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AWORD TO MY DEAR STUDENTS

It gives me great pleasure in presenting the Students' Support Material to
all KV students of classXII.

The material has been prepared keeping in mind your needs when you are preparing
for final exams and wish to revise and practice questions or when you want to test
your ability to complete the question paper in the time allotted or when you come
across a question while studying that needs an immediate answer but going through
the text book will take time or when you want to revise the complete concept or
idea in just a minute or try your hand at a question from a previous CBSE Board
exam paper or the Competitive exam to check your understanding of the chapter or
unit you have just finished. This material will support you in any way you want to
use it.

A team of dedicated and experienced teachers with expertise in their subjects has
prepared this material after a lot of exercise. Care has been taken to include only
those items that are relevant and are in addition to or in support of the text book.
This material should not be taken as a substitute to the NCERT text book but it is
designed to supplementit.

The Students' Support Material has all the important aspects required by you; a
design of the question paper, syllabus, all the units/chapters or concepts in points,
mind maps and information in tables for easy reference, sample test items from
every chapter and question papers for practice along with previous years Board
exam question papers.

| am sure that the Support Material will be used by both students and teachers and |
am confident that the material will help you perform well in your exams.

W o

Happy learning!

Santosh Kumar Mall

Commissioner, KVS
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FOREWORD

The Students' Support Material is a product of an in-house academic exercise
undertaken by our subject teachers under the supervision of subject expert at
different levels to provide the students a comprehensive, yet concise, learning
support tool for consolidation of your studies. It consists of lessons in capsule
form, mind maps, concepts with flow charts, pictorial representation of
chapters wherever possible, crossword puzzles, question bank of short and long
answer type questions with previous years' CBSE questionpapers.

The material has been developed keeping in mind latest CBSE curriculum and
question paper design. This material provides the students a valuable window
on precise information and it covers all essential components that are required
for effective revision of the subject.

In order to ensure uniformity in terms of content, design, standard and
presentation of the material, it has been fine tuned at KVS Hars level.

I hope this material will prove to be a good tool for quick revision and will
serve the purpose of enhancing students' confidence level to help them perform
better. Planned study blended with hard work, good time management and
sincerity will help the students reach the pinnacle of success.

Best of Luck.

U.N. Khaware

Additional Commissioner (Acad.)
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1. ELECTROSTATICS

GIST

€= absolute permittivity of free space.
€0 = 8.855 x 1012 OR 9 x 10?C?N'm?,

O O 0O 0o o©

Electrostatics is the study of charges at rest.

The intrinsic property of fundamental particle of matter which give rise to
electric force between objects is called charge.

Charging a body can be done by friction, induction and conduction.
Properties of charges:

Like charges repel and unlike charges attract.

Charges are additive in nature i.e., Q=)}1, g;

Charges are quantized. i.e., Q= + ne [n=1,2,3,... & e =1.602 X10*° C]
Charge on a body is independent of velocity of the body.

Charge is conserved.

The sensitive device which is used to identify whether the body is charged or

not is called electroscope. 1r? Q:Q»0
k Q1Q2<0 A
414z .

Coulomb’s law: F = —L
k=

1

=8.988 x 10° OR 9 x 10° Nm?C*?

47'[60

>

The charge is said to be one coulomb when it is separated from similar
charge by one-meter experiences a force of repulsion 9 x 10° N.
The period of revolution of charge q; of mass m about charge g, along the

; . . 16m3e,mr3
circular path of radius ris T = /#
142

Principle of superposition: ﬁtoml = Z?zlﬁ[Vector sum of individual forces]
1 99, A 1 %

Uniform Charge distribution:

Linear charge distribution: A = AA—‘Z [A = linear charge density Unit Cm™]
Surface charge distribution: o = i—g [0 = surface charge density Unit Cm?]

Volume charge distribution: p = i—g [p = Volume charge density Unit Cm]
Force due to continuous charge distribution:



S 9o Adl jadS jpdV .
F = + + | —
4dme, _[ r2 r2 r
S 1%

. The comparison of electrostatic and gravitational forces between electron

and proton is & = —X¢*_= 2 27 x 10%,

Fg Gmpme

1/r2

E Q

» E
Note: In the above triangle the quantity shown at the vertex, could be arrived by multiplying the
quantities shown at the base, i.e. F=E X Q.

Any one of the quantity shown at the base is given by the ratio of the quantities shown at vertex
& the other quantity shown at the base, i.e. E=F/Q or Q= F/E.

o Electric field: Force experienced by a unit positive charge. It is a vector. S

F

unitis NC1.E = Lt — E
go—0 q
o Field due to a point charge Q at ris E = —Q P
. Principle of superposition: Etotal = Zi=1 El [vector sum of individual Tielas]

o Electric field due to continuous charge distribution:

j /'ldl adS j pdV |
+ | —|7
4neo r?

%4
o Dipole: Two equal and opposite charges separated by a small distance.
o Dipole moment: Product of magnitude of either charge and distance of
separation between them. It is a vector. Sl unit: Cm, p= (Q) 24 ; direction of
p is from negative charge to positive charge along the straight line joining both the
charges.
o Dipole in a uniform electric field experiences no net translating force but

experiences a torque. 7=p x E = 7=|p||E|sin 6 A
. If 6=0° = stable equilibrium; If 8= 180° = unstable equilibrium.
o Electric field due to a short dipole



. . . 2kp . . .
o atapoint on the axial line: E i, = r—f along the direction of dipole moment

o At a point on the equatorial line: E., = l;—fopposite to the direction of dipole
moment.
o Properties of electric field lines:
Arbitrarily starts from +ve charge and end at —ve charge
Continuous, without any breaks, never form closed loops
Never intersect
Relative closeness of the field lines represents the magnitude of the field
strength.
For a set of two like charges — lateral pressure in between
For a set of two unlike charges — longitudinal contraction in between.
o Area vector: The vector gquantity representing the area of a surface whose
magnitude is equal to the magnitude of the area and direction is perpendicular to
the surface.

e  Electric flux: @=.E.AS=|E||AS|cos6 ; Itis a scalar; SI unit: N m?C™ or Vm,

AN NN

AN

o Gauss’ theorem in electrostatics:@;p¢q; = 955 E. dS = dtotal

€o
* Eoras + Q
.
> O » O
¢ is independent of E& hs

. Applications of Gauss’ theorem for uniform charge distribution:
Expression | Infinite Infinite plane | Thin spherical shell
for Linear sheet
Flux @ Al il olmnr?

€o €o €o
Magnitude of A g 4;26 [for points on/outside the shell]
Field E 2 € 0 L

€0 ° ZERO [for points inside the shell]
Charge 1= Aq 5= Agq o
density Al AS Amr?




Electrostatic Potential: Work done per unit positive Test charge to move it
from infinity to that point in an electric field. It is a scalar. SI unit: J/C or V
V= W/ qo

Electric potential for a point charge: V = kTq

The electrostatic potential at any point in an electric field is said to be one
volt when one joule of work is done in bringing one unit charge from
infinity to that point.

The electric field intensity at any point is the negative gradient of potential at
that point. E = —dV/dr. V(#) = — [ E.dr

As E= - % If Vis constant, Ec %and if E is constant, V r

Eor
i

1

'[..J'

L 4

Electric field is conservative. This means that the work done is
independent of the path followed and the total work done in a closed path
is zero.

ki
Potential due to a system of charges: V =>N q'

Potential due to a dipole at a point

o onits axial line: Vg = klpl [or]m cos6

o on its equatorial line:V, 0
Potential difference Vy—Vy =kq [_ _ 1
Potential energy of two charges: U=k

r
Potential energy of a dipole : U=-p. E= p E [cosB; -cosB, ]
Equipotential surfaces: The surfaces on which the potential is same
everywhere.



Work done in moving a charge over an equipotential surface is zero.

No two equipotential surfaces intersect.

Electric field lines are always perpendicular to the equipotential surfaces.
The relative density of equipotential surface gives intensity of electric field
in that region.

N N NN

Some equipotential surfaces for (a) a dipole,
(b) two identical positive charges.

