the term ionization energy.
Ans- It is defined as the amount of energy required to knock the electron
completely out of an atom
How much is the energy possessed by an electron for n=oo ?
Ans- E,=-13.6/n°=0

Why is electron revolving round the nucleus of an atom?
Ans- If the electrons were stationary, they will fall into the nucleus due to

electrostatic attraction and atom would be unstable.
With increasing quantum number, state whether the energy difference between adjacent levels
increases or decreases?
Ans - Decreases.
On what factors does the shape of trajectory of scattered alpha particles depend?
Ans- (1) impact parameter

(2) Nature of potential field encountered by the alpha particle.
Name the spectral series of hydrogen spectrum lying in the infrared region.
Ans - Paschen, Bracket and pfund series lie in the infrared region.

SECTION-C (Short Ans type questions)
QUESTION NO 26 TO 30

Theenergylevelsofanatomareasshowninfigurebelow.Whichofthemwillresultinthetransitionofap

hotonof  wavelength275nm?

’Jq 2 OeV
C D __ _oev
—45eV

AsE=hc/A  ,So E=6.6x10"*x3x10%275x10°x1.6x10} , we get E=4.5eV

. i, e -10eV
Hence it corresponds to transition B for which the energy change=4.5 eV

Find the ratio of energies of photons produced due to transition of an electron of hydrogen atom
from its (i) second permitted energy level to the first level and
(i1) the highest permitted energy level to the first permitted level.
As (hW)2101/ (hV)infinity to 1 = (1/1%- 1/2%) 1 (1/2%- L/infinity?)
=% =34

The Rutherford alpha particle scattering experiment shows that most of the alpha particles pass
through almost unscattered while some of them are scattered through large angles. What
information does it give about the structure of atom?

0] As most of alpha particles pass straight it indicates that most of the space in the atom is

empty.

(i) The large angle scattering indicates that most of the mass and the entire positive charge
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of the atom is concentrated in a small central core called nucleus.
Q.29 a) What is the shortest wavelength present in the paschen series of spectral lines?
b) What is the longest wavelength present in the Lyman series of spectral lines?
a) As 1/A=R[1/3%— 1/infinite] =R/9 sowe get  A=9/R=8.2x10" m
b) 1/A=R[1/1°-1/2°] = (3/4)R so we get  A=4/3R=1.2x10"m

Q.30  Write the limitations of Bohr’s theory .
Q) This theory is applicable only to hydrogen like single electron atoms and fails in the

case of atoms with two or more electrons.
(i) It does not explain why only circular orbits should be chosen when elliptical orbits are

also possible.

SECTION-C (Long Ans type questions)
QUESTION NO 31 TO 33
Q.31 a) A photon emitted during the de-excitation of electron from a state n the first excited state in a
hydrogen atom, irradiates a metallic cathode of work function 2 eV, in a photo cell, with a
stopping potential of 0.55V. Obtain the value of the quantum number of the state n.

b) A hydrogen atom in the ground state is excited by an electron beam 12-5 eV energy. Find out
the maximum number of lines emitted by atom from its excited state.

1
E,=13.6 [————:[e‘f
12 n
WWork function = 2e™W
hIaxirmum kinetic Envergry

= 13.6 [l —L:I — Ze™
=+ 22

AnSs.

= 0 .55 W
13.6 13;6__ 2 — 0,55
=+ T
13-6_>_o0.55 = 23:2 _po.ss
e ¥
= 13.6
— = 1&,
i 0.85
e = <«
O R
CGiver - AE = 12.5 eV
Let the electron jump fromm @ = 1 to 2 = rr lewel.
AE = E,, — E;q
19 5 — 13 = —13 &
125 = 13.6 [1——2)
s
125 1
13 .6 rZ
1.1 1
13.6 =
136 — 2
1.1
12.36 = <
re = 3.5
p— 31'::'.

:
m
I
"]

MMaximmurm mnurmber of 1i
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Q.32 Draw a plot of a-particle scattering by a thin foil of gold to show the variation of the number of
the scattered particles with scattering angle. Describe briefly how the large angle scattering
explains the existence of the nucleus inside the atom, explain with the help of impact parameter
picture, how Rutherford scattering serves a powerful way to determine and upper limit on the size
of the nucleus.

\

ADnS,

10

10

10

P E AN
10 \-“\\

10 [

Number of scattered particles detected

I i

0 20 40 &0 80 100 120 140 160 180

10

Scattering angle 8 {in degreea)
From the plot it is clear that Most of the a-particles passed through the foil, only 0.14% of the
incident a particles scatter by more than 1% and about 1 in 8000 deflect by more than 90° a-
particles deflected backward due to strong repulsive force. This force will come from positive
charge concentrated at the centre as most of the particles get deflected by small angles.

The a-particles trajectory depends on collision’s impact parameter (b) for a given beam of a-
particles, distribution of impact parameters as beam gets scattered in different directions with
different probabilities.

fig.2 shows a-particle close to nucleus suffers large scattering. Impact parameter is minimum for
head on collision a-particles rebound by 180°. Impact parameter is high, for undeviated a-
particles. With deflection angle = 0°.

As these of nucleus was 10 m to 10> m w.r.t. 10"*° m size of an atom which is 10,000 to
100,000 times larger hence most of the space is empty, only small % of the incident particles
rebound back indicates that number of a-particle goes head on collision. Hence most of the mass
of the atom is concentrated in small volume. Thus, Rutherford scattering is a strong tool to
determine upper limit to the size of the nucleus.

. 1 Pl
- e

i — - B

—1{1 % - @& Target nucleus

Q.33 (a) How is the stability of hydrogen atom in Bohr model explained by de-Broglie’s hypothesis?
(b) A hydrogen atom initially in the ground state absorbs a photon which excites it to n = 4 level.
When it gets de-excited, find the maximum number of lines which are emitted by the atom.
Identify the series to which these lines belong. Which of them has the shortest wavelength?

