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Message

"Children are like wet cement, whatever falls on them makes an impression.”

Haim Ginott

Embracing the essence of this quote, the Directorate of Education, GNCT of
Delhl is unwavering in its commitment to its core mission of delivering high-guality
education to all its students. With this objective in mind, DoE annually develops

support materizls meticulously tallored to suit the learning needs of students from
classes ¥ to X1

Every year, our espert faculty members shoulder the responsibility of
consistently reviewing and updating the Support Material to synchronize it with the
latest changes introduced by CBSE. This continuous effort is aimed at empowering
students with innovative approaches and technigues, fostering their problem-solving
skills and critical thinking abilitles. | am confident that this vear will be no exception,
and the Support Material will greatly contribute to our students’ academic suceess,

The support material is the result of unwavering dedication of our team of
subject experts. The Support Material has been specially curated for our students, with
the bellef that its thoughtful and Intelligent wtilization will undoubtedly elevate the

standards of learning and will continue to empower our students to excel in their
examinations.

| wish to congratulate the entire team for thelr invaluable contribution in
creating a highly beneficlal and practical Support Material for our students.

| extend my best wishes to all our students for a promising and bright future.

gy W1 ¥
{Ashok Kumar)



HIMANSHU GUPTA, 1AS Diroctorate of Education

. Dirackor, Edueation A Spaorts Govt. of MCT of Delhi
F . 3 Rioom Me, 12, Civil Linas
CIbG a2l ) B4y Mear Vidhan Sabha,

s '& }ﬂ |34 Deihi-110054
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It brings me immenss pleasure to present the support matensl for
students of classes IX to X, meticulously crafted by our dedicated subject
experts, Directorate of Edueation js commitled 1o empower educators dnd
students alike by providing these resources [ree of cost for students of all
govornment and government aided schools of Dethi.

The suppart material 18 an appreciable effort to align the content with the
latest CBSE patterns. It has been carefully desipned as a rescurce to facilitate
the understanding, acguisition and practice of essentinl skills: end
competencies suthined in the curmcubum.

The core of this support material lies in providing & framework {or
ndopting an analysis-based spproach to leaming end problem-salving. It aims
to prompt educators to refllect on their teaching methodologies and eéreate an
internctive pathway between the child and the text,

In the profound words of Dr A.P.J. Abdul Kalom, “Educationists should
bulld the ecapacities of the spirit of inquiry, creativity, entrepreneurial
and moral leadership among students and become thelr role model,”

The journcy of education is ongoing; its the process, not just the
gutcorme, which shapes us. This support material endeavours to be that
catialyst of change for eachstudent of Directorate of Education.

Let us embark on this transformative journey together, ensuring that
every student feels equipped not anly with the knowledge but also, with the
shills ond mindset to thove in the 218t century.

1 wish you all the best for:all your future endeavours:



Dr. RITA SHARMA
Additional Director of Education
(SchooliExam)

Govt. of NCT of Delhi
Direclorate of Educalion

Cld Secretariat, Delhi-110054
Ph.: 23880185

DO, Numwlmqﬂww

Dated: . 2Hul}y 2025 .o o

MESSAGE

The persistent efforts of the Directorate in making the course material more
accessible and student-friendly are evident in the conscientious preparation of
the Support Material. Our team consistently adapts to the evolving educational
landscape, ensuring that the Support Material for the various subjects of classes

9 to 12 align with the latest CBSE guidelines and syllabi prescribed for the
annual examinations.

The Support Material encapsulates crucial subject-specific points and facts,
tailored to suit the students, all presented in a lucid language. 1t is our firm
belief that these resources will significantly augment the academic prowess of
our students, empowering them to excel in their upcoming examinations.

I extend my heartfelt congratulations to the diligent officials and teachers whose
dedication and expertise have played a pivotal role in crafting this invaluable
content/resource.

I convey my best wishes to all our students for a future brimming with success.
Remember, every page you read is a step towards an enlightened tomorrow.

i 2

(Dr Rita Sharma)
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Constitution of India
Part IV A (Article 51 A)

Fundamental Duties

It shall be the duty of every citizen of India —

(a)
(b}

(€)
(d}

"(k)

to abide by the Constitution and respect its 1deals and institutions,
the National Flag and the National Anthem:

to cherish and follow the noble ideals which inspired our national
struggle for freedom:
to uphold and protect the sovereignty, unity and integrity of India.

to defend the country and render national service when called
upon to do so;

to promote harmony and the spirit of common brotherhood amongst
all the people of India transcending religious, linguistic and regional
or sectional diversities: to renounce practices derogatory 1o the
dignity of women;

to value and preserve the rich heritage of our composite culture;

io protect and improve the natural environment including forests,
lakes, rivers, wildlife and to have compassion for living creatures;

1o develop the scientific temper. humanism and the spirit of inguiry
and reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and

collective activity so that the nation constantly rises to higher
levels of endeavour and achievement;

who 15 a parent or guardian, to provide opportunities for education
to his child or, as the case may be, ward between the age of six
and fourteen vears,

Mole;

Thie Article 3 LA containing Fundamental Duties swas inserted by the Constitution
(423nd Amendment) Act, 1976 (with effect from 3 Janunry 1977),

kY was mserted by the Constitution (B6th Amoendment) Act, 2002 (with
effiect from | April 2000,
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THE CONSTITUTION OF
INDIA

PREAMBLE

WE, THE PEOPLE OF INDIA, having
solemnly resolved to constitute India into a
'[SOVEREIGN SOCIALIST SECULAR
DEMOCRATIC REPUBLIC] and to secure
to all its citizens :

JUSTICE, social, economic and
political;

LIBERTY of thought, expression, belief,
faith and worship;

EQUALITY of status and of opportunity:
and to promote among them all

FRATERNITY assuring the dignity of
the individual and the ‘[unity and
integrity of the Nation];

IN OUR CONSTITUENT ASSEMBLY
this twenty-sixth day of November, 1949 do
HEREBY ADOPT, ENACT AND GIVE TO
OURSELVES THIS CONSTITUTION.

1. Suba. by the Constitution (Forty-second Amendmernt) Act, 1976, See.2.
for "Soversign Democratic Republic” fwoe . 3.1.1877)

2. Subs. by the Constitution {Forty-second Amendment)] Act, 1976, Sec.2.
for "Unity of the Nation” (w.e.l. 3.1. 1977

7 =
W
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CLASS - XIl (2023-24)
PHYSICS (THEORY)

Time : 3 hrs.

Marks : 70

Mo, of Periods

Marks

Umit=1

Eleetrostatics

Chapter-1: Electric Charges and Ficlds

Chapter-2: Eleetrostatic Potential and Capacitance

26

Limit-1l

Current Electricity

Chamter-3: Cament Electricity

18

16

Umit=111

Magretic Effects of Current and Magnetism

Chapter-3: Moving Charges and Magnetism

Chapter-5; Magnetism ond Matter

Unit=IV

Eleetromagnetie Induction and Alternating
Currents

Chapter-6; Electromegnens Induction

Chapter-7T: Alternating Curmer

24

17

Linit-V

Electromagnetle Waves

Chapter-a: Electiromagnetic Wiayes

Unlt-¥1

Optics

Chapter-t: Ray Optics and Optical Instruments

Chapter-10: Wave Optics

18

Lnit-V1l

Dl Mature of Radiation and Matter

Chaper<11: Dual Nature of Radiation and Matier

Unit-VII

Atoms and Nuclei

Chapter-12: Atoms

Chapter-13: Muclei

15

12

Unbi-1X

Electronic Devices

Chapter=14: Semiconductor Electronics: Materials,
Devices and Stmple Ceuis

10

Toral

160

70




Unit I: Electrostatics 26 Periods
Chapter -1: Electne Charges and Fields
Electric Charges; Conservation of charge, Coulomb's law-lorce between
two point charges, forces between multiple charges; superposition
principle and continuous charge disimbution.
Electric field, electne held due to a pomnt charge, elecine field lines,
electric dipole, electric field due to a dipole, torque on a dipole in uniform
electric field.
Electrie MMux, statement of Gauss's theorem and its applications to find
field due to mfinitely long straight wire, umiformly charged infinite plane
sheet and uniformly charged thin sphenical shell (field inside and outside).
Chapter- 2: Electrostatic Potential and Capacitance
Electric potential, potential difference, electric polential 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 mside a
conductor. Dielectrics and elecine polanzation, capacitors and
capacilance, combination ol capacitors in series and in parallel,
capacitance of a parallel plate capacitor with and without dielectnic
medium between the plates, energy stored in a capacitor, (no denivation,
formulae only)

UnitII: Current Electnieity 18 Penods
Chapter - 3: Current Electricity
Electric current, [low of electne charges m a metallic conductor, driflt
velocity, mobility and their relation with electnie current; Ohm's law, V-1
charactenistics (linear and non-linear), electrical energy and power,
electncal resistivity and conductivity, temperature dependence of
resistance, Intermal resistance of a cell, potential difference and emfl of a
cell, combination of cells m series and in parallel, KirchholT s rules,
Wheatstone bnidge,

LUnat [11: Magnetic Effects of Current and Magnetism 25 Penods
Chapter-4: Moving Charges and Magnetism
Concept ol magnetic field, Oersted's expenment.
Biot - Savart law and its apphication to current carrying circular loop.

Ampere's law and its applications to infinitely long straight wire. Straight
solenoids (only qualitative treatment), force on a moving charge
umform magnetic and electne felds.




Force on a current-carrying conductor in a umform magnetic field, force
between two parallel current-carrying conductors-defimition of ampere,
torque experienced by a current loop mm uniform magnetic field; moving
coil 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 (barmagnet) 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 matenals-Para-, dia- and ferro-magnetic
substances with examples, Magnetization of materials, effect of
lemperature on magnetic properties.

Unit I'V: Electromagnetic Induction and Alternating Currents 24 Penods
Chapter - 6: Electromagnetic Induction
Electromagnetic mduction; Faraday's laws, mduced EMF and current;
Lenz's Law, Self and mutual induction.
Chapter - 7: Alternating Current
Alternating currents, peak and RMS value of alternating current/voltage:
reactunce and mmpedance: LCR senes eircutt, (phasors onlyjresonance,
power in AC circmits, power factor, watl less current. AC generator and
transformer.

Umit V: Electromagnetic waves (4 Penods
Chapter - 8: Electromagnetic Waves
Basic 1dea of displacement current, Electromagnetic waves, therr
characteristics, their Transverse nature (qualitative ideas only).
Electromagnetic spectrum (radio waves, microwaves, infrared, visible,
ultraviolet, X-rays, gamma rays) including elementary facts about their
Lses.

Unit V1: Optics 30 Peniods
Chapter-9: Ray Optics and Optical Instruments
Ray Optics: Reflection of hight, sphencal 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, combmation of thin lenses in contact,
refraction of light through a prism.

Optical instruments: Microscopes and astronomical telescopes (reflecting




and refracting) and their magmifying powers.
Chapter-10: Wave Opties
Wave optics: Wave [ront ana Hagen's principle, reflection and refraction of
plane wave al a plane surface using wave fronts. Prool ol laws ol reflection
and refraction using Huygen's principle. Interference, Young's double shit
experiment and expression for fringe width, (NO dernvation final
expression only), coherent sources and sustained mterference of light,
diffraction due to a single split, with of central maxima (guahtative
treatment only)

Umit VII: Dual Nature of Radiation and Matter 08 Periods
Chapter-11: Dual Nature of Radiation and Malter
Dual mature of radiabion, Photoelectne effect, Herlte and Leonard's
observations; Einstemn's pholoelectric equation-particle nature of light.
Experimental study ol photoelectric effect.
Matter waves-wave nature of particles, de-Broghie relation

Umnit VIII: Atoms and Nucler 15 Penods
Chapter-12: Aloms
Alpha-particle scattering expeniment; Rutherford's model of atom: Bohr
maodel of hydrogen atom, Expression for radius of nth possible orbat,
velocity and energy of electron in his orbit, of hydrogen line spectra
(qualitaiive treatment only).
Chapter-13: Nuclei
Composition and size of nucleus, nuclear force
Mass-energy relation, mass defect; binding energy per nucleon and its
varation with mass number; nuclear fission, nuclear fusion.

Unit IX: Electronic Devices 12 Periods
Chapter -14: Semmconductor Electromics: Matenals, Devices and Simple
Circuits

Energy bands in conductors, sermconductors and msulators (qualitative
weas only) Intnnsic and extrinsic semiconductor-p and n type, p-n
Junction

Semiconductor diode - 1-V characterstics in forward and reverse bias,
application of junction diode-diode as a rectifier.




PRACTICALS (Total Periods 60)

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| to be performed

by the students.

® Record of al least 6 Experiments [ with 3 each from section A and section B

to be performed by the students.

® The Report of the project carried out by the students

Evaluation Scheme

Time Allowed: Three hours Max. Marks: 30
Two experiments one from each section T+7 Marks
Practical record [experiments and activities] 5 Marks
One activily from any section 3 Marks
Investigatory Project 3 Marks
Viva on experiments, activities and project 5 Marks
Total 30 marks

SECTION-A

Experiments

L. To determine resistivity of two/three wires by plotting a graph for potential

difference versus current

- To find resistance of given wire/standard resistor using metre bridge

. To venfy the laws of combination (series) of resistances using a metre bridge.

OR

. To verify the laws of combination (parallel) of resistances using a metre

bridge.

. To determine resistance of a galvanometer by halt-deflection method and to

find its figure of merit.

~ To convert the given galvanometer (of known resistance and figure of merit)

into a voltmeter of desired range and to verify the same.
OR

. To convert the given galvanometer (of known resistance and figure of merit)

into an ammeter of desired range and to verify the same.




Activities (For the purpose of demonstration only)

1.

To measure the resistance and impedance of an inductor with or without iron
core.

2, To measure resistance, voltage (AC/DC). current (AC) and check continuity
of a given circuit using multimeter.

3. To assemble a household circunt comprising three bulbs, three (on/off)
switches, a fuse and a power source,

4. To assemble the components of a given electiical circuit.

5. To study the variation in potential drop with length of a wire for a steady
current.

6. To draw the diagram of a given open circuil comprising at least a battery,
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
Experiments

1. To find the value of v for different values of % in case of 4 concaye mirror and
to find the focal length.

2. To find the focal length of a convex mirror, using a convex lens.

3. To find the focal length of a convex lens by plotting graphs between w and v
or between 1/u and 1/v.

4. To find the focal length of a concave lens, using a convex lens.

5. To determine angle of minimum deviation for a given prism by plotting a
graph between angle of incidence and angle of deviation.

6. To determine refractive index of a glass slab using a travelling microscope.

7. To find refractive index of a liquid by using convex lens and plane mirror.

8. To find refractive index of a liquid by using concave mirror and plane
mITTor,

g To draw the I-V characteristic curve for a p-n junction in forward and

reverse

Activities (For the purpose of demonsiration only)

1.

2

To identify adiode, an LED, a resistor and a capacitor from a mixed collection
of such items.

Use of multimeter to see the unidirectional flow of current in case of a diode
and an LED and check whether a given electronic component (e.g.. diode) 1s
in working order,




. To study effect of intensity of light (by varying distance of the source) on an

LDR.

. To observe refraction and lateral deviation of a beam of light incident

obliquely on a glass slab.
To observe diffraction of light due to a thin slit.

. To study the nature and size of the image formed by a (i) convex lens, (i1)

concave mirror, on a screen by using a candle and a screen (for different
distances of the candle from the lens/mirror).

. To obtain a lens combination with the specified focal length by using two

lenses from the given set of lenses.

Suggested Investigatory Projects

3 1

Z;

To study various factors on which the internal resistance/EMF of a cell

depends.

To study the variations in current flowing in a circuit containing an LDR

because ol a varation in

(a) the power of the incandescent lamp. used to 'illuminate' the LDR
{keeping all the lamps at a fixed distance).

(b) the distance of a incandescent lamp (of fixed power) used to "illuminate’
the LDR.

. To find the refractive indices of (a) water (b) oil (transparent) using a plane

mirror, an convex lens (made from a glass of known refractive index)and
an adjustable object needle.

. To investigate the relation between the ratio of (i) output and input voltage

and (i1} number of turns i the secondary coil and primary coil of a self-
designed transformer.

. To investigate the dependence of the angle of deviation on the angle of

incidence using a hollow prism filled one by one, with different transparent
fAuids.

. To estimate the charge induced on each one of the two identical styrofoam

(or pith) balls suspended in a vertical plane by making use of Coulomb's law.

. To study the factor on which the self-inductance of a coil depends by

observing the effect of this coil. when put in series with a resistor/(bulb) in a
circuit fed up by an A.C. source of adjustable frequency.

. To study the earth's magnetic field using a compass needle-bar magnet by

plotting magnetic field lines and tangent galvanometer.




QUESTION PAPER DESIGN
Theory (Class: XVXI1I)

Max. Marks: 70 Duration: 3 hrs.

S.No. | Typology of Question Total |Approximate
Marks | Percentage

I Remembering: Exhibit memory of | 27 38%

previously learned material by recalling
faets, terms, basic coneepls, and answers.
Understanding: Demonstirate
understanding of lacts and ideas by
organizing, comparing, translating,

Applying: Solve problems to new siluations
by applying acquired knowledge, facts,
techniques and rules in a different way.

[
[

32%

3 Analysing: 21 30%
Examine and break information into parts by
identifying motives or causes. Make
inferences and find evidence 1o support
seneralizations.

Evaluating:

Present and defend opinion by making
judgement about information, validity of
ideas , or quality of work based on a set of
crileria.

Crealing:

Compile information together in a different
way by combining elements in a new pattern
or proposing alternative solutions

Total Marks 70 100

Practical 30

Gross Total | 100




Note:

The above template is only a sample. Suitable internal variations may be
made for generating similar lemplates keeping the overall weightage to
different form of questions and typology of questions same.

For more details Kindly refer to sample question Paper of class X11 for
the year 2023-24 published by CBSE al its website.
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KEY POINTS

Quantization of charge

Coulomb’s force

Inwector form

Dielectric constant (or relative

permitivity)
Hence Fy = F, as free space has
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surface charge density
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Electric field due to a

point chirge

Section - 1

g=tne i
ka g,
|y '?_If'
P kg T kg~
Fa= ;% = '.EL"*‘“
r'll Ii]
I'I-H Em {-1lr| .
K= = T =—"—=—— Unit less
DorR s €
Tl =i i
by _ By
‘E"H.l l:ll'l
{
JL=% Cm
i
o=— Cm™
A
i 3
= = Cm
P \
*
- 'I‘
E= Lt —{theorctical)
fo—>0 ¢y

[ In numerical, weuse E= H{]
p

Unit 11 - 1V @



The components of electric field.

Torque on a dipole in a uniform

electric field
Electric dipole moment
Potential energy of a dipole ina

uniform electric field

Electric tield on axial line of an

electric dipole

Electric field on equatorial line
of an electric dipole

Eleciric field as a gradient of

potential

Electric potential differences

between ponts A & B

Electric potential at a point

@ Physics Class - X11)
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Common potential

Electric potential due to a

system: of charges

Electric potential at any point due

to an electric dipole

Total electric flux through a

closed surface S

Eleetric field due to line charge

Electric field due to an infinite
plane sheet of charge

Electric field between two infinitely

charged plane parallel sheets
having change density +s and —

Electri¢ field due to a uniformly

charged spherical shell
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Loss of energy (in Parallel 1 C\C s
compinaton of two capacitors AU = Em(‘ﬁ-‘-"ﬂ

Electrical capacitance C= v F(SI Unit)
Capacitance of un isolated sphere. . Cp=dne ;7

Capacitance of a parallel plate =

Capacitors in series — =+t
e C G C G
Capacitors in parallel C=C+Cy+C,
g A

capacitor with dielectric slab

Capacitance of a paralle] plate £= ‘—“‘T‘
d— ;[ = ]
between plates )

C

Capacitance of a parallel plate C= ?—”
capacitor with conducting slab e LJ
between plates - d
Energy stored in a charged U=——==CV ' =—¢¥ T
capacitor 2C 2 2

- = —
Resultant electric field ina E=E,- K, ,where Cm !

polarised dielectric slab -

I = Applied electric field and
E = Electric field due to

polarization
Polarization density P=e yE Vm or Ne!
Dielectric constant (in terms of Kp=1+%

electric susceptibility or atomic Where K is digletric
polarisability) Contant
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12.

CURRENT ELECTRICITY
IMPORTANT FORMULA

Drift Velocity

Relation biw
current and

Dnaft Velocity
Ohm's Law

Resistance

Specific Resistance

or Resistivity
Current density
Electrical Conductivity

Resistances in Senes

Parallel Combination

Temperature
Dependance of
Resistance

Internal Resistance
ofa cell

Power

Cells in Series
Equivalent emf
Equivalent Internal

Resistance
Mobility (1)

- eE
Vo =———T
m
I=ne’ﬁud
V=Rl
_pt
A
RA I
F"_Tz _1
He T
j=lA=neV,
og=1{p
Ry, =R 4R, 4Ry
| B I 1 + l
Rﬁj, R, 1 3

R=R,(l +ai)

F= [%—I]R

v
P=VI=FR=

Eeq=E,+E,
Eeq=E,-E,

L

eq

Ve

E

=it

—x
E — eélectrie fTuid

t = Relaxation time

&= ¢harge on clectrons.

mr = mass of electron

n = number density of electrons

A=Cross Section Area

Y = potential difference across
conductor

I'= length of conductor

Bt A e A

-
R, R, R B
R

/_.,.i.{ﬂ.lﬂ_

——i—— A o
; N’ "
I{:‘.

R_= Resistance at 1°C

» = Cofficent of temprature
t = Temperature

R = Resistance at 0°C

El! EJ
Ae i +B
E, E
E, > E, * |1} =

E, & E, are emf of two cells

CGS unit — Cmds -yl
S1 unit — Mg s v!
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Equivalent Current

13. Cells in parallel

Equivalent Currént

14. Kirchhoff's Laws

15. Wheatstone Bridge

{balanced condition)

I=
R+ ne

B =

r and 1, are their internal

g resistances respectively
n

m=mno, of cells in series.

Equivalent e.m,f.
Eyr + Esr
R 1+

Equivalent resistance

= number of cells in parallel

Zi = O {at a junction) i = Current
ZIR=EEorEiR =10

(in a closed loop)

R = Resistance

E=emt

o | =

P
a P. ), R and S are resistances in
Ohm in four arms of Wheatstone
Bridge.
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UNIT-I & UNIT-II

ELECTROSTATICS AND
CURRENT ELECTRICITY

(SECTION - A)
VERY SHORT ANSWER QUESTIONS (1 MARK)

I Two point charges repel each other with a foree *F™ when placed in a medium
of dielectric constant K. What will be the force between them when ploced the
smime distanee upart in air.

) F by Kl

I ¥
{ch "y id F

20 Ancelecron and a proton are released from rest in a uniform electrostatic field
From the ollowing which ohé is not comect.

(a} Both will experience the same foree in magnimude

(b Proton will have lanzer aeceleration

(e} Electron will hove larger aceelémtion

() Proton ond electron will move in oppoesite direction

3, Acharge g is dismbuted overa metal sphere of radius 1 The electric field and
the electric potential at the céntre are:

: : I g 1 g
E=0,%=1{) ) E=——— V=L

(o) b Ine, R I R
. . I«

3y E=0V = - dyE= —— V=0

i) m, R Ll ane, B

4. An electriv dipele having charpees =2nC s ploced inside o sphere of rodins
2m, the net electric flux linked with the sphere i3
(e} 226« 107 Nm=C= (B} 2246 = 108 Nm=(C-
{c) 456 = 10" am*C )y 1

3. Inthe metallic conductor shown in thefirge is continously

charged. Trom which of the following pomis AL B, © and
12 does the charge leak fiesc? 5]
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(a) A (b) B
(e) € {d) D

6. Theeleetric field due to an electric dipole (£ ¢, 2a) ata point on equatorial line
al distance ‘1’ from centre of dipole ta < <17 is E. The electric field due to the
dipole at distance “2r" on axial line is

E

(a) 2E ik 5
E B
el 1 1d) <

7. In Gause's law rf Fdv=-L the electric field is
Eq

(a) Due to the charges inside the surface only

(b) Due to the changes cutside the surface only

(¢) Due to all the charges inside and cutside the surface
(d) Due to the charges on the surfice only

8. Anelectric dipole is placed in extermal uniform electrie field in stathle equilib-
rium position. The potential coergy of dipole is

(a) —PE {b) PL:
(c) —2PE {d) o

9, Theeleetric flux linked with a sphere of radivs | mand charge of 17,7 = 10-1'C
al ils enelre is ¢ {g,= 885 = 107" C N'm™)
(a) 0.02Nm'C ' {b} 2.06Nm'C '
(¢) 200 Nm*C! {ely 2000 Nm2C !

10, Which ¢harge conliguration produces a vnilorm electrie Geld?
(a) a point charge
(b} infinite unilrom line churge
(¢) uniformly charged spherical shell
(d) uniformlv charged infinite plane sheet

1. An electric dipole is placed in an electrie lield o 2 < 1F N/C at an angle of 30°
with the direction of field. If dipole length 15 | ¢m and it experiences a torgue
of 8Nm, the charge on dipole is
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13.

14.

16.

17.

(a) EmC (b) 6 mC

(¢) 4 mC (d)y2mC —
From the given figure, find the ratio of electrie flux / A \p
through the Gaussian surfaces A. B & C. ) 2 '
fa) 3:4:6 (by2:3:5 V),
(€)1:2:3 (dy1:2:4
The total electric flux through the closed surface which 1 i
is kept inside the water (as shown in the firuge) is : rF—=2—c==1
Sq o =2 =1
=3 b v g e
@ 3e, ® 27, g 2 il
'1? 31 r -—Jf =i 'll'hr_-.—I
= ho B WS
(c) =19 id) |

il E'.II

Two charged particles havign charges +q and —q are separated by a distance '’
in air. If they are touched together and then separated to the same distance, the
force between them will be

(a) Less than before (b} More than before

(c) Same as before (d} Zero

Two points A and B ure maintained at a potential of 6V and -4V respectively.
The work done in moving are electron from A to B is

(a) 1.6 = 10" (b) 1.6 x 10°*)

(c) 1.6 210"} (d)=1.6 = 10-*]

If the voltage applied on a capacitor is incrased from 1V to 2V. choose the
correct option

(@) Charge remains the same

(b) Capacitance remains the same

(c) Both charge and capacitance remains same

(d) Both charge and capacitance will be doubled

Electric dipole moment of CuSO, molecule is 3.2 * 10" C-m. Find the separa-
tion between copper and sulphate ions.

(a) 2nm ib) 1 nm
(c) 0.5 nm id) 0.25 nm
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18, An electric dipole is placed in unifarm external electric field, From the follow-
ing diagrams,which one represent hall’ the maximuom torgue on the dipole.

(a) 7 {b) T (€) = (d) B
= —_— - —_—
a ‘q
q e—s'tg Aia 14 : . I: .

19, A parallel plate capacitor is charged by o battery and the battery is disconnected,
Now the area of the plates of capacitor and the distance between the plates of
capacitor are doubled. Which quantity will change?

{a) Capacitance (h) Voltage
{c) energy {d) energy density

20. A positively charged particel is released from rest in a uniform electric field.

The electric potential encrgy of the charge will

(a) remain same {h) increase
(¢) decrease (d} become zero

21. Equipotentials at large distance from a collectrion of charges whaose total sum
is not zero, are approximately

(a) Spheres (b)) Planes
{¢) Parabolids {d) ellipsoids

22, Two small identical spheres cach carrving a chare 2pC are placed | m apant in
air. Il one of the spheres is talken around the other one in a circular path of
radius | m. the wark done will be equal to

{a) 0.036) (b) 0.36)
c) 3.6 (d) Zero
23 A hollow metal sphere ol raidus 5 em is charged so that the potential on its
surtace is 9V, The potential at the centre of spherg is
(a) Same as ata point 3 cm from the centre of sphere
i(h) Same as at a point 5 cm away from the surlace of sphere
{¢) Seme as at a point 3 cm away from the sufrace of sphere
(d) Zero

24, N identiacal drops each having & charge g and potential V coalesec to form «

big drop.

The charge and potential on big drop will be:

() N, NV respectively {b) Ng. NU'V respectively
(€) Ng. N**V respectively {d) Ng. V/N respectively
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26,

A capacitor is charged by using a batterv. Battery is disconnected from the
capacitor then a dielectric slab 15 inserted between the plates of capacitor. which
results in

(a) decrease in potential difference across the plate

{b) decrease in stored potential energy

{c) bath {a) and (b)

{d) neither {a) nor (h)

The work done in bringing a unit positive charge from infinite distance to a
point at distance » from a positive charge ¢ is W. The potential at that point is

W
a) b) gW
(a) ib)q
M
() W (d) Tr?

The radii of two metallic spheres of are W em and 15 ¢ and carrving charee
of 75 pC each. If they are shorted then the charge will be transferred

{a) 15 pe from bigger to smaller sphere

b} 15 pe from smaller to bigger sphere

(e 23pc from bigger to smaller sphere

(d) 25 pe from smaller to bigaer sphere

A proton and an a-particle are accelerated [rom rest through a petential difler-
ence of 100 voll, The ratio ol their kinetic energy 1s

{g) 1:1 thy 1:2

{c) 2:1 (dy 1:4

There are two conducting spheres of some radii, one 1s solid and the other is
hollow, then + o
{a) More change can be given 1o solid sphere —

{b) More charge can be given to hollow sphere

{¢) Both can be charged equally (o maximum

{d) None of the ahove

Two plane sheets of charge densities +o and — o aré kepl in air as shown in the
ligure. The electric field in the region between the plate is
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lad
!-'l

34

ad
L

O a

(u) ?,. ib) E
2o
(€) & (d) Zero

Two copper wires with their lengths in the ratio 1:2 and their resistances are in
the ratio 1:2 are connected in series with a battery. The ratio of drifl veloeities,
of free electrons in two wires is

{a) 1:2 (b} 2:1

{c) 1:4 (dy 1:1

If not identical cells each of emif £ and internal resistance r are commected in
parallel. The equivalent emf and equivalent resectance will be

£ r
(1) S respectively ib) m= . nr respectively
n K
r . r .
{¢) E; respectively id) "*7—; respectively

I'wo heating coils, one of thin wire and other of thick wire. made of same
material and of same length are connected in turn o a source of emf Then
(n) Thicker wire will preduce more heat

{b) Thiner wire will produce more heat

{¢) Both the wires will produce same heat

(d) No wire will produce heat

A steadv current flour in a metallic eonducter of non-emiform eross-section.
Which of the gquantities remain constant along the length of the conductor?
(a) drift speed only

{b) current only

(¢) drift speed and current both

(d) drift speed. current and electric field

Ty
I'he 1-V graph fora given metallic wire at two different T
temperatures T, and T, are shown in the ligure, then 1
(@ T, =T, () T, >T,
() T, =T, (dy Tl =211 V—

2
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34,

41,

In the equation A = BC, A is the electric field. B is the current density, then ¢ is
(a) conductivity {h) resistivity

{c) conductance {d) resistance

For which of the following relation between drilt velocity (V) and clectrie
field (E). ohm's law is obeyed

(a) Va « E? (h) V. *E

(e) V xE3 (d) V *E!

The Relaxation time in conductos

(a) increases with inerease in temperature

(b) decreases with incresse in temperatuure

{¢) is independent ol temperature

{d) First increase then decreases with increase in emperature

The resistance and resistivity of a given wise are R and p respectively. Tt its
length and radius both are doubled, then if new resistance and resistivity are &'
and p' respectively. Then

ro M,

(a) R'=2R.p'=2p (hy R'=—.p =£?
y R,

fe) R"=2R.p'=p (d) &'==.p=p

Kirchhotl's first law, Z i =0 atajunction and second law Z F'=10 inaclosed
loop are based on.

{a) conservation of charge. conservation of energy respectively

{b} both on conservation ol charge

(e) conservation of charge. conservation of energy respectively

(d) Both on conservation of energy
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Unit 1 & 8 Unit 2

Answers
1. (b) KI
2. (b) Proton will have larger acceleration
N

:J'. {f] E" ﬂ‘]_‘iﬁf.ﬁ
4. (o
3. (a) A
6. () =

. (e 1

7. Ae) Due o all charges inside and outside the surlace only
8. {(a) —PE

%, {c) 200 MM C

10, {d) Uniformly ¢harged infinite planc sect

11, {a) 8 me
2. {8y :2:4
Ui

13, (b 27e,

4. {d) Fero

15, (a) 1.6 = 10 %]

|6, (b) capacitance remains the same
7. (h) 1 nm

18. (b)
—aE
S

19, {d) encrgy density

-
E

20, {¢) decrease
21. {a) spheres

22, {d) zero
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13, (a) Same as at a point 3 cm from the centre of sphere.
24, (¢) Ng. N*9V respectively
25, (e) both (9) & (b)

26. (c) W
27. {b) 15 pe trom smaller to bigger sphere
28. (b) 1:2

24 {¢) Both can be charged equally 1o maximum value

a
30, (a) P

3l (d) 111

r
32. (e) 5-—?re5pﬂ'-’.‘tweiy
r

33. (a) Thicker wire was produce more heat
34. (h) current only

35 (a) T, =T,

36, (b) resistivity

37. () V,=E

38. (h) decreases with increase in tlemperative

# R 'l
39. (d) X = p=p

4. {c) conservation of chaye, comulation of energy respectively
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Assertion and Reason based questions on electrostatics

43,

45,

For question two statements are given one labelled Assertion A and the
other labelled Reason R. Select the correct answer Lo these question from
the codes (a), (b), (c) and (d) as given below:

Both A & R are true and R 1s correct explanation ol A

Both A & R are true but R 15 not the correct explanation of A

As true but R is false

Ais false and Ris also false

Assertion : Electrons move away from a region of lower potential to a
region ofhigher potential.

Reason : Because electron 1s a negatively charged partiels.

Assertion : Work done in moving any charge between two points on an
equipotential surface 18 zero.

Reason : Because an equipotential surface is that surface which has always
zero potential at all points on it

Assertion : A pomt charge g 15 placed at a distance a/2 directly above the
centre of square of side a. The magnitude of electnie flux associated with the
square 1% independent ol side length of the square.

Reason : Gauss’s law 1s independent of stze of Gaussian surface.

Assertion : Work done im moving a change between any two points in an
electrostatic field is mdependent of the path followed by the charge between
these points.

Reason : Electrostatic force 1s not conservative force.

Assertion : Net electnie field mmside a conductor 1s zero.
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49.

Reason : Total positive charge equals total negative charge in a charged

conductor.
Answer Key :
(1 a)
(2) c)
(3) a)
(4) c)
(5) c)

Assertion and Reason Based Question on Current Electnicity
For these question, two statements are given-one labelled Assertion A and
the other labelled Reason (R). Select the correct answer o these question
from the codes (a), (b), (¢)and (d) as given below.
Both A and R are true and R 1s the correct explanation of A
Both A and R are true but R 1s NOT the correct explanation of A
Ajs true but R 1s false
Ais false and R is also false
Assertion: Anelectric bulb starts glowing instantly as itis switched on.
Reuason: Drift velocity of electrons in a metallic wire is very large.
Assertion : When cells are connected m parallel to the external load, the
effective e.m [ increases.
Reason : All the cells will be sending the current to the external load in the
same direction.
Assertion : Electrons move from a region of higher potential toa region of
lower potential.
Reason : An electron has less potential energy at a point where potential is
higher and vice-versa.
Assertion : In senies combmation of electne bulbs the bulb of lower power
emils more light than that of higher power bulb.

Reason : The lower power bulb in series gets more current than higher power

bulb.
Uit 111 = 1V



50. Assertion : The drifl velocity of electrons m a metallic wire decreases, when
temperature of the wire increases.

Reason : On increasing temperature, conductivity of metallic wire decreases.

Answer Key:
(46) ¢
47 d
(48) c)
(49) ¢
(30) b

CASE STUDY ELECTROSTATICS

Static Electricity : Static electnieity 1s the build up of an electnical charpe on
the surface of an object. We see static electricity everyday. When our dry
hairs are dressed with a plastic comb, hairs get charged. Lightning 1s a
powerful form of static electricity. Atoms are made up of Liny particles called
neutrons, protons and electrons. The neutrons and protons together form the
nucleus. The electrons revolve around the outside of the nucleus. A static
charge is formed when two surface are rubbed aganst each other and the
glectrons move from one object to another.
Each question carnes | mark.

I.  Which atomic particle move from one surface to another in order to form
static charge?
a) Electrons b) Protons
¢) Neutrons d) All ofthe above

2. Whatis static electnicity?
a) Electrieity that flows in one direction
b) Electricity that constantly changes direction
¢) An electric charge on the surface ol an object

d) Electricity that 1s sent over the air
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When a charged rod 1s brought near a neutral paper piece, then charged rod

a) Attracts the paper piece

b) Repels the paper piece

¢) Neither attract nor repel the paper piece

d) None of the above

Which of the following 1s/are practical application [or static electricity?
a) Air filters b) Photocopier

¢} Laser printers d) All ol the above

Which of the following 1s an example of static electricity?
a) Electricity for a light bulb
b) An electnie socket in your home
¢) Your pants sticking to yours legs
d)None of the above
Air Cleaner
In cleaners, the air is passed through a grid which charges the particles in air
(like as smoke, dust, pollen etc) positively (usually) and them the air is
passed through oppositely charged gnd that atiracts and retain the charged

particles. So clean airis obtained by air cleaner.