. Electrostatics of conductors
(i) Inside a conductor Electrostatic field is zero
(i1) On the surface E is always Normal to the surface
(iii) No excess charge resides inside the conductor
(iv) Charge distribution on the surface is uniform if the surface is smooth
(v) Electric field is zero in the cavity of hollow conductor and potential remains
constant which is equal to that on the surface.
o Capacitor: An arrangement of two conductors separated by a small distance
without any electrical contact between them is called capacitor.

y V » Vorg

o Capacitance: c :V9 , Ratio of charge and potential difference. Scalar. Sl

unit: farad [F]. The capacitance is said to be one farad when one coulomb of

charge increases the potential difference between the plates by one volt.

o Capacitance of a parallel plate capacitor: C = %



between:
Y
Gl paety
> If t=0 =>C, = %
> If t=d =>C, =k % =>Cr= k Co

Combination of capacitors:

Capacitance of a parallel plate capacitor with a dielectric medium in

/\

\
Cm

Capacitors in series:izzl Capacitors in parallel:c=>"c

i=1 Vi

i=1

. . 1 1., 1Q?
. Energy stored in capacitors: U =—CV2:—QV 1T
2 2 2 C
o Area shaded in the graph=U = %QV
2
o Energy density :U; = leOEZ:G— 0
2 2¢,
. The total energy in series and parallel combinations of capacitors is
additive.
o When two charged conductors are touched mutually and then separated
the redistribution of charges on them is in the ratio of their capacitances.
o Introducing dielectric slab between the plates of the charged capacitor
with:
Property Battery connected Battery disconnected
Charge K Qo Qo
Potential
. V Vo/K
difference ° of
Electric
. E Eo/K
field 0 °
Capacitance KCo KCo
K times% €oE?[Energy is | /K times% eoE?[Energy used
Energy supplied for
By battery] Polarization]




On connecting two charged capacitors:

» Common Potential: y = ahtGh
V,+V,
> Lossof energy: AU =372 (V; — 1,)?

2Ci+C,

The dielectric is the substance which is essentially an insulator but
behaves like a conductor in electrostatic situation.

The dielectric having atom or molecules whose negative charge centre is
not coinciding with positive charge centre is called polar dielectric. They
have permanent dipole moments in the order of 10°°Cm.

The dielectric having atom or molecules whose negative charge centre is
coinciding with positive charge centre is called non-polar dielectric.

The dipole moment developed in non-polar dielectric due to external
electric field is called induced dipole moment.

The induced dipole moment per unit volume is called Polarisation Vector.
The direction of polarisation vector is same as that of external electric
filed.

The ratio of electrostatic force in free space to that in medium OR the
ratio of electrostatic field in free space to that in medium OR the ratio of
absolute permittivity of medium to that of free space is called relative
permittivity or dielecric constant of the medium. €,.0Rx.

The ratio of polarisation to €, times the electric field intensity is called

electric susceptibility. y = ELE. The dielectrics with constant y are called

o

linear dielectrics.

The maximum external electric field the dielectric can withstand without
dielectric beakdown is called dielectric strength. SI unit Vm™,

The capacitance of a spherical conductor of radius R is C = 4me,R.



CHARGES AND COULOMB’S LAW
QUESTIONS
What is the work done in moving a test charge ‘q’ through a distance of 1

cm along the equatorial axis of an electric dipole? [ Hint : on equatorial 1
line V=0]
Why in Millikan’s Qil Drop experiment, the charge measured was always

found to be of some discrete value and not any arbitrary value? 1
Ans: Because charge is always quantized i.e., Q=nxe

What is meant by electrostatic shielding? Ans: Electric filed inside a 1
cavity is zero.

Why an electric dipole placed in a uniform electric field does not 1

undergoes acceleration?
Ans: Because the net force on the dipole is zero. Fpet= 0 as F=xqFE
Why electric field lines
(1)  Can never intersect one another? 1
(i)  Cannot form closed loops?
Ans : Because
()  The direction of Electric field is tangential to field line at any
given point. Hence at the point of intersection there will be two
tangential directions for two lines. But Electric field is a vector
quantity and it can have only one direction at a point. So
intersection of field lines is not possible.
(i)  Electric field lines always start from positive charge and end at
negative charge. Hence they can not form closed loops.
Show that at a point where the electric field intensity is zero, electric

potential need not be zero. 2
Ans: If E= 0=V = constant E=-dV/dr
What is the electric flux through the surface S in Vacuum?

2

+3q

Write the expression for the electric field, charge density for a uniformly 5
charged thin spherical shell.

k
Ans: E=—Q o <

412




10.

11.

12.

13.

14.

15.

Write the expression for the electric field in the regions I, 11, 11l shown in

the above figure.

AnNs: E|:E|||: 0 E||:G/80

Two free protons are separated by a distance of 1 A°. if they are released,

what is the kinetic energy of each proton when at infinite separation. [Hint
2

:at infinite distance K. £ = ——]
4me,

How does the electric flux, electric field enclosing a given charge vary
when the area enclosed by the charge is doubled? Ans: (a) @= constant
(b) E is halved

The electric field in a certain region of space is E = 104%NC~t. How
much is the flux passing through an area ‘A’ if it is a part of XY plane, XZ
plane, YZ plane, making an angle 30° with the axis?

Ans: Oxy =10A Vm E AS COS¢ [¢=0] oxz= oyz =0 Vm (o
=90°) =10*A co0s30°Vm

An electric dipole £4uC is kept at co-ordinate points (1, 0, 4) are kept at
(2,-1, 5), the electric field is given by E = 20 i NC. Calculate the torque
on the dipole.

Ans: Calculate first dipole moment using p =g.2d

Then calculate torque using Z = g x E and hence find |Z| =13.4 N-m
Show diagrammatically the configuration of stable and unstable

equilibrium of an electric dipole (B ) placed in a uniform electric field

(E).

Ans: . .
P> Pe
E> E >

Stable Unstable

Plot a graph showing the variation of coulomb force

F versus riz where r is the distance between the two e A : 5
charges of each pair of charges: (1uC, 2uC) and
F

(2uC, -3uC) Interpret the graphs obtained.



16.

17.

18.

19.

20.

21.

22.

[Hint : graph can be drawn choosing —ve axis for force only]

Ans: [F5| > [F,|

A thin straight infinitely long conducting wire having charge density A is
enclosed by a cylindrical surface of radius r and length I, its axis
coinciding with the length of the wire. Find the expression for electric
flux through the surface of the cylinder.

. : Al
Ans: Using Gauss’s Law obtain: @ =

0

Calculate the force between two alpha particles kept at a distance of
0.02mm in air.
9 4x(1.6x10719)”

(2x10-5)"
Explain the role of earthing in house hold wiring.
Ans: During short circuit, it provides an easy path or emergency way out
for the charges flowing to the ground, preventing the accidents.
What is the difference between charging by induction and charging by
friction?
* In frictional method, transfer of charges takes place from one object to
the other.
* During induction, redistribution of charges takes place within the
conductor.
Two electric charges 3uC, -4uC are placed at the two corners of an
isosceles right angled triangle of side 1 m as shown in the figure. What is
the direction and magnitude of electric field at A due to the two charges?

Ans: F =9 x10

A

Ans: E=45x10° NC™!
0=36.9° from line AB

B o

-4uC 1m 3ucC

A sensitive instrument is to be shifted from a strong electric field in its
environment. Suggest a possible way.

[ Hint : Electrostatic shielding ]

A charge + Q fixed on the Y axis at a distance of 1m from the origin and
another charge +2Q is fixed on the X axis at a distance of V2 m from the
origin. A third charge — Q is placed at the origin. What is the angle at
which it moves?

Ans: Force due to both the changes are equal = KQ?& 1" to each other so
the resultant force will make 45° with X-axis.



23.

24,

25.

26.

Two charges 5uC, -3uC are separated by a distance of 40 cm in air. Find
the location of a point on the line joining the two charges where the

electric field is zero.
5X107% _ |, 3X107°

x2 (40—x)2

Ans:  Solve for x from the equation: k

Deduce Coulomb’s law from Gauss’ law.
Ans:@=E .S "=Q/gg Ex4nr®=Q/gg
F=Eqo--F= [Qqo/(4meo 1?)
State Gauss’s law and use this law to derive the electric filed at a point
from an infinitely long straight uniformly charged wire.

Ans: Statement JE.ﬁziDerivation for E= A
&, 211&,¥

Three charges —q, Q and —q are placed at equal distances on a straight line.
If the potential energy of system of these charges is zero, then what is the
ratio of Q:q [ Ans: 1:4]

ELECTRIC POTENTIAL

Is it possible that the potential at a point is zero, while there is finite 1
electric field intensity at that point? Give an example.
Ans: Yes , Centre of a dipole

Is it possible that the electric field E at a point is zero, while there is a
finite electric potential at that point. Give an example.

Ans: Yes, Inside charged shell

Can two equipotential surfaces intersect? Justify your answer. 1
Ans: No. Otherwise it would mean two directions for force at a point.

|_\

Is potential gradient a vector or a scalar quantity? 1
Ans: Scalar quantity
Write the dimensional formula of ‘eq ' the permittivity of free space. 1

Ans: [MIL3T*A?]

An electric dipole is placed in an electric field due to a point charge. 1
Will there be a force and torque on the dipole?