Ans.  (a) From Bohr’s model-An atom has a number of stable orbits in which an electron can reside
without the emission of radiant energy. Each orbit corresponds to a certain energy level. Electron
revolves is circular orbit

mo* _ ¢ er
r 4:1:5[.1'2
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The motion of an electron in circular orbits is restricted in such a manner that its angular
momentum is an integral multiple h/2I1

Fz
Thus, L. = mrorer = »2
21T
—13.6
E. = Q= = e
2 = 1 for H>: atorm
—13 &
Ey = —— eV
-
From de-Broglie hvpothesis
a = _ P
) FETT?

Ao from Bobhur amodel
rrA. = 2o

2T
b ——
*
Fr _ 2mmr
FRETH *r
__?:IE = prrrrr — L.
2

() vy = 1A, #2py = L.
FPossible transitions are :

— 4 —» F, 4 — 2, 4 — 1

el n 3 — 2. 3 — 1.

o 2 — 1

Hence, Six lines are possible.
4 —» 1
3 — 1 Lyman series
22— 1

3 —2

4 2} Balmer series

4 — 3 Paschen series

4 —» 1 has smallest wawvelength.

SECTION-C (CASE STUDY -1)

Q.34 Electrons are revolving around the nucleus in particular stable orbits. The energy of the electron is
increasing as we go from the orbit closer to nucleus to outer side. The ground state energy is the
lowest energy and it is -13.6 eV for hydrogen atom. Thus, the minimum amount of energy
required to remove or free the electron from the ground state is the ionisation energy and it has
value +13.6 eV. When electrons jumps from higher energy orbit to lower energy orbit emits
energy in the form of photons which are in the form of spectral lines and called as emission lines.
The light emitted by the ordinary source of light consist of different wavelength. But the laser
light is the monochromatic one which emits light of single wavelength. In case of hydrogen atom,
the ground state energy is that energy state for which n = 1. And the states for which n > 1, all are
the excited states. Where n shows the principal quantum number.

Questions:
Q 1)) In hydrogen atom, the energy corresponding to principal quantum number n =2is___
Q 2.) For ground state of hydrogen atom the value of principal quantum numberis___

OR

Q 2.) The minimum energy required to remove the electron from the ground state of the hydrogen
atomiscalledas

Q 3.) The acronym LASER stands for?
Q 4.) If n = infinity then what is the energy of the state and what does it
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Q.35

means?

Ans key:

Q1l)-3.4eV

Q 2.) n =1 OR ionisation energy

Q 3.) The acronym LASER stands for Light Amplification by Stimulated Emission of Radiation.

Q 4.) When the principal qguantum number n = infinity then the corresponding state is having
energy 0 eV. And this energy of atom is possible only when electron is totally removed from the
nucleus and hence it goes to rest.

(CASE STUDY -2)
Each element is having specific properties as it emits or shows the specific emission spectrum of
radiation. The emission line spectrum has bright lines on the dark surface. The hydrogen spectrum
consist of series namely Balmer, Lyman, Paschen, Brackett and Pfund series. The Lyman series is
formed in the ultraviolet region while Paschen, Brackett and Pfund series are in the infrared
region. According to Bohr’s first postulate, electrons are revolving in particular stable orbits
without radiating any form of energy. And in his second postulate he told that, these electrons are
revolving around the nucleus in stable orbits which are having angular momentum equal to
integral multiple of h/2x. And third postulate tells us that, when electron jumps from higher
energy state to lower energy state it will emits some amount of energy and which is equal to the

energy difference between those energy levels.

(1) According to Bohr’s second postulate, the angular momentum L is
given by
OR

(1) What is the shortest wavelength in the Balmer series?

(2) What are the H,, Hg and Hy lines in the emission spectrum of hydrogen
atom?

(3) Give the Balmer’s formula?

(4) The minimum energy required to remove the electron from the ground

state of the hydrogen atom is called

Ans-
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(1) (b) L =nh/2x OR 364.6 nm
(2) In Balmer series, the line having longest wavelength 656.3 nm which is red in
Colour is called as H, line. Then next line with wavelength 486.1 nm in the
blue green colour is called as Hg line and the third line with wavelength 434.1
nm in the violet colour is called as Hy line.
(3) The Balmer’s formula is given by
1A = R(1/2° — 1/n?)
Wheren=3,4,5...

(4) lonization energy
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Q1

ANS
Q2

ANS
Q3

ANS

Q4

ANS
Q5

ANS

CHAPTER-13: NUCLEI
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each

The mass number of a nucleus is equal to

(a) the number of neutrons in the nucleus

(b) the number of protons in the nucleus

(c) the number of nucleons in the nucleus

(d) None of them.

(c) the number of nucleons in the nucleus

During a nuclear fission reaction,

(a) a heavy nucleus breaks into two fragments by itself

(b) a light nucleus bombarded by thermal neutrons breaks up

(c) a heavy nucleus bombarded by thermal neutrons breaks up

(d) two light nuclei combine to give a heavier nucleus and possibly other products.
(c) a heavy nucleus bombarded by thermal neutrons breaks up

Which of the following quantities is not conserved in a nuclear reaction?
(a) Mass

(b) Charge

(c) Momentum

(d) None of the above

(a) Mass

The mass number of iron nucleus is 56 the nuclear density is

(a) 2.29 x 10*° kg m®

(b) 2.29 x 10'" kg m™®

(c) 2.29 x 10" kg m™

(d) 2.29 x 10" kg m™®

(b) 2.29 x 10'" kg m™®

Which of the following statements about nuclear forces is not true?

() The nuclear force between two nucleons falls rapidly to zero as their distance is more than a
few femtometres.

(b) The nuclear force is much weaker than the Coulomb force.

(c) The force is attractive for distances larger than 0.8 fm and repulsive if they are separated by
distances less than 0.8 fm.

(d) The nuclear force between neutron-neutron, proton-neutron and proton-proton is
approximately the same.