Each question carniers

1 Mark.

7
Final filier

Negalive charge ona body 1s due to

Collecting grid
(neeative)

a) Excess of electrons on the body
by deficiency of electrons on the body s 5
¢) Passing electric current through the body £ "f}‘?'! 7 ,ﬁ'lvrf :"r';f Churging grid

{positee)

d) None of theabove
0 E{: 0
¢ v i
R (I
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b2

When a charged body is placed near neutral piece of paper, it attracts the
paper due to
a) Electrical induction  b) Sellinduction
¢) Mutual induction d) MNone of the above
3.  Whentwo bodies are rubbed against esch other them they get charge due to
#) Transferolelectrons  b) Trunsfer ol protons
¢) Transferofmeutrons  d) Mone ofthe above
4.  Arrcleanerworkson
a) Magnetism b) current
¢) Electrostatics d) Mutual induction
5. Which olthe following 1s a practical application of static electricity?
a) Cyclotron b) Photocopier
¢) Translformer d) AC Generator

Answer Key : Static Electricity

(1) a)
(2) &)
(3) a)
(4) d)
(5) c)
Answer Key : Air Cleaner
(1 a)
(2) a)
(3) a)
(4) c)
(5) b)

Physics Class - X11)



III. Temperature Dependence of Resistivity

The resistivity of a matenial 1s found to be dependent on the temperature. Different
malterials do not exhibit the same dependence on temperature. Over a limited
range of temperatures, that is not too large, the resistivity of'a metallic conductor s
approximately given by Pr= P 1Ha(T-T,)]

Where p; 1s the resistivity at a temperature T and p, 15 the same at a reference
temperature T,. @ 1s called the temperature co-efficient of resistivity. For the
metals @is positive, meaning that resistivity merease with increasing temperature.
fornon metals @1s negative and for some metal alloys it1s very small.

I. Theresistance ol msulators-——-—-
a) increases with increase in temperature
b)decreases with increase in lemperature
¢) is independent of temperature
d) None of the above
2. Whatis the unit of temperature coelficient of resistivity ?
a) Qm'c’
b) Qm'c
e)'C
d)'C’
3. Standard resistance coils are made of
ajymetals
bhinsulators
¢)semiconductors
d) alloys ol metal
4. Theresistance values ol constantan and manganin would change
with temperature.
a)very little
b)large
¢)very large

d) does not change
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5.  Theresistivity of metals-
a) decreases with decrease in temperature
b) decreases with increase in temperature
c¢) isindependent of temperature
d) None ofthe above
Answer Key: L. (a), 2.(d),3.(d). 4. (a), 5.(a)
IV The Wheatstone bnidge works on the prninciple of null deflection, 1.e. if the
ratio of their resistances are equal and no current llows through the circuit givenin
figure. The workmg of metre bridge 1s based on Wheatstone bridge principle. The
meter bridge 1s used (o find the resistance of unknown conductor or to compare

two unknown resistances.

1 When galvanometer shows null deflection
2) ViV,
b) V=<V,
V=V,
d) Can't be determined
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Wheatstone bridge 1s a/an:

a) A.C. bndge

b)D.C bridge

¢) Highbndge

dyNone of these

Whetstone bridge 15 used to measure resistance of vanous type of wires for :
a) Determining their efective resistance

b) Computing the power dissipation

¢) Quality control ofwire

dyNone of these

By using vanations on a Wheatstone bridee we can

a) Measure quantities such as voltage, current and power

b)Measure high resistance values

¢) Measure complex power

d) Measure quantities such as capacitance, inductance and impedance
The given Wheatstone bridge 1s said to be balanced when :

HELY

RS
b)P+R-Q+S

¢)P-O-R-S
d)PR—0Q.S

Answer Key
1(c) 2b) 3a) Hb) 5(a)
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SHORT ANSWER QUESTIONS (2 MARKS)

1. An oil drop of mass m carrying charge — Q is to be held stationary in the
gravitational field of the earth. What is the magnitude and direction of the
electrostatic field required for this purpose 7 Ans.E = mg/(), downward
Draw E and V versus » on the same graph for a point charge.

Find position around dipole at which electric potential due to dipole is zero

but has non zero electric field intensity, l .
>y p

Ans. Equatorial position, V=0, £ = ——— (a<=<r

5 3 dne, v { )

4. Derive an expression for the work done in rotating an electric dipole
from its equilibrium position to an angle 8 with the umform electrostatic
field.
A electrostatic field line can not be discontinuous. Why ?
A thin long conductor has linear charge density of 20 pC/m. Calculate
the clectric field intensity at a point 5 em from it. Draw a graph to show
variation of electric field intensity with distance from the conductor.
Ans. 72 = 10° N/C
7. What is the ratio of clectric field intensity at a point on the equatorial line
to the field at a point on axial line when the points are at the same distance
from the centre of the dipole ? Ans.1:2
8. Show that the electric field intensity at a point can be given as negative of
potential gradient.
9. Acharged metallic sphere A having charge g, is brought in contact with an

& th

uncharged metallic sphere of same radius and then separated by a distance

1 g;

o, What is the electrostatic force between them. Ang, ——5
lore, d*

10.  Anelectron and a proton travel through equal distances in the same uniform
electric field E. Compare their time of travel. (Neglect gravity)

11. Two point charges — ¢ and + ¢ are placed 2/ metre apart, as shown in Fig.
Give the direction of electric field at points A, B, C and D, A is mid point
between charges — g and + g.
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12.

13.
14.

15.

Ans. (1) Zero. (ii)

16.

The electric potential V at any point in space is given V = 20x* volt, where
x is in meter. Calculate the electric intensity at pomnt P (1, 0, 2).

Ans. - 60 NC '
Justify why two equipotential surfaces cannot intersect.
Find equivalent eapacitance between A and B in the combination given

below : each capacitor is of 2 pF. Ans. 6/7 uF

A t i i f i B

What is the electric field at O in Figures (i), (ii) and (iii), ABCD is a square
of side .

8q

along OB (iii) along OD

drg r” 4 r”
What should be the charge on a sphere of radius 4 em. so that when it is
brought in contact with another sphere of radius 2 em carryving charge of
[0 uC, there is no transfer of charge from onc sphere to other 7

Ans. Va=Vh, Q =20pC.
17. For an isolated parallel plate capacitor of capacitance C and potential

difference V, what will be change in (1) charge on the plates (ii) potential
difference across the plates (iii) electric field between the plates (iv)
energy stored in the capacitor, when the distance between the plates is

Uit 111 = 1V
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Ans. (i) No change (ii) increases (iii) No change (iv) increases,

18. Does the maximum charge given to a metallic sphere of radius R depend
on whether it is hollow or solid 7 Give reason for your answer,

Ans. No, charge resides on the surface of conductor.

19. Two charges Q, and Q, are separated by distance . Under what conditions
will the electric field be zero on the line joining them (1) between the charges
(i1) outside the charge?

Ans. (i) Charge are alike (11) Unlike charges of unequal magnitude.

20. Obtain an expression for the electric field due to electric dipole at any point
on the equatorial line,

- no—
21. The electric field component in the figure are E_= 2xi. Ey =E, = 0.

Calculate the electric flux through, (1, 2, 3) the square surfaces of side
Im.

22. Calculate the work required to separate two charges Suc and - 2uc placed
at (— 3 em. 0. 0) and (+ 3 cm, 0. 0) infinitely away from each other.
Ans. 1.5
23.  What is electric field between the plates with the separation of 2 cmand (i}
with air (i1) dielectric medium of dielectric constant K. Electric potential
of each plate is marked in the following figure.
150V

10°

NC!

(i) 50V Ans.E,=10°NC |, E=

24. A RAM (Random access Memory) chip a storage device like parallel plate
capacitor has a capacity of 55pF. I the capacitor is charged to 3.3V, how
many excess electrons are on its negative plate ? Ans. 1.8 = 10°

25, The figure shows the Q (charge) versus V (potential) graph for a combination
of two capacitors, identify the graph representing the parallel combination.
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27.

28.

29,

30.

31.

32.

33.

Ans. A represents parallel combination
Calculate the work done in taking a charge of | uC in a uniform electric
field of 10 N/C from B to C given AB =5 cm along the field and AC = 10
cm perpendicular to electric field.

S0 -

A——B
10 cm

Ans. W, . =W_.=50= 10°8], Wee=01
Two charges — ¢ and + ¢ are located at points A (0, 0,—g¢)and B (0,0, +a)

respectively. How much work is done in moving a test charge from point
P{7.0,0)t0Q (-3,0,0)? (zero)
The potential at a point A 1s — 500 V und that at another point B 15 + 500 V.
What is the work done by external agent to take 2 units (S.1,) of negative
charge from B to A. Wy =20001
How does the (1) Potential energy of mutual interaction (i1) net electrostatic
P.E. of two charges change when they are placed in an external electric field.
With the help of an example, show that Farad is a very large unit of
capacitance.

What is meant by dielectric polarisation ? Why does the electric field inside
a dielectric decreases when it 1s placed in an external field ?

In charging a capacitor of capacitance C by a source of emf V, energy
supplied by the sources QV and the energy stored in the capacitor is YAQV.
Justify the difference.

An electric dipole of dipole moment p. is held perpendicular to an electric
field. If the dipele is released does it have (a) only rotational motion

Uit 111 = 1V @



34.

35.

36.

38.
39,

41.

42.

(b) only translatory motion (c¢) both translatory and rotatory motion
explain?

The net charge of a system is zero, Will the electric fichd intensity due to
this system also be zero,

A point charge Q is kept at the intersection of (i) face diagonals (i) diagonals
of a cube of side 2. What i3 the electric flux linked with the cube in (1) &
(i) ?

There are two large parallel metallic plates S, and S, carrying surface charge
densities o, and o, respectively (o, = o,) placed at a distance d apart in
vacuum, Find the work done by the electric ficld in moving a point charge
q a distance a (a < d) from S, and 3, along a line making an angle n/4 with
the normal to the plates.

Define mobility of eleetron in a conductor. How does electron mobility
change when (i) temperature of conductor is decreased (ii) Applied potential
difference 15 doubled at constant temperature ?

On what factors does emf of a cell depend?

What are superconductors 7 Give one of their applications.

Two copper wires with their lengths in the ratio | : 2 and resistances in
the ratio 1 : 2 are connected (i) in series (ii) in parallel with a battery.
What will be the ratio of drift velocities of free electrons in two wires in (i)
and (ii) ? Ans.(1:1,2:1)
The current through a wire depends on time as { = i + at where i, = 4A and
a =2As. Find the charge crossing a section of wire in 10 seconds.

In the arrangement of resistors shown, what fraction of current I will pass
through 5€2 resistor 7 (g 1
3

50

L

Ll
1062

Physics Class - X11)



43, A 100W and a 200 W domestic bulbs joined in series are connected to the

mains. Which bulb will glow more brightly 7 Justify. {TOOW)
44. A 100W and a 200 W domestic bulbs joined in parallel are connected to
the mains, Which bulb will glow more brightly ? Justify. (200W)

45. A battery has an emf of 12V and an interal resistance of 2C2. Calculate
the potential difference between the terminal of cell if (a) current is drawn
from the battery (b) battery is charged by an external source.

46. A uniform wire of resistance R ohm is bent into a circular loop as shown

in the figure. Compute effective resistance between diametrically opposite

points A and B. o [Ans, R/4]
Illll_.r . "\.__\I
Ad B
N /"f

47. A household circuit has a fuse of SA rating calculate the maximum
number of bulbs of rating 100W-220V each can be connected in thas household

circuit - 100 5

Ans. Current drawn by each bulb= — = —— = == A No. of bulbs that can
5 V 220 11

be safely used with 5A fuse = E =11 bulbs
11

48. Two heating coils, one of thin wire and other of thick wire, made of same
material and of same length are connected in turn to a source of emf. Which one of
the coils will produce more heat ?

Ans P ZE— . for same V, thicker wire has low resistance so it will more produce

more heat.

49. A wheatstone bridge 1s m balance condition. Now if galvanometer and cell
are interchanged, the galvanometer shows no deflection. Give reason.
|Ans. Galvanometer will show no deflection. Proportionality of the arms
are retained as the galvanometer and cell are mterchanged. |

Unit 11 = 1V



50. Give any two limitations of Ohm’s law.
51. Which one of the two, an ammeter or a milliammeter has a higher resistance
and why ? Ans. milliammeter

52. Name two factors on which the resistivity of a given material depends ?

53. If the electron drift speed 1s so small (- 10-3 m/s) and the electron’s
charge is very small, how can we still obtain a large amount of current in
a conductor,

54. Abattery of emf 2.0 volts and internal resistance 0.1€2 is being charged with

a current of 5.0 A. What is the potential difference between the terminals

of the battery ?
L { ii——a B
SA 2.0V 010

55. Five identical cells, each of em{ E and internal resistance r, are connected
in series to form (a) an open (b) closed circuit. If an ideal voltmeter is
connected across three cells, what will be its reading ?

[Ans. (a) 3E: (b) zero]

56. An electron in a hydrogen atom is considered 1o be revolving around a

! ”_'

proton with a velocity £ in a circular orbit of radius —. If I is the
] e

equivalent current, express it in terms of m, e, n.

57. Inthe gmiven circuit, with steady current, calculate the potential drop across
the eapacitor in terms of V.
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58. Acell of e.m.f. 'E’ and internal resistance “r’ is connected across a variable
resistor ‘R°. Plot a graph showing the variation of terminal potential *V*
with resistance "R’ Predict from the graph the condition under which V"
becomes equal to “E",
59.  Winding of rheostat wire are quite close to each other why do not they get
short circuted ?
Ans. The wire has a coating of insulating oxide over it which insulate the
winding from each other.
60. The current | fows through a wire of radius rand the free electrons drift with

velocity v, When a current 21 flows through the wire of same material
but having double the radius, what will be the drift velocity of electrons in

this wire
A_ns_ V. = ] = [
“ T nAe nTire
: 21 = —é i

s nIT(2r) e

SHORT ANSWER QUESTIONS (3 MARKS)

1. Define electrostatic potential and its unit, Obtain expression [or electrostatic
potential at a point P in the field due to a point charge.

2. Calculate the electrostatic potential energy lor a system of three point
charges placed at the corners of an equilateral triangle of side ‘a’.

3. What is polarization of charge 7 With the help of a diagram show why
the electric field between the plates of capacitor reduces on introducing a

dielectric slab. Define dielectric constant on the basis of these fields.

4. Using Gauss's theorem in electrostatics, deduce an expression for electrie

field intensity due to a charged spherical shell at a point (i) inside (1) on

Uit 111 = 1V



its surface (iii) outside it. Graphically show the variation of electric field
intensity with distance from the centre of shell.

5. Three capacitors are connected first in series and then in parallel. Find the
equivalent capacitance for each type of combination.

6. A charge QQ is distributed over two concentric hollow sphere of radii »
and R (R = #), such that their surface density of charges are equal. Find
Potential at the common centre.

Derive an expression for the energy density of a parallel plate capacitor,
You are given an air filled parallel plate capacitor. Two slabs of dielectric
constants K, and K, having been filled in between the two plates of the
capacitor as shown in Fig. What will be the capacitance of the capacitor of
initial area was A distance between plates d 7

PI B,
| X || K | = i
Rl e
Ans. C, =(K,+K))C,
K KLC,
2 (K- K,)

Y. Inthe figure shown, calculate the total flux of the electrostatic field through
the sphere 5, and §,. The wire AB shown of length 7 has a liner charge
density A given A = kx where x is the distance measured along the wire
from end A.

‘ !
1
Ans. Total charge on wire AB = Q = j.?u.it =_|'.'l' ydy= E.Hl

By Gauss’s theorem.
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11.

12.

13.

14.

15.

16.

o

Total flux through §, = —

N

Q+1 k2

Total flux through §, =

=1

Explain why charge given to a hollow conductor is transferred immediately

to outer surface of the conductor.

Derive an expression for total work done in rotating an electrie dipole

through an angle © in an uniform electric field. Hence calculate the potential

energy of the dipole,

Define electric flux. Write its SI unit. An electric flux of £ units passes

normally through a spherical Gaussian surface of radius r, due to point

charge placed at the centre.

(1) What is the charge enclosed by Gaussian surface ?

(2) If radius of Gaussian surface is doubled, what will be the flux
through it ?

A conducting slab of thickness ‘" is introduced between the plates of

a parallel plate capacitor, separated by a distance d (1 < d). Derive an

expression for the capacitance of the capacitor. What will be its capacitance

when =47

If a dielectric slab is introduced between the plates of a parallel plate

capacitor after the battery is disconnected, then how do the following

quantities change,

(i) Charge

(i1) Potential

(i) Capacitance

{iv) Energy.

What is an equipotential surface ? Write three properties Sketch equipotential

surfaces of

(1) Isolated point charge

(ii) Uniform electric field

(iii) Dipole

If charge Q is given to a parallel plate capacitor and E is the electric field

between the plates of the capacitor the force on each plate 15 1/2 QE and
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if charge Q is placed between the plates experiences a force equal to QFE.
Give reason to explain the above.

17. Two metal spheres A and B of radius » and 2# whose centres are separated
by a distance of 6r are given charge Q, are at potential V, and V,. Find the
ratio of V /V,,. These spheres are connected to each other with the help of
a connecting wire keeping the separation unchanged, what is the amount
of charge that will flow through the wire ?

6r

18. Define specific resistance. Write its SI umit. Derive an expression for
resistivity of a wire in terms of its material’s parameters, number density
of free electrons and relaxation time.

19. A potential difference V is applied across a conductor of length L and
diameter D, How are the electrie field E and the resistance R of the conductor
affected when (i) V is halved (ii) L is halved (iii) D is doubled. Justify vour
answer,

20. Define drift velocity. A conductor of length L is connected to a de source of
emt E. If the length of conductor 15 tripled by stretching it, keeping E constant,

explain how do the following factors would vary in the conductor ?

(1) Drift speed of electrons (11) Resistance and (111) Resistivity
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27.

Define conductivity of a substance. Give its SI units. How does it vary
with temperature for (i) Copper (ii) Silicon ?

Two cells of emf E | and E, having internal resistance r, and r, are connected
in parallel. Calculate E.; and 1., for the combination.

The graph A and B shows how the current varies with applied potential
difference across a filament lamp and nichrome wire respectively, Using
the graph, find the ratio of the values of the resistance of filament lamp to
the nichrome wire

(i) when potential difference across them is 12 V.

T |
i -
I

E.-- g :

| B |

1 : :

: i

- SR ST A
—V

(1i) when potential difterence across them is 4V, Give reason for the change
in ratio of resistance in (i) and (i1).

Electron drifi speed is estimated to be only a few mm/s for currents in the

range of few amperes ? How then is current established almost the instant

a circuit is closed,

Give three differences between e.m.[. and terminal potential difference of

a cell.

Define the terms resistivity and conductivity and state their S, 1. units.

Draw a graph showing the variation of resistivity with temperature for a

typical semiconductor.

The current tlowing through a conductor is 2mA at 50V and 3mA at 60V,

Is it an ohmic or non-ohmic conductor 7 Give reason.

Nichrome and copper wires of same length and area of cross section are
connected in series, current is passed through them why does the nichrome

Uit 111 = 1V @
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29.

Under what conditions is the heat produced in an electric circuit :
(1) directly proportional
(11) mversely proportional to the resistance of the circuit.

LONG ANSWER QUESTIONS (5 MARKS)

1.

Two charged capacitors are connected by a conducting wire, Calculate
common potential of capacitors (ii) ratio of their charges at common
potential. Show that energy is lost in this process.

Derive an expression for the strength of electric field intensity at a point on
the axis of a uniformly charged circular coil of radius R carrying charge Q.
Derive an expression for potential at any point distant » from the centre O
of dipole making an angle § with the dipole.

Suppose that three points are set at equal distance » = 90 cm from the
centre of a dipole, point A and B are on either side of the dipole on the axis
(A closer to +ve charge and B closer to negative charge) point C which 1s
on the perpendicular bisector through the line joining the charges. What
would be the electric potential due to the dipole of dipole moment 3.6 =
10 ' Cm at points A, B and €' ?

Derive an expression for capacitance of parallel plate capacitor with
diclectric slab of thickness i{r < &) between the plates separated by distance
d. How would the tollowing (i) energy (i1) charge, {iii) potential be affected
(a) if dielectric slab is introduced with battery disconnected, (b) dielectric
slab is introduced after the battery is connected.

Derive an expression for torque experienced by dipole placed in uniform
clectric field. Hence define electrie dipole moment.

State Gauss’s theorem. Derive an expression for the electric field due to
a charged plane sheet. Find the potential difference between the plates of
a parallel plate capacitor having surface density of charge 5 * 10°# Cm™?
with the separation between plates being 4 mm.

Define current density. Give its S1 unit, Whether it is vector or scalar ?
How does it vary when (i) potential difference across wire increases (1i)
length of wire increases (i) temperature of wire increases (iv) Area of
cross-section of wire increases justify your answer,
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11.

14.

16.

Using Gauss’s theorem obtain an expression for electric field intensity
due to a plane sheet of charge. Hence obtain expression for electric field
intensity in a parallel plate capacitor.

Write any four important results regarding electro statics of conductors.
State Kirchhoffs’s rules for electrical networks. Use them to explam the
principle of Wheatstone bridge for determining an unknown resistance.
How is it realized in actual practice in the laboratory 7 Write the formula

used.

For three cells of emf E,, E, and E; with internal resistance r, r,, #;
respectively connected in parallel. obtain an expression for net internal
resistance and effective current. What would be the maximum current
possible if the emf of cach cell is E and internal resistance is r each ?

Derive an expression for drift velocity of the electron in conductor. Hence
deduce ohm’s law,

How does the internal resistance of a cell change in the following cases-
{(1)When concentration of electrolyte is increased

(11)When area of the anode is increased

(i11)When temperature of electrolyte is decreased
Amns. (1) increases (1) decrease (1) increases

Explain how does the conductivity of a :

(1) Metallic conductor

(i1) Semi conductor and

(1i1) Insulator varies with the rise of temperature.

Derive expression for equivalent e.m.f. and equivalent resistance of a ¢
(a) Series combination

(b) Parallel combination

of three cells with em.f. E,. E;. E; & internal resistances r|, 7., r,
respectively.
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17. Deduce the condition for balance in a Wheatstone bridge, using the
KirchhofT's law

NUMERICALS

1. Whatshould be the position of charge ¢ = 3uC for it to be in equilibrium on
the line joining two charges g, =—4 nC and g, = 16 pC separated by 9 cm.
Will the position change for any other value of charge ¢ 7 (9 cm from — 4
nCj

2. Two point charges 4¢ and e each, at a separation 7 in air, exert force of
magnitude F. They are immersed in a medium of dielectric constant 16.
What should be the separation between the charges so that the force between
them remains unchanged. (1/4 the original separation)

3. Two capacitors of capacitance 10 uF and 20 puF are connected in series
with a 6V battery. If E is the energy stored in 20 pF capacitor what will be
the total energy supplied by the battery in terms of E. (6E)

4, Two point charges 6 pC and 2 pC are separated by 3 cm in free space.
Calculate the work done in separating them to infinity. (3. 6 joule)

n

ABC is an equilateral triangle of side 10 cm. D is the mid point of BC
charge 100 pC.— 100pC and 75 pC are placed at B, C and D respectively.
What is the force experienced by a 1 uC positive charge placed at A ?

(9042 %107 N)

6. A point charge of 2 uC is kept fixed at the origin. Another point charge of
4 pC is brought from a far point to a distance of 50 em from origin. (a)
Calculate the electrostatic potential energy of the two charge system.
Another charge of |1 pC is brought to a point 100 cm from each of the
two charges, What is the work done ? (a) 144 = 1073]

7. A5 MeV u particle is projected towards a stationary nucleus of atomic
number 40. Caleulate distance of closest approach. (L1 % 107 m)
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10.

11.

13.

14.

To what potential must a insulated sphere of radius 10 ¢cm be charged so
that the surface density of charge is equal to 1 pC/m?. (113 x 10%V)

A slab of material of diclectric constant K has the same area as the plates
. ; / . ; ;
of parallel plate capacitor but its thickness is ﬁ,wherc d is separation
between plates, How does the capacitance change when the slab is inserted
between the plates ?
A point charge developes an electric field of 40 N/C and a potential
difference of 10 J/C at a point. Calculate the magnitude of the charge and
the distance from the point charge. (2.9 = 10109¢C, 25 cm)
Figure shows three circuits, each consisting of a switch and two capacitors
initially charged as indicated, After the switch has been closed, in which
cireuit (if any) will the charges on the left hand capacitor (i) increase (ii)
decrease (i11) remain same ?
s 5 ]
3 s :
6 3¢ 6g 39 6g.| |24
zc-| ¢ 34:-] Tr 2o Iic
v - J | :
(1 remains unchanged, 2 increases, 3 decreases).

For what value of C does the equivalent capacitance between A and B is
IuF in the given circuit

I .
ApF = ‘
- 1:4 SuF +3pF
JHI.F‘i ] 2uF
B—ii
jpF 3uF
All capacitance given in micro farad Ans. 2 pF

A pendulum bob of mass 80 mg and carrying charge of 3 = 10°% C is
placed in an horizontal electric field. It comes to equilibrium position at an
angle of 37° with the vertical, Calculate the intensity of electric field. (g=
1 0m/s?) (2 = 104 N/C}
Eight charged water droplets each of radius | mm and charge 10 = 10-19C
coalesce to form a single drop. Calculate the potential of the bigger drop.

(3600 V)

Unit 11 = 1V



15.

16.

17.

18.

19.

20.

What potential difference must be applied to produce an glectric field that
can accelerate an electron to 1/10 of veloeity of light, (2.6 x 107 V)
A 10 pF capacitor can withstand a maximum voltage of 100 V across it,
whereas another 20 pF capacitor can withstand a maximum voltage of
only 25 V. What is the maximum voltage that can be put across their series
combination ?

Three concentric spherical metallic shells A = B = C of radii a, b, ¢
(a<b=<c)have surface densities o, — o and o respectively. Find the potential
of three shells A, B and C (ii). If shells A and C are at the same potential
obtain relation between a, b, c.

Four point charges are placed at the corners of the square ol edge 4 as shown

in the figure. Find the work done in disassembling the system of charges.

Er\f:—mw;
i

tgq

+g ="
Find the potential at A and C in the following circuit :

12%
H]
[

— o
ImF = = SmF

Two capacitors A and B with capacitances 3 uF and 2 pF are charged
100 ¥V and 180V respectively, The capapitors are connected as shown in the
diagram with the uncharged capacitor C. Calculate the (i) final charge on
the three capacitors (i) amount of electrostatic energy stored in the system

before and after the completion of the circuit.
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21. Fig. shows two parallel plate capacitors X and Y having same area of plates
and same separation between them : X has air while Y has dielectric of
constant 4 as medium b-ElWE:}E;‘:-'ﬂ plates

12V
(a) calculate capacitance of each capacitor, if equivalent capacitance of
combination is 4uF (b) calculate potential difference between plate X and
Y (c) what is the ratio of electrostatic energy stored in X & Y.
Ans. (a) SuF, 20uF, (b) 9.6V, 2.4V (¢) 4
22.
Hi|=
Gul
—— HiF
12pF
In the following arrangement of capacitors, the energy stored in the 61 F
capacitor is E.
Find :
(i) Energy stored in 12 pF capacitors,
(i) Energy stored in 3uF capacitor.
(iii) Total energy drawn from the battery.
Ans. (i) E=20Vv2= 810 Vv2=3x 106y
E
V=
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Energy stored in 12uF capacitor = 5‘-(“‘1.*'-”

| Il

% [ XY —r

-2 Ix107
=2E
(i1) Charge on 6uF capacitor - [ o= lgi}
Q,= V2IC 2.C
— 23 ExI0°C
Charge on [2uF capacitor
Q,= 2JICE
= 2% 12 %10 %3 2K
=43E % 10 C
Charge on 3pF capacitor Q = Q, + Q,
= 6/3E x 107
Energy stored in 3uF capacitor
B lezlxﬁfixfiExlﬂﬁ
2€ 2 3% 10
= IRE

(i) Capacitance of parallel combination = 18uF
Charge on parallel combimation Q = CV
=18 % 100V
Charge on 3uF=Q=3x 10°V,
I8 108 V=3x% 106V,
V, =6V

bk

Energy stored in 3uF capacitor = .],,_—C Vi

-—

= El ¥ 3x10" x —31:; - I‘?ﬁﬁ
= IBE
(i11) Total eEnergy drawn=E+ 2E+ IBE=21E
23. The charge passing through a conduetor is a function of time and is given as
g =28 —4r+ 3 milli coulomb. Calculate (i) current through the conductor (i1)
potential difference across it at ¢ = 4 second. Given resistance of conductor
is 4 ohm. Ans. [=12A, V=48V
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25.

27.

The resistance of a platinum wire at a point 0°C is 5,00 ohm and its resistance
at steam point 15 5.40Q. When the wire 1s immersed in a hot oil bath, the
resistance becomes 5.80€2, Caleulate the temperature of the oil bath and
temperature coefficient of resistance of platinum.

Ans. o= 0.004° C '; T = 200°C
Three identical cells, each of eml 2V and internal resistance 0.2 ohm, are
connected in series to an external resistor of 7.4 ohm. Calculate the current
in the circuit and the terminal potential difference across an equivalent.

Ans. I =D0.75: V=355V
A storage battery of emf 12V and internal resistance of 1.5 is being
charged by a 12V supply. How much resistance is to be put in series for
charging the battery safely. by maintaining a constant charging current of
GA. Ans. R =165 Q

Three cells are connected in parallel, with their like poles connected
together, with wires of negligible resistance. If the emf of the cell are 2V,

1V and 4V and if their internal resistance are 4£2, 30 and 2 L) respectively,

find the current through cach cell. | Ans. I, = I—EF&J?_ =I—:& I = % —|

A 16 ohm resistance wire is bent to form a square. A source of emf 9 volt is
connected across one of its sides, Calculate the potential difference across
any one of its diagonals, Ans, 1V
A length of uniform *heating wire’ made of nichrome has a resistance 72
£2. At what rate is the energy dissipated if a potential difference of 120V 1s
applied across (a) full length of wire (b) half the length of wire (wire is cut
into two), Why is it not advisable to use the half length of wire ?
Ans. (a) 20080, (b) 400W, 400W == 200W but since cuwrrent becomes large
50 it is not advisable to use half the length
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30.

3L

Potential difference across terminals of a cell are measured (in volt)
against different current (in ampere) flowing through the cell. A graph was
drawn which was a straight linc ABC. Using the data given in the graph.
Determine (i) the emf, (ii) The internal resistance of the cell.

Ans. r=5Q emf= 1.4V

PD. {volt)

R e
e i

04 08 12 16 20 24 28

I {ampere)
Four cells cach of internal resistance 0,80 and emf 1.4V, are connected
(i) in series (1) in parallel. The termimals of the battery are joined to the
lamp of resistance 10€2, Find the current through the lamp and each cell in
both the cases.

Ans. [; = 0.424A [, = 0.137A current through cach cell 15 0.03A

32.

In the figure, an ammeter A and a resistor of resistance R = 40 have been
connected to the terminals of the source to form a complete circuit, The
emf of the source is 12V having an internal resistance of 2€), Calculate

voltmeter and ammeter reading.

Ans. Voltmeter reading : 8Y, Ammeter reading = 2A

33.

——

In the circuit shown, the reading of voltmeter is 20V, Calculate resistance

of voltmeter. What will be the reading of voltmeter if this is put across

20062 resistance ? Ans, Ry =150Q V = % "
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34. For the circuit  given below, find the potental difference b/w poimnts B

and D. Ans. [ .46 Volis
A 2V,,20 B
4
4
/ i
1V, 10— "1% =1V, 10
Y,
-
-
-
,.f{

C {1 D

V30

35. A battery of emf 10V and internal resistance 30) 18 connected to a
resistor, If the current in the circuit is 0.5A, what is the resistance of the
resistor 7 What is the terminal voltage of the battery when the circuit is
closed ?

36. A network of resistance is connected to a 16V battery with internal
resistance of 1£2 as shown in Fig. on next page.

(i) Obtain the current in cach resistor,

(i) Obtain the voltage drop V5, V- & V..

401 1203
B2
(| yeyens
142
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37. The number density of conduction electrons in a Copper Conductor
estimated to be 8.5 = 10?® m ? How long does an electron take to drift
from one end of a wire 3.0 m long to its other end ? The area of cross
section of the wire is 2.0 % 107® m? and it is carrying a current of 3.0 A.

38 A voltmeter of resistance 400£2 1s used to measure the potential difference
across the 10082 resistor in the circuit shown in figure. What will be the
reading of voltmeter,

v
Ji}-
10002 ‘ 2000
—&H—
39. Find magnitude of current supplied by battery. Also find potential
difference between points P and Q in the given fig. Ans. 1A, 1.5V
oy 1.5W
it AN
ér p 3r
. At A
A B

e Y ———

ar Qﬁr

40. A copper wire of length 3 m and radius 7 is nickel plated till its radius
becomes 2r, What would be the effective resistance of the wire, if specific
resistance of copper and nickel are p_and p_ respectively.

I
Hint:R=p— R = p—
[ Re=P. wre p“'.rtfii"]3 -
R= ReRy Ans. R =— 3PP
1111"4_ I{H ’ nr= {3I1f + Ilif'l'-'J
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41.

43,

In the figure, if the potential at point P is 100V, what is the potential at point

' ]

150V 50V —
|

Given two resistors X and Y whose resistances are to be determined using

3.0W
ARAMY

e

S o Ans. - 10V
an ammeter of resistance 0.5€2 and a voltmeter of resistance 20 k@, It is
known that X is in the range of a few ohms, while Y 15 in the range of
several thousand ohm. In each case, which of the two connection shown
should be chosen for resistance measurement

gﬁfm .@} ; = ««-.T{w - @
{i) {1i)

Ans. Small resistance : X will be preferred; large resistance :

Y will be preferred
When resistance of 2£2 is connected across the terminals of a battery,
the current is 0.5A. When the resistance across the terminal is 5€2, the
current is 0.25A. (1) Determine the emfl of the battery (i1) What will be

current drawn from the cell when it is short circuited.

Ans. E=15V.1=15A

A part of a circuit in steady state, along with the currents flowing in
the branches and the resistances, is shown in the figure. Calculate energy
stored in the capacitor of 4F capacitance. Ans. V,, =20V, U=8 = 10T

,ﬂ,m
i 3024 50
e | Py - i
Ol J \
TmF 10
. H) §: ] ‘
=AW e
IV 24 § 20
LB ¥
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45. A voltmeter with resistance 5002 is used to measure the emf of & cell of
internal resistance 4€2. What will be the percentage error in the reading of
the voltmeter. Amns, (L.8%

HINTS FOR 2 MARKS QUESTIONS

Ii_.'.m.
L-‘I I.'Fl__.' B m,
10. l-p 4 2 "y o j”p
14. e IT 5
G I (S O |
=y =
Cs 2 6 2 6
—| ik {}
A 6
Cs=— pF
8 T,.l

— il M
21, ¢=D.d5=2¢j.dsi = Qxds
g, =0, ;=50 Vm, ¢, = 150 Vm
28. Wy, =g, (Vi V,)=2x 1000 =2000)

32. In the capacitor the voltage increases from O to V, hence energy stored
will correspond to average which will be 2 QV. While the source is at
constant emf V. So energy supplied will be QV. The difference between
the two goes as heat and emf radiations.

35. Construct a closed system such that charge is enclosed within it. For the
charge on one face, we need to have two cubes place such that charge is
on the common face. According to Gauss’s theorem total flux through the

Gaussian surface (both cubes) is equal ln%_ Therefore the flux through
<&
one cube will be equal to 4.
28,

b= 9F —=%) a

36. Work done = _ﬁrﬂ' cos O = gEd cos - NGl
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42,

56.

57.

51.

52.
53.

54.

ﬂ_ &x As [ Ay 1 L 1 Lt“-__]
Ri™ & dly " &L ~ 2 1 3 o
(V)
(i) inseries neA, (V) =neA,(V,), = ™), 1
Wk _ 2
(i) i LRy =R, = V) 1
11 21
Current through 56 = [.; + m'l T
_ Charge circulating € cseisd
Timeforone revolution  2mr /v ERS
R
- 2wy
. E’E‘:fﬂl’l _ H?Es
 om2mnt 2’
In steady state the branch containing C can be omitted hence the current
= N-V v
" R+2R 3R
For loop EBCDE
—~Ve=V+2V-1(12R)=0
'\Ilr
= V{: = ?
v
{
Milliammeter. To produce large deflection due to small current
we need a large number of turns i armature coil = Resistance increases.
Temperature
The electron number density is of the order of 10#* m= , = the net current
can be very high even if the drift spread is low.
V=RE+ir
=2+015
= 215V

Uit 111 = 1V



14.