Ans: Yes, Both force and torque will act as the Electric Field is non
uniform.

Draw the graph showing the variation of electric potential with distance
from the Centre of a uniformly charged shell.

|_\



Ans

10.

11.

12.

»
»

Distance

Find the ratio of the electric field lines starting from a proton kept first 1
in vacuum and then in a medium of dielectric constant 6.

Ans: 6:1

Calculate the electric field from the equipotential surface shown below. 1

—>2m \ \
2V 4V 6V
3m
im I

Ans: 2V [E:‘d—dr",dv:zv,drzlm]

Sketch the electric field lines, when a positive charge is kept in the 1
vicinity of an uncharged conducting plate.

Ans 4
%
A 4
Two charges are kept as shown. Find dipole moment. 1
Ans: (0,02 ....ccevvnnnnnn. +q(0,0,-2)
-15 ue +15 pc

Compare the electric flux in a cubical surface of side 10 cm and a 1
spherical surface of radius 10 cm, when a change of 5uC is enclosed by
them.



13.

14.

15.

16.

Ans

17.

Ans

18.

19.

20.

Ans: Electric flux will be same in both the cases.

Explain why the electric field inside a conductor placed in an external
electric field is always zero.

Ans: Charge lies on the surface of a conductor only

Two identical metal plates are given positive charges Qi and Q2, where
Q1> Q.. Find the potential difference between them, if they are now
brought together to form a parallel plate capacitor with capacitance
Ans: (Q1—Q2)/2C

27 small drops of mercury having the same radius collage to form one
big drop. Find the ratio of the capacitance of the big drop to small drop.
Ans: [3:1]

A uniformly charged rod with linear charge density A of length L is
inserted into a hollow cubical structure of side 'L’ with constant
velocity and moves out from the opposite face. Draw the graph between
flux and time.

A
|

o —> time
Draw a graph showing the variation of potential with distance from the
positive charge to negative charge of a dipole, by choosing the mid-

point of the dipole as the origin.
Vv

d

If E = 31 +4j-5k, calculate the electric flux through a surface of area 50
units in z-x plane

Ans: 200 unit

Name the physical quantities whose Sl units are Vm, Vm=™. Which of
these are vectors?

Ans:  Vm — electric flux, scalar ; Vm*—electric field, vector

The spherical shell is to be charged to a potential of 2 million volt.



21.

22.

23.

24.

25

26.

Calculate the minimum radius the shell can have, if the dielectric
strength of air is 0.8 k\V/mm.
Ans: [2.5m]

How will you connect seven capacitors of 2uf each to obtain an effective 2

capacitance of 10/11 pf.

Ans: 5 in parallel and 2 in series

A proton moves with a speed of 7.45 x 10°m/s directly towards a free
proton initially at rest. Find the distance of the closest approach for the
two protons.

Ans: 5.56 x 1023m

Three point charges of 1C, 2C & 3C are placed at the corners of an
equilateral triangle of side 1m. Calculate the work done to move these
charges to the corners of a smaller equilateral triangle of sides 0.5m.

Ans: 9.9 x 1010 1

/N

2C 3C

Suggest an arrangement of three point charges, +q,+q, -q separated by
finite distance that has zero electric potential energy

A point charge Q is placed at point O as shown. Is the potential
difference ( Va-Vg) positive, negative or g
zero if Q is (i) positive  (ii) negative e o

o ®

Show that the potential of a charged spherical conductor, kept at the
Centre of a charged hollow spherical conductor is always greater than
that of the hollow spherical conductor, irrespective of the charge
accumulated on it.

Ans: Va-Vy=(q/4ne) (1/r-1/R)



CAPACITORS

1 What happens to the capacitance of a capacitor when a copper plate of 2
thickness one third of the separation between the plates is introduced in
the capacitor?

Ans: 1.5 times C,

2 A parallel plate capacitor is charged and the charging battery is then 2
disconnected. What happens to the potential difference and the energy
of the capacitor, if the plates are moved further apart using an
insulating handle?

Ans: Both Increases

3 Find the equivalence capacitance between X and Y. 2
X || | |
N | ! | v
3uf 3uf 3uf
Ans: 9 uf

4 A pith ball of mass 0.2 g is hung by insulated thread between the plates 2
of a capacitor of separation 8cm. Find the potential difference between
the plates to cause the thread to incline at an angle 15° with the vertical,
if the charge in the pith ball is equal to 107"C.

Ans: 429V
5.  Find the capacitance of arrangement of 4 plates of Area A at distance d 2

in air as shown.

A

Blw NP
@

6.  What is an equivalent capacitance of the arrangement the shown below 3



10.

11.

12.

3 o \( « 2 uF
1 SuF & = ]i D
=} i - AL\( c
4 uF 8 uF

If 6V cell is connected across AD. Calculate the potential difference
between B&C.

A parallel plate capacitor is charged to a potential difference V by d.c.
source and then disconnected. The distance between the plates is then
halved. Explain with reason for the change in electric field, capacitance
and energy of the capacitor.

Ans: Use the formulae - Electric field remains same, Capacitance
doubled, Energy halved

Derive an expression for capacitance of parallel plate capacitor, when a
dielectric slab of dielectric constant k is partially introduced between
the plates of the capacitor.

A potential difference of 1200 V is established between two parallel
plates of a capacitor. The plates of the capacitor are at a distance of 2
cm apart. An electron is released from the negative plate, at the same
instant, a proton is released from the +ve plate.

(a)How do their (i) velocity (ii) Energy compare, when they strike the
opposite plates.

(b) How far from the positive plate will they pass each other?

Ans a. (1)42.84 (ii)equal b. 2.7cm

Draw a graph to show the variation of potential applied and charge
stored in a capacitor. Derive the expression for energy stored in a

parallel plate capacitor from the capacitor.
A

v

q
Find the capacitance of a system of three parallel plates each of area
Am? separated by d; and d, m respectively. The space between them is
filled with dielectrics of relative dielectric constant €; and €.
Two parallel plate capacitors A and B having capacitance 1uF and 5 pF

3

3

2



13.

14.

are charged separately to the same potential 100V. They are then
connected such that +ve plate of A is connected to —ve plate of B. Find
the charge on each capacitor and total loss of energy in the capacitors.
Ans: 400uC, 500uC and 5/3 x 10J

Calculate the capacitance of a system having five equally spaced plates,
if the area of each plate is 0.02 m? and the separation between the
neighboring are 3 mm. in case (a) and (b)

(a) (b

Ans: (Hint: Capacitance of a parallel plate capacitor ,A/d )
1.18 x 10* p Fand 236 x10uF

Net capacitance of three identical capacitors in series is 1uf. What will
be their net capacitance if connected in parallel?
Find the ratio of energy stored in the two configurations, if they are
both connected to the same source.
Ans: 9uf 1:9
15. Two parallel plate capacitors X and Y have the same area of plates
and the same separation between them. X has air between the plates
and Y contains a dielectric medium of er=4. Calculate Capacitance of
X and Y if equivalent capacitance of combination is 4 uF.

(i)  Potential Difference between the plates of X and Y

(i)  What is the ration of electrostatic energy stored in X and Y
[ Ans : 5 uF,20 uF, 9.6 V,2.4V, 4:1]



2. CURRENT ELECTRICITY

GIST

o Electric current is defined as the amount of charge flowing through any
cross section of the conductor in unit time. The rate of flow of chrge through the
conductor is called electric current. | = Q/t. SI Unit Ampere (A).

o The electric current flowing through the conductor is said to be one ampere
when one coulomb charge flows through it in one second.

e Current density |JT= I/A.

o Ohm’s law: The electric current passing through a conductor is directly
proportional to the potential difference applied across it provided the physical
conditions such as temperature, pressure etc., remain constant. ¥V a I i.e. V = IR,
Where R is the resistance of the conductor. Resistance R is the ratio of V & |

. The device which opposes the flow of electric current through it is called
resistor. Resistance is the characteristic property of the conductor which offers
opposition for the flow of electric current.

o Resistance R = pl/A= ml/ne?zr A where p is the resistivity of the material of
the conductor- length and A area of cross section of the conductor. If I is increased
n times, new resistance becomes n?R. If A is increased n times, new resistance

becomes_L .
nZ

o Resistivity is the characteristic property of the material which is the
resistance of the conductor of unit length and unit area of cross section.