(b) The nuclear force is much weaker than the Coulomb force.
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Q6

ANS
Q7

ANS
Q8

ANS
Q9

ANS
Q10

ANS
Q11

ANS

Binding energy per nucleon of a stable nucleus is
(@) 8eV
(b) 8 KeV
(c) 8 MeV
(d) 8 TeV
(c) 8 MeV
Sun’s radiant energy is due to
(@) nuclear fission.
(b) nuclear fusion.
(c) photoelectric effect.
(d) none of the above.
(b) nuclear fusion.
Average binding energy per nucleon is maximum for
@) cr2
(b) Fe®®
©) S
(d) Po210
(b) Fe®®
For a nuclear fusion process, suitable nuclei are
(@) any nuclei
(b) heavy nuclei
(c) lighter nuclei
(d) nuclei lying in the middle of binding energy curve
(c) lighter nuclei
The radius of a nucleus is
(a) directly proportional to its mass number
(b) inversely proportional to its atomic weight
(c) directly proportional to the cube root of its mass number
(d) None of these
(c) directly proportional to the cube root of its mass number
Nucleus of an atom whose atomic mass is 24 consists of
(a) 11 electrons, 11 protons and 13 neutrons
(b) 11 electrons, 13 protons and 11 neutrons
(c) 11 protons and 13 electrons
(d) 11 protons and 13 neutrons
(d) 11 protons and 13 neutrons
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Q12

ANS
Q13

ANS
Q14

ANS

Q15

ANS

Q16

The curve of binding energy per nucleon as a function of atomic mass number has a sharp peak
for helium nucleus. This implies that helium

(a) can easily be broken up

(b) is very stable

(c) can be used as fissionable material

(d) is radioactive

(b) is very stable

A certain mass of hydrogen is changed to helium by the process of fusion. The mass defect in the
fusion reaction is 0.02866 u. The energy liberated is: (given 1 u = 931 MeV)

() 2.67 MeV

(b) 26.7 MeV

(c) 6.675 MeV

13.35 MeV
(b) 26.7 MeV

mass of fission products

In any fission process the ratio

mass of parent nucleus

(a) lessthan 1
(b) greater than 1
(c) equal to 1

(d) depends on the mass of parent nucleus
less than 1
en the number of nucleons in nuclei increases, the binding energy per nucleon
increases continuously with mass number
decreases continuously with mass number
remains constant with mass number
first increases and then decreases with increase of mass number

first increases and then decreases with increase of mass number

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select
the correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.

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

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

(c) Alis true but R is false

(d) Ais false and R is also false

Assertion (A): Density of all the nuclei is same.

Reason (R): Radius of nucleus is directly proportional to the cube root of mass number.
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ANS
Q17

ANS
Q18

ANS

Q19
ANS

Q20
ANS

Q21
ANS

Q22

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

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select

the correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.

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

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

(c) Alis true but R is false

(d) Ais false and R is also false

Assertion (A): There is a chain reaction when uranium is bombarded with slow neutrons.
Reason (R): When uranium is bombarded with slow neutrons more neutrons are produced.

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

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select
the correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.
(a) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true and R is NOT the correct explanation of A
(c) Ais true but R is false
(d) Ais false and R is also false
Assertion (A): The binding energy per nucleon, for nuclei with atomic mass number A > 100,
decrease with A.
Reason (R): The nuclear forces are weak for heavier nuclei.
(c) Alis true but R is false

Section — B (SA-1 Type)
Write two characteristic features of nuclear force.
Two characteristic features of nuclear force:
Q) They are short range forces: This means that the effect of such forces cannot be
experienced beyond a certain range.
(i) They are identical for all nucleons: This means that nuclear forces do not depend on
the charge of the particle.
Two nuclei have mass number in the ratio 1: 3. What is the ratio of their nuclear densities?
Since nuclear density is independent of the mass number, the ratio of nuclear densities will be
1:1.

Two nuclei have mass numbers in the ratio 8:125. What is the ratio of their nuclear radii?

1
AsR = RyA3

Where R is radius of nucleus, Ry = 1.2 fm and A is mass number.

Sof = (ﬂ)l/3 - (1)1/3 = 2:5

R, Ay 125
Draw a plot of potential energy of a pair of nucleons as a function of their separation. Write two

important conclusions which you can draw regarding the nature of nuclear forces.

376




ANS

Q23

ANS

Q24

ANS
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(i) The nuclear force between two nucleons falls rapidly to zero as their distance increases more

than a few femtometres.

(i) For a separation greater than ro, the force is attractive and for separation less than ro, the force

is strongly repulsive.

(a) The mass of a nucleus in its ground state is always less than the total mass of its constituents —

neutrons and protons. Explain.

(b) Plot a graph showing the variation of potential energy of a pair of nucleons as a function of

their separation.

(a) The mass of a nucleus in ground state is always less than the total mass of its constituent’s
neutrons and protons; because this mass difference, known as mass defect, appears in the

form of binding energy to hold the nucleons inside the nucleus.

(b)

=
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A heavy nucleus X of mass number 240 and binding energy per nucleon 7.6 MeV is split into two
fragments Y and Z of mass numbers 110 and 130. The binding energy of nucleons in Y and Z is
8.5 MeV per nucleon. Calculate the energy Q released per fission in MeV.

Total binding energy of parent nuclei = 240x7.6 MeV = 1824 MeV

Total binding energy of daughter nuclei = (130x8.5 + 110x8.5) MeV = 2040 MeV

Energy Released = Q = Total binding energy of daughter nuclei - Total binding energy of parent
nuclei = 2040 MeV — 1824 MeV = 216 MeV
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Q25

ANS

Q26

ANS

Q27

ANS

Distinguish between nuclear fission and fusion. Explain how the energy is released in both the
processes.
In nuclear fission a heavy nucleus breaks up into smaller nuclei accompanied by release of
energy; whereas in nuclear fusion two light nuclei combine to form a heavier nucleus
accompanied by release of energy.
In both cases the nuclear mass of reactants is slightly more than the nuclear mass of products.
This difference of mass, which is known as mass defect(Am), is converted into energy according
to the relation :
E = Amc?

Section — C (SA-11 Type)
(a) How is the radius of a nucleus related to its mass number?
(b) Two nuclei have mass numbers in the ratio 27:125. What is the ratio of their nuclear radii?

(a) The relation between radius of nucleus and mass number is given as
1
R = 12014g
Where R is radius of nucleus, Ry is a constant and A is mass number of nucleus.
1
(b) As R = RyA3

Where R is radius of nucleus, Ryo = 1.2 fm and A is mass number.