21.

(a)

(b)

(c)

HINTS FOR NUMERICALS

v (i) el 58

-

{-Ju (,} dK .
c=V=%: 3v_“k:~.3t“
r=1mm

§ER1= H%m'":“vR=2mm
Q=8g=8=10x 10t C

1 Q
dne, R
9% 10? x8x 1077
- 2x107
C,=C.C,=KC=4C
CC 4
C_ o =§C:4:>C:5L1f

X v

V=

= 36000 Volt

Ceq =C,=5uf
C,=20u7

t %—]2[‘»" ‘U‘J I:asqcnnstantj
V=

v

9.6 Volt, V_= 9.6 Volr, Vy = 2.4 Volt
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HINTS FOR 3 MARKS QUESTIONS

16. IfE' be the electric field due to cach plate (of large dimensions) then net
electrie field between them
E=F +F =PR =F2
Force on change () at some point between the plates F = QE
Force on one plate of the capacitor due to another plate F = QE = QE/2

L .

17. Yy = ro b6r  br
_hg kg _ kg + kg _ dkg
Vit et e~ & 6
"\"I] _ 1
Vi 4
2q 2g

v e i 11 3 ¥ ST -
COMTTN 411;5'“[1' + 2¢) il]‘l:-[-:".l"

Charge transferred equal to

g=cv, ey =t ’E%g
=y %=§,
27. R, = %‘- - $= 25,0000
R,= T— = ﬁz 20,0006

As resistance changes with 1, therefore conductor 1s non ohmic.

28. Rate of production of heat, P=1°R, for given LP* R, p_,. . >p,
5o Ryichrome = Ry, 0f same length and area of cross section.

29, (i) IfTin circuit is constant because H= ¥ Ry

(i) If V in circuit 1s constant because H = %r

Uit 111 = 1V



NUMERICALS

gy 42
1. Vst 84218

=k dnac — Hnrbo + Hrco
=dnac (a— h+c)

o

==y i)
i
; 2
vE=;f[‘?_:+%+%=k4"Tbﬁ-4n@n+4mn
o U T i
_un(ﬁ b + ¢

Vo= G (g — b +¢t)
£y0

When A" o VU

G‘ 5 -
—(a—=b+e)y=-T (42 - b2 + ¢2)
Eg £y

de—be+ et =gt b+ pt
cla—b)=(a-b)(a+h)

c=a+h
19. 0=CV
Total charge (Q=Total capacitance in series ¥ voltage

3 :
={E s 10 3) x12= 10 = 10~¥ ¢coulomb

_Q_1wx1072
VasT o o0 1OV
3 o
vf":_c-__ Sxip? 2V
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When B is earthed V3 =0, V, = 10V and V,=-2V.

21. Before dielectric is introduced.
— 2
Eh = EL.‘u i E‘E'= E{:"\,

E=E, +E, =CV?

After disconnecting the battery and then introducing diclectric

- | 2
B, =530V

- HLewr),

L ) [y

B=F,+E,

35. E=TR+7)

10=0.5 (R +3)

R=170

V=E_Ir=10-0.5 x3=8.5V
36. Req=7W

2 4
I =1A [ =24 T =FA1,=3A,

Uit 111 = 1V @



Vg =4V, VECZEV V.. =8V

Ll
37. [=enAV, =
d
t= "J”I’” =27 % 1045
84 B4
38. 1= = ={.3A
100 % 400] , 5, 280
100 + 400/ T <

Pd. across voltmeter & 10002 combination

100 = 400

={).3 *T00 = 400 24V,
39. R,;=45Q
H 4]

Rl Is & A

ipp=Tag=05A.V,, =3=V_ =3 Volt

VﬁQ =1.5V,=4.5 Vol

Q

VQ—VP =1.5 Volt
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[m———————]

g ©

Physical Quantity

Biot-Savart™s Law

Magmetic field due 10 a swaigh

current carrying conductor

Magnetic field at the centre of

o circular loop

Magnetic Field at a Point on the
Axis of a current carrying loop

Ampereg's Circuital Law

Unit [ll and [V

Section - 2

KEY POINTS

[ Formulae
- d Txr
dh =
dn  r
fé i, ldlsin®
6Bl it
il
B —
2xR
bl
B =
2

1]
B =2 por loops)
2u

A 2na’
B= E'J__ -
bl - 2%
{a‘ +x‘)*‘
1,1
Whenox=0, B = !:};'
2

pyla’

Fora =<y B= T
X

il
For # loops, B = ?

'~fl§.d it (UM |

m I Unit

Tesla (T}

1 Gauss = IT

T—m

Uit 111 = 1V



Magnetic field due o a long B = pgnl
straight solenoid
At the end of solenoid,

R= % ugnl
If solenoid is filled with
materinl having magnetic
permeahility ur
Bo= g, nl

Magnetic field due to a toroidal B = pynl

solenaid

) ! gE | x 3
Maotion of o charged particle ¥ = =
Z2mi v,

inside electric field

Megnetic force on a moving F = q(?x B]
charue
= O Fe=gvBsind
— = .
Lorentz Force (Electric and F =qE+qg (I_Jx E]
Magnetic)

The Cyclotron

1 . e
Radiug of circular path r= E_q
; : ; 2am
The period of circular motion TE
By
| B
Thi eyelotron freguency == i
T 2mm
. . I Bg%r*
Maximum enerey of the positive Em-vi“ ;

1ons

The mdins corresponding to r=—
maximum velocity BL ¢ )
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The maximum velocity

The radius of helical path when

v ond B are inclined to each

other by an angle @

Foree on a current carrying cond-
petor placed in o magnetic feld

Force per unit length betwen two
parallel current carrying
conductors

Magnetic dipole moment

Torque on a rectangular current

carrying loop ABCD

Period of oscillation of bar
magnet if external mggnetic

ficld

The potential epergy associated

with magnetic field

Current through a palvanomeéter

$— angle by which the coil

l‘li‘l‘[ﬂ!.':S_

Byr

m

Bt

Aptor T

r= MR
=1 = MB sin &

If coil has » tums,
T=nBlAsmo
o —» angle between
normal drawn on the
plang of loop and
magnetic field

o
i e ""'.J.w: 5

=—MB=—-MBcos0

k
L= At e 2L

G—rpalvanometer constant
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Sepsitivity of a galvanometer or

Current sensitivity

Voltage sensitivity

The current loop as o masnetic

dipole on axis at very large
distance from the centre

Gyromagnetic ratio

Bohr magneton

Magnetic dipole moment

MWagnetic field on axial ling

of a bar magnet

Gauss’s Law in magnetism

Magnetic inclinstion (or Dip)

Magnetic intensity (or Magnetic

field strength)

Intensity ol magnetization

_H nBA 1

S
6 _nBA 1|
VTR R

g 28
A7 x

=3 Angular momentum

lL"H;\-‘_rnu:- = [—J'&

drm

=9 2Tx10H

. =+
N = m(;li)

g M| 2Mr
avil ~ {;-3_,‘1]3

When, <= <,

u, M

b=
A"

§‘ﬁﬂ§=ﬂ

B,
n &= —, &= angle of dip
By,

H= —=ul
My

n is the no, of

Physics Class - X11)
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Amt
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Magnetic lux
Magnetic induction {or Magnetic

flux density or Magnetic field)

Magnetic susceptibility

Magnetic permzability

Relative permeability (1)

Curie’s Law

Conversion of a Galvanometer
ko Amimeter

L 5@

I-Ig

B

Conversion of a Galvanometer
into volimeler

o= BAS Weber or Tm?
B =B, +p,l. T
= (H + 1)

B
p=-— TmA™

H
for NA)

i =, = “ +'x_m}

C

Lo = ? C —» curie constant

186G = (I — Ig)S
1a{G+S) = SI

5
s =[ G+8 )l

8 — shunt resistance

G — Galvanometer resistance

Uit 111 = 1V



UNIT-III & UNIT-IV

MAGNETIC EFFECTS OF
CURRENT AND MAGNETISM
&

E.M.I. AND ALTERNATING
CURRENT

SECTION - A

VERY SHORT ANSWER QUESTIONS (1 Mark)

(]

MULTIPLE CHOICE QUESTIONS (1 MARK)

The force per unil lengen between two, long current carrying conductors is F. AU
the current in each conductor is doubled and distance between theme is halved,
what wil be the new force per unit length between them?

(a) 2F (b) F

(c) 8F {d) 16°F

The magnctic susceptibility of magnetic marterials A and B arc — (.085 and
{19853 respectively, then

(a) A is diamagnetic and B is paramagnetic

(b) A is paramagnetic and B is ferromagnetic

{c) A is paramagnetic and B is diamagnetic

{d) A is ferromagnetic and B is diamagnetic

An electron is moving along, the positive x-axis as in a uniform magnetic field
along positive y-axis, The Lorentz force will act along

(a) positive z-axis (b) nepative z-axis

(C) positive y-axis (d) negative y-axis

Physics Class - X11)



4.

LA

The magnetic moment of a circular coil of radius & carryving current 1 having
number of turne N is

NI

1

\I
(@) VIR (by

(€) ZNK’ d —=

A proton and an ¢-particle enters in uniform magnetic field normal to direction
of filed having same momenta. The ratio of radii of their circular path is

(a) 1:1 by 1:2

(¢) 2:1 (d) 1:4

An election is projected with unifrom velocity along the axis of a current carry-
g straight solencid. Which of the following 1s true?

{a) The electron will move on a circular path about the axis of selencid

(b) The election will accelerate along the axis of selenoid

{¢) The election will move on a helical path
(d) The electron will continue to move with uniform velocity along the axis of

solenoid
Il a charged particle moves through o magnetic field perpendicular to it then
{a) Both momentum and Kinetic energy are constant
(b) Momentum changes but kinelic energy remains constant
(¢) Momentum remains constant but Kinetic energy changes
(d) Both momentum and kinetic enerey changes
A rectangular loop carrying a current 1is situated near a long straight wire such
that the long wire is parallel to one of the sides of the loop and is in the plane of
the loop. If a steady current I flows in the wire as shown in figure, then the loop
will
() move I.l.‘lWElrdR “IE \.\':II'E

e
>

{b) move away from the wire
(¢) remain stationary s

(d) rotate about the wire

M
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Q.

10,

b

13,

14,

A current loop placed in a non-uniform magnetic field experiences
(a) anet force but not lergue

(k) a torque but no net force

(¢} neither a pet force nor a torque

(d) a net foree and a torgue both

Three long straight parallel wires. carrving currents are arranged as shown in
the figure. The force experienced by 10 em length of wire () is

() 2= 107" N {b) 4= 10 N
{¢) 3= 0N id) Zero

P Q R

& Y F S

=3 cm—x<2 cm—>

30A 10 A 20A

The current sensitivity of a moving coil galvanometer increases with

decrease in

{(a) Number ol tumns {b) magnetic field

{¢) Area of the coil (d) MNone of these

The relative permeability of paramagnetic substance 15

{a) Less than unity (b) More than unity but small
(c) Very laroe (d) negative and small

A power line carries current from west Lo east. The direction of magnetic
field 2m above it 15

() Towards east (b) Towards west

() Towards north {(d) Towards south

Two identical bar magnets each of magnetic movement m are placed
perpendicular to each other as shown in the [igure. The net magnetic moment

of combination 1s
(a)m (b) 2m
(c) @ 22,
“JE m _UJ'E g
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15.

A charged particle when enters normal to uniform magnetic Reld, it moves
on a circular path, The angular frequency of this motion 15 independent of

(a) Charpe (b) Magnetic [eld
(¢) Velocity (d) Mass
Answer Key
l. (¢)&F 2. (a)Ais diamagnetic and B is paramagnetic
3. (b)Negalive Z-axis 4, (c)rNIr
5 (c)2:1
6. (a) The electron will continue to move with uniform velocity along the axis
ol solenoid.
7. (b)Momentum changes but Kinetic energy remains constant
8. (a)Move towards the wire 9. (d) a net force and a torque both
10. (d)zero 11. (d) none of these
12. {b)More than unity but small  13. (d) towards south
14. (¢)y2m 15. (¢) Velocity

Multiple Choice Questions
Chapter-5 Magnetism and Matter

16.

17.

18.

19.

Ni shows ferromagnetic property at rom temperature. |7 heated to very high
temperature. You would expect it to show:

(a) Ferromagnetism (b) Diamagnetism
(¢) Paramagnetism {d) Mone of these
The surest test ol magnetism 15 -

(a) Attraction (b) Nolorce

(¢) Repulsion
(d) Attraction towards centre of earth

Il'a bar magnel is cut imto two preces alogn its length. then mangetic moment

(M"Y will be ofimbal magneticmoment (M).

(a) Equal (b)  Hall

(c) Twice {d) Thirce

Magnetic susceptibility 1s negative for-

(a) Ferromanetic materials (B)  Diamagnetic materials
(¢) Paramagnetic materials (d) Nonmagnetic matenals

Uit 111 = 1V



20. A short barmagnet with s aixs at 307 with a unilorm magnetic field of 160
gauss, has magnetic moment 4 Am'. Torque experienced by bar magnet will
be-

(2) 0.15Nm (h) 1.0Nm
(¢) 2.0Nm (d) 0.032Nm
Answers
16. (¢) 17. (e) 18. (b) 19.  (b)
20. (d)

Chapter-6 ELectromagnetic Induction

21, A plotolmagnetic flux (&) versus current (1) is shown in figure for two inductors
A and B. Which of the two has larger value of self inductance?

—
(a) A (hy B
{c) Both have equal values {d} Value can not be determined

22, A pair of adjacent coil has a mutual inductance 1.5H. It the current in one coil
changes from O 1o 20 A in 0.5s; what the Hux linkage with the other coil?
{a) 40 webher (h) 30 weber
() 30 weher (dr 20 weber

23, Two loops are Iving on the table without touching each other. Loop A carries a
current which is increasing with time. In response. loop B would -

(a) remans at rest (b} be attracted to A

{c) be repelled by A (d} rotate about the vertical axis
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24. Find the direction of induced currents in metal ring 1 and 2 lying in the same
plane where current [ in the wire increasing steadily,

W

{a) | = clockwise ib 1 = Anticlockwise
2 = clockwisc 2 — Anliclockwise

{c) | = clockwise ib 1 = Anticlockwise
2 —» Anticlockwise 2 — clockwise

25, The currents flowing in the two coils of self inductance L, = 16mH and L, =
12mH are increasing at the same rate, 1f the power supplied to the two coils are
equal, the ratio of the currents will be—

{a) 3:4 by 4:3
{e) 5:4 (dy4:5
Answers:
Q 21 22 23 24 25
Ans il ¢ e ¢ a

Chapter - 7 ALternatting Current MCQ

26. Resonance occurs in series L—C — R circuil when —

(a) X, = X, by X, < }{H.
(e) X, =0 (d) X, =X
27, Al resonance 1o serics L-C=R cireuit, which relation does not hold?
gl I
(@ ¥=T16 (b) Lw=—r
. W= L 1 CﬂJ— et vl
(c) W= L (d) T Lw
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28, Peak value of AC at 220 V 15—

{a) 311V () 210V
(c) 225V (d) 399 V
29. The relation between the rms value (1 ) and peak value (1)) of A.C is
J2
(a) T (b) 251,
1l
(¢) 0.6371, (d) 0.707 1,
30. Value of capacitive reactance (Xc) in DC circuit will be
(a) 002 {b) =
{c) 1£2 (d) 100 £2

31, One 2 ohm risistor is connected in series with an induclor of reactance 142 w4
5V {rms) AC source. Impedance of the ciruit is—

(a) 302 (h) V50
(c) 50 () V30
312, Inaseries LCR circuit shown below, the power factor 1s unity,
200 ﬁ 100 mH

>
508°
The Capacitance C of the capacitor will be -
(a) 205 pF (b) 95 pF
{c) 100 4F (d) 309uF
33. Ifthe frequency of ac source is increased, the current through capacitor will be
(a) quercased (b} decreased
(el Formn (el soprmee
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34, Which of the following relations holds true in case of the transformer having
turus N, and N, Voltage V. & V, and comment I, and L. in primary and sec-
ondary coils respectively?

V_N L_N
@ ¥ =N ® v N
L YN e D
() v = N, @ L N

35, Inan ac generator, "X' is a rectangular ¢oil made up of a large number of turns
of copper wire coiled around a soft iron core, Derermine the identity of *X",

(a) slip ring (b) Armature
{¢) copper brushes {d) Field magnet
Answers

Q 26 7 28 29 30 31 32 13 34 35
A d & i d b b ¢ i d b

ASSERTION AND REASONS : (UNIT III)

In the following questions, a statement of assertion A is followed by a

statement of reason R. Mark the correct choice as

a) Il both assertion and reason are correcl and reason 1s the correct
explanation of assertion.

b) Il both assertion and reason are correct bul reason 1s not the correct
explanation ol assertion.

¢) Ilassertionis true bul reason s false.

d) IFboth assertion and reason are false.

. Assertion : If a proton and an alpha particle enters in a uniform magnetic
feld perpendicularly with equal momentum then proton has larger radius
of curve than that ofalpha particle.

Reason : Proton has less mass than alpha particle.
(Ans. b)

2. Assertion : Magnetic field cannot change the kinetic energy of the charged
particle.

Reason : Magnetic field can not change the velocity of the particle
{Ans.c)
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Assertion : Awire 15 bent as shown in figure.
A currant | 1s passed throughit, if currant . 1 Y —
has some significant value the area of [ />
wire irregular shape will be increased. = i
Reason : Parallel currents carrying wire REPEL each other.

(Ans. ¢)
Assertion : Magnetic field shows effect of force on moving charge but not
oncharees at rest.

Reason : Moving charges creates magnetic feld.

(Ans.a)

Assertion : In the given diagram X % % xX
particle ‘X has highest L value. T &
Reason : The radius acquired by
any charged particle in umiform v — " 3 Y
magnetic field 1s inversely el
proporiional lui value. ol ]

. (E} {Ans.a)

ASSERTION AND REASONS : (UNIT IV)

In the [ollowing questions, a statement of assertion A is [ollowed by a

statement of reason R mark the correct choice as :

a) 1 both assertion and reason are correct and reason 15 the correct
explanation of assertion.

b) If both assertion and reason are correct bul reason 1s not the correct
explanation ol assertion.

¢) IFassertionis true but reason is false.

d) IFbothassertion and reason are false.

Assertion : If the frequency of the applied A.C. 1s doubled, then power

factor of RC circut s increase.

Reason : For pureresistive circuit power factoris | (unity)

Physics Class - X11)
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Assertion : The guantity R/L possesses the dimension of frequency.
Reason : At resonance the current in the A.C. circintis zero.

{Ans.c)
Assertion : It is advantageous to transmit electric power at high current.
Reason : High current implies high voltage.

(Ans.d)
Assertion : While keeping area ol cross-section of a solenomid same, the
number of turns and length of solenoid are both doubled, the self

inductance of the coil will be doubled.
NA

1
(Ans.a)

Reason : Self inductance ofa coil can be expressed as

Assertion : An emf 15 induced in a closed loop where magnetic Mux 1s
varied. The induced E in not a conservative field.
Reason : The line integral E.dé#o around the closed loop.

(Ans. a)
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SECTION - B

(UNIT : III)
Case Study
1. Rail Gun

The basic of Rail Gun is as shown in [eure.
A large current is sent along one of two
parallel conducting rails, across a
conducting “fuse” (such as a narrow plece
ol copper) between the rails and then back
to the current source along the second ral.
The projectile to be fired lies on the for side
of the fuse and fits loosely between the
rails. Immediately afler the current begins,
the fuse element mells and vaponses,
creating a gas between the rails where by
rails in downward direction between the

— — =

rails. Thus bu F=Il x B, Force Fun gas due

to current [ will be outward direction. As the gas forced outward along the
rails, it pushes the projectile (about 3-5 km/s) within | ms. Rail guns have
been researched as weapons utilising electromagnetic forces to impart a very
high kinetic enerzy to a projectile.

1. Awire PQR1s bent as shown in figure placed in umiform

magnetic field B. POQ=0QR=1. Current | is flowing along PQR. R
Magnetic 1
Field (B)
P T Q

The magnitude of force on PQ and QR will be
a) BlL,o d) 2Bilo c) Bll d) o,V

Physics Class - X11)



Ina rail gun il the current in each rail wall be mcreased to vary value, then
a) The attraction between the rails will be increased.
b) The repulsion between the rails will be increased.
¢) Force between the rails in independent of current.

d) MNone oftheabove.
In the given figure the loop is fixed but straight wire can move. The straight

wire will

a) Remain stationary //9‘ =
b} Move towards the loop I /1( I

¢) Move away from rule \—‘_/
d) Rotate about its axis ~

Two long straight wires are sel parallel to each other. Each carmes a current 't
in the same direction and separation between them is “2r. Intensity of
magnetic [eld mid way between them 1s.

a) Wi b) zero  ¢) Myl d) pm1

r r Ar
If a long hollow copper wire carries a current the magnetic held produced will
be
a) Inside the pipe only.
b) Outside the pipe only.
¢) Neither inside nor outside the pipe.
d) Bothmside and outside the pipe.
Answers:
1 ¢)
b)
b)
b)
b)

S g e b
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CROSS FIELDS : DISCOVERY OF THE

ELECTRON
Both an electne feld E and

a magnetic field B can

produce a force on a charged J,f" 3%’“&3
particle. When the two fields r_j_ Mok Cathode rays when

the glodric fivme ogaaly

are perpendicular to each

other, they are said to be

cross-Melds. The Mgure
shows a simplified version of ==Sthecs o O~ -
Thomson’s experimental

apparatus-a cathode ray

tube. The charged particles (electrons) are emitted by cathode ray tube headed
toward screen, where they produce a spot of light. Thomson could control the
spot by adjusting E and B. When the two fields are adjusted so that two
deflecting forces cancel. qE=gvBsin90° = E=vB

B Il the forces are cancelling each other then there
"B * willbe no deflection shown by the particle.

1. An electron that has instantaneous velocity of "u"—-{—ﬁx 10"m/s) ?+{3x1[]" m/s)

7 is moving through uniform magnetic field B=(0.03T)(0.15T)/ the force on
electron due to magnetic eld s

a) (-LIxIO“N)k
b) (-L.Ixl0"N)k
¢) (-1.1cl0°N)k
d) (-LIx10°N)k
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An x-particle crosses a space without deflection. If E=8x10"v/m and B=1.6T,
the velocity of particle s

a) 2.5x10"m/s

b) 5x10"m/s

c) 8x10"m/s

d) 5x10"'m/s

A beam of cathode rays 15 subjected to cross electric (E) and magnetic fields
(B). The hields are adjusted such that the beam i not deflected. The specif
charge (g/m) ol the cathode rays1s given by

2 2 L] v i
) B : b) ZV? ¢) 2‘1.-*'Ez a) E ‘
2VE E 2B 2VB
A magnetic force does nol change the ofthe charged particle.
a) Velocity

b} Momentum

¢) Kinetic Energy

d) Alloltheabove

. Cathode rays enter a magnetic field making obligue angle with the lines of
magnetic induction. What will be the nature ol the path followed?

a) Parabola

b) Helix

¢) Circle

d) Straight line
Answers

1. a)

2. b)

3. d)

4 )

5. b)
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M. Metal Detector :

b2

(UNIT : IV)
Case Study

The operation of metal detectors 15 based
on the principle ol Electro Magnetic
Induction (EMI). Metal detectors contain
one or more inductor coils that are used o
interact with metallic elements on the
ground. A pulsating current 15 Lo the coil —~
which then mduces a mapnetic helds.
When the magnetic field of the coil moves
across metal, the field increase the

induction of magnetic field. This results to

mduction of electric currents known  as

Eddy currents. The eddy currents induce Tenanmitng Ty T
their own magnetic field, which generates

an opposile current in the coil, which induces a signal indicating the presence
ofmetal.

Which olthe following will not increase the size and effect of eddy currents?
a) Low resistivity materials

b} Strong Magnetic Field

¢) Thickermaterial

d) Thinnermatenal

In electromagnetic induction, line integral of induced field E around a closed

pathis JInduced electnie [eld s
a) Zero, Non-conservative b) Mon Zero, Conservative
c) Zero,conservalive d) Mon zero, Non conservative
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3. Eddy currents donot cause
a) Sparking
b) heating
¢) Lossolenergy
d) Damping
4. The magnetic lux through a cireuit of resistance R changes by an amount in
time iL. Then the total charge ¢ that passes durmg this time through any pointof

the circuit s
b st
¢ a=28R  aq-4f

5. A hollow metallic cylinder is held vertically. A small bar magnet dropped

along its axis will fall wath acceleration such that.

a) a=gp b) a<g c) =g d) =0
Answers

1. d)

2. d

3. a)

4. d)

5. b)
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I'V. Transformers Transformer Core  Sccondary

Pri
el Coil

Coil

Transformers are most commonly

used for increasing low AC voltages at

high current (Step-up transformers)or N,

decreasing high AC voltage at low

current ( Step-down) in electnic power

applications. It works on mutual

Magnetic Core
induction. An ideal transformer is a Peimary f Secondary
theoretical linear transformer that has
no loss and perfectly coupled. Bul a Vi Vo
real ransformer has some losses like Transformer Symbots

core loss, eddy current, heat loss, Nux leakage ete. The emf of a transformer at
a given flux imcrease with frequency by operating at hagher frequencies, the
transformers can be physically more compact. Aircraft and Military
equipments employ 400 Hz power supplies which reduces the weight of core
and winding.

. Highvoltage transmission line is preferred because
a) s appliances are less costly.
b} Thinpower cables are required.
¢) ldle current is small
d) Powerlossis less.

2. Tomanufacture the core of a transformer. the best material 1s
a) Stainless steel
b) Hard steel
¢) Softiron
d) Mild steel

3. Astep-up transformer is used to convert 20V, 10 A a.c with frequency S0Hz to
200V, 1 Aa.c. The frequency of output a.c will be
a) SHz b) 500 He ¢)0.5Hz d) 50Hz
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4. In anmducting fumace (used for melting metals) which type of transformer 15
used
a) Step-up b) Step-down
¢) Anyoneolthem d) Mo need of transformation

5. Aslep-down transformer is used to reduce the main supply of 220 Vio 11 VUIF
the primary draws a current of 5A and the secondary 90A efficiency of

transformeris

a) 95% b) 00%
c) 9% d) 45%
Answers

.d 2 ¢ 3 d 4 b 5 b

SHORT ANSWERS QUESTIONS (2 MIARKS)

1. Write the four measures that can be taken to increase the sensitivity of
galvanometer.

2. A galvanometer of resistance 120 gives full scale deflection for a
current of 5SmA. How can it be converted into an ammeter of range 0
to SA? Also determine the net resistance of the ammeter.

3. A current loop is placed in a uniform magnetic field in the following
orientations (i) and (ii). Caleulate the magnetic moment in each case.

L _"f-_—\‘\ —
B

{ k! .
ol .'I I'. B> L\"m . =

\

0] (i)

4. A current of 10A flows through a semicircular wire of radius 2 em as
shown in figure (a). What is direction and magnitude of the magnetic
field at the centre of semicircle? Would your answer change if the wire
were bent as shown in figure (b) ?

= o

i F i . i
Zem! O\ \Joa
ogf Y\, N L
(a) (b)
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5. A proton and an alpha particle of the same enter, in turn, a region of
uniform magnetic feld acting perpendicular to their direction of motion.
Deduce the ratio of the radii of the circular paths described by the proton
and alpha particle.

6. Why does the susceptibility of dimagnetic substance independent of
temperature 7

Ans. As there is no permanent dipoles in dimagnetic substance, so, there i3

no meaning of randomness of dipoles on increasing temp.

Mention two properties of soft iron due to which it is preferred for

making electromagnet.

Ans. Low retentivity, low coercivity

8. A magnetic dipole of magnetic moment M 15 kept m a magnetic field

B. What is the minimum and maximum potential energy? Also give the

most stable position and most unstable position of magnetic dipole.

9. What will be (i) Pole strength, (1) Magnetic moment of each of new
piece ot bar magnet it the magnet is cut into two equal pieces :
(a) normal to its length?
(b) along its length?

10. A steady current | flows along an infinitely long straight wire with circular
cross-section of radius R. What will be the magnetic field outside and
inside the wire at a point 7 distance far from the axis of wire?

11. A circular coil of » turns and radius R carries a current 1, Tt is unwound

and rewound to make another square coil of side ‘a” keeping number

of tums and current same. Calculate the ratio of magnetic moment of
the new coil and the original coil.

A coil of N turns and radius R carries a current 1, It is unwound and

o)

12

rewound to make another coil of radius R/2, current remaining the same.
Calculate the ratio of the magnetic moment of the new coil and original
coil.,
13.Two identical bar magnets PP and Q are placed m two identical uniform
magnetic fields as shown. Justify that both the magnets are in equilibnum.
ldentify the type of equilibrium. (stable/unstable)
- — =3
I ——a
— _—
14. A galvanometer coil has a rvesistance G. 1% of the total current goes
through the coil and rest through the shunt. What is the resistance of

the shunt in terms of G?
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15.

16.

17.

Ans.

18.

Ans.

19,
Ans.

20.

Ans.

Prove that magnetic moment of a hydrogen atom in its ground state is
eh/4mm. Symbols have their usual meaning.
Each of conductors shown in figure carries 2A of current into or out

of page. Two paths are indicated for the line integral j Hfﬂ What is
the value of the integral for the path (a) and (b).

."'lll I“-. ; i X ™
f,f =R i i
/ \ N /
foe @\ N/
. \
(a) ()

What is the radius of the path of an electron (mass 9 = 107! kg and
charge 1.6 * 1077 C) moving at a speed of 3 = 107 m/s in a magnetic
field of 6 = 107 T perpendicular to it? What is its frequency? Caleulate
its energy in keV. (1 eV = 1.6 = 1077 J),
Radius, r = mv/(gB)

=01 %103 kg x3 = 107 ms'(1.6 x 107 C x 6 x 10*T)=20cm
v=w(2ar)= 1.7 =17 Hz
E= (1L/2)mv® = (1/2) 9 = 1073 kg = 9 = 10 m2/s?

=405 10717 T =4 = 1071® J = 2.5 keV.
Why is it necessary for voltmeter to have a higher resistance?
Since voltmeter is to be connected across two pomts in parallel, if it
has low resistance, a part of current will pass through it which will
decrease actual potential difference to be measured,
Can d.c. ammeter use for measurement of alternating current?
No, it is based on the principle of torque. When ac is passing through
it (of freq. 50 Hz). It will not respond to frequent change in direction
due to inertia hence would show zero deflection.
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.
The product of the current in the loop to the arca of the loop is the

magnetic dipole moment of a current loop.
The magnetic moment of electron

i==2(7xy) == 7 ;] -k
2V 2mh 2m
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21. An ac source of rms voltage V is put across a series combination of
an inductor L, capacitor C and a resistor R. If V|, V,, and V; are the
rms voltage across L, € and R respectively then why 15 'V # V, + V.
+ Vg? Write correct relation among V,, V. and V.

Ans. Hint :
Vi, Ve and Vi are not in the same phase
Vo + Vet Vg >V

22. A bar magnet is falling with some acceleration *a’ along the vertical axis
of a coil as shown in fig. What will be the acceleration of the magnet
(whether @ > gor a < g or g = g) if (a) coil ends are not connected to
each other? (b) coil ends are connected to each other?

23. The series L-C-R circuit shown in fig. is in resonance state. What is
the voltage across the inductor?

R

A =

Vov)

I

Ans. [Hint Vi =T X, where | = -E-]
24. The division marked on the scale of an a.c. ammeter are not equally
spaced. Why?
25, Circuit shown here uses an air filled parallel plate capacitor. A mica
sheet is now introduced between the plates of capacitor. Explain with
reason the effect on brightness of the bulb B.

c

—
=
=

——
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26. In the figure shown, coils P and Q are identical and moving apart with
same velocity V. Induced currents in the coils are I, and I,. Find I,/1,.

® X x ® k. =

= H: o X = 4

» X 0% [x ill% 3¢

- | 1
W & I ) sy

* X = X = x

!
Ed ] ] E * *
¥l
x x x X . 7 x

27. An electron moving through magnetic field does not experience mgnetic
force. under what conditions is this possible ?

Ans. when electron moving parallel to magnetic field.

28. A 1.5 pF capacitor is charged to 57V. The charging battery is then
disconnected. and a 12 mH coil is connected in series with the capacitor
so that LC Oscillations occur, What is the maximum current in the coil?
Assume that the circuit has no resistance.

29, The self inductance of the motor of an electric fan is 10H. What should
be the capacitance of the capacitor to which it should be connected in
order to impart maximum power at 30Hz?

30. A galvanometer needs S0mV for full scale deflection of 50 Divisions.

Find it voltage sensitivity, What must be its resistance if its current
sensitivity is 1 Div/A.

0 50D
Ans. V = vV s []mI: = 10 div/ v I — Current sensitivity
R, = T = 103w Vg — Voltage sensitivity

31. How does an inductor behave in an AC eircuit at verv high frequency?
Justify.

32. An electric bulb is connected in series with an inductor and an AC
source. When switch is closed. After sometime an iron rod is inserted
into the interior of inductor. How will the brightness of bulb be affected?

Justify your answer.
Unit 111 - 1V



Ans. Decreases, due to increase in induective reactance.
33, Show that in the free oscillation of an LC circuit, the sum of energies
stored in the capacitor and the inductor is constant with time.
. ! g
Ans. Hint @ U = ELIA + T e
34. Show that the potential difference across the LC combination is zero at
the resonating frequency in series LCR circuit
Ans. Hint : P.d. across L is = IX;
P.D. across C 1s = IX,

= V=1X; - IX,
at resonance X; = X,
= V=10,

34. When a large amount of current is passing through solenoid, it contract,
explain why 7
Ans. Current in two consecutive turns being in same direction make them to
form unlike poles together hence. they attract each other.
35. for circuits used for transmitting electric power, a low power factor
implies large power loss in transmission. Explain.

P=V1cosB
[ = i
T VeosD

If cos ¢ is low | will be high = Large power loss.

36. An applied voltage signal consists of a superposition of DC Voltage and
an AC Voltage of high frequency. The circuit consists of an inductor
and a capacitor in series. Show that the DC signal will appear across
C where as AC signal will appear across L.

37. A bar magnet M is dropped so that is falls vertically through the coil
C. The graph obtained for voltage produced across the coil Vs time is
shown in figure.

I8

— "N v Tpd. (mV)
V R = ! r._*
O § g? \l /f'fﬁmﬁ
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(i) Explain the shape of the graph.
(i) Why is the negative peak longer than the positive peak ?

Ans. (i) When the bar magnet moves towards the coil magnetic flux passing
through the coil increases as velocity of magnet increases in downward
direction, e.m.f. induced also increases, due to formation of similar
pole repulsive force decreases the rate of increase of Mux.

(ii) once the magnet has passed through the coil, flux decreases in

ith
downward direction but — mmereases as self indoced e.m.f. in the

elf

coil maintains its flux in the same direction, Thus due to the addition
of self induced e.m.f. in same direction according to Lenz’s law.
38. What 1s the significance of Q-factor in a series LCR resonant circuit ?
39. How does mutual inductance of a pair of coils kept coaxially at a
distance in air change when
(i) the distance between the coils is increased?
(ii) an iron rod is kept between them?

40. Two circular conductors are perpendicular to each other as shown in
figure. If the current is changed in conductor B, will a current be induced
in the conductor A,

41. What is a radial magnetic field? Why is it required in a galvanometer 7
Ans. Using concave shaped pole of magnet and placing soft iron cylinderical
core, A magnetic field, having field lines along radii is called as radial
magnetic field.
To make Torque independent of 8" (constant) radial magnetic field is
required T = NIAB sin 0
for radial Magnetic Field 6 = 907

T = NIAB, (independent of 0)
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42. A wire in the form of a tughtly wound Solenoid is connected to a DC
source, and carries a current. If the coil 18 stretched so that there are
gaps between successive elements of the spiral coil. will the current
increase or degrease 7 Explain ?

Ans. When the coil is stretched so that there are gaps between successive
elements of the spiral coil ie the wires are pulled apart which lead
to the flux leak through the gaps. According to Lenz’s law, the em.f,

produced must oppose tlus decrease. which can be done by an increase

in current, So, the current will increase.

43. Show that the induced charge does not depend upon rate of change of

flux,

. dip

Ans. |E|=N >
_E_Nao
"TRTR

dg  Ndb

dt R i

N
- —d
dq R (i

44. Consider a magnet surrounded by a wire with an on/off switch 8 (figure).
If the switch is thrown from the ‘off” position (open circuit) to the ‘on’
position (Closed circuit) will a eurrent flow in the circuit ? Explain.