. Resistivity p = m/ne?t, Where m, n, e are mass, number density and charge
of electron respectively, t-relaxation time of electrons. p is independent of
geometric dimensions.

o Relaxation time is the average time interval between two successive
collisions

o Conductance of the material G =1/R and conductivity c=1/p

o Drift velocity is the average velocity of all electrons in the conductor which
drift in opposite direction to the applied electric field. Drift velocity V4= (eE/m)t
also | = neAvy

. Mobility (1) of a charge carrier is the ratio of its drift velocity to the applied

electric field :\%

. Effect of temperature on resistance: Resistance of a conductor increase with
the increase of temperature of conductor R, =R (1+aT), where o is the temperature

coefficient of resistance of the conductor. a is slightly positive for metal and
conductor, negative for semiconductors and insulators and highly positive for
alloys.



1

I . 1 1 1
. Combination of resistors: Rgis =R+R+..R,, =t
RParallel Rl RZ Rn

J Colour coding :
Black Brown Red Orange Yellow Green BlueViolet Gray White
0 1 2 3 4 5 6 7 8 9

Tolerance (i) Gold 5% (i) Silver 10% (iii) No Color 20%
Example: if colour code of carbon resistor is Red Yellow and Orange with
tolerance colour as silver, the resistance of the given resistor is (24x10% = 10%)Q.

o Cells: E.M.F of a cell is defined as the potential difference between its
terminals in an open circuit. Terminal potential difference of a cell is defined as the
potential difference between its ends in a closed circuit.

o Internal resistance r of a cell is defined as the opposition offered by the cell

E ] ]
to the flow of current. r = (V— jR where R is external resistances.

o Grouping of cells :

I) In series grouping circuit, current is given by |_ = nE

R +nr

mE
r+mR
number of cells in series and parallel connection respectively.
o Kirchhoff’s Rule:
i) Junction Rule:-The algebraic sum of currents at a junction in a network is
zero. > 1=0
i) Loop rule:-The algebraic sum of potential differences and emfs of a closed
loop in a network is zero > V =o

o Wheatstone bridge is an arrangement of four resistors arranged in four arms
of the bridge and is used to determine the unknown resistance in terms of other

i i P R
three resistances. For balanced Wheatstone Bridge, ==—

Q S
. Wheatstone bridge is most sensitive when the resistance in the four arms are
of the same order
o In the balanced condition of the bridge on interchanging the positions of
galvanometer and battery if there is no effect on the balancing length of the bridge.
. The principle of Metre Bridge: The resistance of the wire of uniform cross
section and composition is directly proportional to its length.

i) In parallel grouping circuit, current is given by | - where n, m are




o Slide Wire Bridge or Metre Bridge is based on Wheatstone bridge and is

used to measure unknown resistance. If unknown resistance S is in the right gap,
s = (lOOI—I)R

. Potentiometer is considered as an ideal voltmeter of infinite resistance.

o Principle of potentiometer: The potential drop across any portion of the wire

of uniform cross section and uniform composition is proportional to the length of

that portion of the wire provided steady current is maintained in iti.e. v a [

o Smaller the potential gradient greater will be the sensitivity of potentiometer.

o Potentiometer is used to (i) compare the e.m.f.s of two cells (ii) determine
the internal resistance of a cell and (iii) measure small potential differences.

o Expression for comparison of e.m.f of two cells by using potentiometer,

ﬁ=:—1where l, Lare the balancing lengths of potentiometer wire for e.m.fs ¢
& b

and ., of two cells.

o Expression for the determination of internal resistance of a cell is given by

r:[ll—lzJR, Where | is the balancing length of potentiometer wire corresponding to
IZ

e.m.f of the cell, that of terminal potential difference of the cell when a

resistance R is connected in series with the cell whose internal resistance is to be

determined

o Expression for determination of potential difference £ - «MWhere L is the
r+

length of the potentiometer wire, | is balancing length, r is the resistance of
potentiometer wire, R is the resistance included in the primary circuit.

o Joule’s law of heating states that the amount of heat produced in a
conductor is proportional to (i) square of the current flowing through the
conductor,(ii) resistance of the conductor and (iii) time for which the current is
passed. Heat produced is given by the relation H=1°Rt

. Electric power: It is defined as the rate at which work is done by the source
in maintaining the current in electric circuit. P =VI = I?R =V2/R. Power P is the
product of V & |

o Electrical energy: The total work done by the source in maintaining the
current in an electrical circuit for a given time. Electrical energy = VIt = I°Rt
=(V?/R)t = Pt

o Commercial unit of energy 1KWh= 3.6x10]




QUESTIONS

DRIFT VELOCITY, CURRENT, POTENTIAL DIFFERENCE, OHM’S

LAW AND RESISTANCE

1. How does the drift velocity of electrons in a metallic conductor vary with
increase in temperature? (1)

Ans. remains the same

2. Two different wires X and Y of same diameter but of different materials are
joined in series and connected across a battery. If the number density of
electrons in X is twice that of Y, find the ratio of drift velocity of electrons
in the two wires. 1)

Ans: VodVay = nylny =%

3. A 4Q non insulated wire is bent in the middle by 180° and both the halves

are twisted with each other. Find its new resistance? (1)
Ans: 1Q
4. Can the terminal potential difference of a cell exceed its emf? Give reason
for your answer. (1)

Ans: Yes, during the charging of cell.

5. Two wires of equal length one of copper and the other of manganin have the
same resistance. Which wire is thicker? (1)

Ans: Manganin.

6. The V-I graph for a conductor makes angle © with V- axis, what is the

resistance of the conductor? L)
Ans: R=Cot ©
7. It is found that 10%° electrons pass from point X towards another point Y in
0.1s. How much is the current & what is its direction? 1)

Ans: 160A; from Y to X

8. Two square metal plates A and B are of the same thickness and material.
The side of B is twice that of side o fA. If the resistance of A and B are
denoted by Ra and Rg, find Ra/ Rg.

Ans: 1

I

1. The V-1 graph of two resistors in their series combination is

shown. Which one of these graphs shows the series

(1)



combinations of the other two? Give reason for your answer.

Ans: 1
10.  Plot a graph showing the variation of conductivity - with the temperature T
in a metallic conductor. @)

(Ans: see figl)

[ N

Fig 1 fig2
11. Draw a graph to show the variation of resistance R of the metallic wire as a
function of its diameter D keeping the other factor constant. (2)

(Ans: see fig2)

12. Two conducting wires X and Y of same diameter but different materials are
joined in series across a battery. If the number density of electrons in X is
twice that in Y, find the ratio of drift velocity of electrons in the two wires.
(Ans: lanvg i.e. VadVay= ny/ng = %2) ()

13 A pd of 30V is applied across a colour coded carbon resistor with rings of
blue, black and yellow colours. What is the current to the resistor? (2)

Ans: R =60 x 10*°Q, I= 5x 10°A

14. A non-conducting ring of radius r has charge q distribute over it. What will
be the equivalent current if it rotates with an angular velocity ®? )

Ans: I= g/t= qo/2x.

15.  Two cells each of emf E and internal resistances ri and r, are connected in
series to an external resistance R. Can a value of R be selected such that the
potential difference of the first cell is 0. )

Ans: | = 28/(R+r1+1) Potential diff. for firstcell Vi=€-1r =0
€ = 2€n)/R+r+r, Solving thesewe get, R=r1-1;

16.  Why does Resistance increase in series combination and decrease in parallel
combination 2

Ans: Effective length increases in series combination (R a ).

In parallel combination area of cross section increases (R o 1/A)

17. A piece of silver wire has a resistance of 1Q. What will be the resistance of

the constantan wire of one third of its length and one half of its diameter if

(2)



the specific resistance of the constantan wire is 30 times than that of the
silver?

Ans: 40Q

18.  Calculate the current shown by the ammeter in the circuit in fig 1

(2)

AN
<

I(A) :
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v

|
|
10V :
Fig 1. Fig 2.
Ans:R=2Q and I = 5A
19. The plot in fig 2 given above shows the variation of current | through the
cross section of a wire over a time interval of 10s. Find the amount of charge
that flows through the wire over this time period. )
Ans: Area under the I-t graph, q = 37.5C
20.  Find the resistance between the points (i) A and B and (ii) A and C in the

following network )
100 100 100
AN W N"—s8 (2)
10Q 10Q
9
D
100 100 100
Ans: (i) Rag = 27.5Q (i1) Rac =30Q

21. Two wires of the same material having lengths in the ratio 1:2 and diameter
2:3 are connected in series with an accumulator. Compute the ratio of p.d
across the two wires )

Ans: R = pl/A = 4pl/nd? Ra/Rg = 9/8 ValVs = 1aRA/IsRE = 9/8



22. 4 cells of identical emf E1, internal resistance r are connected in series to a
variable resistor. The following graph shows the variation of terminal
voltage of the combination with the current output. ?)
(YWhat is the emf of each cell used?