Sof = (ﬂ)l/3 - (27)1/3 = 3:5

R, Ay 125
(a) Draw a plot showing the variation of potential energy of a pair of nucleons as a function of
their separation. Mark the regions where the nuclear force is (i) attractive and (ii) repulsive.
(b) In the nuclear reaction
n+ 235U - Xe+ %Sr+2n
determine the values of a and b.

(a)

10

Potential energy (MeV)

Here rg is about 0.8 fm
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For separation r < 0.8 fm nuclear force is repulsive.
For r > 0.8 fm nuclear force will be attractive.
(b) conserving the atomic number on both sides of the reaction we get
0+92=544+b+2x%0
So b = 48.
On conserving the atomic mass on both sides we get
14+235=a+94+2x1
S0 a = 140.
Q28  (a) Draw a plot of the binding energy per nucleon as a function of mass number for a large
number of nuclei, 2 < A <240.
(b) Which property of nuclear force explains the approximate constancy of binding energy per
nucleon with mass number A for nuclei in the range 30 < A < 170?

ANS (a)
2 10
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g 8 12 0/0—"" ‘1}\&\ 18y 197 asnys
2 e e
< ‘He[® 'O
- YRS
g b/ N
5 88
g A
& 4
g
E-’ JD:’H
£ 2
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Mass number (A)
The binding energy per nucleon
as a function of mass number.
(b) The short-range nature of the nuclear force explains the approximate constancy of binding
energy per nucleon with mass number A in the range 30 < A < 170.
Q29  (a) Distinguish between isotopes and isobars, giving one example for each.
(b) Why is the mass of a nucleus always less than the sum of the masses of its constituents?
Justify your Ans.
ANS  (a) Isotopes have the same atomic number while isobars have the same mass number.
Examples of isotopes §'°C, 6“C
Examples of isobars ,°He, °H
(b) The mass of a nucleus in ground state is always less than the total mass of its constituent’s
neutrons and protons; because this mass difference appears in the form of binding energy to hold

the nucleons inside the nucleus.
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Q30

ANS

Q31

ANS

Q32

ANS

A heavy nucleus P of mass number of 240 and binding energy 7.6 MeV per nucleon splits into
two nuclei Q and R of mass numbers 110 and 130 and binding energy per nucleon 8.5 MeV and
8.4 MeV, respectively. Calculate the energy released in the fission.
Total Binding Energy(BE) of P = 240x7.6 MeV = 1824 MeV
Total Binding Energy(BE) of Q = 110x8.5 MeV = 935 MeV
Total Binding Energy(BE) of R = 130x8.4 MeV = 1092 MeV
Total Binding Energy(BE) of Q and R =935 MeV + 1092 MeV = 2027 MeV
Total energy released in the fission = 2027 MeV — 1824 MeV = 203 MeV

Section — D ( LongAns Type)
(a) Define Binding Energy of a Nucleus.
(b) What is meant by the term binding energy per nucleon?
(c) The binding energies of deuteron and « - particle are 1.25 and 7.2 MeV per nucleon
respectively. Which nucleus is more stable?
(a) Binding Energy (BE): It is defined as the minimum energy required to separate its nucleons
and place them at rest at infinite distance apart It is the equivalent energy of mass defect, i.e.

E, = Amc?

(b) Binding Energy per nucleon (Epp): It is the average energy per nucleon needed to separate a
nucleus in to its individual nucleons.

E Amc?
bn — A
(c) a - Particle is more stable as BE per nucleon of « - particle is more than that of deuteron.

(a)Write the relation for binding energy (BE) (in MeV) of a nucleus of 4N, where atomic number
(Z) and mass number (A) in terms of the masses of its constituents — neutrons and protons.

(b) Find the binding energy per nucleon of 127 Av if its atomic mass is 196.96 u.

(a) Binding Energy = [Zm,, + (A — Z)m,, — m(§N)]c?

Where m,, is mass of proton and m,,is mass of neutron and c is speed of light.

(b) For 137Au

Z=79

A=197

m(127Au) = 196.96 u.

Binding Energy = [Zm,, + (4 — Z)m,, — m(4N)]c?
So
BE = [79 x 1.007276 u + (197 — 79)1.008665 u — 196.96 u]c?
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Q33

ANS

Q34

«~ BE = [1.637274 u]c?
« BE = [1.637274 x 931 MeV /c?]c?
- BE = 1524.30 MeV

1524.30
197

MeV =7.74 MeV

Binding Energy per nucleon =

(a) If both the number of protons and neutrons in a nuclear reaction is conserved, in what way is
mass converted into energy (or vice versa)?
(b) Calculate the energy released in MeV in the following reaction :
‘H+ 3H > 3He + {n
Given :
m(H) = 2.014102 u
m(GH) = 3.016049 u
m(3He) = 4.002603 u
m, = 1.008665 u
(@) In all types of nuclear reactions, the law of conservation of number of nucleons (protons and
neutrons) is followed. But during the reaction, the mass of the final product is found to be slightly
less than the sum of the masses of the reactant components. This difference in mass of a nucleus
and its constituents is called mass defect. So, as per mass energy relation E = Amc?, energy is
released.
(b) The mass defect for the given nuclear reaction is given by
Am = [m(1H) + m(3H) — m(3He) — m,]
Energy released
Q = Amc?
Q = [m(iH) + m(3H) — m(3He) — my]c?
Q =[2.014102u + 3.016049u — 4.002603u — 1.008665u]c?
Q = [0.018883u]c?
Q = [0.018883u x 931 MeV /c?] c?
Q =0.018883 x 931 MeV = 17.58 MeV
Section — D (Case Study Based)
Nuclear forces (also known as nuclear interactions or strong forces) are the forces that act
between two or more nucleons. They bind protons and neutrons (“nucleons”) into atomic
nuclei. The nuclear force is about 10 million times stronger than the chemical binding that holds
atoms together in molecules. This is the reason why nuclear reactors produce about a million
times more energy per kilogram fuel as compared to chemical fuel like oil or coal. However,
the range of the nuclear force is short, only a few femtometer (1 fm =10 m), beyond which it
decreases rapidly. That is why, in spite of its enormous strength, we do not feel anything of this

force on the atomic scale or in everyday life.
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ANS

Q35

(i) Write the properties of Nuclear force.