Circuit open

Cirourt closed

Ans. ¢ = BA cos 0 so flux linked will change only when either B or A or
the angle between B and A change.

When switch is thrown from off position to the on position, then
neither B nor A nor the angle between A and B change. Thus there is
no change in magnetic flux linked with the coil, hence no electromotive
force (e.m.f.) is produced and consequently no current will flow in the
circuil.

Physics Class - X11)



Short answers Questions (3 marks)

1;

[

3

.”‘

o

10

11.

12.

Derive the expression for force between two infinitely long parallel
straight wires carrying current in the same direction. Hence define
*ampere’ on the basis of above derivation.

. Derive formula of mutual mductance of coaxial solenoids.

Distinguish between diamagnetic, paramagnetic and ferromagnetic
substances in terms of susceptibility and relative permeability.

. Name all the three elements of earth magnetic field and define them

with the help of relevant diagram.

Describe the path of a charged particle moving in a uniform magnetic
field with initial velocity

(i) parallel o (or along) the field.

(i) perpendicular to the field.

(i1i) at an arbitrary angle 8 (0° <8 < 90°).

. Obtain an expression for the magnetic moment of an electron moving

with a speed ‘v’ in a circular orbit of radius *»'. How does the magnelic
moment change when :

(i) the frequeney of revolution is doubled?

(i1) the orbital radius is halved?

State Ampere, circuital law. Use the law to obtain an expression for the
magnetic field due to a toroid.

Obtain an expression for magnetic field due to a long solenoid at a
point inside the solenoid and on the axis of solenoid.

Derive an expression for the torgue on a magnetic dipole placed in a
magnetic field and hence define magnetic moment,

Derive an expression for magnetic field mtensity due to a bar magnet
(magnetic dipole) at any point (i) Along its axis (i1) Perpendicular to
the axis.

Derive an expression for the torque acting on a loop of N turns of arca
A of each twm carrying current I, when held in a umform magnetic
field B.

How can a moving coil galvanometer be converted mto a voltmeter
of a given range. Write the necessary mathematical steps to obtain the

value of resistance required for this purpose.
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13. A long wire is first bent into a circular coil of one turn and then into a
cirgular coil of smaller radius having # turns. If the same current passes
in both the cases. find the ratio of the magnetic fields produced at the
centres in the two cases.

Ans. When there is only one turn, the magnetic field at the centre,
pol

B= -

24

Zna' * n=2na = d =an

\
gl parl

= 'IB
2aln 2a 4

The magnetic field at its centre, B, =

The ratio is, B/B = n?

14. Obtain an expression for the self inductance of a straight solenoid of
length [ and radius » ([ = = ).

15. Distingwish between : (i) resistance and reactance (1) reactance and
impedance.

16. In a series L-C-R circuit X;. X and R are the inductive reactance.
capacitive reactance and resistance respectively at a certain frequency f
If the frequency of a.c, 15 doubled, what will be the values of reactances
and resistance of the circuit?

—]‘.' . R independent]

Ans. [Hint : X; =aL, X, = c
.

17
18. In a series L-R circuit, X; = R and power factor of the circuit is P,.

What are eddy currents? Write their any four applications.

When capacitor with capacitance C such that X; = X is put in series.
the power factor becomes P, Find P /P,.

) R
Ans, [Hint P = cos § = ?]

19. Instantaneous value of a.c. voltage through an inductor of inductance L

is ¢ = g, cos @1, Obtain an expression for instantancous current through
the inductor. Also draw the phasor diagram.

20. In an inductor of inductance L, current passing is I Derive an expression
for energy stored in it, In what forms is this energy stored?
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21.

22,

23.

Ans,.

4.

Which of the following curves may represent the reactance of a series
LC combination.
, ()
M/ ®
gt i /
L
W
8]

WL frequency {f) —
E\ T

A sinusoidal eam.f. device operates al amplitude E; and frequency v
across a purely (1) resistive (2) capacitive (3) inductive circuit. If the
frequency of driving source is increased. How would (a) amplitude E,
and (b) amplitude [{:| increase, decredase or remain same in each case?
A conducting rod held honzontally along East-West direction is dropped
from rest at certain height near Earth’s surface. Why should there be
an induced e.m.f. across the ends of the rod? Draw a graph showing
the variation of e.m.f. as a function of time from the instant it begins
to fall.

Hint : e = Blv and v = gt

A

) »
In an LC circuit, resistance of the circuit 18 negligible. If time period
of oscillation is T then :
(i) at what time is the energy stored completely electrical
(it) at what time 15 the energy stored completely magnetic
(ii1) at what time is the total energy shared equally between the inductor
and capacitor.

Ans. (i) =0, T/2, 3T/2,......

(1) t="T/4, 3T/4, 5T/4..........
T 3T 5T

(m) 1= E?? __________
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25. An alternating voltage of frequency f is applied across a series LCR
circuit. Let £ be the resonance frequency for the circuit. Will the current
in the circuit lag, lead or remain in phase with the applied voltage when
(1) f=f (i) f=<f (ii) = £ Explain your answer in each case.

Ans. (i) Current will lag because.
V;>V.Hence V;, - V. >0
(i) Current will lead, because.
Vi <V:Hence V;, —V.<O
(iii) In phase

26. Figure (a), (b), (¢) show three alternating circuits with equal currents.
If the frequency of alternating emf be increased, what will be the effect
on current in the three cases? Explain.

*.ﬂ-!}-.-'. ’h\ﬁ#ﬁ*ﬁ* I

3) |_ =) £y

oS L e
E E E
(2) (b} (e}

Ans, (1) No effect, R is not affected by frequency,
(i) Current will decrease as X increase,
(i11) Current will increase as X decrease.
27, Study the cireuit (a) and (b) shown in the figure and answer the following

questions,
R ke L
prry |—A~w\«—{ |—rﬁm-_‘
i £
e pEy
(4} fe)

(a) Under which condition the rms current in the two circuits to be the
same?
(b) Can the r.m.s. current in circuit (b) larger than that of in (a) ?
V., V V v
JRI (X, —X )

= — N —ont
Ans. I = R R L sty = 7
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28.

Ans,

29.

Ans.

{ﬂ.} ]-Tm'el; up - 1rlTL'-iH:I:I

when X, = X (resonance condition)

|
IR =£=l
-Irrrlil;m R
(b) Asz =2 R
]rlrlﬁfn] = L'm:c{hj

No. the rms current in circuit (b}, cannot be larger than that in (a).
Can the instantaneous power output of an AC source ever be negative
Can average power output be negative 7 Justify your answer,

Yes, Instantaneous power output of an AC source can be negative.

E.lL
Instantaneous power output P = EI = T[cus d — cos (2ot + ¢)]

Nu: Pw: - Ims Il'III.'l!-n o8 ¢
P..=0
R
cos § = > 0

A device ‘X' is connected to an AC source. The varation of voltage.
current and power in one complete cycle is shown in fig.

V.LF

!

() Which curves shows power consumption over a full eycle?
(b) What is the average power consumption over a cycle?

(c) Ldentify the device X if curve B shows voltage.

(2) A (4 curve of power have a max. Amplitude of V and 1)
(b) Lero,

(c) as current leads voltage the device is a capacitor.
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SECTION - E
LONG ANSWER QUESTIONS (5 MIAARKS)

1. How will a diamagnetic. paramagnetic and a loromagnetic material
behave when kept in a non-uniform external magnetic field? Give two
examples of each of these materials. Name two main characteristics of
a ferromagnetic material which help us to decide suitability for making,
(i) Permanent magnet (1) Electromagnet.

2, State Biot-Savart law. Use it to obtain the magnetic field at an axial
point, distance 4 from the centre of a circular coil of radius ‘a” and
carrying current [, Also compare the magnitudes of the magnetic field
of this coil at its centre and at an axial point for which the value of 4
is v3a.

3. A Straight thick long wire of uniform cross section of radius "a’ is carrying a
steady current 1. Use ampere's circuital law to obtain a relation showing the
vanation of magnetic field (Br) inside and outside the wire with distance r
(r<a) and (r>a) of the field point from centre ol its cross section. Plota graph
showmg vanation of field (B) with distancer.

*4, Write the principle, working of a moving coil galvanometer with the
help of neat labelled diagram. What is the importance of radial field and
phosphor bronze used in the construction of moving coil galvanometer?

tn

Draw a labelled diagram to explain the principle and working of an a.c.

generator, Deduce the expression for emf generated. Why cannot the

current produced by an a.c. generator be measured with a moving coil

ammeter?

6. Explain, with the help of a neat and labelled diagram, the principle,
construction and working of a transformer.

7. An L-C circuit contains inductor of inductance L and capacitor of

capacitance C with an initial charge ¢,. The resistance of the circuit is
negligible. Let the instant the circuit is closed be 1= 0.

(i)  What is the total energy stored imitially?

(ii) What is the maximum current through inductor?

(iil) What is the frequency at which charge on the capacitor will oscillate?

(iv) Ifa resistor is inserted in the circuit, how much energy is eventually
dissipated as heat?
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8. Ana.c.i=1i,sinaf is passed through a series combination of an inductor

L

(L), a capacitor (C) and a resistor (R), Use the phasor diagram to obtain
expressions for the (a) impedance of the circuit and phase angle between
voltage across the combination and current passed in it. Hence show
that the current

|
i} leads the voltage when @ < —
” : Jic

l
(it) is in phase with voltage when © = —=—_
VLC
Write two differences i each of resistance, reactance and impedance
for an ac circuit. Derive an expression for power dissipated in series
LCR circuit.

NUMERICALS

. An electron travels on a cireular path of radius 10 emin a magnetic field

of 2 % 103 T, Calculate the speed of electron, What is the potential
difference through which it must be accelerated to acquire this speed?

[Ans. Speed = 3.56 x 10" m/s; V = 3.56 x 107 volis]
A charge particle of mass m and charge ¢ entered into magnetic field B
normally after accelerating by potential difference V. Caleculate radius

—

. s 1 2mv
ofl its circular path. [Ans, r = E\f ” |

. Calculate the magnetic field due to a circular coil of 500 wms and of

mean diameter 0. lm, carrying a current of 14A (1) at a point on the
axis distance 0.12 m [rom the centre of the coil (i) at the centre of the
coil.

[Ans. () 5.0 = 107 tesla; (i) 8.8 = 102 tesla]

. An electron of kinetic energy 10 keV moves perpendicular to the direction

of a uniform magnetic field of 0.8 milli tesla. Calculate the time period
ol rotation of the electron n the magnetic field.
|Ans. 4.467 = 108 g]

. If the current sensitivity of a moving coil galvanometer is mereased by

20% and 1ts resistance also increased by 50% then how will the voltage
sensitivity of the galvanometer be affected? |Ans, 25% decrease]

Unit 11 = 1V



6. A uniform wire is bent into one turn circular loop and same wire is
again bent in two circular loop. For the same current passed in both
the cases compare the magnetic field induction at their centres.

|Ans. Increased 4 times]

7. A horizontal electrical power line carries a current of 90A from east to
west direction. What is the magnitude and direction of magnetic field
produced by the power line at a point 1.5 m below it?

[Ans. 1.2 % 10 5 T South ward]

8. A galvanometer with a coil of resistance 90Q shows full scale deflection
for a potential difference 25mV. What should be the value of resistance
to convert the galvanometer into a voltmeter of range 0V to 5V. How
should 1t be converted? [Ans. 1910 Q in series]

9. Two identical circular loops P and Q carrying equal currents are placed
such that their geometrical axis are perpendicular to each other as
shown in figure. And the direction of current appear’s anticlockwise
as seen from point O which is eguidistant from loop P and Q. Find
the magnitude and dircction of the net magnetic field produced at the

point O,

%

( i ‘t U

Y

=g "

=l
o )
B, [L,TRE\I'E
= e o — I|'r4‘ i N |,1 ALY

@n =" =L0=m [AnS. o R? a7y ]

10. Two magnets of magnetic moments M and J3 M are joined to form a cross
The combination 15 suspended m uniform magnetic field B. the magnetic
moment M now makes an angle '8 with field direction . find the value of 8.

G

M

(Ans: B8-60%

11. The coil of a galvanometer is 0.02 = 0.08 m?. It consists of 200 turns
of fine wire and is in a magnetic field of 0.2 tesla. The restoring torque
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12,

13.

14.

15.

L6.

17.

constant of the suspension fibre is 10 Nm per degree. Assuming the
magnetic field to be radial.
(i) What is the maximum current that can be measured by the
galvanometer. if the scale can accommodate 30° deflection?
(i) What is the smallest, current that can be detected if the minimum
observable deflection is (1.1°7
[Ans. (i) 4.69 = 10~ A; (i) 1.56 = 10°¢ A]
A voltmeter reads 5V at full scale deflection and is graded according
to its resistance per volt at full scale deflection as S000QV-!, How will
you convert it into a voltmeter that reads 20V at full scale deflection?
Will it still be graded as 5000 QV-1? Will you prefer this voltmeter to
one that is graded as 2000 QV-1? [Ans. 7.5 = 104 Q)
A short bar magnet placed with its axis at 30% with an external field
1000G experiences a torque of 0.02 Nm. (i) What is the magnetic
moment of the magnet. (ii) What is the work done in turning it from
its most stable equilibrium to most unstable equilibrium position?
[Ans. (i) 0.4 Am?; (ii) 0.08 1]
What is the magnitude of the equatorial and axial ficlds due to a bar
magnet of length 4 cm at a distance of 40 cm from its mid point? The
magnetic moment of the bar magnet is a 0.5Am?.
|[Ans. B, = 7.8125 x 107 T; B, = 15.625 x 1077 T]
What is the magnitude of magnetic force per unit length on a wire
carrying a current of 8A and making an angle of 30° with the direction
of a uniform magnetic field of 0,15T?
Two moving coil galvanometers, M, and M, have the following
specifications.
R, =10Q, N, =30, A, =3.6 % 10 Im?, B, = 0.25T
R, = 140, N, = 42, A, = 1.8 x 10%m?, B, = 0.50T
Given that the spring constants are the same for the two galvanometers,

determine the ratio of (a) current sensitivity (b) voltage sensitivity of
M, & M.. |[Ans. (a) 5/7 (b) 1:1]

In the given diagram, a small magnetised needle is placed at a point O.
The arrow shows the direction of its magnetic moment. The other arrows

Unit 11 = 1V



18.

19.

shown different positions and orientations of the magnetic moment of
another identical magnetic needs B.

(a) In which configuration is the systems not in equilibrium?
(b) In which configuration is the system.
(i) stable and (ii) unstable equilibrium?
(c) Which configuration corresponds to the lowest potential energy
among all the configurations shown?
In the circuit, the current is to be measured. What is the value of the
current if the ammeter shown :

—®

i
? 30
3V

(a) is a galvanometer with a resistance Rﬂ = 60 £,

(b) is a galvanometer described in (i) but converted to an ammeter by
a shunt resistance r, = 0.02Q

(c) is an ideal ammeter with zero resistance?

An element AL = Ax-7 is placed at the origin and carries a large current
[ = 10A. What is the magnetic field on the y-axis at a distance of 0.5

m. Ax = | em.
Y

L]

i B A%

Physics Class - X11)



20.

21.

z2.

23

A straight wire of mass 200 g and length 1.5 m carries a current of
2A. It is suspended in mid-air by a uniform horizontal magnetic field
B. What 15 the magnitude ol the magnetic field?

A rectangular loop of sides 25 em and 10 em carrying current of 15A
is placed with its longer side parallel to a long straight conductor
2.0 em apart carrying a current of 25A. What is the new force on the

loop 7 [Ans. 7.82 = 10* N towards the conductor]
Hint :
g2kl _1{]" 2x25x15%0.25 . :
F = " <f= 000 = 9-3% » 107" N attractive
Ho 241, 1077 % 2% 25%15x0.25 % ;
o Tt — = 4 ' 4 o
F, ix & 0.12 1.56 = 107 N repulsive
Net F=F, —F; = 7.82 x 104N
154
25A8 | 25 em
[2 cm
| 10 cm

In & chamber of a uniform magnetic field 6.5G i1s maintained. An electron
is shot into the field with a speed of 4.8 x 10° ms™! normal to the ficld.
Explain why the path of electron is a circle.
(a) Determine the radius of the circular orbit (e = 1.6 * 107"* C, m, =
9.1 = 1073 kg)
{(b) Obtain the [requency of resolution of the electron in its cweular
orbil.
may 91107 % 4.8x10°

B 1.6x107 x6.5x10~

(0 IreqeenCy ¥ = ™ Sam, sl Slx 10 A
A muon 1s a partical that has same charge as on electron but 200 times
heavier than 1t 1T we had an atom in which muon revolves around proton
instead ol electron, what would be the magnetic moment the muon in ground

state of suchatom ?

Hint : (a) r = =42 em

Ans: 4.63X10° Am’

Unit 11 = 1V



24, Figure shows the path of an electron that passes through two regions
containing uniform magnetic fields of magnitude B, and B,. Its path in
each region is a half circle. (a) which field is stronger? (b) What are
the directions of two fields? (¢) 1s the time spend by the electron in

the B, region greater than, less than, or the same as the time spent in

B, region?

[Ans. (a) B, = Bz" (b) B, inward; H‘2 outward (c) Time spent in
B, = Time spent in B,]

. C -
ey

25, In a series C-R circuit, applied voltage is V = 110 sin 3147 volt. What
is the (i) The peak voltage (ii) Average voltage over half cycle 7

26. Magnetic flux linked with each um of a 25 turns coil 1s 6 milliweber.
The flux is reduced to | mWb in 0.5s. Find induced emf in the coil.

27, The current through an inductive circuit of inductance 4mH 15 i = 12
cos 300¢ ampere. Calculate :

(i) Reactance of the circuit.
(it) Peak voltage across the inductor.

28. A power (ransmission line feeds input power at 2400 V 10 a step down
ideal transformer having 4000 turns in its primary. What should be
number of turns in its secondary to get power output at 240V?

29, The magnetic flux linked with a closed circuit of resistance 863 vanes
with time according to the expression ¢ = (52 — 41 + 2) where ¢ is
in milliweber and ¢ in second. Calculate the value of induce current at
t=15 s
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30. A capacitor, a resistor and 4 henry inductor are connected in series

3.

32

to an a.c. source of 50 Hz, Calculate capacitance of capacitor if the
current is in phase with voltage.

A serigs C—R circuit consists of a capacitance 16 mF and resistance 8().
If the input a.c. voltage is (200 V, 50 Hz), Calculate (i) voltage across
capacitor and resistor. (ii) Phase by which voltage lags/leads current.
A rectangular conducting loop of length [ and breadth b énters a uniform
magnetic field B as shown below.

g TR EE R R
TR RN

b v

| @ 8 & & @ ® @0 @ @ @

"—..f..i-i!-ilnti
TR E R R
& & & & 8 B @ @ @ @

i

The loop is moving at constant speed v and at ¢ = 0 1t just enters the
field B. Sketch the following graphs for the time interval r = 0 to

l"_

.-i'_.l-‘l
] e

(1) Magnetic Mux versus time

(i1) Induced emf versus times

(i1i) Power versus time
Resistance of the loop is R.

. A charged ¥mF capacitor having charge 5SmC is connected to a SmH

inductor. What 1s :

(i) the frequency of current oscillations?

(ii) the frequency of electrical energy oscillations in the capacitor?

(111) the maximum current in the imductor?

(iv) the magnetic energy in the inductor at the instant when charge on
capacitor is 4mC?

. A 31,402 resistor and 0.1H inductor are connected in serics to a 200V,

50Hz ac source. Calculate

(i) the current in the circuit

(i1) the voltage (rms) across the inductor and the resistor.

(iii) is the algebraic sum of voltages across inductor and resistor more
than the source voltage 7 If yes, resolve the paradox.

Uit 111 = 1V



35. A square loop of side 12 em with its sides parallel to X and Y-axis is
moved with a velocity of 8 em/s in positive x-direction. Magnetic field
exists in z-directions.

(i) Determine the direction and magnitude of induced emf if the field
changes with 103 Tesla/em along negative z-direction,
(i) Determine the direction and magmitude of induced emf if field
changes with 10~ Tesla/s along +z direction.
Ans. (i) Rate of change of flux = induced emf
={0.12¢ % 103 = §
= 11.52 = 10— Wb/s in +z direction,
(i1) Rate of change of flux = induced emf
= (0,12 » 103 x §
= 11.52 x 102 Whis in -z direction.

36. Figure shows a wire ab of length I which can slide on a U-shaped rail
of negligible resistance. The resistance of the wire is R. The wire is
pulled to the right with a constant speed v, Draw an equivalent circuit
diagram representing the induced emf by a battery. Find the current in

the wire.
<xogx xoxox [T, w=bw
= K ’ﬂlﬁt w ooxe w W I B !
e % W
- X oo W E+ [—E.n" P i—
., R
- * b it o Y » ]
w " Y

37. A loop, made of straight edges has six comers at A0, 0, (), B(1, 0,
0), C(1. 1. 0y, D{O, 1, 0). E(0, 1, 1) and F(0, 0, 1) a magnetic field
B=B, (i +j';) T 1s present in the region. Find the flux passing through
the loop ABCDEFA?

Y
D C
B
NTB X
/F
‘II'
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Ans. Loop ABCDA lie in x-y plane whose area vector A, = L4 where
ADEFA lie in y-= plane where are vector A, = L'
d=BA, A=A +A,=(L"k+ 110
B =B, (i+kNL'k+L*i) =2 BL? Wb.
38. A coil of 0.01 H inductance and 12 resistance is connected to 200V, 50

Hz AC supply. Find the impendence and time lag between maximum
alternating voltage and current.

Ans. z=R+X: = JR7+2mLy =330

ml 2nfL
tan & R o 3.1
i = Ir
T2=n
Phase dift. ¢ = :
*hase dift. ¢ 180 riad
_ M _®
w S time lag Ar = g

2 |
== - S
IR0« 2n=50 250
39. An electrical device draws 2 KW power from AC mains (Voltage = 223V,

s

-3
V= 50000V ). The current differ (lags) in phase by ¢ ['ﬂ“¢ = ?)

as compared to voltage. Find
{a) R

(b) X.- X,

(e) T,

Ans. P = 2KW = 2000W : tan ¢ = =i 1, =1, PR =7 X~ X, =7

V. =V =223V

Z'VJ'ZSH
=5 =2
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Z= JREH(X, <X.)
625 = R + (X — XF

) X=X, 3
Again tan ¢ = —R—=E
3R
Ry =M= a1

, , i v 223 .
using this R = 200; X; — X, = 158, 1= T 892 A,

I.=+2 1=12.6A

40. In a LCR circuit, the plot of I___ versus @ is shown in figure, Find the

bandwith 7

1.5—:
T i

Im (&) 1'0_: "\\

0.5 / \

:|I'-II{.I|III I|||||\\IIII
a5 1.0 15 20
@(rads) —»
I|'|||||. 1

Ans. T = F =$ = (1.7 At

from diagram w, = 0.8 rad’s
@, = 1.2 rad/s

Aw = 1.2 — (.8 = 0.4 rad/s

41. An inductor of unknown value, a capacitor of 100uF and a resistor of
10€2 are connected in series to a 200V, 50Hz ac source. It is found that
the power factor of the circuit is unity. Calculate the inductance of the
mductor and the current amplitude.

Ans. L = 0.10 H, I, = 28.3A
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42. A 100 turn coil of area 0.1 m? rotates at half a revolution per second.

It is placed in a magnetic field of 0.01 T perpendicular to the axis of
rotation of the coil. Calculate max. e m.f. generated in the coil.

Ans. £, = 0.314 Vol

43. The magnetic flux linked with a large circular coil of radius R is 0.5

% 1077 Wh, when current of 0.5A flows through a small neighbouring
coil of radius ». Calculate the coefficient of mutual inductance for the
given pair of coils.
If the current through the small coil suddenly falls to zero, what would
be the effect in the larger coil.

Ans. M = 1lmH.
If the current through small coil suddenly falls to zero, [as, e, = — M

i . . . . :
T'_| so initially large current is induced in larger coil, which soon
dlt

becomes zero.

2 MAARKS QUESTIONS

I ixl(]j
2.8 — G=—1"__ x120=0.120,
(I-1)  5-5x100

3.0) —mB (i) zero

107 xx10
2x10°
(ii) B = 5p = 1072 T (inwards).

4. (i) B= = 5x =107 T (inwards).

5 iy dimv 9 - reo |
LF.=—— and r_ = = 2F St
PoyB & (2¢)B # r2

7. Low Retentivity and high permeability.
8. Minimum potential = - MB when 0 = 0 (most stable position)
Maximum potential = MB when 0 = 180" (most unstable position).

9. (a) Pole strength same; magnetic moment hall.

Uit 111 = 1V
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=
¢33

[V,
10. B (21r) = 1, \ﬁ?{mf}]
B : u, | ] .
E—(EHRJ ! R =)

$BaL. =pg

p! _
B= . (r = R)
=]
1. M, =NR:; M, =Nz - Ma_ &
M, R?
xR
2N =4aN = = —-
My
Mo
21+ n:( "]
12, —am 2) L eauN:=2N)
R IxaR* 2 ? !

13. ForP.8=0"and Q,8=180" hence, no torgue Stable for P and unstable for Q.

. (a) nj-'-E,d_[. = gl = 2y Tm

{(b) zero

1

o

22. (i) a = g because the induced emf set up in the coil does not produce
any current and hence no opposition to the falling bar magnet.

(ii) @ < g because of the opposite effect caused by induced current.

23. Current at resonance | =

Physics Class - X11)
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V
" Voltage across inductor V, = LX, = InL = R (2nv) L.

24. A.C. ammeter works on the principle of heating cffect H a T2,

25.

26.

27.

Brightness of bulb depends on current. P oo 12 and

W . ,
I= 7 where Z = /X +R’ and

I 1
X.=—=
C ol ImC

] k] - 1] + -
X,:. o E; . when nmuea sheet is introduced capacitance C increases

[C:Ksﬂ.&)
d '

X decreases, current increases and therefore brightness increases.
Current [ = &R

Buh

In coil P, b= Ej.-’R =R
. Bl b
In coil ©, Iz = EE.J’R = T I].f'I1 = T

Electro magnetic energy is conserved,

Ugplmax) = pglmax)

o
e = =10
172 C 3 LI
1 =637 mA
28. 10°F.
40. Mo current is induced in coil A since angle is 90.

15.

ANSWER FOR NUMERICALS

Force experienced by current carrying conductor in magnetic field.

F = ILxB = IBL sin 0

Uit 111 = 1V



- F 4
Hence. force permit length, = I 1B sin 30"

=8 = (15 = 1/2 = 0.6 Nm™'

L NEA
16. (a) Current sensitivity, E:%
N,BA, ];‘[ N,B.A, Y

K X )
x025x36x107°

Ratio of current Sensitivity = [

= 2x050x18x10" 7
i p NBA
Voltage sensitivity, — = ———
®) " > VvV IR
e st e NBA ) (NBA,
atio of voltage sensitivity iR, IR,

0% 025x36x107 x14
T 42x050x1.8%10 *%10

=1

17. (a) For equilibrium, the dipole moment should be parallel or auto parallel
to B. Hence, AB, and AB, are not in equilibrium.

(b) (1) for stable equilibrium, the dipole moments should be parallel,
examples : AB; and AB, (ii) for unstable cquilibrium, the dipole
moment should be anti parallel examples : AB, and AB,.

(¢) Potential energy is minimum when angle between M and B is 0%,
i.e, U =— MB Example : AB,.

18. (a) Total resistance, R + 3 = 630,

_ 3V
Hence, 1 = a0 D048 A0

(b) Resistance of the galvanometer as ammeter is

Ror _ 60€2x0.02Q
R, (60+002)

Total resistance R = (0,020 + 30 = 3,020

Physics Class - X11)
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19.

20.

25.

26.

27.

28.

29.

3
= — = (}99A.
Hence, | 300 .994A

{¢) For the ideal ammeter, resistance is zero, the current,
I =33 = 1.00A.

From Biot-Savart’s Law,

.4{5'\ = 1d{sin 0 /2

Al=Ax=1ecm=10%m, [=10A, r=p=05m
Hydm = 107 Tm/A. 0 = 90° s0 sin 6 = |

07 «10=10"

e i}
HJB| Iy 5% 107 =4x 10%T along + z axis

Force experienced by wire F, = Bl (duc to map field)
The force due to gravity, Fa' = mg
0.2=98

2xl.5

mg =Bl = B = me/ll = = 065TT

[Earth’s mag. field 4 » 10°° T is negligible]
(1) 'V, = 110 volt

2V, 2x110x7

() Vm.-z_ = = = 13 = 70 volt.
[ 1-6)=107

Induced emf g =— N% == # =0.25 wvolt.
i

(i) Reactance X, = wL = 300 = 4 = 103=120.
(i1) Peak Voltage V, =i X; = 12 = 1.2 = 14.4 volt..

In ideal transformerP, =P,

Velp = Vsls
¥ L N, . v, ‘lh. 200 oo
— I — D — . = " = ¥ L —
Vi g Np = Vi, 2400
Induced current | = gR
—dih
where E = =— 10¢t+ 4
il
g =— 1(15) +4=— 146 mV

Uit 111 = 1V



where b =5 —4t+ 2and R = 8Q

46
I=——— A=— DI8A
h
30. When V and | in phase
P U I
L =Xg ¥= 50 JLC
o = 1 ) 1
WYL gt spuspy
T
= 2.5 % 1073 =25 uF.
1.f
31. Current in the circuit 1 = 7
. : | |
When Z—.,[JX.'.-rR‘, X, =—= =
5 ' € wC 2mC

Then total voltage across capacitor and resistor.
Vo= Ve =IR:

X
(i1) tan ¢ = —RL- [V lags current]

32.
Q
| s = (i) ¢ =Bl
Ivi 2y 3Lvi =
af 4 (i) &, = Bvb
é ; : [N e ¥ 2
e ! N -
rF"" L (i) Py n
E I :‘ e B H:!-'?h'?
R

33. (i) Frequency of current oscillations
1

VT oandLe

Physics Class - X11)




(if) Frequency of electrical energy oscillation v, = 2v

(111) Maximum current i the cireuit 1, = C{:

(iv) Magnetic energy in the inductor when charge on capacitor is 4mC.

[F)

4
%

§ =4

C 2c

U=U-U,=

I
c=3¢ 2

b | =

Here g, = SmC; g = 4mC
34. Current in the circuit :
.n'

\ s
(i) I= 7 where Z = /X7 +R°

(i1) RMS voltage across L and R
i T Ve = IR
(iii) (V_+ V,) = V because V| and V, are not in same phase.

g
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Unit V & VI
ELECTROMAGNETIC WAVES
AND OPTICS

KEY POINTS

1. EM waves are produced by accelerated (only by the change in speed)
charged particles.

2. E and B vectors oscillate with the frequency of oscillating charged
particles.
3. Propagation of wave along r-direction.

E
X
B
4.  Propertics of em waves :
(i) Transverse nature
(ii) Can travel though vacuum.
(1ii) ? =%=}m=c C —» Speed of EM waves.
L]

(iv) Speed of em wave C =3 = 10°* m/s in vacuum and

1

e W Ho€p

=3%10% m/sec (in vacuum)
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L1

L1

i

1

v) Inany medium v = =
(v y e
Where p=p, e =¢ &,
JE, = n refractive index of medium
%
Alsov = —
1
(vi) A material medium is not required for the propagation of e.m.
waves.
. . g T _ IS ByE,
(vil)  Wave intensity equals average of Pointing vector | = [d,, — i
=ty
(viii)  Average clectric and average magnetic energy densities are equal.
L, 3 I I3
U=, E* and U, = =—
E 2 B 2
(ix) The electric vecotr is responsible for optical effects due to electro

magnetic wave. For this reason, electric vector is called light vector,

In an em spectrum, diffferent waves have different frequency and wavelengths,

Penetration power of em waves depends on frequency. Higher, the frequency

larger the penetration power.

Wavelength A and frequency v are related with each other v =vi. Here V is

the wave velocity.

A wave travelling along + x axis is represented by
E, =E, cos(w! - kx)
B. =B, cos{aw! - kx)

I
m = ? = 2rv

. = Av= V=0 wave speed

M-
k=== 2m

A

v => frequency

|
V= B wave number.

W
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Electromagnetic Soectrum

Name

Gamma Rays < 10%m

X-rays

UV rays

Visible ight 7= 10 "m1to

4 % 10 "m
IR rays 103 mto

T 10 "m
Microwaves 10 !'mto103*m

Radio waves =01 m

 Wavelength range  Production

Uses

Gamma rays produced in treatment of cancer
inradio active decay of and 1o carry  out

nueleus

1077 m to 1072 m x-ray tubes or inner

shell electrons

sun and by UV lamps

by accelerated tiny
(electrons) charge
particles

due to vibration of
atoms

produced in klystron
Valve and magnetron
Valve

by accelerated charged
particles excited
clectrical circuits
excited

nuclear reactions,

used as diagnostic tool
in medical to find out
fractures in bones. to
find erack. flaws in
metal part of maching

4% 107 to 107" m by very hot bodies like in water purifier

in detection of forged
documents, in food
preservation.

to see every thing
around us

in green houses Lo keep
plant warm to reveal
secret writings on
walls in photography
during fog and smoke
in RADAR

I Microwave ovens
in radio telecommuni-

cation system in radio
astrology

Displacement Current—Current produced due to time varying electric field

or electric flux.

L

(h]

= &y —%,

da,
dt

Modified Ampere’s Circuital law by Maxwell

=53 —p {f
$Bd I =uu[u+en—f~"—)
I s Conduction current

=1

Ie
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OPTICS
RAY OPTICS

GIST
1. REFLECTION BY CONVEX AND CONCAVE MIRRORS

; . | . . . .
a. Mirror formula 3 L= }.: where u is the object distance, v 1s the

image distance and fis the focal length.

" ol I |

K v ! ;
b. Magnification m=— —= = m 1% —ve for real images
w f  f-u
and +ve for virtual images.
¢. Focal length of a mirror depends up only on the curvature of the

mirror { f:g] . It does not depend on the material of the mirror or

on wave length of light.

i REFRACTION

d. Ray of light bends when it enters from one medium to the other,
having different optical densities.
When light wave travels from one mediom to another, the wave
length and velocity changes but frequency of light wave remains
the same,

€. Sun can be seen before actual sunnse and alter actual sun set due
to Atmospheric refraction,

f.  An object under water (any medium) appears to be raised due to
refraction when observed obliguely.

Real depth

n= apparent {lﬂpth n * refractive index

and normal shift in the position (apparent) of object is
x= r{l - i} where ¢ 15 the actual depth of the medium.
g.  Snell’s law states that for a given colour of light, the ratio of sine

of'the angle of incidence to sine of angle of refraction is a constant,
when light travels from one medium to another, g (n
L

Unit 11 = 1V

n sin EI1 = H, 51N,




h. Absolute refractive index is the ratio between the velocities of light
in vacuum to velocity of light in medium., For air regractive index 1s
1.003 for practical uses taken to be 1

&
n= -
)

3. T.LR.
i.  When a ray of light travels from denser to rarer medium and if the
angle of incidence is greater than critical angle, the ray of light is
Reflected back into thedenser medium. This phenomenon is called
total internal refiection. (T.LR.)

sinC=—
i’.'l'l}

Essential conditions for T.1LR.
I. Light should travel from denser to rarer medium.
2. Angle of incidence must be greater than critical angle
(i>iQ)

1. Diamond has a high refractive index, resulting with a low critical
angle (C = 24.4%). This promotes a multiple total internal reflection
causing its brilliance and luster. Working of an optical fibre and
formation of mirage arc the examples of T.LR.

4. When light falls on a spherical refracting surface, from rarer to denser
medium the relation among, .y and R is given by 22 _ %
v i

5. Lens maker formula for a thin lensis given by

A .":-”L]"_L._J_J
S " {l{, [Ry

For Convex Lens R, + ve; R, — ve and Concave lens R, —ve; R, +ve.
The way in which a lens behaves as converging or diverging depends
upon the values of s, and n,.

6.  When two lenses are kept in contact the equivalent focal length is given

by

1 _ i+]— and Power P=P, + P,

VAR [
Magnification m = m, = m,

7. The lens formula is given by %_% .

7
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10.

Sign convention for mirrors and lenses — Distances in the direction
of incident ray are taken as positive. All the mesurement is done from
pole (P). Ingident t

ray e +ye  (tve

ML

4
P

_‘\r:
L
Refecting or refracting surface

When ray of light passes through a glass prism it undergoes refraction.
then A+8& =i+ eand, the expression of refractive index of glass prism

. (At :‘E-m]
':n'll'!( >

"l

As the angle of incidence increses, the angle of deviation decreascs,
reaches a minimum value and then increases. This mimimum value of
angle of deviation is called angle of minimum deviation *8_”.

L]

a:
I
23" S
— .
i=—3

Where 8 is minimum, { = e, refracted ray lies parallel to the base. For
a small angled prism & min = (n — 1)A.

When white light is passed through a glass prism, it splits up mto its
constituent colours (Monochromatic), This phenomenon is called
Dispersion.