(i)For what current from the cells, does maximum power dissipation occur
in the circuit?
(iif)Calculate the internal resistance of each cell

A
5.6 Ans: 4E=5.6 E=14V
pl When 1= 1A,V =2.8/4=0.7V
ViVolts) Internal resistance, r=(E-V)/I=0.7Q
>3 The output power is maximum when internal
1.4+ resistance = external resistance = 4r.Imax = 4E/
| | e (4r+4r) =1A
—

o5 1 15 2
I{Ampere)

23.  An infinite ladder network ot resistances Is constructed with 1Q and 2Q

resistances 10 shown.
ﬂﬁ ’V\/‘ W —————— (3)
TGV ;2() %20 éﬂ
A 6V battery ¢ -
between A and B has

negligible resistance.
()  Find the effective resistance between A and B.

Ans: Since the circuit is infinitely long, its total resistance remains unaffected by removing one
mesh from it. Let the effective resistance of the infinite network be R, the circuit will be

R = 2Q

2R
R=—+1
R+2

24.  The resistance of a tungsten filament at 150°C is 133Q. What will be its
resistance at 500°C? The temperature coefficient of tungsten is 0.0045°C* at
0°C. 3)

Ans: Use Ry = Ro(1+ o t) Rs00 = 258Q

25.  The circuit shown in the diagram contains two identical lamps P and Q.
What will happen to the brightness of the lamps, if the resistance Ry is
increased? Give reason.




Ans: Brightness of P and Q decrease and increase respectively.

26. A battery has an emf E and internal resistance r. A variable resistance R is
connected across the terminals of the battery. Find the value of R such that
(@) the current in the circuit is maximum (b) the potential difference across

the terminal is maximum. (c) Plot the graph between V and R ©)
Ans: (@)1=€&/(r+R) A3)
| = Imax When R =0 Imax = € /1

) V=ER/(r+R) =€ /(1/R+1)
V = VmaxWhen r/R + 1= minimum, r/R =0, V=¢
@) \

1. KIRCHHOFF’S RULE AND APPLICATIONS

1. Using Kirchhoff’s laws, calculate 14, I» th ©
andls; 20 g
50 T " 30
v T v (3

Ans: 11 =48/31A 1, =18/31A 13=66/31A 12"]
2. Inthe circuit, find the current through the 4Q
resistor. @)

Ans: | = 1A

. WHEATSTONE BRIDGE AND POTENTIOMETER
1. The emf of a cell used in the main circuit of the potentiometer should be
more than the potential difference to be measured. Why? @)
2. The resistance in the left gap of a metre bridge is 10Q and the balance point
is 45cm from the left end. Calculate the value of the unknown resistance. (1)




Ans S =12.5Q

3. How can we improve the sensitivity of a potentiometer? Q)
4. Why is potentiometer preferred over a voltmeter Q)
5. Write the principle of (2
Q) a meter bridge.
(i) a potentiometer.

6. How does the balancing point of a Wheatstone bridge get affected (2

1) Position of cell and Galvanometer are interchanged?
i) Position of the known and unknown resistances is interchanged?
Explain with a neat circuit diagram, how will you compare emf of two cells

using a potentiometer?
8. With the help of a circuit diagram, describe the method of finding the

~

internal resistance of the Primary Cell using a potentiometer. €))
9. With the help of a neat circuit diagram describe the method to determine the
potential difference across the conductor using a potentiometer. €))

10.  Calculate the current drawn from the battery in the given network.

Ans: | = 2A 20
w%w Y
I
I4V
11. Find the value of X and current drawn from the battery of emf 6V of
negligible internal resistance @)

Ans: X=6Qand[=1A

12.  Find the value of the unknown resistance X and
the current drawn by the circuit from the battery if no current flows through
the galvanometer. Assume the resistance per unit length of the wire is
0.01Qcm™. ®)

x 202

ANS—T—AN




Ans: X =3Q

13.

In the circuit shown, AB is a resistance wire of uniform cross — section in

which a potential gradient of 0.01V cm exists. 3)
(@)If the galvanometer G shows zero £,

deflection, what is the emf €; of the I I <>

cell used? Al 180em 3 =

(b)If the internal resistance of the
: : €2 3 )
driver cell increases on some account, —| _

how will it affect the balance point in the experiment?

Ans: (@) PD Vag = 1.8 V (b) Balance pt. will shift towards B since V/I decreases.

14. In a potentiometer circuit, a battery of negligible internal resistance is set up
as shown to develop a constant potential gradient along the wire AB. Two
cells of emfs €, and € , are connected in series as shown in the combination
(1) and (2). The balance points are obtained respectively at 400cm and
240cm from the point A. Find (i) € 1/ €, and (ii) balancing length for the cell
g1 only. ©)

I || <.

Ans : €1 + €2 a 400, €1- €2 a

240,Solving €1 €2

81/82:4, 81(1 11, b I—

(81 + Ez)/ €= 400/'1, l; =320cm

-
g€, &,

15. A potentiometer wire of length 100cm having a resistance of 10Q is

connected in series with a resistance and cell of emf 2V of negligible internal
resistance. A source emf of 10mV is balanced against a length of 40cm of
potentiometer wire. What is the value of the |
external resistance? L WA

e=2v R | ©)

4+—— 100cm ——»
A
|4— 40cm» B

4‘




Ans: 1 =E/(R + 10) = (2/R + 10) Resistance of 40cm wire is 4Q. AtJ, (2/R +10)
Xx4=10x10° R =790Q

16.

In the potentiometer circuit shown, the balance
point is at X. State with reason where the
balance point will be shifted when

(i) Resistance R is increased, keeping all
parameters unchanged.

(i) Resistance S is increased keeping R
constant.

(iii) Cell P is replaced by another cell whose
emf is lower than that of that cell Q.

A

1

-

e

Ans: (i) As R is increased V/I will decrease hence X will shift towards B.

17.

(1) No effect (iii) Balance point is not found.

©)

A potentiometer wire has a length L and resistance Ro. It is connected to a (3)
battery and a resistance combination as shown. Obtain an expression for the
potential difference per unit length of the potentiometer wire. What is the

maximum emf of a )
‘test cell” for which one

=

Pt
S

@ @ @
@ A
@ @ @

can get a balance point
on this potentiometer
wire? What precautions 5

| |

should one take while .2
connecting this test cell to the circuit?

Ans: Total resistance of potentiometer wire R = Ry + RS/(R+S)
Current in the circuit I = E/ (Ro + (RS/R+S))
Total potential difference across AB V =1 Ro= E Ro/ (Ro + (RS/R+S))
Therefore, PD per unit length is V/L = E Ro/L (Ro + (RS/R+S))
Max emf of a test cell should be less than V.
Precaution: Positive terminal of the test cell must be connected to positive terminal
of the battery.
18. The variation of potential difference V with length | in case of two
potentiometers X and Y as shown. Which one of these will

X

you prefer for comparing emfs of two cells and why? @3)



Ans : The potentiometer Y is preferred, as it has low potential gradient (\V/I)

19. Two cells of emfs €; and €; , } } l I . (€> &) are

connected as shown in figure A C  When a
potentiometer is connected & £, between A and B,
the balancing length of the potentiometer
wire is 300cm. On connecting the same potentiometer between A and C, the
balancing length is 100cm. Calculate the ratio of €; and €,. 3)

ANs: &1 a 300, €1-€14 100, 81/82 =3/2
IV. ELECTRIC ENERGY AND POWER

1. What is the largest voltage you can safely put across a resistor marked 98Q -

0.5W? (1)

2. Which lamp has greater resistance (i) 60W and (ii) 100W when connected to
the same supply?

Ans: R = V?/P, R a 1/P, 60 lamp has more resistance ()

3. Nichrome and Cu wires of the same length and same diameter are connected
in series in an electric circuit. In which wire will the heat be produced at a
higher rate? Give reason.

Ans: P = I°’R P o R Heat produced is higher in Nichrome wire. (2)

4. An electric bulb rated for 500W at 100V is used in circuit having a 200V
supply. Calculate the resistance R that must be put in series with the bulb, so
that the bulb delivers 500W. )

Ans: Resistance of bulb=V?/P = 20Q, 1 = 5A, for the same power dissipation,

current should be 5A when the bulb is connected to a 200V supply. The safe

resistance R’ = V’/I = 40Q. Therefore, 20Q resistor should be connected in series.

5. Two bulbs are marked 220V-100W and 220V-50W. They are connected in
series to 220V mains. Find the ratio of heat generated in them. (2)

Ans: Hi/H; = I’R1/I°R; = Ri/ Ro= %

6. Can a 30W, 6V bulb be connected supply of 120V? If not what will have to
be done for it? 3

Ans: Resistance of bulb R=V?2/P =36/30 = 1.2Q  Current capacity of the bulb i =
P/V =5A
A resistance R’ to be added in series with the bulb to have currentof 5 A, I = V’/R
+ R’ =5, R’ =22.8Q

(1) awet body and

(1 a dry body.