(i) The range of nuclear force is the order of

(iii) A force between two protons is the same as the force between a proton and neutron. For

which type of force this statement is true?

(iv) Two protons are kept at a separation of 40 A°. F,, is the nuclear force and Fe is the
electrostatic force between them. Which force is greater than the other?
Q) Short Range and Charge independent.
(i) 10®mie. 1fm.
(iii) ~ Strong Nuclear force.
(iv)  Feis greater than Fi,.
The density of nuclear matter is the ratio of the mass of a nucleus to its volume. As the volume of
a nucleus is directly proportional to its mass number A, so the density of nuclear matter is
independent of the size of the nucleus. Thus, the nuclear matter behaves like a liquid of constant
density. Different nuclei are like drops of this liquid, of different sizes but of same density.
Let A be the mass number and R be the radius of a nucleus. If m is the average mass of a nucleon,
then
Mass of nucleus = mA

1
And R = R,43

3
4 4 1 4
Volume of nucleus =3 nR3 = PR (ROAs) =3 TR3A

mass of nucleus _  mA 3m

Nuclear density, pp, = volume of nucleus %rcRS’A - 4TR}

Clearly, nuclear density is independent of mass number A or the size of the nucleus. The nuclear

mass density is of the order 10*" kg m™. This density is very large as compared to the density of

ordinary matter, say water, for which p = 1.0 x 10° kg m>.

(i) The nuclear radius of 180 is 3 X 10"*> m. What is the density of ‘80 nuclei?
(ii) If the nuclear density of the material of atomic mass 27 is 3p, then the nuclear density of the

material of atomic mass 125 is

(iii) Plot a graph showing the variation of volume of nucleus with mass number A.

(iv) If the nucleus of 22ZA1 has a nuclear radius of about 3.6 fm. then what is the radius of 123Te?
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(1)

(i)
(iii)
(iv)

2.3x 10" kgm™

3po
straight line graph
6 fm.
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CHAPTER - 14 SEMICONDUCTORS
SECTION-A( MCQs and Assertion/ Reasoning Questions) — 1 Mark each Section A

In a semiconductor

(a) there are no free electrons at 0 K

(b) there are no free electrons at any temperature

(c) the number of free electrons increases with pressure

(d) the number of free electrons is more than that in a conductor

Let n, and ne be the number of holes and conduction electrons in an extrinsic semiconductor.
Then
(@) np>ne (b) np=ne (€) Nh< ng (d) np #ne

A p-type semiconductor is
(a) positively charged
(b) negatively charged
(c) uncharged
(d) uncharged at OK but charged at higher temperatures
Electric conduction in a semiconductor takes place due to
(a) electrons only
(b) holes only
(c) both electrons and holes
(d) neither electrons nor holes
The impurity atoms with which pure silicon may be doped to make it a p-type semiconductor
are those of
(@) phosphorus (b) boron (c) antimony (d) nitrogen
The electrical conductivity of pure germanium can be increased by
(a) increasing the temperature
(b) doping acceptor impurities
(c) doping donor impurities
(d) All of the above

In a semiconductor, the forbidden energy gap between the valence band and the conduction
band is of the order is
(@) 1 MeV (b) 0.1 Mev (c)lev (d)5eVv

Temperature coefficient of resistance of semiconductor is

(@) zero (b) constant (c) positive (d) negative
In an n-type semiconductor, donor valence band is

(a) above the conduction band of the host crystal

(b) close to the valence band of the host crystal

(c) close to the conduction band of the host crystal

(d) below the valence band of the host crystal
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10.

11.

12.

13.

In reverse biasing

(a) large amount of current flows

(b) potential barrier across junction increases
(c) depletion layer resistance increases

(d) no current flows

In forward biasing of the p—n junction

(a) the positive terminal of the battery is connected to p—side and the depletion region
becomes thick

(b) the positive terminal of the battery is connected to n—side and the depletion region
becomes thin

(c) the positive terminal of the battery is connected to n—side and the depletion region
becomes thick

(d) the positive terminal of the battery is connected to p—side and the depletion region
becomes thin

In the half-wave rectifier circuit shown. Which one of the following waveforms is true for the
output across C and D?
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i
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When a voltage drop across a p-n junction diode is increased from 0.70 VV to 0.71 V, the
change in the diode current is 10 mA. What is the dynamic resistance of the diode?

(a) 1 mQ

(b) 10 mQ

()1 Q

(d)5Q
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14.

15.

16.

17.

18.

In half wave rectification, what is the output frequency if the input frequency is 50 Hz.
(a) 50 Hz

(b) 100 Hz

(c) 25 Hz

(d) None of these

In full wave rectification, what is the output frequency if the input frequency is 60 Hz.

(a) 100 Hz

(b) 120 Hz

(c) 60 Hz

(d) 90 Hz

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select
the correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.

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

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

c) Alistrue but R is false

d) Ais false and R is also false

Assertion: The resistivity of semiconductor decreases with the temperature.

Reason: The atoms of a semiconductor vibrate with large amplitudes at higher temperatures
thereby increasing its resistivity.

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select
the correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.

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

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

c) Alis true but R is false

d) Ais false and R is also false

Assertion: The number of electrons in a P-type silicon semiconductor is less than the number
of electrons in a pure silicon semiconductor at room temperature.

Reason: It is due to law of mass action.

Two statements are given-one labelled Assertion (A) and the other labelled Reason (R). Select
the correct Ans to these questions from the codes (a), (b), (c) and (d) as given below.

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

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

c) Alis true but R is false

d) Ais false and R is also false

Assertion: Electron has higher mobility than hole in a semiconductor. Reason: Mass of
electron is less than the mass of hole.

AnNSs:

1

(a) 2 |d |3 © |4 © |5 (b) |6 (d)

©) 8 |@ |9 © |10 |® |12 |@d |12 |®

13

©) 14 (@ |15 | |16 |© |17 |@ |18 |(@
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19.