Uit 111 = 1V @



Compound Microscope :

Ohjective

1 | " Eyepiece

BIF : =

Objective :  The converging lens nearer to the object,
Eyepicce :  The converging lens through which the final image is seen.
Both are of short length. Focal length of evepiece is slightly greater
than that of the objective.
4. Angular Magnification or Magnifving Power (M) :
M=M,x M,
{a) When final is formed atleast distance of distinct vision,

M=o 1D Mz__L[H.E
-, [,

f;i X ©
& & L. - L D
(b) When final image is formed at infinity pf=—— —
fo Lo
(Normal adjustment f.e. image at infinity) Length of tube

L= {vg| + fueg

5.  Formation of Image by Astronomical Telescope : at infinity Normal
Adjustment Position)

Dhjective
A
Obiective [\
B . E
o f+f=L y Eye piece -, | ',I ;‘tpﬂte
|| ."\\ :F.. Fl [ '.II ) -|p._‘_ |l II:I\
- i L T . SN
Illr::-: } | o L E 3 TN [ B -
i - h _ . i L - __' "
! e o -r:--l [ " iof]
'.l':- "‘ﬁd_"_ '.': Fi l|II III
) I|I I'II
==l W =
_1"'n=.-|-'-.|_' e de
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Focal length of the objective is much greater than that of the evepiece.
A perture of the objective is also large to allow more light to pass through
it,

Angular magnification or Magnifying power of a telescope.

(a) When final image is formed at infinity (Normal adjustment)

—Jo
’

e

- M —
M- P
o

(f, + f. =L is called the length of the telescope in normal adjust-

ment).

(b) When final image is formed at least distance of distinct vision.

m=_i—ﬂl e | and L=7, +

Newtonian Telescope @ (Reflecting Type)
~~ Plane Mircor

%H“‘-Nj

Light from star }m
e .-\- 5 E "'\-.._\_\_\_
"-\._‘- a2 l’f‘ —-‘—-Hl-‘._& ;;
Y }.-'
T > .{}
o
Eyepiece é W‘
/ d

¥
g Concave Mirror
" Eve

Cassegrain telescope be

Secondary miror

Light from star

-
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WAVE OPTICS
Wave front :
A wavelet is the point of disturbance due to propagation of light.
A wavefront is the locus of points (wavelets) having the same phase of
vibrations.
A perpendicular to a wavefront in forward direction is called a ray.

N
il (R o T

Wavelrom =~ =— S{uset
=

g
w W
L
|

INTERFERENCE OF WAVES
Young's Double Slit Experiment

The waves from S, and S, reach the point P with some phase difference
and hence path difference

S,P? -8 P2 = [D%{y +(§)ﬂ—[“1+[3 _(%}}2]

(S,P-SP)(S,P+SP)=2)yd S PxSP=D

A(2D) =2yd
vd
AT
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Interference phenomenon

1.

Resultant intensity at a point on screen

I, =K (a, +a,% + 2a,a, cosd)

R S = 2J1, 15 cosg

Where |, = ko

L = ka3
If T, =1, =1, then I, = 41, cos? | % )
¥ |
Inum = [’ﬂ_' t JE} '[fl'L - 12 - lﬂ’ Lnux =
|1'||11 J_ r]h lf[]. = [ﬂ_ - [ﬂ‘ [mux =0
2
sy _ (W 7412
i 3
]l'l'lln {J"‘ .JF]:)._
lm:tx {I +“‘ :
]mira E'“] u ;']2
I u]:' W ) ) )
T = — = ——, w, and w, are widths of two slits
| s "a | £
Constructive interference
Phase difference, ¢ =2nn b
Path difference, = 11k
a iierence X i “‘r]'lcrf.‘
Destructive interf 2
estructive interference g e

Phase difference ¢ = (Zn+ 1)n

Path difference x= {2n+|}%

Fringe width (dark or bright) f =

SN
':..l:-*

Angular width of fringe AB =

-
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Distribution of Intensity
[ntensity

Conditions for Sustained Interference :
1. The two sources must be coherent.
2. Thetwo interfering wave trains must have the same plane of polarisation.
3. The two sources must be very close to each other and the pattern must be
observed at a large distance to have sufficient width of the fringe

AD ,
b= T Angnlar width a = /d

4. The sources must be monochromatic. Otherwise, the fringes of different
colours will overlap.

8, The two waves must be having same amplitude for better contrast between
bright and dark fringes.

DIFFRACTION OF LIGHT AT A SINGLE SLIT :

Width of Central Maximum :

P, Dark

1
O Bright

‘[-——'l . 1Ly

Wavekont Slit

Soreen

DA

n = d
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Since the Central Maximum is spread on either side of O, the width is

ﬂu ! ng-

Fresnel's Distance :

_ Dh
i = o

Al Fresnel's distance, y, =d and D = Dy

-

|}}|"'u li.l'l_.
P —dﬂTDF— ;’-_

SECTION - A

8o,

VERY SHORT ANSWER QUESTIONS (I Mark)

I

In which situation is there a displacement current but no conduction current
between plates capacitor?

(2) Only dunng charging of parallel plate capacitor

(b) Only dunng discharging of paralle plate capacitor

(¢) Only during charging or discharging of parallel plate capacitor

{d) This will never happen

The charging current for a capacitor 1s 0.25A. What is the displacement
current across its plates?

(b) SA (b) 0.25A

(c) 0L125A (c) 1A

A plane electromagnetic wave travels i vacuum along z-direction. The
directions of electnc hield vectorand magnetic field vector will be

(a) electne field along x-axis, Magnetic field along y-ans

(b) electric field along x-axis, Magnetic field along x-axis

(c) electric field along y-axis. Magnetic field along y-awis

(d) electnic Geld along y-axis, Magnetic field along x-axis

Uit 111 = 1V



10.

Which part of electromagnetic wave are used m operating "RADAR'

(a) Infrared waves (b) Microwaves X-Rays

(d) x-Rays {d) Gamma Rays

The change on parallel plate capacitor vanes as g — g, cos 2nvr. The plates are

very lagree and close together. Neglecting the edge effect, find the

displacement current through the capacitor?

(a) 2rg,vsin 2wt (b) =2y, vsin 2mvt

(¢) 2mg,veos2mwvt (d) —2mg,veos2mvt

For the same value of angle ol mcidence, the angle of refraction in three

media A, B, and C are 15°, 25% and 35° respectively. The velocity of light will

be mmimum in-

(a) A (b) B

{c) C (d) same 1 all media

Which of the following statement is not true.

{a) Optical fibre is based on the principle of total intemnal reflection.

(b) The refractive index of the matenal of the core 1s less than that of the
cladding

(¢) anoptical [ibre can be used to act as an optical pipe

(d) there 15 no appreciable loss in the mntensity of the light signal while
propagaling through an optical fibre

A thin converging lens of focal length 10 cm and a thin diverging lens of focal

length 20 em are placed coaxially in contact. The power of the combination
is5:

(a) 5D (b) +5D

(¢) +15D (d) 15D

A diamond is immersed in a liquid with a refractive index greater than walter.
Thenthe cntical angle for total internal reflection wall

(a) Increase

{(b) Decrease

(¢) Depend on the nature of the hiquid

{d} Remams the same

Which of the following correctly define refractive index ofa medium.
(a) Real depth/Appdepth (b) Appdepth/ Real depth

(¢) Appdepth = Real depth (d) Realdepth+Appdepth
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11

12.

13.

14.

IS.

16.

The magnification due to a compound microscope does not depend upon
{A)the aperture of the objective and the eyve-piece

(b) the focal length of the objective and the eye-piece

(¢) the length of the tube

(d) the colourolthe light used

foomed

fiem| =g oetemmonagal i Rigisl

v

In the above diagram, calculate the speed of hight in the iquid of unknown

refractive index.

(a) 1.2x10"m/s (b) 14x10"m/s

(¢) 1.6x10"m/s (d) 18x10"m/s

A murror forms 3 imes magnified image ol an object. The mirror can be-
{a) Concave (b) convex

{c) Plane (d) both convex and concave

Focal length of a convex mirror 1s 20 cm. it forms 1/2 times magnified virtual
image of an objecl. The image distance 1s:

(a) 30cm (b) 10cm

(c) 20/3em (d) 40/3 cm

A magician puts some glass object mto a liguid. the object gets disappeared.
Then,

(a) therefractive index of object is more than that of liquid

(b) therefractive index of object 15 less than that o hiquid

(¢) therefractive index ol object is equal to that of liquid

{d) data msufficient

The phenomena which is not explamed by Huygen's construction of
wavelront

{a) reflection (b) diffraction
{¢) refraction (d) photo electric effect

Uit 111 = 1V



7.

18.

19.

20.

2l

22,

23.

Two slils in Young's double slit experiment have widths in the ratio 36:1. The
ratio of the amplitudes of light wavesis

(a) 3:1 (b) 3:2

{c) 9:1 (d) 6:1

Which of the following 1s true for interference of light

(a1) energy 1s created in the region of bright band

(b) energy is destroyed mm the region of dark band

(¢) conservationol energy does not hold good

(d) conservation ol enerzy holds pood and energy 1s redistributed

In Young's Double Slit experiment using sodium light (L = 5898 A), 92

fringes are seen. If greenish colour (5480 A) is used, how many fringes will be
seen?

(a) 62 (b) 99

(c) 67 (d) B85

Two coherent monochromatic light beams of intensities | and 91 are
superimposed. The maximum and minimum possible mtensities in the
resulting beam are

(a) 9landl (b) 161 and 41

(c) 91 and 31 (d) Sland 31

A diffraction pattern 1s obtained by using a beam of blue light. What will
happen 1f the blue light is replaced by the red light

(a) Nochangewill take place

(b) Bands become broader and farther apart

(¢) Bands disappear

{d) Diffraction bands become narrower and crowded

Two waves, oniginating from sources S, and 5, having zero phase difference
and common wavelength A, will show completely destructive interference at
apomt Pif(S.P - S,P)is

(a) (13/2)h (b) 3A

(c) 44 (d) (5/4)%

Light of wavelength A falls normally on a slit of width "a". The diffraction due
to shit will be most prominently observed when-

(a) a=5i (b) a=350A
(c) a=500A (d) a=5000A
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24,

25.

26.

27.

28.

29,

Nishchay performs Y DSE by using yellow, blue and red lights in turn. If the
fringe width measures in three cases are x. x, and x, respectively. then which
ofl'the following 15 correct?

(a) x,>x, >x, (b) x,>x >x,

(c) x;>x,>x, (d) x,=x,<x,

When monochromatic hight is replaced by white light in a single slit

experiment, then

(a) the diffraction pattern disappears

{b) the diffraction band becomes circular

(¢} awhite band 1s formed al the centre and coloured bands are formed at both
its sides

(d) only a white band 1s formed at the centre

If in a diffraction experiment, the width of the slit is shghtly increased, then
the central maximum of the diffraction pattern becomes:

(a) broader and brighter
(b) broader and Fainter
(¢) narrow and brighter
{d}) narrow and fmnter

A parallel beam of hight of wavelength 500 nm falls on a narrow slit. The
diffraction pattern is observed on a screen | maway, The first minimum is ata
distance of 2.5 mm from the centre ol the screen. The width of the slit 1s:

(a) 0.16 mm (b) 0.20 mm

(¢) 0.40 mm (d) 0.60 mm

Two sources of hght are said to be coherent, when both et ight waves of;
{a) same amplitude and have a varying phase difference.

(b) same wavelength and a constant phase difference.

(¢) different wavelengths and same intensity.

(d) different wavelengths and a constant phase difference.

The fringe width in YDSE is 3. If the whole sel-up is immersed in a liquid of
refractive index n , then the new fnnge width will be :

(a) B (b) P/n

(c) Bn (d) pr’
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30. The total path difference between two waves meeting at points P, and P, on
the screenare 3 A2 and 2 A respectively. Then :

(a) bright fringes are formed at both points

(b) dark [ringes are [ormed at both pomts.

(c¢) abright fringeis formed at P, and a dark fringe 1s formed at P,
(d) abrnight fringe 15 formed at P, and a dark fringe 1s formed at P,

1. (c)
3. (a)
5. (b)

7. (b)

L1 (a)
13. (a)
15. (b)
17. (d)
19. (b)
21. (a)
23.(b)
25. (c)
27. (b)
29. (b)

@ Physics Class - X11)

4. (b)

& (b
10. (a)
12. (¢)
4. (c)
16. (d)
18. (d)
20. (b)
22, (a)
24 (¢)
26. (¢)
28. (b)
30. (d)

Answers



Assertion And Reason : (Unit V)

In the following questions, a statement of assertion A 1s followed by a
statement of reason R. Mark the correct choice as
a) I both assertion and reason are correct and reason 15 the correct
explanation ol assertion.
b) Il both assertion and reason are correct and reason is not the correct
explanation ol assertion.
¢) [lassertionis true but reasonis false.

d) Ifboth assertion and reason are false.

Reason - Assertion Question (Option)

31.

33.

34

Assertion : When entire experimental set-up 18 immersed m water, the
fringes became less wider in young’s double shit experiments.
Reason : Wave length of hight decreases when it travels from rarer to denser
medium. Ans.(a)
Assertion : Two light sources emitting light waves of equal amplitude, equal
frequency and equal wavelength all called coherenl sources.
Reason: Phase difference between any to sources 15 always constant.

Ans._ (d)
Assertion : The objective ol on astronomical telescope is taken of larger
focal length to increase magnifying power. Ans. (d)
Reason : The normal adjustment mode in preferred over near point vision on
mmage [ormed at mfmity in now comfortable to view due to relaxed eye.

Ans. (b)

Assertion : A white light when passed through a prism ut splits its constituent
colours.

Reason : All colours travels with same speed in a particular medium. Ans. (¢)
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35.

36.

37.

38.

39.

Assertion : Electromagnetic waves exert pressure.
Reason : Electromagnetic waves carry both momentum and energy.

(Ans. b)
Assertion @ Microwave communication 15 preferred over optical
communication.
Reason : Microwaves provide large band width compared to optical
sigmals.

(Ans. d)
Assertion : Electromagnetic waves don 't require medium for propagation.
Reason : Electromagnetic waves can’t travel in medium.

(Ans.c)
Assertion : Microwaves are preferred over Radio waves for satellite
communication.
Reason : Microwaves have low wavelength than Radio waves.

(Ans.b)
Assertion : The intensity of solar radiation 1s greater Mars as compared to
Jupiter.
Reason : The intensity of solar radiation 1s mversely proportional to the

sguare of radius [_[r] ofthe planet. Ans. (a)
P,

1 x II

T

Case - Study Question (Option)(Unit VI)

Lens 1s a transparent medium bounded by two refracting surfaces. It can be
converging or diverging. The converging or diverging behaviour a lens is

dependent on refractive index of surroundmg medium focal length ofa lens 1s

1| m ,} {L_LJ
f ﬂl’ RI RI

given by
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This 15 called lens maker's formula. [t 1s useful to design lenses of designed

focal length using surface of surtable radii of curvature.

A convex lens is-

a) Always converging

b) Alwaysdiverging

¢) Converging when placed in a rarer medium wri medium lens.

d) Converging when placed in a denser medium wrt medium lens.

An equiconvex lens 1s cut into equal halves perpendicular to the principal axis.

If focal length of onginal lens in [ then focal length of each halve 1s -

a) I

b) /2

c)2f

u;% [

Aconcave lens 1s made with amatenial of refractive index 1.52. ltis placed ina

medium of refractive mdex 1.60. The nature of lens would be-

a) Converging

b) Diverging

¢) Can be converging as well as diverging

d) MNeither converging nor diverging

A convex lens of refractive index 1.5 1s immersed mn a hqud medium. The
lense pets disappeared in this medium, the refractive index of the medium 1s-

a) Morethan 1.5

b) Lessthan 1.5

¢) Equaltol.5

d) Cantakeany value between | to infimty.

In a particular medium, a convex lens behave as converging lens and concave

lens as divergmng lens. Now the two lens are put in contact with other. The

Uit 111 = 1V
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a) Converging only

b} Eitherconverging ordiverging
¢) Neither converging nor diverging
d) Bothb) & c)are possible

Ans. 1. (¢}, 2.(b), 3. (b). 4. (c), 5.(d)

[1. When an opague object is placed in the path of light rays, we see a shadow of
object on a screen under some specific condition, we see a bright spot at the
centre of geometrical shadow region. This happens due to a phenomenon
called diffraction. Diffraction 1s a charactenstic shown by all types of
waves. When the double slit in young’s expeniment 1s replaced by a smgle
narrow shits (1lluminated by a monochromatic source), a broad pattern with a
central bright region 15 seen, on either sides, there are alternate dark and bnght
regions.

. The size of an opaque object is 0.5pm. Which of the followmg wave would
exhibit diffraction pattern on the screen.

a) Redlight

b) Yellow light
¢) Green light
d) Orange light

2. Which of'the following 1s “INCORRECT™.

a) In YDSE hight waves from two different wave fronts superposed on each
other to produce interference pattern.

b) Insingle sht experiment light wave from different parts of same wave
front superposed to produce different pattern.

¢) The intensity ol bright bands in YDSE is same forall

d) Theintensity of all maxima’s single shit experiment in same

3. In a single sht expenment, the screen is moved away from the plane of shis
such that distance between screen and slit 1s doubled. The anpular width of

central maxima would-
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a) Become4 times

¢) Become 2 times

(b)
(d)

Remain unchanged

Become Y4 limes

4. Which the following can be explained by both wave nature and particle nature

ol light-

a) Diffraction

b) Reflectionolhght
¢) Reflechonoflight

d) Bothreflection and refraction ol light

Ans. 1. (c), 2. (d). 3.(b).4.(d)

(UNIT : V)

Case Study

[I1. LASIK (Laser-assisted m Situ Keratomileusis).

It is commonly know as Laser Eye
Surgery for the correction of
myopia, hyper metropia and
astigmatism. For ¢lear vision the
eye's comea and lens must refract
light tays properly. This allows
mages o be focused on retina
properly. Else images will be
blurry. This blurriness is known as
refractive error.

Lasik wses an excimer laser (An
Ultra violet laser) to remove a thin
laver ol comea tssue. LASIK

canses the comea to be thinner.

Flap

A special surgical
knife slices a flap
opcn on the surfiee
of the comea.

Comca

{mee bissuc has been
removed, the flap is

folded back onto the
cornea and heals

quickly.
UV Lasecr

Pulses of uliraviolet Retina
lascr lght vaporise Aficr surgery, hight
surface lssuc, rays eniering the cye
reshaping the comea.  are focused Lo a point

on the reling, producing
a much cleared image.

This gives the comeaanew shape so that light rays are focused onretina

clearly. It reduces a person’s need for glasses or contact lenses.

Unit 11 = 1V



L. The frequency range of ultra violet rays is
a) 10"Hz - 10" Hz
b) 10"Hz - 10"Hz
¢) 10"Hz - 10" Hz
d) 10"Hz - 10" Hz
2. Which of the lfollowing are not E.M radhations?
a) Gammarays
b} Ultraviolet rays
¢) Heatrays
d) Betarays
3. Thestructure of solids 1s investigated by using
a) Microwave
b) Ultra violetrays
) X-rays
d) Gummarays
4. Theenergy possessed by per photon of ultra violet radiation is about
a) 12.41eV b) 124 KeV
c) 124MeV d) 124 meV
5. Theelectromagnetic radition produced by electric arcs and hights like mercury
vapor lamps used to 1onise atoms 15
a) Infrared radiation b) X-rays
¢) UV radiation d) Microwave
Answers
1. ¢)
d)

I3

Bhi e Le
=+
Ly
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Solar Sails :

Solar sails are a method of space crall
propulsion using “Radiation Pressure”
exerted by sunlight on large scales mirrors.
Solar pressure alTects all space crafis,
whether in inter planetary space or i orbil
around a planet. A typical space-crafl

voing to Mars, for example, will be

displated thousands of kilometers by solar
pressure, so the effects must be accounted

for in trajectory planning. Solar pressure
Sail

also affects the omentation ol a space crafl.
. L. ) . , Incident photons

If a radiation [alls on the surface (100% ﬂ Direction of

Thrust

. . - Sum
reflection) al on angle then, force will be angic
3 e
ki e TS " '
F== cos where '1s power of radiation. efocacd
. Sail phisomns
]‘ I_ I" 2]’ MNormal
—FPressire =—F —F /=T 008
A A Ac

e |
— ( Radiation Pressure = 2— cos)
¢

The intensity of solar radiation on Earth’s surface is 1360 W/m". How much

pressure will be exerted on a surface (100% reflecting) incident normally,

APProx.
a) . Pa b) OmPa
c) 9Pua d) OkPa

If a beam of EM wave 15 completely absorbed by the surface, then the pressure

exited by radiation ( Radiation Pressure) will be
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1 21 5 il
a) — by P=— ¢) P— d) P~o
c C 2c
1. Apoint source of EM waves emit the waves 1so tropically n all directions. The

mtensity of wave at distance r from a point source of power P, 15

]
-l il grh grh
T

nr 47 r

4. The time-averaged rate per unit area at which energy s transported s intensity

I of the wave can be expressed as

Ay FEEe pyEEr g Ee g Ew
clLo CLUO Lo 2e

5. Find the mtensity of radiation at distance Tm from the source of 14 W,
a) 0.02w/m b) 0.2w/m’ ¢) 4wm d) 44w/m

Answers:

1. a) 2, a) 3 c) 4. b) 5. a)
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SHORT ANSWER QUESTIONS (2 Marks)

1.

0 =1 = th

Give one use of each of the following

(1) UV ray (i1) y-ray.

. Represent EM waves propagating along the x-axis in which electric and

magnetic fields are along y-axis and z-axis respectively.

. State the principles of production of EM waves. An EM wave of

wavelength A goes from vacuum to a medium of refractive index n.

What will be the frequency of wave in the medium?

- An EM wave has amplitude of electric field Ej and amplitude of magnetic

. . . 3 4
field is B,. The electric field at some instant become 14-1:” . What will

be magnetic ficld at this instant? (Wave is travelling in vacuum).

. State two applications ol infrared radiations.
. State two applications of radio waves.

. State two applications of x-rays.

show that the average energy density of the electrie field T equals

the average energy density of the magnetic field B?

. The line AB in the ray diagram represents a lens. State whether the

lens is convex or concave.

A
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10. Use mirror equation to deduce that an object placed between the pole
and focus of a concave mirror produces a virtual and enlarged image.
11. Calculate the value of 8, for which light incident normally on face AB
grazes along the face BC.
Myyes = 32 and p = 4/3
Fze =42

V4 My

12. What is the effect on the interference fringes is Y DSE when
(1) the screen is moved away from the plane of the shts (11) the sepration
between the two slits is increased

S{As _ AD - Ba D Therefore B increases
d
(1) however angular sepration {—51"—} remains same when d increases B
decreases d

13. Complete the path of light with correct value of angle of emergence.

A

14. Define diffraction. What should be the order of the size of the aperture
to observe diffraction.

15. Show that maximum intensity in interference pattern is four times the
intensity due to cach slit if amplitude of light emerging from slits is
same.

16. Two poles-one 4 m high and the other is 4.5 m high are situated at
distance 40 m and 50 m respectively from an eve. Which pole will
appear taller?

17. §, and S, are two sources of light separated by a distance d. A detector
can move along S,P perpendicular to 8,S,. What should be the minimum

and maximum path difgerence at the detector?
I

d

Sz *P
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18. If a jogger runs with constant speed towards a vehicle. how fast does
the image of the jogger appear to move in the rear view mirror when
(i) the vehicle is stationery
(ii) the vehicle is moving with constant speed towards jogger.
Ans. The speed of the image of the jogger appears to increase substantially
though jogger is moving with constant speed.
Similar phenomenon is observed when vehicle is in motion.
19. Why is interference pattern 1s not detected when two coherent sources are
(1) far apart (1) infinitely close to each other
Ans, (1) We know pa 1. since d is very large B may reduce so much i.e
beyond visible region.
(ii) Since d is two small, B becomes very large. field of view may even be
occupied by single slit on screen resulting no detection of pattern.
20.A parallel beam of light of wavelength 600 nm 1s incident normally on a shit
of width 'd". 1f the distance between the shitand screen 15 0.8m and distance of
Znd order maximum from the centre of screen 15 15 mm, caleulate the width
olthe shi. N . A X
Since. asmngB '[2n+l}T a {T F(Ix2+1) M2

Sxf6m 10 0.8
as= -5;"—1” = W = 08x11"'m = &0 pm
21. When does (i) a plane mirror and (ii) a convex mirror produce real
image of objects.

Ans. Plane and convex mirror produce real il‘l‘!ﬂ[i::" when the object is virtual
tllalt 1s rays converging o a point behind the mirror are reflected to a
point on a screen.

22. A virtual image cannot be caught on a screen. Then how do we see it?

Ans. The image 1s virtual when reflected or refracted rays divergent, these
are converged on to the retina by convex lens of eye, as the virtual
image serves as the object.

23, Define eritical angle for total internal reflection. Obtain an expression
for refractive index of the medium in terms of critical angle.

24. The image of a small bulb fixed on the wall of a room is to be obtained
on the opposite wall *s” m away by means of a large convex lens. What
15 the maximum possible focal length of the lens required.
For fixed distance *s" between object and screen, f{or the lens equation

Ans, to give real solution for & = v = 2f, '/ should not be greater than
4f = s.

f f=s/4

25. The angle subtended at the eyve by an object is equal to the angle subtended
at the eve by the virtual image produced by a magnifying glass. In what
sense then does magnilying glass produce angular magnilication?

Ans. The absolute image size is bigger than object size, the magnifier helps in

bringing the object closer to the eye and hence it has larger angular size
than the same object at 25 ¢m, thus angular magnification is achieved.

Unit 11 = 1V



26. Obtain relation between focal length and radius of curvature, of (i)
concave mirror (ii) convex mirror using proper ray diagram.

27. Two independent light sources cannot act as coherent sources. Why?

28. How 1s a wave front different from a ray? Draw the geometrical shape
of the wavefronts when.

(1) light diverges from a point source,
(ii)light emerges out of convex lens when a point source is placed at
its focus.

29. What two main changes in diffraction pattern of single slit will you
observe when the monochromatic source of light is replaced by a source
of white light.

30. You are provided with four convex lenses of focal length lem. 3em,
10 em and 100 em. Which two would you prefer for a microscope and
which two for a telescope.

31.For a glass prism(p=J3 ). the angle of minimum deviation is equal to the
angle of the prism. Find the angle of the prism.

Ans. Hence Om=A; M=MEJ_3_ :f:::ﬂ
Sin A2

__2SinA2CosAl2,
B-—Fm 2A-60

32. Using Huygens Principle draw ray diagram for the following :
(i) Refraction of a plane wave front incident on a rarer medium
(ii) Refraction of a plane wave front incident on a denser medium,
33, Water (refractive index w) is poured into a concave mirtor of radius of
curvature ‘R’ up to a height & as shown m figure. What should be the
value of x so that the image of object “O" is formed on itself?

34. A point source S is placed midway between two concave mirrors having
cqual focal length f as shown in Figure. Find the value of o for which
only one image is formed.

{ S \E
e a?
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335.

36.

3

A thin double convex lens of focal length f is broken into two equal
halves at the axis. The two halves are combined as shown in figure,
What is the focal length of combination in (ii) and (iii).

i 1 AVA
|I I' 'Illl L _".Ill (l' IIJII 1
gy @ (i)

How much water should be filled in a container 21 ¢m in height, so
that it appears half filled when viewed from the top of the container.

(u, = 4/3.)

.-;:“I“Qﬂ}f PQ incident on the refracting face BA is refracted in the prism
BAC as shown in figure and emerges from the other refracting face
AC as RS such that AQ = AR. If the angle, of prism A = 60° and p
of material of prism is/3 then find angle 6.

ﬁ
XS
of zﬂ,"
4_’,’/ s
2 !
i |
v \

SHORT ANSWER QUESTIONS (3 Marks)

1.

Name EM radiations used

(i) in the treatment of cancer.

(1) For detecting flow in pipes carrying oil.
(ii1) In sterihzing surgical instruments.

. How would you experimentally show that EM waves are transverse in

nature

. List any three propertics of EM waves,
. Find the wavelength of electromagnetic waves of frequency 5 = 102

Hz in free space. Give its two applications,

. Using mirror formula show that virtual mage produced by a convex

mirror is always smaller in size and is located between the focus and
the pole.

. Obtain the formula for combined focal length of two thin lenses m

contact, taking one divergent and the other convergent.

Uit 111 = 1V



7. Derive Snell’s law on the basis of Huygen's wave theory,

8. A microscope is focussed on a dot at the bottom of the beaker. Some
il is poured into the beaker to a height of *A” cm and it is found that
microscope has to raise through vertical distance of ‘a’ cm to bring the
dot again into focus. Express refractive index of oil is terms of @ and
b,

9. Define total internal reflection. State its two conditions. Using a ray
diagram show how does optical fibres transmit light,

10. A plane wave front is incident on (i) a prism (ii) A convex lens (iii) a
concave mirror, Draw the emergent wavefront in cach case.

L1.Why is diffraction of sound waves more evident in daily experience than that
ofhight waves ?

Ans. To occur diffraction condition required is " stze of obstacle/operture must be
of the order of wavelength of waves to be diffracted” since wavelength of
light waves is of the order of 10 ' m, obstacles/apertures of this much of small
size are hardly available.

While wavelength of sound waves vary from 15 m to 15 mm and obstacles /
apertures ol this size are commonly available.
There diffraction of sound waves 1s more evident in day to day hife.

12. Derive Mirror formula for a concave mirror forming real Image.

13. Two narrow slits are illuminated by a single monochromatic sources.
(a) Draw the intensity pattern and name the phenomenon
(b) One of the slits is now completely covered. Draw the intensity pattern

s0 obtamed.

14. Explain (i) sparkling of diamond (i1) use of optical fibre in communication.

15. Using appropriate ray diagram obtain relation for refractive index of
water in terms of real and apparent depth.

16. Coamplete the ray diagram in the following figure where, »| is refractive
index of medium and », is refractive index of material of lens.

T e
Y Fl) | \
—& —V ¥
. (S v
[t B ¥y =iy L

i {1 tkil

_.Tf — —
,l'

T i 1

NS Tty = iy [t
il i {wi)
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17. A converging beam of light is intercepted by a slab of thickness 7 and
refractive index u, By what distance will the convergence point be
shiffted? Tustrate the answer.

—

H‘mhh

18. In double shit experiment 55, is greater than 55, by 0.25A. Calculate
the path difference between two interfering beam from S, and S, for
minima and maxima on the point P as shown in figure.

Screen

LONG ANSWER QUESTIONS (5 MARKS)

1. With the help of ray diagram explain the phenomenon of total internal
reflection. Obtain the relation between critical angle and refractive indices
of two media. Draw ray diagram to show how right angled isosceles
prism can be used to :

(i) Deviate the ray through 1807,
(i1) Deviate the ray through 90°,
(ii1) Invert the ray.

2. Draw a labelled ray diagram of a compound microscope and explain its
working. Derive an expression for its magnifying power if final image
is formed at least distance of distant vision.

3. Diagrammatically show the phenomenon of refraction through a prism.
Define angle of deviation in this case. Hence for a small angle of
incidence derive the relation & = (u — 1) A,

4. Explain the following :

(a) Sometimes distant radio stations can be heard while nearby stations
are not heard.
(b) If one of the slits in Youngs Double Slit Experiment 1s covered. what

change would occur in the intensity of light at the centre of the screen?

Uit 111 = 1V



5. Define diffraction, Deduce an expression for fringe width of the central
maximum of the diffraction pattern, produced by single slit illuminated
with monochromatic light source.

6. What 1s meant by interference of light 7 Define coherent sources of hight

Describe briefly young's double slit experiment with the help of labelled
ray diagram to demonstrate interference of light

7. Derive lens maker formula for a thin converging lens.

8. Derive lens Fnrmu]a%—%—ﬁfm
(a) a convex lens, (b) a concave lens.

9. Describe an astronomical telescope and derive an expression for its
magnifying power using a labelled ray diagram. When final image 1s
formed at least distance of distinet vision.

10. Draw a graph to show the angle of deviation with the angle of incidence
i for a monochromatic ray of light passing through a prism of refracting
angle A. Deduce the relation

sin(A+3,

)/2
b= T nA 2

11. State the condition under which the phenomenon of diffraction of light
takes place. Also draw the intensity pattern with angular position.

12. How will the interference pattern in Youngs double slit experiment
change. when
(1) distance between the slits 8, and 5, is reduced and

(i) the entire set up is immersed in water ?
Justify your answer in each case.

Ans. Fringe width B = }j]

: 1 .
(i) U o decreases. fringe width b o 4 Inercascs

(ii) When apparatus is immersed in water, wavelength reduces to

=1 Therefore, fringe width Pal decreases,

]
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NUMERICALS

. The refractive index of medium is 1.5, A beam of light of wavelength
6000 A" enters in the medium from air. Find wavelength and frequency
of light in the medium.

. An EM wave 1s travelling in vacuum. Amplitude of the electric field
vector is 5 x 10% Vim. Calculate amplitude of magnetic ficld vector.,

. Suppose the electric field amplitude of an em wave is E; = 120 NC!
and that its frequency is v = 50.0 MHz

(a) Determine By, o, x and 2,

(b) Find expressions for E and B.

. A radio can tune into any station of frequency band 7.5 MHz to 10
MHz. Find the corresponding wave length range.

. The amplitude of the magnetic field vector of an clectromagnetic wave
travelling in vacuum is 2.4mT. Frequency of the wave is 16 MHz,
Find :

(1)  Amplitude of clectric field vector and

(it) Wavelength of the wave.

. An EM wave travelling through a medium has electric field vector.
E, =4 107 cos (3.14 = 10% 1 — 1.57 x) N/C. Here x is in m and ¢
in s. Then find :

(i) Wavelength

(i) Frequency

(111) Direction of propagation

(iv) Speed of wave

(v) Refractive index of medium

(vi) Amplitude of magnetic field vector.

. An object of length 2.5 em 18 placed at a distance of 1.5 f from a
concave mirror where fis the focal length of the mirror. The length of
object is perpendicular to principal axis. Find the size of image. Is the

image erect or inverted? [5 em, Inverted]
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8. Find the size of image formed in the situation shown in figure.

{4 m[ gﬂ /ﬂ [5 cm. Inverted]
W//’ m;‘ 1 6 cin Approx,

[1.2 em, approx.]
9. A ray of light passes through an equilateral prism in such a manner that
the angle of incidence is equal to angle of emergence and cach of these
angles is equal to 3/4 of angle of prism. Find angle of deviation.
[Ans. : 307]
10, Two thin lenses are in contact and the focal length of the combination is
80 em. I the focal length of one lens 15 20 ¢m, then what would be the
power of the other lens?

__ 1 _100 _
Smece P fetie) R0 1.25D
S . i e
P 3 20 5D

p=P+P, = P,=PP, =1255=-3.75D
11. A light ray passes from air into a liguid as shown in figure. Find

refractive mdex of liquid. [0 i = J3/2

12. At what angle with the water surface does fish in figure see the setting
sun 7
- a1

(Sun)
T [C=Sin! (0.7518)]

[At eritical angle, fish will see the sun.]
13. In the following diagram, find the focal length of lens L,.  [40 cm]

..-fr_ﬂr

iy //\\ ~

i w I
I s _ﬂ'“'ﬂ-.______\L?f/"’f
> 4
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14.

Ans.

15.

Ans.

Three immiscible liquids of densities d, > d, > o, and refractive indices

My = M, = Wy are put in a beaker. The height of each liquid is % A

dot is made at the bottom of the beaker. For near normal vision, find

the apparent depth of the dot.

(Hint : the image formed by first medium act as an object for second

medium) Let the apparent depth be O, for the object seen from
15

L‘ %imag& formed by medium 1. O acts as an object for medium
I -

2. It is seen from M,, the apparent depth is O,.

Similarly, the image found by medium 2, 0, act as an object for

medium 3

0,=

Hi(h
G.E = _3[E+0|)

Ha
il ; .
0, = W3 +0, putting value of O, and O,
f.:[ I UPT J
&= S =t
T3l My s

A point object O is kept at a distance of 30 em from a convex lens of
power + 4D towards its left, It is observed that when a convex mirror
is kept on right side at 50 ¢m from the lens, the image of object O
formed by lens-mirrar combination coincides with object itself. Calculate
focal length of mirror.

Image formed by combination coincides with the object itself. It implies
that 1 is the centre of curvature of convex mirror.

HT&Y{ il
= "‘“-~~=___\\;LA5K" S

1
/
1
25

For lens

I
2|
+
|
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v= 150 em
Ll - LM = 150 — 50 = 100 e¢m

b = -“i,'—{=%= 50 cm

=
]

16. Using the data given below, state which two of the given lenses will
be preferred to construct a (i) telescope (ii) Microscope. Also indicate
which 1s to be used as objective and as eyepiece in each case.

t .:-L_ensi:s_ ]E Power (p) ji Apetune (A) ]

6D

Ans. For telescope, lens L, is chosen as objective as it aperture is largest,
L; 1s chosen as eyepiece as its focal length 1s smaller.
For microscope lens L, is chosen as objective because of its small focal
length and lens L, serve as eye piece because its focul length is not
larges.