When will we have serious consequences dry skin or wet skin? Why?



3.MAGNETIC EFFECTS OF CURRENT AND MAGNETISMGIST

o Magnetic field: The region around a magnet or current carrying conductor
with in which it influences other magnets or magnetic material. SI unit of magnetic
field intensity is Tesla (T).

o Biot-Savart Law: dB =poldISin0/4nr? where po=4m x 107 Tm/A. [Direction
of dB can be found by using Maxwell’s Right hand thumb rule.]

o Applications:

Magnetic field at the centre of a current carrying circular coil is B= pol/2a.
Magnetic field at a point on the axis of current carrying coil is B=
HoNia?/2(a?+x?)*? (N=no. of turns in the coil)

o Ampere’s circuital law: It states that the line integral of magnetic field
around any closed path in free space is o times the total current passing through

the area of loop.¢ B.dl = p, I.

o Applications:

Magnetic field due to straight infinitely long current carrying straight conductor.
B= o 1/27r.

Magnetic field due to a straight solenoid carrying current B= pon I. n= no. of turns
per unit length. B=oN 1/ L.

Magnetic field due to toroidal solenoid carrying current.B= poN 1 / 2ar. N= Total
no. of turns.

o Force on a moving charge [Lorentz Force]: In magnetic field magnetic

Lorentz forceF = q(V X B). The direction of Force is given by Fleming’s left hand

rule. In magnetic and electric field Lorentz force F = g[E + (¥ x B)].

. One Tesla is the intensity of magnetic field in which one coulomb of charge
moving perpendicular to the field with one m/s experiences a force of one Newton.
o Motion of a charge in Perpendicular magnetic field F=qvBSin0. If 6=90°
then F=qvB (circular path). For parallel or antiparallel to magnetic field then
F=qvBSin0 (or) qvBSin180=0(Straight-line path). If 0<6<90 , the path is helix.
v Cosf is responsible for linear motion, v Sinf is responsible for circular motion.
Hence trajectory is a helical path. When a charged particle enters in to the
magnetic field with some angle 0 to it, the radius of circular path followed by it is
r = mv sin@/qB, and the pitch of the helical path is 2rmv cos8/qB

o Cyclotron: The device which is used accelerate the charged particles based
on the principle of Lorentz force is called Cyclotron.

. Principle: The charged particle accelerates in uniform electric field and
follows circular path in uniform magnetic field.




o An ion can acquire sufficiently large energy with a low ac voltage making it
to cross the same electric field repeatedly under a strong magnetic field.

o Cyclotron frequency or magnetic resonance frequencyv=gB/2zm,
T=27nm/Bq,; ®=Bg/m

o Maximum velocity and maximum Kinetic energy of charged particle
Vin=Bqrm/m

. En=B2g?rn?/ 2m.

e  Force on a current carrying conductor in uniformF = (I i x B). I=length of
conductor.

o Direction of force can be found out using Fleming’s left hand rule.

. Force per unit length between parallel infinitely long current carrying
straight conductors.F/L = u,I;1,/2nd. If currents are in same direction the wires
will attract each other.If currents are in opposite directions they will repel each
other.

o One Ampere: The electric current flowing through a conductor is said to be
one ampere when it is separated by one meter from similar conductor carrying
same amount of current in the same direction experiences a repulsive force of
2x107" N per meter length.

o Torque experienced by a current loop in a uniform B.t = NIBA Sinf. T =

MXEB Where M is the magnetic dipole moment =NIA

o Moving coil galvanometer: It is a sensitive instrument used for detecting
small electric currents,

. Principle: A current carrying coil placed in a magnetic field experiences
torque.la® and I = K 6 where K=NAB/C

o Current sensitivity, 1 =6 / I=NBA/K

. Voltage sensitivity, Vs= 0 /V=NBA/KR

. Changing N changes the Current sensitivity but VVoltage Sensitivity does not
change as R also changes in the same way and N/R remains constant.

. The amount of electric current per deflection in the galvanometer is called
its figure of merit. G =1/ o =k/NBA
o Conversion of galvanometer into ammeter: A small resistance S is connected

in parallel to the galvanometer coil. S=14G/( I - 1 g); Ra=GS/(G+S)
. Conversion of galvanometer into a voltmeter: A high resistance R is
connected in series with the galvanometer coil. R=( V/ly) -G; R\=G+R

o Magnetic dipole moment of a revolving electron M = % M=n(eh/4nm,)
o The magnetic dipole moment of the revolving electron in its first orbit of the
hydrogen atom is called Bohr Magneton. Bohr Maneton = eh/4mm, = 9,27 x 1024

Am?,



o The ratio of orbital magnetic moment and the angular moment of revolving
electron is called gyromagnetic ratio. M/L = e/2m. = 8.8 x 10*° C/kg.

o Properties of bar magnet: Magnetic poles exist in pairs. Like poles repel and
unlike poles attract.

It aligns in the direction of geographic north and south when suspended freely.

It attracts other magnets and magnet like materials.

o Properties of magnetic lines of force:

They emerge out of North Pole and directed towards South Pole.

They never cross each other.

They form closed loops.

They pass through conductors.

They contract lengthwise and expand sidewise.

Their relative density gives the intensity of magnetic field in that region.

They emerge out normal to the surface.

o Magnetic field due to a short bar magnet: At any point on its axial line:

_ Ho2m . . . . _ Mom
Byyial = ﬁ;. At any point on its equatorial line: B,, = s

o Torque on a bar magnet placed in uniform external magnetic field: =
mB sind; T=mxB .

o Potential energy stored in bar magnet placed in uniform external magnetic
field: U = —. B = —mB(cos6, — c0s 6,).

o Gauss’s law in magnetism: @z = 955.?5) =0.

o Elements of earth’s magnetic field: Magnetic declination (0); Dip (d);
Horizontal component of earth’s magnetic field (Bx). Bu = B cos 6; Bv = B sin 6.

. Magnetic flux density, Bo = po / A; SI unit wh / m?.

o Magnetizing field intensity, H = B,/ po; SI unit A/m.

o Intensity of magnetization, | = m/V (magnetic dipole moment per unit
volume); SI unit A/m.

The relation among these three physical quantities is B = po(H + 1)

o Magnetic permeability, u = B/H; SI unit wb/m/A

. Magnetic susceptibility, x,, = é; It is a dimensionless physical quantity.
Relation between relative permeability and magnetic susceptibility is u, =1+
Am:



3 Properties of magnetic substances

DIA PARA FERRO
1. Diamagnetic | Paramagnetic substances | Ferromagnetic substances
substances are those | are those substances | are those  substances
substances  which are | which are feebly attracted | which ~ are  strongly
feebly repelled by a | by a magnet. attracted by a magnet.
magnet. Eg.Aluminium, Eg. Iron, Cobalt, Nickel,
Eg. Antimony, Bismuth, | Chromium, Alkali and | Gadolinium, Dysprosium,
Copper,  Gold,  Silver, | Alkaline earth metals, | etc.
Quartz, Mercury, Alcohol, | platinum, Oxygen, etc.
water,  Hydrogen, Air,
Argon, etc.
2. When placed in | The lines of force prefer | The lines of force tend to

magnetic field, the lines
of force tend to avoid the
substance.

to pass through the
substance rather than air.

crowd into the specimen.

o=

3. When placed in non-
uniform magnetic field, it
moves from stronger to
weaker  field (feeble
repulsion).

When placed in non-
uniform magnetic field, it
moves from weaker to
stronger field (feeble
attraction).

When placed in non-
uniform magnetic field, it
moves from weaker to
stronger field (strong
attraction).

4. When a diamagnetic
rod is freely suspended in
a uniform magnetic field,
it aligns itself in a
direction perpendicular to
the field.

When a paramagnetic rod
is freely suspended in a
uniform magnetic field, it
aligns itself in a direction
parallel to the field.

M 5

When a paramagnetic rod
is freely suspended in a
uniform magnetic field, it
aligns itself in a direction
parallel to the field very
quickly.

- Emwe
M S




5. If diamagnetic liquid
taken in a watch glass is

placed in uniform
magnetic field, it collects
away from the centre

when the magnetic poles
are closer and collects at

If paramagnetic liquid
taken in a watch glass is
placed in uniform
magnetic field, it collects
at the centre when the
magnetic poles are closer
and collects away from

If ferromagnetic liquid
taken in a watch glass is
placed in uniform
magnetic field, it collects
at the centre when the
magnetic poles are closer
and collects away from

the centre when the | the centre when the | the centre when the
magnetic  poles  are | magnetic  poles are | magnetic  poles are
farther. farther. farther.