20.

21.

Section B
Distinguish between a metal and an insulator on the basis of an energy band diagram.
Ans.

Metals Insulators

(i) Conduction band and the There is a large gap (more than 3 eV)
valence band overlap each | between conduction band and valence

other. band.

(i) | Conduction band is Conduction band is empty. This is
partially filled and the because no free electrons can be
valence band is partially excited to it from the valence band.
empty.

Write two characteristics features to distinguish between n-type and p-type semiconductors.
Ans.

N- type semiconductors P- type semiconductors
(1) It is formed by the doping of It is formed by the doping of
pentavalent (P, As, Sb and Bi) trivalent (B, Al, Ga and In)
Impurity atoms. Impurity atoms.

(if) | The electrons are the majority The holes are the majority carriers
carriers and holes are the and electrons are the minority
minority carrier i.e. Ng>n,. carrier i.e.np> Ne.

How is forward biasing different from reverse biasing in a p-n junction diode?

Ans.

1. Forward Bias:

(i) Within the junction diode the direction of applied voltage is opposite to that of built-in
potential.

(if) The current is due to diffusion of majority charge carriers through the junction and is of the
order of milliamperes.

(iii) The diode offers very small resistance in the forward bias.

2. Reverse Bias:

(i) The direction of applied voltage and barrier potential is the same.

(i1) The current is due to leakage of minority charge carriers through the junction and is very
small of the order of pA

(iii) The diode offers very large resistance in reverse.
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22. Draw energy band diagram of n-type and p-type semiconductor at temperature T > 0 K. Mark
the donor and acceptor energy level with their energies.

Ans.
| ] -
‘ oo i eevose “F
b P S
> i | energy level \‘\ {
P ~ Donor
O S R AT 1 energy level
145799 77 7
///y//// . . -
7 777/ Ve 7 /// VB.
] .
p-lype semiconductor n-type semiconducior
23. Give two examples each of (i) elemental and (ii) compound semiconductors.
Ans.

(i) Elemental semiconductors: Si and Ge
(if) Compound semiconductors: Examples are:
* Inorganic: CdS, GaAs, CdSe, InP, etc.
* Organic: anthracene, doped phthalocyanines, etc.
* Organic polymers: polypyrrole, polyaniline, polythiophene, etc.
24. Define the terms ‘potential barrier’ and ‘depletion region’ for a p-n junction diode.
Ans.
The distribution of charge near the junction leads to the accumulation of negative charges in
the p-region and positive charges in the n-region sets up a potential difference across the
junction. This acts as a barrier and is called barrier potential.
The small region in the vicinity of the junction which is depleted of free charge carriers and

has only immobile ions is called depletion region.
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25.

26.

In the circuits shown in the figure, which one of the two diodes is forward biased and which is

reverse biased?

(i)

-0V
Ans.
(1) In this case, the p-side is at -10 V, whereas the n-side is at 0 V. Vp < V\, hence, the diode is
reverse biased.
(ii) in this case, the p-side is at 0 V, whereas the n-side is at -10 V. Vp> Vy, hence, the diode is
forward biased.
Section C

What are energy bands? Write any two distinguishing features between conductors,

semiconductors and insulators on the basis of energy band diagrams.

Ans.

Energy Bands: In a solid, the energy of electrons lie within a certain range. The energy levels

of allowed energy are in the form of bands, these bands are separated by regions of forbidden

energy called band gaps.
Distinguishing features:

(@) In conductors: Valence band and conduction band overlap each other.

In semiconductors: Valence band and conduction band are separated by a small energy gap.

In insulators: They are separated by a large energy gap.

(b) In conductors: large numbers of free electrons are available in the conduction band.
In semiconductors: A very small number of electrons are available for electrical
conduction.
In insulators: Conduction band is almost empty i.e., no electron is available for
conduction.
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-

g Conduction band
c

gl | g =

gl Ec Eg=0

3

w Valence band

Conductor
| Conduction band | ‘

= 3

5 Ee & Ec
c =

@ [+

E Eg <3eV E Eg >3eV
© °

@ E @ E
w v ) v

Valence band
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Describe briefly, with the help of a diagram, the role of the two important processes involved
in the formation of a p-n junction.

Ans. Two important processes occurring during the formation of a p n junction are (i)
diffusion and (ii) drift.

+—— Electron diffusion
——p Electron drift

nunﬁn@@ -8 a8 8 @

o PDe e o #l & & »

ﬂunﬂﬂe(ail"i

4——FElectron
;DUG“B@ " & & ® @

—# Hole diffusion
Hole
“*+— Hole drift

(i) Diffusion: In n-type semiconductor, the concentration of electrons is much greater as
compared to concentration of holes; while in p-type semiconductor, the concentration of holes
is much greater than the concentration of electrons. When a p-n junction is formed, then due
to concentration gradient, the holes diffuse from p-side to n-side (p—n) and electrons diffuse
from n-side to p-side (n—p). This motion of charge carriers gives rise to diffusion current
across the junction.

(i1) Drift: The drift of charge carriers occurs due to electric field. Due to the built in potential
barrier, an electric field directed from n-region to p-region is developed across the junction.
This field causes motion of electrons on the p-side of the junction to n-side and motion of
holes on the n-side of junction to p-side. Thus, a drift current starts. This current is opposite to
the direction of diffusion current.
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28.

29.

Draw V-I characteristics of a p-n junction diode. Ans the following questions, giving reasons:
(i) Why is the current under reverse bias almost independent of the applied potential upto a
critical voltage?

(if) Why does the reverse current show a sudden increase at the breakdown voltage?

Ans. (i) In the reverse biasing, the current of order of A is due to movement/drifting of
minority charge carriers from one region to another through the junction. A small applied
voltage is sufficient to sweep the minority charge carriers through the junction. So, reverse
current is almost independent of critical voltage.

(ii) At breakdown voltage, a large number of covalent bonds break, resulting in the increase of

a large number of charge carriers. Hence, current increases at breakdown voltage.
I(mA)
A

100 —

A

02 04 06 08 18

= V(V)

30—

Y
I(pA)
Draw the circuit diagram of a full-wave rectifier and explain its working. Also, give the input
and output waveforms.
Centre-Tap
TransfurnIer

Diode 1(D,)

Jd L.