17. Two thin converging lens of focal lengths 15 em and 30 cm respectively

arc held in contact with each other. Caleulate power and focal length
of the combination.

L1
- = —+—"
F o n 5
I U P
5736 10
F=10 cm
P = 10D

18. An object is placed in front of & concave mirror of focal length 20 cm.
The image is formed three times the size of the object. Calculate two
possible distances of the object from the mirror,

Ans. o=+ 3

—ir < i
TR + 3 for virtual image

- 3u

=
I

1
v ou
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-3 w20

= —ﬂcm
=773
_hl . .
m=—T-=- 3 for real image
v=73u
.t _ 1
Voo f
4,1 _ 1
n o 20
i —Ecn
7 em.

Question for Practice
1. Which part of the electromagnetic spectrum is used in RADAR? Give its
frequency range.
2. How is the equation for Ampere’s circuital law modified in the presence of
displacement current?

3. How are electromagnetic waves produced by oscillating charges? What is
the source of the energy associated with the em waves?

4. Name the radiation of the electromagnetic spectrum which is used for the
following;

(a) (i) Radar (1i) Eye surgery
(b) To photograph internal parts of human body
(c) For taking photographs of the sky during night and foggy conditions
Give the frequency range in each case.

5. 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 18 K™ units, Find the intensity of light at a point where path dilference
s e
is —,

Phase iff. = E'Ex—}: = E-T-E- =120°
A 3 3
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and [= I, cos?

b |

K
4

[Hint 1=1+1,+2L1,cosb]

6. In young's double slit experiment, a light of wavelength 630 nm produces
an interference pattern where bright fringes are separated by 8.1 mm.
Another light produces the interference pattern. Where the bright fringes
are separated by 72 mm. Calculate the wavelength of second light.

[Hini E?':'?;E]

7. A beam of light consisting of two wavelength 800 nm and 600 nm is used to
obtain the interference pattern in young's double slit experiment on a screen
placed 1.4 m away. If the separation between two slits in (L.28 mm. Calculate
the least distance from the central bright maximum, where the bright fringes
of two wavelengths comeide.

Ans. 560 nm

Ans. x=:zi.|§={n f ]]12-3

n % 800 = (n+ 1;;&3§

r=3

-5
= 3500 XA 12

d 0.28%102

=)

X= nly
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Numericals

1. The focal lengths of objective and eye peace of a nmcroscope are 1.25 cm
and 5 cm respectively find the position of the object relative to the objective
in order to obtain an angular magnification of 30 in normal adjustment.

Ans. In normal adjustment

= i = E =35
e Jr/; 5
m= mﬁ .i'ﬂ'-E
3
iy = m _30_.
my 3
V,
and mg=—L =-6
Hy
vu - ETA'{J
Lol k.
vy Uy Jo
R S S
~buy uy o
here Jo=125cm
u;=—1.46 cm
2. A small telescope has an objective lens of focal length 150 em and an eye
picee of focal length 5 em. If his telescope 15 used to view a 100 m high
tower 3 km away find the height of the final image when it find the height
of the final image when it is formed 25 ¢m away from the eye picces.
100 1
A ¥ t e e e -I‘
ns ang = Soos =3, radian
) h
again tan o=
Jo
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0
a0 150
A= S5cm

h height of image of tower

h
and e —
h

H=5=6=30cm
A height of final image.

ANSWER OF 2 MARKS QUESTIONS

1. UV ray — In water purifier.

v ray — In treatment of cancer

3. An accelerated charge produces oscillating electric field in space. which
produces an oscillating magnetic field. which in turn. is a source of
oscillating electric field and so on. The oscillating electric & magnetic
fields produces each other & give rise 1o can. waves.

- E:"I[:I

4. In vacuum C ==
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If electric field become IE”' magnetic field will be "':IB.;.

5. (i) In green houses to keep plants warm.
(i) In reading secret writings on ancient walls,
6. (i) In radio & tele communication systems.
(i) In radio astronomy.
7. (i) In medical to diagnose fractures in bones,
(i) In engineering for detecting cracks. flaws & holes in metal parts
of a machine.

. w5 | B2
R, = =&E* & = =

He = 2707 &= 3
] - I . . ;l

Mg = mEgk-= EF{]{(.B] As ¢ = B

g B -

T £ ) W HE)
BE
RITH

10. For concave mirror
=0 and w=<0
f=<u=<0
| ] 1 1

—5= gp ===z
J . I ou

or =>0
Virtual image is formed.

Also I-.:: : or w>| |

v |u|

i
m=—2=1
|44

magnified image.
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11. 6 = sin™' (¥/9)
13. sin”! (3/4)
16. 4 m pole
17. Minimum path difference is zero (when p i1s at infinity).
Maximum path difference = o
29, A wavefront is a surface obtained by joining all points vibrating in the
same phase.
A ray is a line drawn perpendicular to the wavefront in the direction
of propagation of light.
(1) Spherical
(i1) Plane
30. (1) Ineach diffraction order, the diffracted image of the slit gets dispersed
into component colours of white light. As fringe width o 4, . red
fringe with higher wavelength is wider than vielet fringe with smaller
wavelength,
(ii) In higher order spectra, the dispersion is more and it cause
overlapping of different colours,
3. fy =1 ¢m and f, = 3 ¢cm for Microscope and
Jp = 100 cm and f, = 1 em for a Telescope
33. N.CER.T. Fig, 10.5; Fig. 10.4.
34. Distance of object from p should be equal to radius of curvature.
R=h
I

R=ux+h= x=

35, Distance between mirror will be 2f or 4f.
36. (i) Focal length of combination is infinite,

@) f2
37.

2 =x

2m||= 2] —x
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Real depth
Apparent depth H
¥ 4

e == == x=12cm
21=x 3

38. This is a case of min. deviation B = a0)°.

ANSWERS OF 3 MARKS QUESTIONS
e
U.x—[hﬁﬁ

18. Path difference
(SS, + S,P) — (88, + 3,P) = (88, — 83)) + (85,P - §,P)
=(0.25). + 8§,P - 5,P)
For maxima, path difference = nh
S0, S, — 8P =mnh — 0254 = (n — 0.25)A

ini - 2
For minima, path difference = (2n +1}3

So, S,P - S,P=(2n + 0.5) A2,
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S Unit VII Dual Nature of Matter

S And Radiatio
Unit VII

DUAL NATURE OF MATTER AND RADIATION

KEY POINTS
O Light consists of individual photons whose energies are proportional to
their frequencies.
O A photon is a quantum of electromagnetic energy :
Energy of photon

E="hv

A
Momentum of a photon
_ kv
g X
Dynamic mass of photon
hy_ b
2 ch

Rest mass of a photon is zero.

0 Photoeleetric effect : Photon of incident light energy interacts with a
single electron and if energy of photon is equal to or greater than work
function. the electron is emitted.

0 Max. Kinetic energy of emitted electron = A{v — v;) Here v, is the
frequency below which no photoelectron is emitted and is called threshold
frequency.

Q If *V" is the stopping potential of photoclectron emission, then max.
kinetic energy of photo clectron E, = ¢V
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0 Wavelength associated with the charge particle accelerated through a

potential of V. volL B

1I|I 2mgV

0 Wavelength associated with electron accelerated through a potential

J =

difference
. 1227 2

=W

O Stopping potential versus frequency graph

vy —> thershold frequency

; ; h
scopeof the curve gives —

¢
s e . Work functio
I'he mtercept on V axis gives d—}u:, ork function

€ e

O A moving body behaves in a certain way as though it has a wave nature

having wavelength,

- v P zm Ek

where E_ is kinetic energy of movign particle

O Einestein's Photoelectric equation
[

S MWVmax = hv — hv,

or eVﬂ =hy — fwu
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Unit VIII
ATOMS AND NUCLEI

KEY POINTS

O Gieger-Marsden a-scattering experiment established the existence of
nucleus in an atom,

Bohr’s atomic model

(i} Electrons revolve round the nucleus n certain fixed orbits called
stationary orbits.

(i) In stationary orbits, the angular momentum of electron 15 integral
multiple of A2mn.

(iii) While revolving in stationary orbits, electrons do not radiate energy.
The energy is emitted (or absorbed) when electrons jump from
higher to lower energy orbits, (or lower to higher encrgy orbits).
The frequency of the emitted radiation is given by Av = E,— E,
An atom can absorb radiations of only those frequencies that it 15
capable of emitting.

O As a result of the quantisation condition of angular momentum, the

electron orbits the nucleus in circular paths of specific radii, For a

hydrogen atom it is given by

J"'H—

[ n< ]( h )E 4me,, - ng'.i'z‘ED
LI [ L0 L 3
m I\2n o= et

== r, o i

4
The total energy is also quantised : E, = ﬁ= — 13.6eV/n?
The n = 1 state 15 called the ground state.
In hydrogen atom. the ground state energy is — 13.6 ¢V,

O de Broglie’s hypothesis that electron have a wavelength & = hfmy gave
an explanation for the Bohr's quantised orbits.

O Neutrons and protons are bound in nucleus by short range strong nuclear
force. Nuclear force does not distinguish between nucleons.

0 The nuclear mass M’ is always less than the total mass of its constituents,

The difference in mass of a nucleus and its constituents 15 called the
mass defect.
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AM = [Zm, + (A - Zim, | - M
and AE, = (AM)c?
The energy AE, represents the binding energy of the nucleus.
For the mass number ranging from A = 30 to 170 the binding energy
per nucleon is nearly constant at about 8MeV per nucleon,

QUESTIONS

VERY SHORT ANSWER QUESTIONS (1 Mark)

The photoelectric effect can be explained on the basis of

(a) Wave theory (b) Electromagnetic theory
(¢) Quantum theory (d) Corpuscular theory
The wavelength of matter waves 1s independent of

{a) Mass (b) Velocity

{¢) Momentum (d) Charge

ITE,, E,, E, and E, are the respective kinetic energies of electron, deutron,
proton and neutron having same de-Broglie wavelength, select the correct
order in which those values would incrase:

(@) B, E,.E, E, (b) E,E,E,.E,
(¢) E,E,E,E, (d) E,E,E,E,

Light of frequency 2.5v, 1s incident on a metal surface of threshold frequency
2v,. If its frequency is halved and intensity 1s made doubled find the new
value of photoelectnie current.

(a) 4 unit (b) 2.5 umit
(c) zero (d) 1.05 unit
What is the momentum of photon ofenerzy 3MeVinkgms '?

(@) 10" kg ms™ (b) 1.6%10 " kg ms™'
(¢) 3%10" kg ms (d) 1.6x107" kg ms

What is the momentum of an electron beam of wavelength 4A?
(h=6.62 = 10 "Js)
(a) 1.65%107 kgms’ (b) 3x10° kg ms™

(€) 9.1x10™ ke ms™' (d) 39x10™ kg ms'

Unit 11 = 1V



7. The varation of the de-Broglie wavelength (&) with the potential (V)
through which an electron is accelerated fromrest is shown in graph below
A
>V
Choose the correct option:
(@) AV b AoV
1
Lt 2
© W (@ Ao
& A proton and electron have same velocity. Which one option is correct for
deBroglie wavelength of Proton (A,) and electron (A,)?
(a) jl'p =lriﬂ (b) 1.1__{1:
(c) lp:‘-rll__ (d) lp:ltzﬂ
9. The threshold ﬁ'ec!uency of a certain metal 1s 3.3 = 10" Hz If light of
frequency 8.2 * 10"Hz is incidenel on the metal, predict the cut off voltage
for photoelectric emission. (h=6.62 = 10 ™ Js)
(a) 202.74V (b) 305.12V
() 5315V (d) 200V
1. What 1s the momentum of an electron with K.E of 120 eV. (Given h=6.63 =
10 "6, M =91 x 10 " Kg: 1eV=1.6%10 1)
-19 -1 - 1
() 2x 10" kg ms (b) 5.88x107 kg ms
iy =1 £
[l:-} 9x10 kgtﬂh td} ﬁxlﬂwkg ms !
Answer
Q. 1 2 3 - 5 6 7 b 9 10
Ao (e) d () (o) (b (@ ( (b)) (2 (b)
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QUESTIONS
Chapter-12 and 13 Atom & Nuclei
MCQ

ci-particles are incident on a thin gold foil. For what angle of deviation will
the number of a-particle be minimum?

(a) 0° (b) 90°

(c) 120° (d) 180°

Number of electrons and neutrons 1n j‘;ﬁl_] atom will be-

(a) electrons=92 (b) electrons= 144
Neutrons = 144 Neutrons =92

(¢) electrons =236 (d) electrons=92
Neutrons =92 Neutrons— 236

After losing two electrons, 1o which particle does a helium atom get
transformed inta?

(a) a-particle (b) B-particle
(¢) y-particle (d) photon
The energy released in fusion reaction

‘H+ H— jHe+n

Where B Eof TH =223 MeV and ;He=7.73 MeV

(a) 4.5MeV (b) 5.9 MeV

(c) 6.2 MeV (d) 3.27MeV

Two nuclerof mass numbers | and 27 have therrradi ratio as
(a) 2:5 (b)5:2

(c) 1:5 (dy 1:3

The light energy emitted by a staris due to
{a) Jomming ol nuclet

(b) Burning of nuclei

(¢) Breaking ofnucle

(d) Reflection of solar light
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7. Energy ol an electron in nth orbit o Fhydrogen atom 1s
~13.6 n’

(a) ——eV (b) —ev
n 13.6
_at ~13.6

(©) Lev (d) —eV
13.6 n

8. According to de-Broglie explanation of Bohr's second postulate of
quantisation, the standing particle wave n a circular orbit for n = 4 15 given

by
(a) % =2r, (b) 2mz, =3A
) 2mr =4\ d L 21,
[L] 1".']'|,I = (d) I —*='a
9. Angular momentum of an electron in the second orbit ofan atoms
(a) 5x107"'Js (b) 2.1x107™Js
(€) 5%107"]Js (d) 2.1x107Js

10.  According to the Bohr's atomie theory, what will be the energy of hydrogen
atom for prineipal quantum number e7

{a) Infinite (b) - 13.6eV
(c) 13.6eV (d) Zero

11. Thewavelength limits of Lymas, Balmer and Paschen senesare A, , A, and A,
respectively. Wavelengths in increasing order can be written as

(a) ?""P < lﬂ < :I"L (b) :'u? }:I'L.H = :."'J'_
(&) ks =Ry=%; (dy AL >h,>h,
12. Two nuclel have mass numbers in the ratio of 1 : 2. What is the ratio of their
deusities?
{a) 1:2 (b)2:1
(c) 1:1 (d)3:1
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15.

One milhgram ofmatter is converted into energy, the energy released will be

(a) 9x10"] (b) 7x10"J
(¢) 101 (d) 9001

Il in a nuclear fusion process, the masses of the [usion nucler are m, and m,
and mass ofthe resultant nucleus 1s m,, then

(a) m,~ (m, m,) (b) m,<(m, +m,)

(¢) m,=m,+m, (d) m,=m, m,

The biuding energy of deuteron is 2.2. MeV and that of SHe is 28MeV. [Ttwo

deuteron are fused to form one He then energy released is
(a) 30.5 MeV (b) 23.6 MeV
(c) 31.5MeV (d) 19.5 MeV

.‘FP‘D."J!?*M:‘**!-”F‘-':-E
Z
H
w

ZERRES

(d)
()
()
(d)
(d)
(a)
(a)
(c)
(b)
(d)

- (d)

(c)
(a)
(b)
(b)
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Assertion - Reason Questions

[

Dual Nature

For question two statements are given one labelled assertion A and the other
labelled Reason R. Select the correct answer to these guestions from the codes
a), b), ) and d) as mven below.

a) Both A und R are true and R 15 correct explanation of A

b) BothAuand R are true but R 1s not correct explanation of A

¢) Aastruebut Ris false

d) Aisfalseand R 1s also false

Assertion : Photoelectnic effect demonsirate the wave nature ol light.

Reason : The number of photoelectrons 18 proportional to the [requency of
light.

Assertion : The energy of X-ray photon 1s greater than that ol visible hight
photon.

Reason : X-ray photon in vacuum travels [aster than light photon.

Assertion : A partial of mass mat rest decays into two particles of masses m,
and m, having non-zero velocities, will have ratio of de-Broglie wavelengths
umnity.

Reason : Here we cannot apply conservation of linear momentum.

Assertion : Light of frequency 1.5 times the threshold frequency 1s incident on
a photo sensitive matenial of the frequency 1s halved and mtensity 1s doubled,
the photo electric current remains unchanged.

Reason : The photo electnic current vanes diversity with the mtensity of hight
and frequency of light.

Assertion : A photon has no rest mass, yet it carries definite momentum.
Reason : Momentum of photon is due (o its energy and hence its equivalent
Mass.

Answers:

1. a) . ¢) ko c) 4. d) 5. a)
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Assertion - Reason Question (Atom & Nuclei)

Assertion : Balmer senes he in the visible region ol electro magnetic spectrum
Reason : Wavelength of photon emitted when electron simps from higher

energy state o lower energy

Stable is given % =R |:I— ]—1]

2 n

=3 to 00

Assertion : Total energy ofan electron in hydrogen atom 18 negative.

Reason : Electron is bounded to the nucleus.

Assertion : In a radioactive decay an electron 1s emitted by the nucleus.

Reason : Electron are present inside the nucleus.

Assertion : Force acting between proton-proton (£,) is less than fine acting
between proton-proton ([, ) inside anucleus.

Reason : Protons bemng posttively charged, repel each other by coulombian
[ree.

Assertion : Unlike graintational and electro-static forces, nuclear force has
limited range.

Reason : Nuclear forces do not obey inverse square law.
Case Study Questions
DUAL NATURE OF MATTER & RADIATION

Photocell 1s usually a vacuum tube having two electrodes. One 15 a cathode
made of a photo sensitive matenal, which umits electrons when exposed o
light of sufficient frequency and the other 15 an anode. Which 15 maintained at
a positive potential with respect to cathode. When light of suitable frequency
strikes on cathode, electrons are mutted from cathode and are attracted to the

anode and a current flows, This current can be used to open a door, ring a bell

Uit 111 = 1V
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Attemptany 4 sub-parts from each question.
Each question carnes one mark.
1. Photocell is based on the phenomenon of
a) Compton effect b) Photo electric efTect
¢) Magnetic effect of current d) Photo electric effect
2. Ifthe wavelength of evident radiation 15 greater than the threshold wave length
for a metal surface then
a) Kinetic energy of photoelectron wall be higher
b) Photoelectric current will be higher
¢) Photoelectric effect will not take place
d) None ofthe above
3. A photocell units electrons when exposed to the light of the frequency of
incident light is increased keeping intensity constant then
a) Magnitude of cut-ofT voltage will increase
b) Photo electnic current will decrease
¢) No photoelectron will unit
d) Photoelectrons will unit but their kinetic enerzy will be zero
4. Photoelectric effectis used in
a) Cyelotron k) Moving coil galvanometer
¢) Vande GraalT Generator d) Photocell
5. Light radiations of suitable frequency incident on a photosensitive surface.

How will the kinetic energy of photoelectrons vary if the mtensity of incident

radiations increased.

a) Remains same b) Increase

¢) Decrease d) MNone of the above
Answers:

1. (b) 2. (c) 3. {a) 4. (d) 5. (a)
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Il deBroghe Hvper thesis

de Broghie mm 1924 proposed that matter should also exhibit dual behaviour
like properties. It means that just the photon has momentum as well as
wavelength, de-Broghe gave the following relation between wavelength and

momentum (p) of amaterial particles.

When in is mars of the particles and v its velocity.

Electron micros cope is mad on wave like behaviour of electron just as
ordinary microscope utilize the wave nature of light. An electron microscope
s a powerful wol in modem scientific research because 1t achieves a
magnification ofabout 15 million times that ol ordmary optical microscope.
Autemptany 4 sub parts [rom each question.

Each question carmies | mark.

l. An electron, have same moments, which one has greater de-Bringhie

wavelength?
a) Electron b) Proton
¢} X-particle d) All have same de-Bringhe wavelength

2. An electron, a proton a electron and an alpha particle are moving with

speed. which one has greater de-Bronglie wavelength?

a) Electron b) Proton

¢) Decetron d) Alphaparticle
3. de-Bringlie wavesare :

a) Light waves b) Micro waves

c) Waves d) All ofthe above

4. Themagnification produced by electron microscope 1s
a) Greater than ordinary optical microscope
b) Less than ordinary optical microscope
¢} Same as that of ordinary optical microscope

d) noneofthe above
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Answers:
1. (d) 2. (a) 3. (c) 4. (a) 8. (b)
[l A spectral hine 1s a dark or bright hne in an otherwise uniform and continuos
spectrum. The spectrum 1s obtained when emission or obsarbuon of light take
place m a frequency range: In emission spectrum there are bright lines on a
dark background. The spectrum emitted by atonic hydrogen has vanous
spectral line. These are certain sels of spectral hves in the spectrum of
hydrogen atom. Each such set 1s called spectral series. The wave length of
radiation emitted dunng a transition from higher energy level to lower energy
level is given by-
LR [l— L]
A Iy n,

When R=1.101 x 10'm", n,& ni are lower & higher energy state respectively.

1. Whichof'the following transition corresponds to Paschen senes-

a) =1, nm=2to00

b) n=2. ni—3to00

¢) n~=3, m=4to00

d) n~4, m=5wid

2. Which ofthe following spectral series lies in visible region-

i) Lyman senies

b) Belmerseries

¢) Paschansenes

d) phmdsenes

3. Theshortest wave length of lyman senes is
a) 10204
b) 917 A
¢) 410 A
d) 659 A
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4. ThewavelengtholH, lineis-
a) 1500 A
b) 8200 A
¢) 6566 A
d) 4861 A
5. Which ofthe following senes lies in UV region-
a) Belmersenes
b) Paschensenes
¢) Branettsenes

d) Lyman series

Nuclear Energy

Iv. A Heavy nucleus breaks mto comparatively lighter nucler which are more
stable compared to the original heavy nucleus. When a heavy nucleus hke
uranium is bombarded by slow moving neutrons, it splits into two parts
releasmg larpe amount of energy. The typical fission reacion of U-235 15,
GJUTHN L Ba' K4, n'+200MeV the hssion of U-235 releases 200
MeV energy.

1. 1£200 MeV energy is released in the fission of single nucleus of ~"U,,.The
fissions which are required to produce a power of | KW is

(a)3.125x10" (b) 1.52x10° (c)3.125x10% (d)3.125x10"

2. The release in energy in Nuclear fission 1s consistent with the fact that
uranium has

(1) More mass per nucleon than either of two fragments

(b) More mass pernucleon as two [ragmenis

(¢)exactly the same mass pernucleon as the two fragments

(d) less mass per nucleon Lhan either of two fragments.

3. when "U,, undergoes fission about 0.1% of the original mass is converted

mto energy.
Unit 111 = 1V



The energy released when | kg uranium undergoes fissionis
(a) 9x10") {(b) 9x10"]
c) 9x10"] (d) 9x10"]

4. Anuncontrolled nuclear chain reaction form the basis of
(a) Bio-gas Plant (b) Hydro electnic power station
(¢) Nuclearreactor(d) atombomb

5. Fission ol anucleus 1s achieved by bombarding it with
(a) proton (b) neutron (¢) electron (d) X-ray

Answers:

Case Study Questions (I11)
1. a) 2, a) 3. c) 4. a) 5.
Case Study question : (IV)
Ans.(1)(2)(2) (d) (3)(b) (4)(c) (5)(b)
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SHORT ANSWER QUESTIONS (2 Marks)

1.

Write one similarity and one difference between matter wave and an
clectromagnetic wave.

2. Does a photon have a de-Broglie wavelength? Explain.

3. A photon and an electron have energy 200 eV each. Which one of these

has greater de-Broglie wavelength?

The work function of the following metal is given Na = 2.75 eV, K =
23 eV, Mo =4.14 eV, Ni = 5.15 eV which of these metal will not give
a photoelectric emssion for radiation of wave length 3300 A" from a
laser source placed at Im away from the metal. What happens if the

laser is brought nearer and placed 50 cm away.

. Represent graphically Variation of the de-Broglie wavelength with linear

momentum of a particle.

. In a photoelectnc effect experiment. the graph between the stopping

potential ¥V and frequency of the incident radiation on two different
metals P and Q are shown in Fig, :

6%
Y -

.4
{(Volt) A
ZI— / -~

-

23" e
(&% 10"H,)

(i) Which of the two metals has greater value of work function?
{ii) Find maximum K.E, of electron emitted by light of frequency
v =8 = 10" Hz for metal P,

. Do all the photons have same dynamie mass? If not, Why?

Why photoelectrons ejected from a metal surface have different kinetic
energies although the frequency of incident photons are same?
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9. Find the ratio of de-Broglie wavelengths associated with two electrons
‘A’ and *B" which are accelerated through 8V and 64 volts respectively.

10. Explain the terms stopping potential and threshold frequency.

11. How does the maximum kinetic energy of emitted electrons vary with
the inerease in work function of metals?

12. Define distance of the closest approach. An e-particle of kinetic energy
‘K is bombarded on a thin gold foil, The distance of the closest approach
is 'r". What will be the distance of closest approach for an w-particle
of double the kinetic energy?

13. An particle and a proton arc accelerated by same potential. Find ratio
of their de Broglie wavelengths, Ans. [l:Z;E]

14. Draw a diagram 1o show the variation of binding energy per nucleon
with mass number for different nuclei. State with reason why light nuclei
usually undergo nuclear fusion.

15, What is the main difference between fission reaction and fusion reaction
? Give one example of each.

16. If the total number of neutrons and protons m a nuclear réaction is
conserved how then is the energy absorbed or evolved in the reaction?

17. In the ground state of hydrogen atom orbital radius is 5.3 = 107! m.
The atom is excited such that atomic radius becomes 21.2 x 107" m,
What is the principal quantum number of the excited state of atom?

18. What are nuclear forces? Give their im portant properties.
19. Why is the density of the nucleus more than that of atom?

20. The atom s[}lﬁ has & protons, & neutrons and 8 electrons while atom
4]3&5 has 4 proton, 4 neutrons and 4 clectrons, yet the ratio of their
atomic masses 15 not exactly 2. Why?

21. What is the effect on neutron to proton ratio in a nucleus when B
particle 15 emitted ? Explain your answer with the help of a suitable

nuclear reaction.
22, Why must heavy stable nucleus contain more neutrons than protons?
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13. Distinguish between isotopes. 1sobars and isotones with suitable
examples.

24, What is a nuclear fusion reaction? Why 15 nuclear fusion difficult to
carry out for peaceful purpose?

25, Write two characteristic features of nuclear forces which distinguish
them from coulomb force.

26. Half life of certain radioactive nuclei is 3 days and its activity is 8
times the ‘safe limit". After how much time will the activity of the
radioactive sample reach the *safe limit™?

27. Derive mivr = % using de-Broglie equation.

28. Draw graph of number of scattered particles to scattering angle in
Ratherford’s experiment.

29, If the energy of a photon is 25 eV and work function of the material
is 7eV. find the value of slopping potential.

30, What is the shortest wavelength present in the (1) Paschen series (i)
Balmer series of spectral lines?

Ans. (1) 820nm, (1) 365 nm

31. The radius of the inner most electron orbit of a hydrogen atom 0.53 A.
What are the radii of the » = 2 and n = 3 orbits.  [Hint: » = nzrﬂ}

32. The ground state encrgy of hydrogen atom is —13.6 ¢V. What arc the
kinetic and potential encraies of the ¢lectron in this state?

[Hint : K.E = — (T.E), PE. = 2T.E]

33. Why is the wave nature of matter not more apparent to our daily
observations ?

34, From the relation R = R; A'S where R, is a constant and A is the
mass number of a nucleus, show that nuclear matter density is nearly
constant.

Mass of nuglous
Volume ol nucleus

Ans. Nuclear matter density =

__mA - mA
1Rt dnriA
i
=7 -=23x10"kg/ m’
3 Ry
= Constant
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35. Find the energy equivalent of one atomic mass unit in joules and then

in MeV.
Ans. E = Amc2 Am = 1.6605 = 10727 ke
= 1.6605 x 10727 x (3 = 108)?
= 1.4924 = 104

_ LA924x1071"
T Lex1o®
= 0.9315 = 107 eV

= 931.5 MeV
36. Write four properties of nuclear foree.

SHORT ANSWER QUESTIONS (3 Marks)

1. Explain the working of a photocell? Give its two uses.

2. Find the de-Broglie wavelength associated with an electron accelerated
through a potential difference V.

3. What is Einstein’s explanation of photo electric effect? Explain the laws
of photo electric emission on the basis of guantum nature of light.

4. Light of intensity | and frequency v is incident on a photosensitive
surfacc and causes photoelectric emission. Justify with the help of graph.
the effect on photoclectrie current when
(1) the intensity of light is gradually increased
(i1) the frequency of incident radiation is increased
(i11) the anode potential is increased
In each case, all other factors remain the same.

5. Write Einstem’s photoelectric equation. State Clearly the three salient
features observed in photoelectric effect which can be explained on the
basis of the above equation.

6. Explain the effect of increase of (i) frequency (ii) intensity of the incident
radiation on photo electrons emitted by a metal,

7. X-rays of wave length A fall on a photo sensitive surface emitting

clectrons, Assuming that the work function of the surface can be neglected.

prove that the de-Broglie wavelength of electrons emitted will 1::::.,|| ;;;:[ .

. i ;
N P T I
A 2m A P 2me
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8. A particle of mass M at rest decays into two particles of masses m
and m, having velocities V| and V, respectively. Find the ratio of de-
Broglie wavelengths of the two particles.

Ans. 1 : 1
9, Give one example of a nuclear reaction. Also define the Q-value of the

reaction. What does Q > 0 signify?

10. Define atomic mass unit and electron volt. Derive relation between them.

11. Show that nuclear matter density is independent of A

12, what is mass defect of a nucleus ? Express it mathematically. How do
your account for it ?

13. What 1s packing fraction ? Give its physical significance in relation to
nuclear stability.

14. A nuclear bomb and a nuclear reactor work on the same principle. Explain
why mn one case explosion oceurs and in the other energy is available at a
steady rale.

15. Distinguish between nuclear fusion and fission. Give an example of
each.
16. Explain the source of energy i the sun.

17. Obtain a relation for total energy of the electron in terms of orbital
radius, Show that total encrgy is negative of K.E. and half of potential
energy. —pt

b= BITEQr

18. Draw energy level diagram for hydrogen atom and show the various
line spectra originating due to transition between energy levels,

19. The total energy of an electron in the first excited state of the hydrogen
atom is about — 3.4 e¢V. What is

(a) the kinetic energy,

(b} the potential encrgy of the clectron?

(¢) Which of the answers above would change if the choice of the
zero of potential energy in changed to (i) + 0.5 eV (i) — 0.5 ¢V
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Ans. (a) When PE. is chosen to be zero at infinity E = — 3.4 eV, using
E=—KE; the KE. =+ 3.4 eV

(b) Since PE. = —2E, PE = — 6.8 ¢V.

(¢) If the zero of P.E. is chosen differently, K.E. does not change, The
P.E. and T.E. of the state, however would alter it a different zero
of the P.E. 1s chosen.

(i) When PE. at =0 is + 0.5 eV, P.E. of first excited state will be
— 34 -05=-39eV.

{ii) When PE. at w0 is + 0.5 ¢V. PE. of first excited state will be
= 314 = I_ {I.-S} —— 219 ‘-’.'-"l"lq

20. What is unclear holocaust ?
21.Calculate the energy released in MeV n the deutennum-tnitium fusion
reaction:

TH+H— JHetn

using data

m{ ;H)=2.014102u;

m( ; H)=3.016049 u;

m(  He)= 4.002603 u;

m, = 1.008B665 u,

lu=931.5 MeV/c’

LONG ANSWER QUESTIONS (5 Marks)

1. State Bohr's postulates. Using these postulates, derive an expression
for total energy of an electron in the n® orbit of an atom. What does
negative of this cnergy signify?

2. Define binding energy of a nucleus. Draw a curve between mass number
and average binding energy per nucleon. On the basis of this curve,
explain fusion and fission reactions.

3. What do you mean by binding energy of a nucleus? Obtain an expression
for binding energy. How binding energy per nucleon explains the stabality
of nucleus.

4. What is meant by nuclear fission and fusion. Draw Binding Energy Vs
Mass Number curve and explain four important features of this curve.
5. Briefly explain Rutherford’s experiment for scattering of o particle with
the help of a diagram. Write the conclusions made and draw the model

suggested,
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NUMERICALS

1. Ultraviolet light of wavelength 350 nm and intensity 1 W/m? is directed
at a potassium surface having work function 2.2eV.
(i) Find the maximum kinetic energy of the photoelectron.
(if) If 0.5 percent of the incident photons produce photoelectric effect.
how many photoelectrons per second are emitted from the potassium
surface that has an area lem?,

ol photo electron Nhv

3 = sy o= BEx] r= ——=nk
E 1.3 eVin Second or ; . nAv

Kmnx

2. A metal surface illuminated by 8.5 = 10" Hz light emits electrons
whose maximum energy is (1.52 eV the same surface is illuminated by
12.0 = 10" Hz light emits elections whose maximum energy is 1.97¢V.
From these data find work function of the surface and value of Planck’s
constant. [Work: Function = 3eV]

3. An clectron and photon each have a wavelength of 0.2 nm. Calculate
their momentum and energy.

() 3.3 = 10 kgm/s
{(ii) 6.2 keV for photon
(it1) 3¥eV for electron

4. What is the (i) Speed (ii) Momentum (ii) de-Broglie wavelength of an
electron having kinetic energy of 120eV?

Ans, (a) 6.5 % 105 m/s; (b) 5.92 % 1072* kg m/s; (¢) 0.112 nm.

5. If the frequency of incident light in photoelectric experiment is doubled
then does the stopping potential become double or more than double,
justity? (More than double)

Long Answer Question :

6. (A) Why wave theory of light could not explain the photoelectric effect?
State two reasons. Draw graph between
(i) frequency v vs stopping potential V.

(i1) Intensity vs photoelectric current.

(iii) anode potential vs photoelectric current.
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6.(B) A proton is accelerated through a potential difference V. Find the
percentage increase or decrease in its de-Broglie wavelength if potential
difference is increased by 21%.

Ans. (9.1%)

7. For what kinetic energy of a neutron will the associated de-Broghe
wavelength be 5.6 = 10-'%m?

h
Ans. y2m, xK.E. = ¥
h o1
= KB = (I) 2m,,
_ (66251073 “]z 1
l_ 5.6x 10710 4 251671074
=335 = 102
8. A nucleus of mass M imitially at rest splits into two fragments of masses

% and % Find the ratio of de-Broglie wavelength of the fragments.

Ans. Following the law of conservation of momentum,

g
%‘I'I +%1’1 = U

=
or %"'1 - _:‘T ¥a
% EM Vq
N i ki 5 . sl I 1
i s M
F 3 1 1.|I

9. An clectron and a proton are possessing same amount of K.E., which
of the two have greater de-Broglie, wavelength? Justify your answer.

Ans.

&

and E =

— B _ -
— mv, = |2E m, and my, = NEIERETR
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But, E, =B =5 5= {=>->I

o A=A
10. The electron in a giv:n Bn:ﬁn' orbit has a total energy of —1.51 eV.
Calculate the wavelength of radiation emitted, when this electon makes
a transition to the ground state.
Ans, 1028 A"
11. Calculate the radius of the third Bohr orbit of hydrogen atom and energy
of electron in third Bohr orbit of hydrogen atom.
Ans. (—1.51 eV)
12. Calculate the longest and shortest wavelength in the Balmer series of
Hydrogen atom. Rydberg constant = 1.0987 » 107 m.
Ans. A, = 6553 A°, k, = 3640A°
13. What will be the distance of closest approach of a 5 MeV a-particle as
it approaches a gold nucleus? (given Atomic no. of gold = 79)
Ans. 455 % 10 ¥m
14. A 12,5 MeV alpha — particle approaching a gold nucleus is deflected
I80°. What is the closest distance to which it approaches the nucleus?
Ans, 1.82 = 10 ¥m
15. Determine the speed of the electron in # = 3 orbit of hydrogen atom.
Ans, 7.29 = 10%ms!

16.The three stable 1sotopes ol neon: Ne', Ne *. Ne” have respective
abundances of 90.51%, 0.27% and 9.22%. The atomic masses of the three
isotopes are 19.99 amu, 20.99 amu and 21.99 amu respectively. Obtain the
average alomic mass ofneon.
Ans. 20.18 amu.
17.0btain the binding energy of a nitrogen nucleus ( '*N ) from the following
data: m = 1.00783 amu; m =11.00867 amu: M = 14.00307 amu, Give your
answer in MeV
Ans. 104.TMeV
18. A given coin has a mass of 3.0 g . Calculate the nuclear energy that would be
required to separate all the neutrons and protons from each other. For
simplicity assume that the com is entirely made of ['Cyatoms (of mass
6292960 amu). The masses of proton and neutron are 1.00783 amu and

1.00867 amu, respectively.
Unit 1 - 1V

Ans. 1 582x107 MeV



19.