— iy oy e
e iy —
6. Induced Dipole | Induced Dipole Moment | Induced Dipole Moment

Moment (M) is a small -
ve value.

(M) is a small + ve value.

(M) is a large + ve value.

7. Intensity of
Magnetisation (1) has a
small — ve value.

Intensity of
Magnetisation (1) has a
small + ve value.

Intensity of
Magnetisation (1) has a
large + ve value.

8. Intensity of
Magnetisation (1) has a
small — ve value.

Intensity of
Magnetisation (1) has a
small + ve value.

Intensity of
Magnetisation (1) has a
large + ve value.

9. Magnetic permeability

Magnetic permeability p

Magnetic permeability p

U is always less than | is more than unity. is large i.e. much more
unity. than unity.

10. Magnetic | Magnetic  susceptibility | Magnetic  susceptibility
susceptibility y,, has a | yx,, has a small + ve | y,, hasa large + ve value.
small — ve value. value.

11. They do not obey
Curie’s Law. i.e. their
properties do not change
with temperature.

They obey Curie’s Law.
They lose their magnetic

properties with rise in
temperature.

Xm =C/IT
Where C is curie’s

constant.

They obey Curie’s Law.
At a certain temperature
called Curie Point, they

lose ferromagnetic
properties and behave
like paramagnetic
substances.




Hysteresis: The phenomenon of lagging of magnetic flux density behind the

magnetizing field intensity of a ferromagnetic substance is called Hysteresis.

The magnetic flux density remained in the ferromagnetic substance even

after removing the magnetizing field intensity is called Retentivity.

The magnetizing field intensity required to reduce the residual magnetism in

ferromagnetic substance to zero is called coercivity.

MAGNETIC FORCE
In a certain arrangement, a proton does not get deflected while passing through
a magnetic field region. State the condition under which it is possible.
1
Ans: v is parallel or antiparallel to B
An electron beam is moving vertically upwards. If it passes through a
magnetic field directed from South to North in a horizontal plane, in what
direction will the beam be deflected? 1
Ans:-Towards geographical East in the horizontal plane
What is the work done by the magnetic force on a charged particle moving
perpendicular to the magnetic field? 1
Ans: Zero
A wire of length 0.04m carrying a current of 12 A is placed inside a solenoid,
making an angle of 30° with its axis. The field due to the solenoid is 0.25 T.
Find the force on the wire.
Ans; 0.06N2
A circular loop of radius 0.1 m carries a current of 1A and is placed in a
uniform magnetic field of 0.5T. The magnetic field is perpendicular to the
plane of the loop. What is the force experienced by the loop? 2
Ans: The magnetic dipole does not experience any force in a uniform magnetic
field.Hence, the current carrying loop (dipole) does not experience any net
force.
A proton, alpha particle and deuteron are moving in circular paths with same
Kinetic energies in the same magnetic fields. Find the ratio of their radii and
time periods.
Ans: Ry: Ry : Rg=1:1:\2 2
Tp: To: Tg=1:2:2
An electron moving with Kinetic Energy 25 keV moves perpendicular to a
uniform magnetic field of 0.2 mT. Calculate the time period of rotation of
electron in the magnetic field. 2
Ans: T=179x107S
A charged particle of mass ‘m’ charge ‘q’ moving at a uniform velocity ‘v’




enters a uniform magnetic field ‘B’ normal to the field direction. Deduce an
expression for Kinetic Energy of the particle. Why does the Kinetic Energy of
the charged particle not change when moving through the magnetic field? 3
An electron is revolving around the nucleus of an atom in an orbit of radius
0.53 A. Calculate the equivalent magnetic moment, if the frequency of
revolution of the electron is 6.8 x 10 °MHz.

Ans: pm=9.6 x 10 % A m? 3

BIOT-SAVART LAW AND ITS APPLICATIONS
A current is set up in a long copper pipe. What is the magnetic field inside the
pipe?
Ans: Zero 1
A wire placed along north south direction carries a current of 5 A from South
to North. Find the magnetic field due to a 1 cm piece of wire at a point 200 cm
North East from the piece. 2
Ans: 8.8 x 10 1 T, acting vertically downwards.
How will the magnetic filed intensity at the centre of a circular coil carrying
current change if the current through the coil is doubled and the radius of the
coil is halved. 2
Ans: B=ponx21/2x (R/2) = 4B
A circular coil of 500 turns has a radius of 2 m, and carries a current of 2 A.
What is the magnetic field at a point on the axis of the coil at a distance equal
to radius of the coil from the center? 2
Ans:B=1.11x10*T
The strength of magnetic induction at the center of a current carrying circular
coil is B; and at a point on its axis at a distance equal to its radius from the
center is B,. Find Bi/Bs. 2
Ans: 22
A current is flowing in a circular coil of radius ‘r’ and magnetic field at its
center is Bo. At what distance from the center on the axis of the coil, the
magnetic field will be Bo/8? 2
Ans: x = \3r
A straight wire of Iength’g’m, is bent into a circular shape. if the wire were to

carry a current of 5 A, calculate the magnetic field due to it, before bending, at
a point 0.01 times the radius of the circle formed from it. Also calculate the
magnetic field at the center of the circular loop formed, for the same value of
current. 3
Ans:B;=4x10*T,B,=1256x10°T

Two insulated wires perpendicular to each other in the same plane carry equal




currents as shown in figure. Is there a region where the magnetic field is zero?
If so, where is the region? If not, explain why the field is not zero? 3
A

<&
<«

What is the net magnetic field at point O for the current distribution shown
here?

Y

N

2r |
1

Ans: (o I/ 2r)=(uol/mr) 3

AMPERE’S CIRCUITAL LAW AND APPLICATIONS
A long straight solid metal wire of radius ‘R’ carries a current ‘I’, uniformly
distributed over its circular cross section. Find the magnetic field at a distance
‘r from the axis of the wire (a) inside and (b) outside the wire
Ans; (a) popdr/2nR? (b) wo2l/ 4mnr2
A solenoid is 1m long and 3 cm in mean diameter. It has 5 layers of windings
of 800 turns each and carries a current of 5 A. Find Magnetic Field Induction
at the center of the solenoid. 2
Ans: 2.5 x 10 2 T, parallel to the axis of the solenoid.
Find the value of magnetic field inside a hollow straight current carrying
conductor at a distance r from axis of the loop. 2

iT I C% amperian loop

Ans B=0



FORCE BETWEEN TWO PARALLEL CURRENTS, TORQUE ON A
CURRENT LOOP, MOVING COIL GALVANOMETER
A rectangular loop of size 25 cm x 10 cm carrying a current of

15A is placed 2 cm away from a long, straight conductor carrying
a current of 25 A. What is the direction and magnitude of the net
Force acting on the loop?

Ans: F=7.8175 x 10*N

A long straight conductor PQ, carrying a current of 60 A, is fixed horizontally.
Another long conductor XY is kept parallel to PQ at a distance of 4 mm, in air.

Conductor XY is free to move and carries a current ‘I’. Calculate the
magnitude and direction of current ‘I’ for which the magnetic repulsion just
balances the weight of the conductor XY. 2

Ans: | =32.67 A, The current in XY must flow opposite to that in PQ, because
only then the force will be repulsive.

A circular coil of 200 turns, radius 5 cm carries a current of 2.5 A. It is
suspended vertically in a uniform horizontal magnetic field of 0.25 T, with the
plane of the coil making an angle of 60° with the field lines. Calculate the
magnitude of the torque that must be applied on it to prevent it from turning.
Ans: 0.49Nm2

A Galvanometer of resistance 3663 ohm gives full scale deflection for a certain
current lg.Calculate the value of the resistance of the shunt which when joined
to the galvanometer coil will result in 1/34 of the total current passing through
the galvanometer. Also find the total resistance of the Galvanometer and shunt.
Ans: 111 ohm, 107.7 A.
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MAGNETISM AND MATTER
BAR MAGNET

A short bar magnet has magnetic moment of 50 A m?. Calculate the magnetic
field intensity at a distance of 0.2 m from its centre on (1) its axial line (2) its
equitorial line.
Ans:B;=1.25x103T,B,=0.625x103T.
Calculate the torque acting on a magnet of length 20 cm and pole strength 2 x
10 ° Am, placed in the earth’s magnetic field of flux density 2 x 10 ° T, when
(a) magnet is parallel to the field (b) magnet is perpendicular to the field.
Ans: (a) Zero (b) 0.8 x 10 "1 Nm

MAGNETISM AND GAUSS LAW
What is the significance of Gauss’s law in magnetism?
Ans: Magnetic monopoles do not exist.