- =T -
E A
Centre X
| L

z-ri- Tap
— >
‘[ Diode 2(D,) Ry output

Too

Y

The two ends of a centre-tapped secondary coil of a transformer are connected to the P sides of
the two diodes D; and D, respectively. The n sides of the two diodes are joined together and
their common junction is connected to the central tap C of the secondary winding through a
load resistance R,. The input is applied across the primary and the output is obtained across the
load resistance R.. The arrows show the direction of the current.

Assume that the end A of the secondary is positive during the first half cycle of the supply
voltage. This makes diode D; forward biased and diode D, reverse biased. Thus, diode
D; conducts and an output is obtained across the load R,.

During the second half cycle of the supply voltage, the polarities of the secondary windings
reverse. A becomes negative and B becomes positive with respect to the central terminal C.
This makes diode D, forward biased. Hence it conducts and an output is obtained across Ry.
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30. Draw the circuit diagram to show the use of a p-n junction diode as a half-wave rectifier. Also

show the input and the output voltages, graphically. Explain its Principle.

<4
L
-
? INPUT ac
= !‘f ,
! 1ot
Translormer A X = M M
o
: ! ! | :
H Secondary R ° : | [OUTPUT VOLTAGE |
N N
--------- B Yy £ ' L -

A p-n junction diode is used as a half-wave rectifier. Its work is based on the principle that the
resistance of the p-n junction becomes low when forward biased and becomes high when
reverse biased. These characteristics of a diode are used in rectification.
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Section D
31. Explain how an intrinsic semiconductor can be converted into (i) n-type and (ii) p-type
semiconductor.
Give one example of each and draw their energy band diagrams.
Semiconductors in which the number of electrons ne is equal to the number of holes n;, is known
as intrinsic semiconductors. When a small amount of suitable impurity is added to the intrinsic
semiconductor we can convert it into an extrinsic semiconductor of either p-type or n-type.

Doping changes, the concentration of charge carriers in the element.

= ; . i * i
. R e, - - [
9 9
Sl ARRRtETl o TR & .
;e i
: : * : * @ 5i or Ge
* . [
.- -, S EELEEE .- -
@ @ _ ST Covalenl
‘_.' i e A L e ciiiein- bonds
s Bonding

LI L LI
- TS -y e
@ electrons
R . SRR
. ] .
e . .

)} P- type: When Si or Ge (intrinsic semiconductor) is doped with any trivalent impurity
like Al, B etc we get a p-type semiconductor. The dopant has one valence electron less.
Thus, this atom form covalent bond with the neighbouring three atoms and, is less of one
electron to offer to the fourth silicon atom and as a result there is a vacancy. Hence, an
electron in the outer orbit of the neighbouring atom may jump to fill this vacancy leaving
a vacancy or hole at it's own site. This hole is the conducting charge carrier. Therefore,

doping with a trivalent impurity gives us p-type semiconductor.

[—
Ec =
™ : - . [
. " e E
4 q
CARORNC)
. . *? »
T z ™
w - _f:fj'li_ﬂz':;{?\u_/.)
» [ ] :é:: .ﬂ% L]
TR I
e T T e ¥ R=0 Energy bands of p-type semiconductor
: at T > OK
i) ii) n - type: When we doped Si or Ge with pentavalent impurities like As, P then four

electrons of this atom will form covalent bonds with the neighbouring Si atom in the
lattice. Whereas, the fifth electron will remain loosely bound to it's parent atom. Hence,
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32.

the ionization energy which is required to make this electron free is very less and it will
move around even in room temperature. Thus, the pentavalent dopant will donate one

extra electron for conduction and this act as an n-type semiconductor.
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H Unbonded ‘free’
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Electron energy

one thermally generated electron-hole
pair + 9 electrons from donor atoms

Energy bands of n-type semiconductor
al T > OK

(a) Explain the formation of depletion layer and potential barrier in a p-n junction.
(b) In the given figure, the input waveform is converted into the output waveform by a device

‘X’. Name the device and draw its circuit diagram.

N [N pevie |/~ " VT VTN
it B

X

Output
Input

(c) Distinguish between a conductor, a semiconductor and an insulator on the basis of energy
band diagram.

Ans.

(a) The distribution of charge near the junction leads to the accumulation of negative charges in
the p-region and positive charges in the n-region sets up a potential difference across the junction.
This acts as a barrier and is called barrier potential.

The small region in the vicinity of the junction which is depleted of free charge carriers and has
only immobile ions is called depletion region.
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(b) X is the Full Wave rectifier, its circuit diagram is

Centre-Tap
Transformer

T Diode 1(D))
[——

R, Oulput

= Y
()
)_..il
g‘ Conduction band
& E,
5| E I I N
s c Eg=0
h
Lo Valence band
Conductor
Conduction band
%-‘1 6 A
@ Ec ® Ec
c c
[+4} o
g Eg <3eV § Eg >3eV
°© ©
@ E ] E
w v i v
Valence band
Semiconductor Insulator
Conductors Insulators Semiconductors

1. Valence band or | Valence Band is completely
conduction band are | filled with electrons and

partially filled. conduction band is empty.

At OK, electrons in valence band
do not have sufficient energy to

jump to conduction band.

overlap.

2. Valence and

conduction bands

Energy gap ~ 0 eV.

Valence and conduction
band have Energy gap ~ 6
evV.

Forbidden gap in between
conductors and insulators.

Energy gap ~ 3 eV.

highest.

3. Conductivity is

Conductivity is very low.

Conductivity is in between
conductors and insulators.
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33.

Draw the circuit diagrams of p-n junction diode in (i) forward bias, (ii) reverse bias. How are
these circuits used to study the V-I characteristics curve of a silicon diode? Draw the typical V-1
characteristics. How do we infer, from these characteristics, that a diode can be used to rectify
ac?

Ans.

A semiconductor diode is basically a p-n junction with metallic contacts provided at the ends for
the application of an external voltage.