Ans.,
20.

Ans.,
21.

Ans,
22,

Binding energy of ,He* and ,Li" nuclei are 27.37 MeV and 39.4 MeV
respectively. Which of the two nuclei is more stable? Why?

,He* because its BE/mucleon is greater.

Find the binding energy and binding energy per nucleon of nucleus 1131:3-"-”:"5".
Gitven : mass of proton = 1.0078254 u. mass of neutron = 1.008665 u.
Mass of 5, Bi*% = 208.980388u.

1639.38 MeV and 7.84 MeV/Nucleon

Is the fission of iron (, Fe®®) into (,Al%) as given below possible?
Fe% 5 LA+ AP+ Q

Given mass of , Fe’® = 55934940 and [,AI”® = 27.98191 U

Since Q) value comes out negative, so this fission 1s not possibie

Find the maximum energy that f-particle may have in the followmg
decay :

15 1% 0y v
§O g et

Ans.
23.

Ans,

Giiven m (S{]Jq] = 19003576 a.m.u.
m (,F1%) = 18.998403 am.u.
m ( &%) = 0.000549 a.m.u.

4.3049 MeV
The value of wavelength in the lyman series is given as
2
3 = 913 4n A

p

ny —1

Calculate the wavelength corresponding to transition from energy level
2, 3 and 4. Does wavelength decrease or increase ?

913.4x2°

hy="355; = 12184
913.4x3’

hyy = —37.; = 1028 A

_ 913.4x4*

by = gy 9743 A

Aoy < Mgy <hy,
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Answer to 2 Marks Question
1. Similarity : Both follow wave equation (partial differential equation)
dissimilarity : Matter waves
{a) cannot be radiated in empty space.
(b) are associated with the particles, not emitted by it

2. Yes, & = 1€
h E he
3.5 = - for photon P = = and 1= = for clectron P = J2M E
Lphutml - 24 * In_sm! ’J'"L-,In.-,l.:r.rurl - 36 % Iﬂ_]ﬂ[‘ﬂ

Jie 6.6x107 x3 %108
4. ) = 3300A°, SR PR e St e i
A AN B = T 3300x10710 x 1.6 x 1019
Work function of M_ & Ni = 3.8 ¢V hence no photoelectron emission
from M and Ni.

eV= 38 eV

X
—
6.Q
KE. . =136V As Mo _

M
e

7. E = mc?, hv = mc?, m = h—i no, it depends upon frequency.
2

8. KE = kv hvﬂ. The electrons in the atom of metal occupy dilferent
energy levels, thus have different minimum cnergy required to be ‘ejected’

from the atom. So the ¢ with higher energy will have higher kinetic

energy.
Uit 111 = 1V



1 % 242

0. Decreases, ) =——" e

R |

=hv—w, = KE__ decreases with increase in wy,

11. KE

‘max

12. Distance of closest approach is defined as the mmimum distance between
the charged particle and the nucleus at which initial kinetic energy of
the particle is equal to electrostatic potential energy.

- 1
KZeQe)_ 1,0

for o particle, ;
f v

Fan —

]
K.E.
r will be halved.

16. The total binding energy of nuclei on two sides need not be equal. The
difference in energy appears as the energy released or absorbed.

17.n=2asr, o n

19. Because radius of atom is very large than radius of nucleus.

20. Due to mass defect or different binding energies.

21, Decreases as number of neutrons decreases and number of protons
increases, N — P+ &0

22. To counter repulsive coulomb forces. strong nuclear force required
between neutron-neutron. neutron-proton and proton-proton.

24. For fusion, temperature required is from 10% to 107 K. So, to carry out
fusion for peaceful purposes we need some sysiem which can create
and bear such a high temperature.

25, Nuclear forces are short range forces (within the nucleus) and do not
obey mverse square law while coulomb forces are long range (infinite)

and obey inverse square law.
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26.

or

or

28.

29.

Mo. of scattered
i - particles

VD - {E Eliﬂ}x'e = {

I

Scatlering sngle

25=TeV
e

= 18V.

|
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Electronic Devices

Unit IX

ELECTRONIC DEVICES

KEY POINTS

ELECTRONIC DEVICES

1. Solids are classified on the basis of

(i) Electrical conductivity Resistivity Conductivity

Metals

Semi-conductors
Insulators

(ii) Energy Bands

Physics Class -

p(€2m) o(Sm)
102107 102 — 108
103108 1079 — 103
Ull ﬂw lﬂ—IF' - lﬂ'_”

(a) Metals —

& Overlapping
/ conduction band

w

-w

{Eg~0)

Xy

Valence hand

Eleciron ¢nergies

Fig. (a)

XI1)



(b} Insulators —

Empty
<" conduction band
g ] E'l:' B |
B
wl
& E, >3 eV
&
s
5 Valence
band
Fig (b)
{c) Semiconductors —
% “E.
g E <3¢V
g B,
©
=
Fig (c)
2. Types of Semi-conductors
2 Types of semi-conductors
|
| I
Elemental Compound
Si, Ge |
| !
Inorganic Organic, Anthracens
CdS, GaASs, Doped Pthalocyamines etc.

CdSe, InP etc.

3. In intrinsic semiconductors (Pure Si, Ge) carrier (electrons and holes) are
eenerated by breaking of bonds within the semiconductor itself. In extrinsic
semiconductors carriers (e and k) are increased in numbers by *doping”.

4. An intrinsic semiconductor at (0 K temperature behaves as an insulator.

5. Pentavalent (donor) atom (As. Sb. P etc) when doped to Si or Ge give
n-type and trivalent (acceptor) atom (In, Ga, Ag, etc) doped with Si or
Ge give p-type semiconductor. In a-type semiconductor electrons are the
majority charge carriers & in p-type holes are the majority charge carriers.

Uit 111 = 1V



6. Netcharge in p-type or n-type semiconductor remains zero.

7. Diffusion and drift are the two processes that occur during formation of g-n
Junction.

8. Diffusion current is due to concentration gradient and drift current is due to
electrie field.

9. In depletion region movement of electrons and holes depleted it of its free
charges,

10. p-n Junction is the most important semiconductor device because of its
different behaviours in forward biasing (as conductor for V > V,) and
reverse biasing (as insulator for V < V) a p-n junction can be used as
Rectifier, LED, photodiode, solar cell ete.

Differences between FB and RB junction diodes

PN ’ 5 N B
--__.-I" rd-'d_.
I i 1] =
~ + | +
g Depletion layer is decreased Depletion laver is increased 2
—
= : : .
z | Lower resistance Higher resistance E-
=) L=
= | R — 0 ideal diode R — =« ideal diods
b I
I
| v
! =
Y
Current due to majority Current due to minority charge carrier.

charge carmer.

11. [n half wave rectifier frequency output pulse is same as that of input and in
full wave rectifier frequency of output is double of input.

Rectifier p-n junction diode
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Half Wave Rectifier Full Wave Rectitfier

fray

o
== ¥ia
w i/ A,

12. When a zener diode is reverse biased. voltage across it remains steady for
a range of currents above zener breakdown. Because of this property, the

diode 15 used as a voltage regulator.

Uit 111 = 1V



QUESTIONS

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

[t

Let n, and n, be the number of holes and conduction electrons in an

extrinsic semiconductors. Then

[H'] "h}ni (h} "h_nr

{c) n<n, {c) nEn

Electric conduction in a semiconductor takes place due to

{a) electrons only (h) holes only

(c) both electrons and holes (d) neither electrons nor holes
Ina p-type semiconductor, the current conduction is due to

(a) holes {b) protons

() electrons (d) neutrons

What happens to the resistance of semiconductors on heating?
(a) Increases

(b} decreases

(c) Remains same

(d) First decreases than increase

A half wave rectifier circutt i1s constructed using a p-n function diode D,
load resistance R and AC source as shown below:

=l

Ve 2
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The output current through R vanies as

{a)

(€)
Answers
1. (d)

I+ (b) 4
S sy i P
S
I}\ {d] lJ'n
g 11,
2. @© 3. (@)  4.(b) 5. (b)

Unit 11 = 1V



SHORT ANSWER QUESTIONS (2 MARKS)

1.

If the frequency of the input signal is £ What will be the frequency of the
pulsating output signal in case of :

(1) half wave rectifier ? (i1) full wave rectifier ?

Find the equivalent resistance of the network shown in figure between point
Aand B when the p-» junction diode is ideal and :

(i) A is at higher potential (ii) B is at higher potential
00
——————
Av— %P
200

Potential barrier of p-n. junction cannot be measured by connecting a
sensitive voltmeter across its terminals, Why ?

Diode is a non linear device. Explain it with the help of a graph.

A n-type semiconductor has a large number of free electrons but still it is
electrically neutral. Explain.

The diagram shows a piece of pure semiconductor S in series with a
variable resistor R and a source of constant voltage V. Would you increase
or decrease the value of R to keep the reading of ammeter A constant, when

semiconductor S is heated 7 Give reason.

-
—i—=
A

, M-
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7.

Ans,

9.

10.
11.

12.

In the given circuit, D is an ideal diode. What is the voltage across R 7
When the applied voltage V makes the diode.
{a) Forward bias ?

(b) Reverse bias ?

wI\EM—_‘::i—

oy e
What are the characteristics to be taken care of while doping a semiconductor ?
Justify your answer.

{a) The size of the dopant atom should bg such that 1t do not distort the
pure semiconductor lattice.

(b) It can easily contribute a charge carrier on forming covalent bond with
pure Si or Ge.

Give two examples each of

(1) elemental (it) compound morganic and

(111) compound organic semiconductors
Show the donor energy level inenergy band diagram of n-type semiconductor.
Show the acceptor energy level m energy band diagram of p-type
sermiconductor.

What is the value of knee voltage in
(a) Ge junction diode.
(b) Sijunction diode.

13. On the basis of energy band diagrams, distinguish between metals,

14.

insulators and semiconductors.
Two semiconductor materials X and Y shown in the given figure, are made
by doping germanium crystal with indium and arsenic respectively, The two

Unit 11 = 1V



are joined at lattice level and connected to a battery as shown.

e
(i) Will the junction be forward biased or reversed biased ?
(1) Sketch a V-1 graph for this arrangement.

15. Following voltage wavetorm is fed into half wave rectifier that uses a silicon
diode with a threshold voltage of 0.7 V. Draw the output voltage waveform.

& Z-Vi:" - P
| L-"'l l,l" '-._".'.
e el
\ / Time
e
—2vr

SHORT ANSWER QUESTIONS (3 MARKS)

1. What is depletion region in p-» junction diode. Explain its formation with
the help of a suitable diagram.

2. Whatis rectification ? With the help of labelled circuit diagram explain half
wave rectification using a junction diode,

3. With the help of a circuit diagram explain the V-1 graph of a p-n junction
in forward and reverse biasing.

4. What is p-n junction ? How is p-n junction made ? How is potential barrier
developed in a p-n junction.

5. Give three differences between forward bias and reverse bias.

6. Draw the charactenistic (V-1) curve of a junction diode. Wrile down in
your graph the approximate values of voltage and current. On the basis of
your graph, explain how a junction diode works in forward biasing and
reverse biasing,

7. Write three differences between n-type semiconductor and p-type

semiconductor.
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LONG ANSWER QUESTIONS (5 MARKS)
1. What is p-n junction diode ? Define the term dynamic resistance for the
junction. With the help of labelled diagram, explain the working of p-n
junction as a full wave rectifier.

NUMERICALS

1. Inap-n junction, width of depletion region is 300 nm and electric field of
7 = 10° V/m exists in it.
(i) Find the height of potential barrier.
(ii) What should be the minimum kinetic energy of a conduction electron
which can difTuse from the n-side to the p-side 7

2. The circuit shown in the figure contains two diodes each with a forward
resistance of 50 ohm and with infinite reverse resistance. IF the battery
voltage s 6 V, Find the current through the 100 ohm resistance (in ampere).

178}

n,
o, il
e 111]

e

AnS. () 02A
3. Determine the current [ for the network. (Barrier voltage for Si diode is (0.7
valt), Dy
1 33 (5i)
l—h—'}é}.‘ﬂ.— | S
E, =20 v e E, 4V
[}_2{51}
4. Determine V{} and 1 d for the network,
L Vo
i = =
12v 1 £ 5.6k0)

5. A p-n junction is fabricated from a semiconductor with a band gap of
2.8 eV. Can it detect a wavelength of 600 nm ? Justify your answer.

Ans. Encryg of photon of wavelength 600 n m=2.07 eV ...cccen. working condition
of photodiode v > Eg but Eg =hvso photodiode cannot detec the given
wavelength

6. Determine V. 1, and I, for the given network. Where D, and D, are made

of silicon. { I,
Unit 101 - IV

L, =1, —-L_ 1409 mA |
S R )



y 033E0

Id, Id,

10V =
5 LS

Ans. V, =V_=07V
- 10-0.7
1 33x10°
=28.18 mA
2818
Id'l =I“'z R
= 14.09 mA

7. Pure Si at 300 X has equal electron (n,) and hole (n,) concentration of
1.5 % 10'8/m. Doping by indium increases n, to 4.5 x 10%/m*. Calculate

n, in the doped silicon,

[Ans. : 5% 10° m™~)

SHORT ANSWER QUESTIONS (2 MARKS)

1. Frequency of output in half wave rectifier is f and m full have rectifier is

2

2, Equivalent resistance is
(i} 10€2, As diode is forward biased
{11) 20£2, diode is reverse biased

3. Because there 15 no free charge carrier in depletion region.

6. Onheating S, resistance of semiconductors S 15 decreased so to compensate

the value of resistance in the circuit R is increased.
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Assertion - Reason question | Semiconductor)

Assertion : A pure semiconductor has negative temperature coefficienl
Reason : On increasing temperature, charge carners are generated.

Assertion : In the given diagram, the ammeter will NOT show any reading
(consider diode to be ideal)

>

—(2)
LI e
Reason : Anideal diode offers infinite resistance in forward bias.

Assertion: Electron has higher mobility than hole in a semi-conductor

Reason: The mass of electron 1s less than hole.,

Assertion: A p-type semi-conductor is a posilive type crystal
Reason: A p-type semi -conductor 1s an uncharged crystal

Asserfion : In a n-type semiconductor holes are majonity carners & electrons
aTe MinoTily CAarmiers.

Reason : The net charge on a p-type semiconductor 15 positive.

Case Study Question

When an intrinsic semiconductor is doped with group-15 and group-13
elements we get a new semiconductor called extrinsic semiconductor. Adding
mmpurities to extrinsic semiconductors 15 called doping, when the two
extrinsic semiconductors are joined the resultant device is called junction
diode. Applying suitable voltage across a diode is called biasing . There are
two types of biasing- forward biasing and reverse biasing. We have different
types of special purpose diodes used in specific biasing mode according to the
puUrpose.
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. When X i1sadded ina pure silicon we geta p-type semiconductor. The X 1s-
a) Carbon
b) Germanium
¢) Indium
d) Arsemc
2. An minnsic semiconductor is doped with an impurity, the resultant
semiconductor contains electron as mojority carrier- The impurity is-
a) Aluminum
b) Indium
¢) Phosphorous
d) Carbon
1. Ildeal diode has resistance of Q inforward biasing
a) 10
by 0
c)
d) 100
4. Inwhichoflthe following figure, the diode1s forward biased -

b)

¢ —lHww—o-sv

d) o— > —MA—o0+15V
+5V kel
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Which of the following is true for a diode in forward bias-

a) Thewidthofdepletion layer s increased
b) The height of potential barrier 1s decreased

¢) The conduction is due to minonty charge camers

d) Thejunction resistance 1s increased

Answers Assertion-Reasoning Questions

1. (a) 2. (@ 3 (3 4 @ 5 (@
Case study questions
1. (c) 2. (¢ 3. (¢) 4 (&) 5 (b
NUMERICALS
1. () V=Ed=7=10=x300=10°=021V
(11) Kinetic energy =eV =10.21 eV
E-E. -V, 20-4-07
3, J=—t—3 E- =695 mA
R 2.2x10°
4.V =BV, Np=12-07-11=12-18=102V
V, 102
=—= =182 mA. V,=12-0.7-03=
=R s6x10 Ve=12-07-03=11V
11
TR
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PRACTICE QUESTION PAPER(SOLVD)
SUBJECT: PHYSICS (THEORY)

Maximum Marks: 70 Time Allowed: 3 Hours

General Instructions:

(1
(2)

B et
o A B
Vo

(6)
(7)

There are 33 questions 1n all. All questions are compulsory.
This question paper has five sections: Section A, Section B. Sect; C, Section D
and Section E.
All the sections are compulsory.
Sectton A contams sixteen questtons, twelve MCQ and four Asser Eeasoning
based of 1 mark each. Section B contains five questions of two marks each,
Section C contamns seven guestions of three marks each, Section D contains
two case study based question four marks each and Section E contains three
long arts questions of five marks esach.

There 15 no overall choice. However, an internal choice has b provided in one
guestion 1in Section B, one question in Section C. question i each CB(Q 1n
Section D and all three questions 11 Sec E. You have to attempt only one of the
choices in such guestion

Use of calculators 1s not allowed.

You may use the following values of physical constants w necessary
(i) c=3 = 10°m/'s

(1) m,=9.1x 1073 kg

(i) e=16= 107 C

(1v) p, =471 x 107 TmA™*

(v) h=663 = 10~ Js

(vi) g, =8.834 = 1072 ON"m™

(vii) Avogadro’s number =6.023 = 10 per gram mole

SECTION-A
1. A caparitor of capacitance C has charge () and stored energy 1s W. If the ¢
increased to 2 Q. the stored energy will be
W W a ;
(a) + (b) — (e) 2W (d) 4W
194 [Class XII : Physics]
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LA

There is an electric field in the X-direction. If the work done it moving a charge
of 0.2 C through a distance of 2 m along a line making an angle of 60° with
X-axiz 1z 4 J. then what 15 the value of E 7

(a) 43 NC (b) 4NC*
(c) 5 NC-! (d) 20 NC!

A photo sensitive metallic plate exposed to white light emuts electrons. For
which of the following colours of light, the stopping potential will be mmimum?

{a) Blue (b) Yellow
(c) Red (d) Violet
To explain his theory, Bohr used

(a) Conservation of linear momentum

(k) Quantization of angular momentum

(c) Conservation of quantum frequency

(d) None of these

Susceptibility of ferromagnetic substance is

(a) =1 (by=1

(c) zero (d) 1

If resistance of a galvanometer 15 6 (2 and it can measure a maximum current of

2 A Then required shunt resistance to convert it into an ammeter reading up to
64, will be

(a) 2O (b) 4Q
(c) 302 (d) 50

An alpha particle 13 moving along negative z axis with a constant speed. If a
vmiform Magnetic Field 1s applied along positive x axis then find the direction
of acceleration experienced by alpha particle

(a) Negative z axis (b) Positive z axis

(c) Positive v axis (d) Negative v axis
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&  The ratio of time period of o parficle to that of proton circulating with same
speed in the same uniform magnetic field 13

(a) \E:l (b) 1:»4'5

(12 (d) 2:1
9. The core of transformer 15 lamnated to
(a) prevent it from moisture (b) prevent it from noise
{c) prevent it from heat (d) reduce the loss of energy.

10. Which radiations are used wmn treatment of muscles ache?
(a) infrared (b) ultraviolet
{c) microwave (d) X-rays.

11. The current I in a cotl varies with time as shown in the figure. The varniation of

induced emf e with time would be

@ ®

_l—,__ i
T
-
s
L

©) "[' )
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12. The longest wavelength in Balmer senies of hydrogen spectrum will be
(a) 6357 A (b) 1216A
(c) 4800 A (d) 3600 A

For Questions 13 to 16, two statements are given -one labelled Assertion (A)
and other labelled Reason (R). Select the correct answer to these questions

from the options as given below.
(a) If both Assertion and Reason are true and Reason 1s correct explanation of
Assertion

(b) Ifboth Assertion and Reason are true but fceaion 1s not the correct explana-
tion of Assertion.

(¢} If Assertion 1s true but Reason 1s false.

{d) If both Aszzertion and Beason are falze.

_ Assertion. A photon has no rest mass, vet it carries defintte momentum.

[y
Lad

Reason. Momentum of photon is due to 1is energy and hence its equivalent

ImMass.

14 Assertion. At a fixed temperature, stlicon will have a minimum conductivity

when it has a smaller acceptor doping.

Reason. The conductivity of an mtrinsic semiconductor is slightly higher than
that of a lightly doped p-tvpe.

15 Assertion. A metallic shield in the form of a hollow shell may be built to block
an electric field.

Reason. In a hollow spherical shield, the electric field inside 1t 18 zero at every
point.
16. Assertion. Endoscopy mvolves use of optical fibres to study internal organs.

Reason. Optical fibres are based on phenomenon of total internal reflection.

SECTION-B

17. Draw the circuit diagram of a junction diode as a half-wave rectifier. Draw the
input and output waveforms.
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18.

Work function of sodum 1s 2.3 eV Does sodmum show photoelectric emission
for orange light (4. = 6800 A)7? Givenh =563 = 107%]s.

19 Calculate the value of the angle of incidence when a ray of light incident on one
face of an equilateral glass prism produces the emergent ray, which just grazes
along the adjacent face Refractive mndex of the prism 1s \E ]

20. When 3 V potential difference 15 applied across a wire of length 0.1 m, the drift
speed of electrons 15 2.3 % 10~7%m / s. If the electron density in the wire 1s
& = 10°°m~, calculate the resistivity of the matenial of wire.

21, How will the magnifying power of a refracting type astronomaical telescope be
affected on mncreasing for its eyepiece (1) the focal length and (1) the aperture?
Justify vour answer.

OR
In a telescope, the objective has a large aperture while the evepiece has a small
aperture. Why?
SECTION-C
22 Calculate the binding energy per nucleon (B.E./nucleon) 1n the nucler of ’]P
Given:
31 + H =
[$1P]=30.97376 amu, m[ jn | =1.00865 amu
m[ {H |=1.00782 amu
Q,
Oy w
i
23, Findthe PE. associated with a charge : :
‘g’ if 1t were present at the point P | . * ,
with respect to the "set-up of two ' e o q
Ellﬂ"bilf.”' .-I.I._-_ _'),p
charged spheres, arranged as shown |
it Figure. Here O 15 the mid-point of '
the line 0,0, - -
U‘;
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27.

The energy of the electron, in the hydrogen atom, 1= known to be expressible in
the form
13 6eV

E == —u =123
M

Use this expression to show that the

(1) electron in the hvdrogen atom cannot have an energy of- 6.8 V.
(11} spacing between the lines (consecutive energy levels) with in the given set
of the observed hydrogen spectrum decreases as n increases.

In the given circuit, with steadv current,

v
calculate the potential difference across the | -hll . 102 5
capacitor and the charge stored in.1t. B !
6V C=5uF
¢ 41'_ ) —”+ L
2V aq |

¢ '—4|—AW—p

Apply Biot-Savart law to find the magnetic field due to a circular current carrying

loop at a point on the axis of the loop.

Name the e m_ waves having the wavelength ranges :

(a) 10 nm to 10~ am Mt 10 mto 10°m
(c) 0.lmtolmm

How are these waves generated” Write their two uses:

Derive an expression for the self-inductance of a long solenoid. State the factors
on which the zelf inductance of a coil depends.

OR

A metal disc of radius R rotates with an angular velocity © about an axis
perpendicular to 1ts plane passing through its centre 1 a magnetic field B acting
perpendicular to the plane of the disc. Calculate the induced emf between the

rim and the axis of the dizc.
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29.

(1)

(11)

(111)

SECTION-D
Case Study Based Questions
Feead the following paragraph and answer the questions that follow

A pure semiconductor germanium or silicon, free of every impurity 1s called
intrinsic semiconductor. At room temperature, a pure semiconductor has very
small number of current carriers (electrons and holes) Hence its conductivity 1s

low.

When the impurity atoms of valance five or three are doped 1n a pure
semiconductor, we get respectively n-type or p- type extrinsic semiconductor:
In case of doped semiconductor n_n, = H: Where 7, and n, are the number
density of electron and hole charge carriers in a pure semiconductor. The
conductivity of extrinsic semiuconductor 15 much higher than that of intnnsic

semiconductor.
Which of the following statements 1s not true?
a. The resistance of intrinsic semiconductor decreases with increase of tem-
perature.
b. Doping pures 51 with trivalent impurities gives p- type semiconductors.
c. The majority charges in n-type semiconductors are holes.

d. A p-njunction can act as semiconductor diode.
The mmpurity atoms with which pure 51 should be doped to make a p-tvpe
semiconductor 1s

a. Phosphorus b. Boron

c. Arsenic d. Antimony
Holes are majority charge carriers in

a. Intrinsic semiconductors.

b. Tonic Solids

c. p-type semiconductors

d. Metals
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{1v) At absolute zero, S1acts as

30.

(1)

a Non- metal b. Metal
c. Insulator d. None of these
Read the following paragraph and answer the guestions that follow

(Optical fibres: Now-a-davs optical fibres are extensively used for transmitting
audio and video signals through long distances. Optical fibres too make use of
the phenomenon of total internal reflection Optical fibres are fabricated with
high quality composite glass/quartz fibres. Each fibre consists of 'a core and
cladding. The refractive index of the material of the core 1s higher than that of
the cladding. When a signal 1n the form of light is directed at one end of the
fibre at a suitable angle, 1t undergoes repeated total internal reflections along
the length of the fibre and finally comes out at the other end. Since light
undergoes total internal reflection at each stage, there 1s no appreciable loss 1n
the intensity of the light signal Optical fibres are fabricated such that light
reflected at one side of inner surface strikes the other at an angle larger than the
critical angle. Even if the fibre 1s bent, light can easily travel along its length.
Thus, an optical fibre can be used to act as an optical pipe.

Budter coatng

i
e Byt oS Highs

Which of the following statement 1s not true.

{a) Optical fibres 1z based on the principle of total internal reflection

(b) The refractive index of the matenial of the core 15 less than that of the clad-
ding.

(¢} an optical fibre can be used to act as an optical pipe.

(d) there 1s no appreciable loss in the intensity of the light signal while propa-
gating through an optical fibre.
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(11)

(111)

(1v)

31

(1)

(1)

What 1z the condition for total mternal reflection to occur?

(a) angle of incidence must be equal to the critical angle.
(b) angle of incidence must be less than the entical angle.

(c) angle of incidence must be greater than the critical angle.

(d) None of the above.
Which of the following 1s not an application of total internal reflection?

{a) Mirage
(h) Sparkling of diamond
(c) Splitting of white light through a prism.
(d) Totally reflecting prism.
Optical fibres are used extenstvely to transmit
{a) Optical Signal
(k) current
(c) Sound waves
(d) None of the above
SECTION-E

Dhiscuss the variation of the angle of deviation with that of the angle of incidence
for a ray of light passing through a prism_ Derrve an expression for the refractive
index of the material of a prism 1 terms of the angle of prism and the angle of
minimum deviation

OR

Find the ratio of intensities at two points i1 a screen in Young's double slit
expeniment. when waves from the two slits have path difference of (a) 0 and (b)
A

Deduce an expression for fringe width 1n Young's double slit experiment

202
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SECTION-E

32. (1) Define electrical capacitance of conductor. On which factors does 1t
depend?
(11) Find the equivalent capacitance of the combination of capacitors between
the points A and B as shown 1n Figure Also calculate the total charge that
flows in the circmt when a 100 V battery 1s connected between the pomnts A
and B.
40 uF B

R |

60 uF

' il

10 yf = = 0 uF == 60 uF

|
- [ ] afi

OR

(1) Derive an expression for the potential energy of a dipole 1n a uniform elec-
tric field. Discuss the conditions of stable and unstable equilibrium

(i1) Three charges - g, — Q and - g are placed at equal distances on a straight
line_ If the potential energy of the system of three charges 1s zero, find the

ratio Q/g.
33 (1) What 1s a transformer? Explain the principle with diagram of a transformer.
(11) Write anyv two ways of energy losses i a transformer?

(111) The primary coil of an ideal step-up transformer has 100 turns and the trans-
formation ratio 15 also 100. The input voltage and the power are 220 V and
1100 W respectively. Calculate -

(a) number of turns in the secondary

(b) the current in the primary
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OR

(1) What do vou mean by the resonance condition of a series LCR-circust 7
Calculate its resonant frequency.

(11) A resistorof 20 ohm_ an inductor of (20 /1) H and a capacitor of (3/T)uF are

connected in series to a voltage source 230V, 30 Hz. Find the impedance of

the circuit.

{111) What will be the readings 1n the voltmeter and ammeter of the circuit shown
in Figure?

(4)
—X=40 (V) v &

— 000 ~ AN
X, =40 R=450
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PRACTICE PAPER (SOLVED)
(SOLUTION)
SECTION A

1. [d] As Energy depends directly on square of charge stored in the capacitor
[dl Here q =02 C. s =2m_9 = 60°, W = 4] But W = Fscosf = gEscosb

b

E=20NC-
3. [£] Red
4. [b] To explain his theory, Bohr used quantization of angular momentum.
3. [2] Susceptibility of ferromagnetic substance 15 greater than 1
6. [c] IgxG=Ix8§ 2x6=4x8§ 5=30.
7. [d] Negative YaxisF =q (v *xB)=(—z) X (+x)=—v
P ’

9 (d) reduce the loss of energy.
10. [a] Infrared

dt
11, (@) e=—L—

i
T dr
0to —.—— =-+ve constant. £ =—ve constant
4
T T d
—to—.—=0.£=0
4 LA
T 3T 4l
7 o T —r- veconstant. £ = +ve constant
T dl
2 0T =0.e=0
4 at
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12. [a] For longest wavelength in Balmer series. #, =2 and i, = 3.

1=R[L-%}=1_098x1ﬂ'[ lﬁ _i]

A oo
I a JON
5x1.098
=6577 = 10-*m
=6355T A
13. (a) The moving mass m of a photon 1z gtven by

: E

E=mc =hv M=y e
e r
v R

Momentum_p=mc=—=—"-
e A
14. (¢) The conductivity of an mtrinsic semiconductor 15 less than that of a lightly
doped semiconductor.

{a) Both assertion and reason are troe and reason 1s the correct explanation of

[
:-..J'I

the assermon.

16. (a) Both assertion and reason are correct and reason 15 the correct explanation

of azzertion.

17. Circurt Dhagram
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18 Energy of a photon of orange ligth 13

_he _ 663%10x3x10°
A 68x107

E

_ 663107 x3x10°
6810 %1 6x107"

eV =183V

As the energy of a photon of orange light is less than the work function of
sodium (2.3 eV) so sodium does not show photoelectric emission with orange
light.

19. As shown in the figure, let r, be the angle of incidence at face AC. For the

grazing rav RC, the angle of emergence, 2 = 90°.

or sink, = —==r, =437

N

But n+n=Aorn+43"=60°

cory =140

Let 1 be the angle of incidence at face AB. Then,
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sin i s i
U= ' of JE - A e
51 7 sinls

- I=sin ‘(\2 5in15%).
1 . 1
20. R= pE:a‘nd [=enfny; -~ V=RI= pE,emﬁ

I:.-r

amv,{

Or p=

¥

T 16xI0 T xEx10E x25x107F x0.1

=126 =10° Om.

21. (1) As m= i so that magnifiing decreases when focal length of evepiece
o
INCreases.

{11) Magnifying power is not affected by the increase in. aperture of the evepiece.
OR

The objective of large aperture has a large light gathering capacity and 1t forms

bright images of even distant faint stars. Moreover, the large aperture of the

objective increases the resolving power of the telescope.

The evepiece of small aperture 15 taken so that entire light forming the final

image may enter the small pupil of the eve and a brighter image 15 seen.

[
[

. The nucleus ;.P contains 15 protons and 16 neutrons.

Mass of 15 protons = 15 = 1.00782=15.1173 amu
Maszs of 16 neutrons = 16 = 1 00863 = 16.1384 amu

Total mass=31.2557 amu 31

Mass of ;1P nucleus = 3097376 amu 135
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Mass defect. Am = 028194 amu
Am = 931 MeV =028194 =931 =262.436 MeV

262,486

)

ﬁZDlP=1/}'1+{::’H+b}:
7= 0.P=4Jr  +(a+2b)

Potential at pomt P due to Q, and Q. 15

=847 MeV

B E nucleon =

(]
Lid

.1 ]9 o
V= i
-IJ'ri-T.j' 7 n

PE. associated with charge g at pomnt P,

o} 0,

E.Tqu;-": g [ . s "3|"1+ 3 = 1-1'4"1j|
dme, | [ +(2a+b) 1" [ +{a+25)T"
24, Given g = F, =— 2027
; 55
Puttinen=1,2.3.... . We get
E = _1‘;’1'6 — 13 6eV-
13.6
L= :: - —34€V
WER:
= ———=-131el;
3..
13.6 ey
E4= T:—GE:‘I
= _lﬁ__ﬁ. =0eV
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]
Lh

{1) Clearly, an electron in the hydrogen atom cannot have an energyof 6.8V

(i1) As the value of n increases_the energy difference between two consecutive
energy levels decreases.

. In the steady state (when the capacitor 1s fully charged), no current flows through

the arm BE_ In the loop ABCDEEA,

Netemf _(12-6)

— = =24
Total resistance 241

Now, V.=V
orh—1%x2=6-V;

o Va2V,
Charge stored n the capacitor,
Q=CV=35pF =2V =35uC

. Let the plane of the loop be perpendicular to the plane of paper. We wish to find

field B at an axial point P at a distance r from the centre C.

-4
dl

Consider a current element d! at the top of the loop. It has an outward coming
current.

If = be the position vector of point P relative to the slement 4] . then from Biot-

: 2 y, Idism#
Savart law, the field at point P due to the current element1s 5 = :;tr —
5

210
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Since @l | 5. i.e.. 9 =90°. therefore dB= %@
n 5

The field B lies in the plane of paper and is perpendicular to 5, as shown by
Fﬂ@. Let ¢ be the angle between OP and CP. Then dB can be resolved into two
rectangular components.

dB sin ¢ along the axis,

dB cos § perpendicular to the axis

B=[dBsing
Idl
But 5in¢1=£ and a',E=JLi_—~,-
.4 4r 57
p(le Tl a
aqu 5

Since p, and [ are constant, and s and a are same for all points on the circular

loop, we have

B

o v Ia’
_ Ky a:rja,f_ih Q dwa =2

4y s 25

orB= —-E':j'—a":—:":" [E :{?': +ﬂ:}1;]
2r°+a’)”
e
2 +a'y? ‘

B=

As the direction of the field 1s along +ve X-direction, so we can write

po_tol
Xr-+ays
. . : oI’
If the coil consists of Ntums thenB= B=——————
Ar +ay
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Wavelength |EM waves | Production Usis
range
_ Bombarding (1) In medical diagnosis
10nmto 107 nm | X-rays high energy (11) In the studyof

electrons on a
metal target’
inner zhell

electrons.

crvstal structure.

10" mto 10°m

Ultravielet

avs

Movements of
inner shell
electrons from
higher to lower
energy levell, in

atoms

(1) In LASIK eye
surgery.
{11) In UV lamps to kll

germs n water purifiers.

0.1lmto 1l mm

Microwaves

Klystron or
magnetron

valve and Guan

diode

{1) In radar systems
{11} In microwave -

OWENS

Self-inductance of a long solenoid. Consider a long solenoid of length I and

radius » with » << I and having n turns per unit length If a current 1 flows

through the cotl. then the magnetic field inside the coil 15 almost constant and

iz given by

B=pnlA

Magnetic flux linked with sach tum

=BA=punlA

where A = 1~ = the cross-sectional area of the solenoid.

. Magnetic flux linked with the entire solenoid is

@ = Flux linked with each tum > total number of turms

212
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b

Lad

= p A » pl = o IAT

Butp=LI

~. Self-inductance of the long solenmd 15
L=ugr A

If N is the total number of turns in the solenoid. then =N/ and so

T

5

If the coil 1s wound over a material of high relative magnetic permeability ur

(e.g . soft iron), then

. 214
}I,pgr:‘iiw

Factors on which self-inductance depends. Obviously, the self-inductance of a

solenoid depends on its geometry and magnetic permeability of the core matenial.

Number of turns. Larger the number of turns 1n the soleno:d, larger 15 113 self-

inductance L o N2

Area of cross-section. Larger the area of cross-section of the solenoid, larger 1s
its self-inductance.

LA
Permeability of the core matenial. The self inductance of a solenoid increases
u, times 1f 1t 1s wound over an iron core of relative permeabihity p

OR

Consider a disc of radius R rotating in a transverse magnetic field B with

frequency fin time peniod T the disc completes one revolution.

~. Change in flux =B < Areaswept=B = 1 R*

Change fhix

Induced emf= :
Time
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29.

30.

31

BrR*
0= =

As =2

[t

1 O
= Erer{.f_I}

bl 1 %¥
ceBxarr 2 —ZpRw
T 2r 2

(1} (c) The majority Charge carriers in n-type semiconductor as holes

(ii) (b) BORON

(1) {c) p-type semiconductors

{1v) (c) Insulators
(1) (b)

(1) ()

(1) (c)

() (a)

The mintmum value of the
angle of deviation suffered
by a rav on passing through
a prism is called the angle

of minimum deviation and

1s denoted by 5,

Relation between refractive
index and angle of
mimimum deviation When
a prism 1s in the position of
mimimum deviation, a ray
of light passes symmetn-

cally (parallel to the base)
through the prism so that

=1, r=1.0=28
™

AsA-56=1+1

MNormal

P

214
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(1)

(i1)

A+,
.

S A+rdm=1+1orl=

AlsoA=r+1r=1r+1r=X

. A+8,
. Smn S—_L
sin g 7 2
p=——or ii=
&in . i
sin —
=

By measuning the values of A and & . with the help of a spectrometer, the
refractive index p of the prism glass can be determined accurately,

OR
Intensity at any point of an interference pattern 1s given by
I=21,(1 +cos @)

where L 1s the intensity of erther wave.

Herelir?={]=
P A _x
W= T A a2

I, l+cos¢, l+cosO 141
I; ltcosgy l+cosm/2 1+0

Derrvation of fringe width

Consider a point P on the screen at distance = from the centre O. The nature of
the interference at the point P depends on path difference,

p=SP-SP
From right-angled AS.BPand AS AP §,P?—§ P!=[S_B?+ PBY] - [S, A+ PA]]
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32

(s Hel-9)]

(S,P—SP)S.P+SP)=2xd

2xd
or 5.P-5,P= SP+SP
In practice, the pomt P lies very close to 0, therefore
S,P 1 8P L D. Hence

-

2D

p=SP-SP=

orp=

xa
D

Positions of bright fringes. For- constructive interference,

wheren=10_1_2_ 3.

216
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Clearly, the positions of various bright fringes are as follows:

For n = 0. x, = 0 Central bright fringe

R . :
Forn=1.x,= 57T First bright fringe

2

Formn=2,x= Second bright fringe

F

a

Forn=n.x = 't bright fringe

Positions of dark fringes. For destructive interference,

‘f’:=(zﬁ-1}~il

=D 2

Di

2 hi =123
2d wheren=1.2.3...._

orx=(2n—1)
Clearlv, the positions of various dark fringes are as follows :

, 1DA
Forn=1. % = :;—E,— First dark firnge

%—, Second dark fringe
2 d

Forun=2 x=

Forn=nx =(2n- l}r-?-%- nth dark fringe
L0

Since the central point O 1s equidistant from S, and 5. the path difference p for
it is zero. There will be a bright fringe at the centre 0. But as we move from O
upwards or downwards, alternate dark and bnight finges are formed.

Fringe width It 1= the separation between two successive bright or dark fringes,
Width of a dark fringe = Separation between two consecutive bright fringes
nDA (n=-1)DA DA
. = =0
d - d
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Width of a bright fringe

= Separation between two consecutive dark fringes

— T ’
- ‘E'r: g

== (2n— 1}—&—[”&:—1} l]ﬂ—j‘%

Clearly, both the bright and dark fringes are of equal width.

Hence the expression for the fringe width i Young's double slit experiment

can be written as

Di

d

Charge
32. 1 C it =
(1) Capacitance Potential
the capacitance of a conductor may defined as the charge required to increase
the potential of the conductor by unit amount.
The capacitance of a conductor 1s the measure of 1ts capacity to hold a large
amount of charge without running a high potential. It depends upon the following
factors:
S1ze and shape of the conductor.
Nature (permuttivity) of the surrounding medium.
Presence of the other conductors in its neigh-bourhood.
(11) Here three capacitors of 60 uF
each are connected in series. m."]:
. : . ae—{}
Their equivalent capacitance C, J_ l J-
iz given by ® 10 uF _I_ lﬂpFT _|.
1 1 1 1 3 1
G 60 60 60 6{} 20 ® e H II, —oB
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or C=20uF
The given arrangement now reduces to the equivalent circust shown

Clearly, the three capacitors of 10 uF, 10 pF and 20 uF are in parallel. Their
equivalent capacitance 1s

C.=10+10+20=40 uF

Now the circutt reduces to the equivalent circuit shown m Fig. 2.60(b). We
have two capacitors of 40 pF each connected in series. The equivalent

capacitance between A and B 18

40x 40
G YT 20uF
Given V=100V
~.Charge, g = CV =20 pF = 100 V=2000 pC =2 mC
OR
Two equal and opposite forces + g Eand — g E act on its two ends. The two
forces form a couple. The torque exerted by the couple will be

rt=gqEx2asmf=pEsmd

where ¢ % 2a =p; 18 the dipole moment.

7\ 9

- oF.

If the dipole 1s rotated through a small angle d& against the torque acting on it,
then the small work done s dW =1d8=pE sin 8 d&
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The total work done 1n rotating the dipole from 1tz orientation making an angle
6,. with the direction of the field to 8, will be

9 ;
W= Jdﬁ" = .L pEsin 848 = pE[—cos], = pE(cos#, —cosf,)

This work done 15 stored as the potential energy U of the dipole.
U= pE(cosb, —cosB,)

If imitially the dipole is oniented perpendicular to the direction of the field
(8, = 90%) and then brought to some ornentation making an angle & with the
field {B: = 8), then potential energy of the dipole will be

UU=pE (cos 90° —cos 8) =pE (0 —cos 8)
orU=—pEcosB8=D E
Special Cases

1. Position of stable equilibrium.

When8—-0°, U=—pE cos 0° =—pE

[

Position of zero ensrgy. When 8 =907,
U=—pEcos 907 =10

3. Position of unstable equilibrium. When 8 =180°,
U=—pE cos 180° =+ pE

{(11) suppose the three charges are placed at pomnts A, B and C respectively on a
straight line, such that AB=BC=r

-q +Q -9
° e S ®
A B B
[ r ::: r 4
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33

Asz the total PE. of the svstem 15 zero, so

1 [-QQ L) QL-Q}} -
dme, L # 2r »

(1) A transformer 1z an electrical device for converting an alternating current at
low voltage into that at high voltage or vice versa.

Principle. It works on the principle of mutual induction, 1.2, when a changing
current 13 passed through one of the two tnductively coupled coils, an mduced

emf is set up in the other coil

- —

- load
Source 5

4 Laminated iron core

(1) (any two)

8

ta

Copper loss. Some energy is lost due to heating of copper wires used in the
primary and secondary windings. This power loss (=12R) can be minimised by
using thick copper wires of low resistance.

Eddy current loss. The alternating magnetic flux induces eddy currents 1n the
iron core which leads to some energy loss in the form of heat. This loss can be

reduced by using laminated tron core.
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4

Ly

(1)

Hysteresis loss. The alternating current carries the wron core through cycles of
magnetization and demagnetisation. Work 1z done 1n each of these cycles and 13
lost as heat. This is called hysteresis loss and can be minmimised by using core
matertal having narrow hysteresis loop.

Flux leakage The magneto flux produced by the primary may not hilly pass
through the secondary. Some of the flux may leak into air This loss can be

minimised by winding the primary and secondary coils over one another

Humming loss. As the transformer works, its core lengthens and shortens during
each cycle of the alternating voltage due to a phenomenon called magnetostric-
tion. This gives rise to a humming sound. So some of the electrical energy 15

lost in the form of humming sound.

(1) Here N, =100.& =220V, B =1100 W

k=22 _100
N,

(a) Transformation ratio,

o N, =100N, =100x100=10,000

B 1100 _
=3

o= =50

OR

Resonance condition of a series LCR-circuit. A series LCR-circuit 1s said to be

i the resonance condition when the current through 1t has 1ts maximum value.
The current amplitude 10 for a series LCR-circuit 18 given by

Eq

fe+fon-]

Clearly. 1, becomes zero both for w —0 and @ — == The value of 1, 15

¥y

. 1
maximum when @l ———=0 or =

1
o JLC

222
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(11)

: 1
Then impedance, Z = JR“F[GJL—EJ =R

Cleariy the impedance 1s mimmum_ The circuit 1s purely resistive. The current
andl voltage are in the same Dhase and the current in the circuit is maximum.
This condition of the LCR-circuit s called resonance condition. The frequency
at which the current amplitude 1, attains a peak value, s called natural or resonant
frequency of the LCE-circunt and 13 denoted by £

1 1

I = L
= e o = e
E

The current amplitude at resonant frequency will be J =52

Thus ¢ =

= 20

C=2 uF =2x10°F ¢, = 2307, f = 50H:

T

::"I'-JI

-

Xo=2nf L=“—ﬂx2xn50=2[][][]ﬂ
T

1 1
X,

5= - =2000Q
“ex2nf 5/myx10° x2xmx30

Z= R +(Xx,-X.)

= /(50)" +(2000—2000)*

= 23006 = 5002
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{111) Impedance of the circuit 15

Z=JR: X, - X,) =450 +(4-4)! =45Q

£,

80
Reading: of the ammeter = I___m e _;—_: =

2A

Peading of the volimeter

= (X, - X)) =(4-9x2=0
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PRACTICE QUESTION PAPER(SOLVD)
SUBJECT: PHYSICS (THEORY)

Maximum Marks: 70 Time Allowed: 3 Hours

General Instructions:

Same as practice guestion paper (Solved)

b

:-.-'I

SECTION-A
Electro static potential at any point 'z’ 1s given by v =—3x. Electric fieldata
point ‘A’ whoes coordinates are (1.0, 0) m, 15
(a) 6 N/C (b) 6 N/C
(c) —3N/c (d) 3N/C
An electric dipole placed in a uniform electric field experiences a torgque of
lﬂﬁ Nm. If 1its potential energy 1s —60J, the angle dipole makes with electric
field 15—
(a) 45° (b) 60°
(c) 30° (d) 90°
Which of the following metals will show photolectnic effect when illuminated
by visible light-
(a) Caesium (b} Sodum
(c) Potassium (d) All the three
The shortest wave length present in the Paschen series of spectral lines 15—

{(F. = Rydberg's constant)

144 9
(a) BT} (b) z

4 36
(c) Rz (d) iR

An electron moving with Kinetic energy "K' 1n a region of uniform magnetic
field B'. If magnitude of magnetis field in doubled, then new KE will be

(a) 2K (MK
(c) k2 (d) 4K
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6.

8.

9.

10.

The magnetic suscephibibly of a magnetic material has some positive value.

The matenal can be—
(a) Diamagnetic (b) Paramagnetic
(c) Ferromagnetic (d) Both paramagnetic and ferromagnetic

A galnometer of resistance 'G' 1s converted into an ammeter of resistance R

The shunt used has a resistance 'S’ given by
(a) S=G+R
(b)) S=R-G

< RG
(c) §= G_R

@S=5 p

Which of the following 15 NOT true for magnetic field lines-

{a) Magentic lines can not intersect each other

(b) Magnetic lines never form on closed loop

(¢) Meghetic Iines are more crowded in a region of strong magnetic field
{d) All are incorrect

Transformation ratio of an 1deal tramsformer 15 less than one. then—

(a) Current flowing in primarv coil 18 more than current in secondary coil
(b) Current flowing in primary coil is less than current in secondary coil
(c) Input power 15 loss than output power

{d) Input voltage is less than output voltage

Electromagnetic waves are produced by—

(a) Static charge only

(b) a charge moving with constant speed only

(c) both (a) and (b)

(d) an acceleratign charge only

226
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11. Inacoil, emfis mduced by changing magnetic flux through 1t. The Vanation of
magnetic flux with time is shown n the given graph. The emf induced 1n the
collatt=1ls1s

A
(@) 25V
b) S0V ol mfi)
E.]:I b - - - . -
i
(c) =100V E i
P
1 1
s - H
Ed:l —150W L ; }

ka

f5)
12. An electron revolving in the ground state of hydrogne atom has de-Broglic

wavelenth ‘2. When electron makes a transitton to second excited state, 1fs
deBroglie wavelength would be—

(a) 22 (b) 3

() X (d) 42

For questions 13 to 16, two statemetns are given — one labelled.

Assortion (A) and other labelled Reason (R). Select the current answer to these

questions from the options as given below—

{a) If both Assortion and Reason are true and reason is correct explanation of
Assertion

{(b) If both Assertion and Reason are true and reason m NOT the correct expla-
nation of Assertion

(c) If Aszeertion 1 true but reason 1s falze

(d) If both Assertion and Reason are false
13. Assertion: All the photo electrons emitied from a metal surface during photo
electric effect do not have same energy.

Reason : The Kinetic energy of photo electrons doesnot depend on the intensity
of radiation incidenting on the metal surface.
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Aszsertion - Carbon, Silicon and Germenmum have same lattie structure vet carbon
15 insulator but Silicon and germanium are iwntrinsic semiconductor.
Reason : The 4-bonding electrons of carbon are more tightly bound to nuocleus

than in silicon and germentum atom.

15, Assertion : Electro static force between two given charges kept at given distance
13 MAXIMUMm il Vacuum.

Feazon : The dielectric constant of vaccum has maximum value.

16. Assertion : Focal length of a concave mirror 18 increased when air 1s replaced
by water
Feaszon : The speed of light 1s increased when travels from air into water.

SECTION-B

17. Explain formation of deplation region in a p- junction.

18. Photoemission occurs when a surface 18 irradrated with the radiation of frequency
v, and v,. The maximum KE of electrons emutted for two frequencies are K and
2K respectively obtain expression of threshold frequency.

19 A ray of light 1= incident on a prism at an angle of
43% and passes symmetrically as shown in figure.

Calcualte-
(1) Angle of mimimum deviatien
(11) Refractive index of prism

20. The temperature coefficient of a resistance wire is 0.00123 *C~_ At 300K, its
resistance 13 1 O At what temperature the resistance of the wire will be 2007

21. Modem telescopes use a concave mirror rather than a lens for objective. Write
twWo reasons.

OR
A compound microscope consits of an objective and eve piece. The
magnification produced by the microscope 1= 230, If magnification produced
by objectrve 15 20, calcalate focal length of eve-peice when final image in formed
at infimly.
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SECTION-C

22, Inafission event of ,.U* by fast moving neutrons. no neutrons are emitted and

final products are EiCe”'] and +,Ru;"J after some decay process. Calculate Q-
value for this process neglectingthe masses of electron & positron emitted during
initermediate steps.

Given-  m(,, U™ )=23805079u; m(,,Ce'*)=139.90543u
m( , Ru® ) =98.90594u; m(,n') =1.008665 u
Deuterium undergoes fusion reaction as shown—
H + H —— JHe' + 1 + 227TMeV
Find the duration for which an electric-bulb of 300W can be kept glowing by

fusion of 100 g of deuterum.

23. (a) Two pomt charges +Q, and — Q, are placed L distance apart, obtian an
expression for work done in bringing a third charge Q. from infinity to the

mid point of line joining two charges.
(b) At what distance from charge Q, on the line joiming two charges will this

work done be zere?

24 In Geiger-Marsdon experimetn, calculate the distance of closest approach for
an o-particel with energy 2.56 = 10-]. Consider that c-particle approaches
gold nucleus (z =79) in head on position.

25. 4 cells of identical emf "2’ internal

resttance 1, are connected mn geries AN Vivalts)
to variable resistor. The foloowing '

graph shows the variation of terminal

L7
fay

voltage of combmation with current
output.

(1) What 1z emf of each cell uzed?

ei:| SEEERREE
{11) What n mnternal resistance of each

cell?

ke -

=0 (A
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[ Draw a lebelled diagram of movign coil galenometer Write 1t working

primuple and show that the scale of moving coil galvenometer 15 linear.
OR

Using Biot-Sarat law, deduce expression for magnetic field due to a current

carrying circular coil at any point on 1fs axis.
Identify electronmagnetic waves which—
(1} are used in radar system
(11) affect a photographic plate
(111) are used in surgery
Write their frequency range

Define self inductance and write 1ts 51 unit. Mention the factors affecting self

inductance of a long solenoid.
SECTION-D
Read the passage given below and answer questions that follow:

A semiconductor doide 1s basically a p-n junction with metallic contacts provided
at ends for the application of external voltage. Applyving some external voltage
across the diode 15 called biasing. The two types of biasing are forward biasing
and reverse biasing An 1deal diode 15 one which offers zero resistance in forward

biasing and infinite resistance in vererse biasing.

1. Which of the following graph represent V-1 characteristics of a diode in

forward bias—

h. L (]

L LY

II. When a reverse bias is applied to a p-n junction it
(a) raises the potential barrier  (b) increases width of deplection layer

{(c) increase junction resistance  (d) All these correct
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IIL.In which of following figure, the p » function 15 forward blased?

(a) g (b)

—10V -5V

(© _.DI_M—O (d) +15V

+5\

IV. In the given diagram, dcode D, and D, are idea diodes. Which of the
following 15 correct.

(a) Both the ammeters (A,) and (A.) will show deflection
(b) None of the ammders (A.) and (A,) will show deflection
(c) Only ammeter (A,) will show deflection

(d) Only ammder (A.) will show the deflection

P>
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30.

OR
In the given diagram diodes D, and D, are ideal diodes. The ammeter reading

{(when ammeter used 15 1deal) 15

D. D: o

—D D wW—
—O—1

10V
(a) zero (b) 10A
(c) 100 A (d) 1A

Read the paragraph given below and answer questions that follows Lens 1z a
transparent medmm bunded by two refracting surfaces, at least one of which
must be spherical surface. The focal length of a lens 1z determined by 1ts radu
of curvature and refractive index of lens and surrouding medium. Ability of a

lens to converge or diverge beam of light is called power of lens.

1. A point objectis placed in air at a distance 'R in front of a convex spherical
refracting surface of radius of curvalce R, If the medium on the other side

of surface 1s glass then the image 13-
(a) real and formed in glass

(b) real and formed 1n air

(c) virtual and formed is glass

(d) virtual and formed 15 air

II. The focal length of an equiconvey lens 1s £ When cut into two equal pieces
perpenduclar to principal axis the focal lenght of each half is-

(a).f (&) 2f
(c)f2 (d) 4F

I Focal length of a lens in atr 15 10 em. When 1t 15 tmmersed 1n water, the

focal lenght will become. (u, =372, p_=4/3)
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(a) 2.5 cm (b) 20 em
(c)40 cm (d) 3 cm

IV. Two convex of focal lengths 20 cm and 30 cm are kept 1n contact. The focal

length of combination 1s-

(a) 60 cm (b) 12cm
{c) 30 cm (d) 10 cm
OR

Which of the following 1s ture-

{a) A convey lens 13 always a converging lens
(b) A concave lens 1s always a diverging lens
(c) Both (a) and (b)

(d) Netther (a) nor (b)

SECTION-E

31 (a) Mention two essential condtron for total intenal reflection to occur.
(k) Write two uses of total internal reflection

{c) A pointsource of light s placed at the bottom of a tank filled with water, of
refractive index 'n’ to a depth 'd'. Find the area of surface of water through

which light from source can emerge.
OR
{a} What are cohdent sources of light? How they can be produced?

(b) Using Huygen, principle explamn snell Snell's law when light 15 travelling
from denser medium to rarer medium.

32. (a) Obtain expression for capacitance of a parallel plate capactor.
(b) What 1s the role of negative plate of the capacitor?

(¢} The capacitance of a parallel plate capacitor with vacuum between the plates
1s 20uF. When half the space between the plates 1s filled with a medium its
capactance becomes 80uF (as shown in figure). Calculate dielectric canstant

of the medium.
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DR
{a) Discuss limitation of Ohm's law,

(b) Two conductors of different matenials are connected 1n series across d.c.
sources. The ratio of their lengths and area of cross section are 1 - 2 and
3 - 2 respectively. What should be the ratio of their electron density such
that they have same drift velocity of electrons flowing through them.

33. (a) When an a.c. source E =E, sin®t 1s connected with a resistor R in series
with an element X, the current 1n the circuit 1s found to be I = [, sin
(ot + T/4).

{1) Identify the element 'x' Justifying the answer
(11) Find the impedance of the circuit
(111) Calculate the peak current T, flowmng in the circuit
(1v) What change vour need to make 1n the circuit to bring circuit in resonance?
OR

(a) A voctage source V=V, sin®t 1s applied to a senies LCR circuit. Denve an
expression for average power dissipated over a cycle.

ib) Under what condition-
(i} no power 1s dissipated even thought the covent flows through the circuat?

(1) Maximum power dissipated 1n the circuit.
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Answers

1. (b) 2 (o 3. () 4+ (@)
% i) 6. (d) 1 (o) 8 (b)
9. (a) 10. {d) 11. (a) 12. (b)
13. (b) 14 (a) 15, (c) 16. (d)
18. 2w, —v, 19. (1) 30° () \f» 20. 1027TK
21, (1) lesserin weight (i1) free from spherical aberratirium
OR
fe=2em
22, 2311 MeV
B @W= — 26 (b)x= in%
24 142x10%m
25 (1pe=14V
) r=070
29 (1) (b) (1) (d) () (g) (rv) (d)
OR (d)
30. (1) (a) (1) (c) (1) (<) (1) (b)
OR (d)
33 (1) X = capacitor 32 KE=T0R (b)
2:3
W Z= g
E,
(1ii) 4o = NG
(1v) By connecting an inductor such that X, =R
OR
(b) (1) When R =0
(11) Phase angle between current and voltage 1s zero.
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PRACTICE QUESTION PAPER(SOLVD)
SUBJECT: PHYSICS (THEORY)

Maximum Marks: 70 Time Allowed: 3 Hours

General Instructions:

(1
(2)

B et
o A B
Vo

(6)
(7)

1

There are 33 questions 1n all. All questions are compulsory.
This question paper has five sections: Section A, Section B. Sect; C, Section D
and Section E.
All the sections are compulsory.
Sectton A contams sixteen questtons, twelve MCQ and four Asser Eeasoning
based of 1 mark each. Section B contains five questions of two marks each,
Section C contamns seven guestions of three marks each, Section D contains
two case study based question four marks each and Section E contains three
long arts questions of five marks esach.

There 15 no overall choice. However, an internal choice has b provided in one
guestion 1in Section B, one question in Section C. question i each CBQ 1n
Section D and all three questions 11 Sec E. You have to attempt only one of the
choices in such guestion

Use of calculators 1s not allowed.

You may use the following values of physical constants w necessary
(1) c=3 = 108m/s

(1) m,=9.1x 1073 kg

(i) e=16= 107 C

(1v) p,=4n > 107 TmA~

(v) h=663 = 10~ Js

(vi) g, =8.834 = 1072 ON"m™

(vii) Avogadro’s number =6.023 = 10 per gram mole

SECTION-A
Which of the following 15 not the property of an equipotential surface?

(a) Thev do not cross each other.

{(b) The work done in carrying a charge from one point to another on'an equi-
potential surface is zero.

(c) For a uniform electric field, they are concentric spheres,

(d) They can be imaginary spheres.
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An electric dipole placed m an electric fizld of intensity 2 = 10° N/C at an angle
of 3{° expeniences a torque equal to 4 Nm_ The charge on the dipole of dipale
length 2 cm s

{a) 7 uC (b) EmC
(c) 2mC (d) 3mC

A metallic plate exposed to white light emits electrons. For which of the
following colours of light, the stopping potential will be maximum?

(a) Blue it} Yellow
(c) Red (d) Violet

When alpha particles are sent through a thin gold foil, most of them go straight
through the foil becanse

{a) alpha particles are positrvely charged

(b) the mass of an alpha particle 1z more than the mass of an electron
{c) most of the part of an atom 1s empty space

(d) alpha particles move with high velocity

An electron 15 moving along posttive x-axis in a magnetic field which s parallel
to the positive y-axis. In what direction will the magnetic force be acting on the
electron?

(a) Along -x axis (b) Along -7 axis
(c) Along +z axis {d) Along -v axis

The relative permeability of a substance X 1s shghtly less than unity and that of
substance Y is slightly more than unity, then

{a) X 1 paramagnetic and Y 15 ferromagnetic
{b) X 1s diamagnetic and Y is ferromagnetic
(c) X and Y both are paramagnetic

{d) X is diamagnetic and Y 15 paramagnetic

An ammeter of resistance 0.81 ohm reads up to 1 A The value of the required
shunt to increase the range to 10 A s

(a) 0.9 ohm (b) 0.09 ochm
(¢) 0.03 ohm (d) 0.3 ohm
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10.

I1.

An electron with angular momentum L moving around the nucleus has a
magnetic moment given by

(a) el./"2m (b) e L.3m
() eL/dm (d} eL'm

The large scale transmission of electrical energy over long distances 15 done
with the use of transformers. The voltage output of the generator is stepped-up
because of

(a) reduction of current (b) reduction of current and voltage both
(c) power loss 13 cut down (d) (a) and (c) both
The diagram below shows the electric field (E) and magnetic field (B)
components of an electromagnetic wave at a certain time and location.

5

>

E

The direction of the propagation of the electromagnetic wave 1s

(a) perpendicular to E and B and out of plane of the paper

(b) perpendicular to E and B and into the plane of the paper

(c) parallel and in the same direction as E

(d) parallel and 1n the same direction az B

Inacoil of resistance 100 €2 a current 15 induced by changing the magnetic flux
through 1t. The variation of current with timie 1z as shown in the figure. The
magmtude of change 1n flux through coil 1=

(2) 200 Wb 10A7

(b) 275 Wb I

(c) 225 Wb T

(c) 250 Wb
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12 The energy of an electron in n™ orbit of hydrogen atom E == =

—— el negative

n
sign of energy indicates that

(&) electron is free to move.
(b) electron 1s bound to the nucleus.
(c) kinetic energy of electron 1s equal to potentic

{d) atom 1s radiating energy.

For Questions 13 to 16, two statements are given-one labelled Assertion (A)

and other labelled Reason (R). Select the correct answer to these questions

from the options as

13.

14

et
wh

{a) If both Aszertion and Reason-are true and Reason 1s correct explanation of
Assertion:

(b) If both Assertion and Reason are true but Reason is not the correct explana-
tion of Assertion.

(¢} If Assertion 1s true but Reason 1s false.
{d) If both Assertion and Reason are false.

Assertion (A): For the radiation of a frequency greater than the thresheld
frequency, photoelectric current 1s proportional to the intensity of the radiation.

Reason (R) - Greater the number of energy quanta available, greater 1s the
number of electrons absorbing the energy quanta and greater 13 number of
electrons corming out of the metal.

Assertion (A) - Putting p tvpe semuconductor slab directly in physical contact
with » type semiconductor slab cannot form the pa junction

Reason (B) : The roughness at contact will be muoch more than inter atomic

crystal spacing and continuous flow of charge carriers 1s not possible.

Aszsertion (A) - An slectron has a higher potential energy when 1t 13 at a location
associated with a negative value of potential and has a lower potential energy

when at a location associated with a positive potential

Feazon (R) : Electrons move from a region of higher potential to a region of
lower potential.
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16.

18.

19.

192

Aszsertion (A) - Propagation of light through an optical fibre 15 due to total
internal reflection taking place ai the core-cladding interface.

Reason (R) - Refractive index of the material of the cladding of the optical

fibre 1s greater than that of the core.

SECTION-B

. {a) Name the device which utilizes unilateral action of a pr diode to convert ac

into dc.

(b) Draw the circurt diagram of full wave rectifier.
The wavelength A of a photon and the de Broglie wavelength of an electron of
mass w have the same value Show that the energy of the photon 13 22mch

times the kinetic energy of the electron. where c and h have thetr usual meanings.

A ray of monochromatic light passes through an equilateral glass prism i such
a way that the angle of incidence 1s equal to the angle of emergence and each of
these angles 13 3/4 times the angle of the prism. Detenmine the angle of deviation
and the refractive mndex of the glass prism.

. Aheating element using michrome connected to a 230V supply draws an mitial

current of 3.2 A which settles after a few seconds to a steady value of 2.8 AL
What 1s the steady temperature of the heating element if the room temperature
i3 27.0 *C and the temperature coefficient of resistance of michrome 15 1.70 =
7 gl e

Show that the least possible distance between an object and 1ts real image ina
convex lens 1s 4f, where f1s the focal length of the lens.

OR

In an astronomacal telescope 1n normal adjustment a straight black line of length
L 1z dravwn on the objective lens The evepiece forms a real image of this line

whose length 1s /. What 1s the angular magnification of the telescope?
SECTION-C

. A given coin has a mass of 3.0 g. Calculate the nuclear energy that would be

required to separate all the neutrons and protons from each other. For simplicity
assume that the coin is entirely made of iE‘u atoms (of mass 62 92960 u).

Given m, = 1.007823u and m, = 1.008665u.
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23, Charges (—q) and (—g) are placed at the points A and B respectively whichare a
distance 2L apart. C is the midpoint between A and B. What 1s the work done in
moving a charge +Q along the semicirele CRD. =]

24 The total energy of an electron 1n the first excited state of the hyvdrogen atom 13
about —3.4 eV

{a) What 1s the kinetic energy of the electron in this state?
{(b) What 1s the potential energy of the electron in this state?

{¢) Which of the answers above would change if the choice of the zero of
potential eneroy 18 changed?

A wire of uniform cross-section and reststance 4 ohm is bent 1n the shape of

square ABCD_ Point A 1= connected to a powmt P on DC by a wire AP of resistance

1 chm When a potential difference s applied between A and C, the points B

and P are seen to be at the same potential What 1s the resistance of the part DP?

]
Ly

A, B

O G
B

The given figure shows a long straight wire of a circular cross-section (radius

a) carrving steady current /. The current [ 1s uniformly distributed across this
cross-section. Calculate the magnetic field 1n the rtegion » <ag and ¥ > a.
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27.

Identify the part of the electromagnetic spectrum which:

(a) produces heating effect,
(b) 1s absorbed by the ozone laver in the atmosphere,

(c) iz used for studving crystal structure.
Write any one method of the production of each of the above radiations.

() Define mutual inductance and write 1t 51 umit.

(b) Two circular loops. one of small radius rand other of larger radius R, such
that R == », are placed coaxially with centres comciding. Obtain the mutual

inductance of the arrangement.
OR

Two long straight parallel corrent carrving conductors are kept 'a’ distant apart
in atr, The direction of current in both the conductors 12 same_ Find the magmtude
of force per unit length and direction of the force between them. Hence define

ONe ampere.

SECTION-D
Case Study Based Questions
Read the following paragraph and answer the questions that follow.

A zemmiconductor diode 15 basically a pn junction with metallic contacts provided
at the ends for the application of an external voltage It 1s a two terminal device.
When an external voltage 15 applied across a semiconductor diode such that
p-side 1s connected to the positive terminal of the battery and n-side to the
negative termunal, 1t 15 said to be forward biased. When an external voltage 13
applied across the diode such that n-side 15 positive and p-side 1= negatve, 1t 13
said to be reverse biased. An ideal diode is one whose resistance in forward
biasing 15 zero and the resistance 1s mnfinite in reverse biasing. When the diode
iz forward biased. 1t 1= found that bevond forward voltage called knee voltage,
the conductivity ts very high. When the biasing voltage 1s more than the knee
voltage the potential barrier 13 overcome and the current increases rapidly with
increase in forward voltage. When the diode 1s reverse biased, the reverse bias

voltage produces a very small current about a few microamperes which almost
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remains constant with bias. This small current 18 reverse saturation current.

(1) In the given figure. a diede D 1s connected to an external resistance
B =100 Q) and an emf of 3.5 V. If the barrier potential developed across the
diode 15 0.5 V. the current in the circuit will be:

i L O0¢)

— A —AAAAAA——
R

3.5
(a) 40 mA (b) 20 mA
(c)35mA (d) 30 mA
(11) Inwhich of the following figures, the pn diode 1s reverse biased?
(a) (b) (c) (d)
e A i
s = 31 5K 2
! rl__, P =
{111) Based on the V-l characteristics of the diode, we can classify diode as
{a) bilateral device (b) ohmic device
{c) non-chmic device (d) passive element
OR

Two identical PN junctions can be connected in senes by three different methods
as shown in the figure If the potential difference in the junctions 1s the same,

then the correct connections will be

Pl N

ew
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IV.

30.

(a) inthe circuats (1) and (2} (b) i the circuits (1) and

(e) inthe circots (1) and (3) (d} enly i the circuit (1)

I (mA)

— Silicon

-10V
- 7
-

7 0.8

The V-1 characteristic of a diode 13 shown tn the figure. The ratio of the resistance
of the diode at [ = 13 mA to the resistance at V=-10 Vs

(a) 100 (b) 10°

{e) 10 (d) 107%

Read the following paragraph and answer the questions that follow. Tvpes

of Lenses and their combination

A convex or converging lens 15 thicker at the centre than at the edges. It converges
a beam of light on refraction through 1t. 1t has a real focus. Convex lens 13 of

three tvpes: Double convex lens, plano convex lens and Concavo-convex lens.

Concave lens is thinner at the centre than at the edges. It diverges a beam of
light on refraction through 1t. It has a virtual focus. Concave lenses are of three

types: Double concave lens, plano concave lens and Convexo-concave lens.

244

[Class Xl : Physics]



(1)

(11)

When two thin lenses of focal lengths f and £, are placed in contact with each
other along their common principal axis, then the two lens system 15 regarded
as a single 1ens of focal length fand

) S T |
— e f —
F A A

If several thin lenses of focal length . £.. ... f are placed mn contact. then the

effective focal length of the combination 1s given by
1 1 1
— +—t
f /i A
and 1n terms of power, we can write
P=Ri BB

The value of focal length and power of a lens must be used with proper sign
consideration.

Two thin lenses are kept coaxially in contact with each other and the focal
length of the combination 15 80 em. If the focal length of one lens 1s 20 cm. the
focal length of the other would be

{a) -26.Tcm b)) 6dcm
(c) Blcm (d) 30cm

A spherical air bubble 1s embzadded 1n a prece of glass. For aray of light passing
through the bubble_ 1t behaves hike a

{a) converming lens
(b) diverzing lens
(e) mirror

(d) thin plane sheet of glass

{(111) Lens generally used in magmifyimg glass 1s

(a) single concave iens

(b) single convex lens
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{c) combination of convex lens of lower power and concave lens of lower focal
length
(d) Planoconcave lens

{1v} The magnification of an image by a convex lens is posttive only when the

obyect 15 placed
(&) at its focus F
(b) between F and 2F
(c) at2F
(d) between F and optical centre
OR

A convex lens of 20 em focal length forms a real image which 1s three times
magnified. The distance of the object from the lens 1s

{a) 1333 cm ib) 14 cm
{c) 2666 cm (d) 25 cm
SECTION-E

31. (1) Draw a ray diagram for the formation of image of a point object by a thin
double convex lens having radit of curvature R and R_. Hence derive lens

maker's formula.

(11} A converging lens has a focal length of 10 cm 1n air It 15 made of a matenial
of refractive index 1.6. If 1t 15 immersed 1in a liquid of refractive mdex 1.3,
find 1ts new focal length.

OR

{1) Define a wavefront. How 15 1t different from a ray?

{11) Using Huvgens's construction of secondary wavelets draw a diagram show-
ing the passage of a plane wavefront from a denser to a rarer medium.
Using 1t venfy Snell's law.
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{111) In a double shit expermment using light of wavelength 600nm and the angu-

lar width of the fringe formed on a distant screen 1s (.17 Find the spacing
between the two slits.

{1v) Write two differences between interference pattern and diffraction pattern.

32 (1) Derive an expression for the capacitance of a parallel plate capacitor with
air present between the two plates.

{(11) Obtain the equivalent capacitance of the network shown in figure. Fora

300 V supply, determune the charge on each capacitor.

100 pF

l |
200 pF 200 pF

L
i
C oo & SO0 Y
lr.
OF.

(1) A dielectric slab of thickness ¢ 1s kept between the plates of a parallel
plate capacitor with plate separation “d" (¢ < d). Denive the expression for
the capacitance of the capacitor.

(11) A capacitor of capacity C. 1s charged to the potential of V. On disconnect-
ing with the battery, 1t 1s connected with an uncharged capacitor of capacity C
as shown in the adjoining figure. Find the ratio of energies before and after
the connection of switch 5.
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33

{a) Draw graphs showing the vanations of inductive reactance and capacttive
reactance with frequency of applied ac source.

(b) Draw the phasor diagram fora senies LRC circuit connected to an AC source.

() When an alternating voltage of 220V 15 applied across a device X_ a current
of 0.23A Hows which lags behind the applied voltage 1n phase by 12 ra-
dian. If the same voltage 1s applied across another device Y. the same cur-
rent flows but now it ts in phase with the applied voitage.

(1) WName the devices X and Y.

(11} Calculate the current flowing in the circuit when the same voltage 1s ap-

plied across the series combination of X and Y.
OR
{a) A series LCER circuit 1s connected to an ac source. Using the phasor dia-
gram_ derive the expression for the impedance of the circuit.

(b) Plot a graph to show the vanation of current with frequency of the ac source,
explaining the nature of 1ts vanation for two different resistances R and B

(R, = R.) at resonance.
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