Forward Bias:

When an external voltage V is applied across a semiconductor diode such that p-side is connected
to the positive terminal of the battery and n-side to the negative terminal, it is said to be forward
biased.

."'Pvnh meter(V)
Ay

: | | b | I:_T;v
P n
—>|Wie— (o

= Milliammmeter
oF (mA)

AL

Reverse Bias:
When an external voltage (V) is applied across the diode such that n-side is positive and p-side is

negative, it is said to be reverse biased.

0 WVolteter(V)

R

1 .

_._I W I,‘_ P I

o,

r
()

OO OEHE Microammeter|
P occoeee n (LA "

N\L Switch
; . 1
Diode under reverse hias - g

The circuit arrangement for studying the V-1 characteristics of a diode, (i.e., the variation of

current as a function of applied voltage) are shown in the above mentioned figures. The battery is
connected to the diode through a rheostat so that the applied voltage to the diode can be changed.
For different values of voltages, the value of the current is noted. A graph between V and 1 is
obtained as Shown in the below figure. In forward bias measurement, we use a milliammeter
since the expected current is large while a micrometer is used in reverse bias to measure the

current.
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34.

100 — Forward bias

80 —
G —
40 —

20—
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L1 1 1
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Reverse bins an —
T(pA)

V-I diagram for a diods

We can see that in forward bias, the current first increases very slowly, almost negligibly, till the
voltage across the diode crosses a certain value. After the characteristic voltage (0.7 V for Si), the
diode current increases significantly (exponentially), even for a very small increase in the diode
bias voltage.
For the diode in reverse bias, the current is very small (~pnA) and almost remains constant with
change in bias. It is called reverse saturation current. However, for special cases, at very high
reverse bias (break down voltage), the current suddenly increases.
From the V-1 characteristic of a junction diode we can conclude that it allows current to pass only
when it is forward biased. So if an alternating voltage is applied across a diode the current flows
only in that part of the cycle when the diode is forward biased. This property is used to rectify
alternating voltages.

Section E

Case based Question

100 — Forward bias

80 —
G —
40 —

20 —

100 80 &0 40 20

5.2 04060810 'V
10 —

20 =

Reverse bins a0 —

T [ual

V-I diagram for a diode
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V-1 characteristics of a P-N junction diode is a curve between the voltage and current through the
circuit. Voltage is taken along the x-axis while the current is taken along the y-axis. The above
graph is the V-I characteristics curve of the P-N junction diode. With the help of the curve, we
can understand that there are three regions in which the diode works, and they are:

e Zero bias

e Forward bias

e Reverse bias
When the P-N junction diode is in zero bias condition, there is no external voltage applied and
this means that the potential barrier at the junction does not allow the flow of current.
When the P-N junction diode is in forward bias condition, the p-type is connected to the positive
terminal while the n-type is connected to the negative terminal of the external voltage. When the
diode is arranged in this manner, there is a reduction in the potential barrier. For silicone diodes,
when the voltage is 0.7 V and for germanium diodes, when the voltage is 0.3 V, the potential
barriers decrease, and there is a flow of current.

When the diode is in forward bias, the current increases slowly, and the curve obtained is non-
linear as the voltage applied to the diode overcomes the potential barrier. Once the diode
overcomes the potential barrier, the diode behaves normally, and the curve rises sharply as the
external voltage increases, and the curve obtained is linear.
When the P-N junction diode is in negative bias condition, the p-type is connected to the negative
terminal while the n-type is connected to the positive terminal of the external voltage. This results
in an increase in the potential barrier. Reverse saturation current flows in the beginning as
minority carriers are present in the junction.
When the applied voltage is increased, the minority charges will have increased kinetic energy
which affects the majority charges. This is the stage when the diode breaks down. This may also
destroy the diode.

e P-N junction diode can be used as a photodiode as the diode is sensitive to the light when

the configuration of the diode is reverse-biased.
e It can be used as a solar cell.
e When the diode is forward-biased, it can be used in LED lighting applications.

(i) A semiconductor device is connected in a series circuit with a battery and a

resistance. A current is found to pass through the circuit. When the polarity of

the battery is reversed, the current drops to almost zero. Name the semiconductor device.
ANS. P-N diode

(if) Name a device that converts the change in intensity of illumination into changes in electric
current.

Ans. Photodiode

(iii) Find the equivalent resistance of the network shown in figure between the points A and B
when the pn junction diode is ideal when (a) A is at higher potential and (b) B is at higher
potential.
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35.

Ans. (a) 10 ohm, (b) 20 ohm.
OR

(iv) Find the current 1 for the network. Barrier voltage of the Si diode (ideal diode) is 0.7V.

D,
H‘u
[ 22k0) 18i)
Er20 V Ezd V
.:_.::
D, (§i)

Ans. 7.7 mA.

From Bohr’s atomic model, we know that the electrons have well defined energy levels in an
isolated atom. But due to interatomic interactions in a crystal, the electrons of the outer shells are
forced to have energies different from those in isolated atoms. Each energy level splits into a
number of energy levels forming a continuous band. The gap between the top of the valence band
and bottom of the conduction band in which no allowed energy levels for electrons can exist is
called the energy gap.

(i) The conduction band of a solid is partially filled at 0 K. Will it be a conductor, a
semiconductor or an insulator?

Ans. Conductor.

(i) In semiconductors, thermal collisions are responsible for taking a valence electron to the
conduction band. Why does the number of conduction electrons not go on increasing with time as
thermal collisions continuously take place?

Ans. Because same rate of generation and rate of recombination.

(iii) C, Si and Ge have the same lattice structure. Why is C insulator while Si and Ge are intrinsic
semiconductors?
Ans. The 4 bonding electrons of C, Si or Ge lie, respectively, in the second, third and fourth orbit.
Hence, energy required to take out an electron from these atoms (i.e., ionisation energy Eg) will
be least for Ge, followed by Si and highest for C. Hence, number of free electrons for conduction
in Ge and Si are significant but negligibly small for C.

OR
(iv) The energy of a photon of sodium light (A = 589 nm) equals the band gap of a
semiconducting material. Find the minimum energy E required to create a hole—electron pair.

Ans. E = % =211eV
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