THE EARTH’S MAGNETISM
How the value of angle of dip varies on moving from equator to Poles?
A compass needle in a horizontal plane is taken to geographic north / south
poles. In what direction does the needle align?
The horizontal component of earth’s magnetic field is 0.2 G and total magnetic
field is 0.4 G. Find the angle of Dip.
Ans: 60. 25°
A long straight horizontal table carries a current of 2.5 A in the direction 10°
south of west to 10 ° north of east. The, magnetic meridian of the place
happens to be 10 ° west of the geographic meridian. The earth’s magnetic field
at the locations 0.33G and the angle of dip is zero. Ignoring the thickness of
the cable, locate the line of neutral points.
Ans:r=15cm ( By=B cos 6, By = o I/ 2mr)
The vertical component of earth’s magnetic field at a place is V3 times the
horizontal component. What is the value of angle of dip at this place?
Ans: 60°
A ship is sailing due west according to mariner’s compass. If the declination of
the place is 15%ast, what is the true direction of the ship?
Ans: 75° west of north.

IMPORTANT TERMS IN MAGNETISM
A magnetising field of 1600 A/m produces a magnetic flux of 2.4 x 10 > Wb in
a bar of iron of cross section 0.2 cm?. Calculate permeability and susceptibility
of the bar.
Ans: Permeability = 7.5 x 10* T A "1 m, Susceptibility =596.1




The maximum value of permeability of p-metal is 0.126 Tm/A. Find the
maximum relative permeability and susceptibility.
Ans: 10° each.

MAGNETIC PROPERTIES OF MATERIALS

The susceptibility of magnesium at 300K is 1.2 x 10°. At what temperature will
the susceptibility be equal to 1.44 x 10 .

Ans: 250 K

An iron bar magnet is heated to 1000°C and then cooled in a magnetic field
free space. Will it retain its magnetism?

What is the net magnetic moment of an atom of a diamagnetic material?

Ans : Zero

Which materials have negative value of magnetic susceptibility?

Ans : Diamagnetic materials.

Why permanent magnets are made of steel while the core of the transformer is
made of soft iron?

An iron rod of volume 10* m? and relative permeability 1000 is placed inside a
long solenoid wound with 5 turns/cm. If a current of 0.5A is passed through
the solenoid , find the magnetic moment of the rod.

The susceptibility of a magntic mateial is 0.9853. Identify the type of the
magnetic material. Draw the modification of the field pattern on keeping a
piece of this material in a uniform magnetic field.

Ans : paramagnetic

Two similar bars, made from two different materials P and Q are placed one by
one in a non uniform magnetic field. It is observed that (a) the bar P tends to
move from the weak to the strong field region. (b) the bar Q tends to move
from the strong to the weak field region. What is the nature of the magnetic
materials used for making these two bars?



4. ELECTROMAGNETIC INDUCTION AND ALTERNATING
CURRENTSGIST

. The phenomenon of production of induced emf in a conductor when electric

flux linked with that changes is called electromagnetic induction.

. Magnetic flux through a surface of area A placed in a uniform magnetic field

B is defined as ®g = B. A = BA Cos0 where 0 is the angle between B and A.

o Magnetic flux is a scalar quantity and its SI unit is weber (Wb).

o Faraday’s laws of induction:

First Law: When magnetic flux linked with the conductor changes, induced emf

produces across it.

Second Law: The magnitude of the induced e.m.f in a circuit is equal to the rate of

. . . o d
change of magnitude flux linked with that circuit.e= %

o Lenz law:The direction of induced current or the polarity of the induced
e.m.f is in such a way that it opposes the cause that produces it. (The negative sign

in Faraday’s law indicates this fact.)e= —dditB. Lenz law obeys the principle of

energy conservation.

o The induced current in a closed loop can be produced by changing the (i)
magnitude of B (ii) area A of the loop (iii) its orientation in magnetic field.

o The direction of induced current is obtained from Fleming’s right hand rule.
. When a metal rod of length | is placed normal to a uniform magnetic field B
and moved with a velocity v perpendicular to the field, the induced e.m.f is called
motional e.m.f. It produces across the ends of the rod. ¢ = Blv.If ‘R’ is the
resistance of the metal rod, the induced current is given by I=BIV/R, the force
acting on the conductor in the presence of magnetic field (due to drift of charge) is
given by F =B?l>v / R. The power required to move the conductor with a constant
speed is given by P= B?I>v?/R.

o The induced currents produced on the surface of a thick conductor when
magnetic flux linked with that changes are called eddy currents.

. The phenomenon of production of induced emf in a coil itself when electric
current passing through that changes is called self induction. Self Inductance is the

ratio of the flux linkage to current.L = %.
o When a current in a coil changes it induces a back e.m.f in the same coil.
The self inducede.m.f is given by € = —L % where L is the self-inductance of the

coil. It is a measure of inertia of the coil against the change of current through it.
Its S.1 unit is henry (H).

o The inductance is said to be one Henry when an emf of one volt induces in a
coil for unit rate of change of electric current through it.



o The changing current in a coil can induce an e.m.f in a nearby coil. This

relation, € = —M;, %, shows that Mutual inductance of coil 1 with respect to coil

2 (M12) is due to change of current in coil 2. (M12=M2).

. The self-inductance of a long solenoid is given by L = pon?Al where A is the
area of cross-section of the solenoid, | is its length and n is the number of turns per
unit length.

o The mutual inductance of two co-axial coils is given by Mi2 = Ma1 = o
nin2Al where ni1& n; are the number of turns per unit length of coils 1 & 2. A is the
area of cross-section and | is the length of the solenoids.

J Energy stored in an inductor in the form of magnetic field is u, :%Li 2

max

: : 2

and Magnetic energy density y B = %
0

o The electric current whose magnitude changes continuously and direction
changes periodically is called alternating current (AC). I = I, Sin wt.
. The root mean square value of a.c. may be defined as that value of steady
current which would generate the same amount of heat in a given resistance in a
given time as is done by the a.c. when passed through the same resistance during
the same time. lrms=lo/N2 = 0.707io . Similarly, Vims = Vo/N2 = 0.707vo,
o The rotating vectors which represent the varying quantities are called
phasors. The diagram in which the AC voltage and AC currents are represented as
phasors is called phasor diagram.
o The opposition offered by resistor is called resistance (R). The non-resistive
opposition offered by a device is called reactance (X). The combination of
reactance and resistance is called impedance (2).
o An alternating voltage e=goSinwt, applied to a resistor R drives a current | =
loSinwt in the resistor, lo = & /R where ¢y & |y are the peak values of voltage and
current. (also represented by Vin&Im)

o For an AC emf ¢ = enSin ot applied to a resistor, current and voltage are in
phase.
. In case of an a.c. circuit having pure inductance current lags behind e.m.f by

a phase angle 90°. € = gy Sin ot and i = inSin (0t-1/2). In= en/X.; XL = oL is called
inductive reactance.

o In case of an a.c. circuit having pure capacitance, current leads e.m.f by a
phase angle of 90°. € = gnSinwt and 1= InSin(ot+n/2) where In= en/Xc and Xc =
1/0C is called capacitive reactance.

. In case of an a.c. circuit having R, L and C, the total or effective resistance
of the circuit is called impedance (Z).



X=X, , ,
o Z = eml Im= \JR? + (X -X,)? . tan® ZT,where ¢ is the phase difference

between current and voltage. € = emSinwt, [= [nSin(ot+0).
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o Average power loss over a complete cycle in an LCR circuit is P =
€mslimsCos®

o In a purely resistive circuit ® = 0; P = Vruslrus.
o In a purely inductive circuit ® = n/2; P = 0.
. In a purely capacitive circuit ® = n/2; P = 0.

. The electric current in an AC circuit is said to be wattless current when
average power dissipated or consumed is zero.

. In an LCR circuit, the circuit admits maximum current if Xc = X, so that Z
_ -1 —_1
= R and resonant frequency w, = mandﬁR = i

o The device which converts mechanical energy in to AC electrical energy by
virtue of electromagnetic induction is called AC Generator.
. Rotation of rectangular coil in a magnetic field causes change in flux (® =
NBACoswt). Change in flux induces e.m.f in the coil which is given by e= -d®/dt
= NBAwSinwt. € = gSinwt. Current induced in the coil I = &¢/R = &ySinwt/R =
loSinwt
o The device which converts an AC voltage of one value to another is called
Transformer. For an ideal transformer, E_N 'I—p =K.

p p S
° In an ideal transformer, eplp = sls. I.€
° If Ns>Np.es>ep & Is<lp— step up. If Np>Ns.ep>es & lp<ls— step down.
o Losses in transformer: Copper losses; Iron losses, Flux losses; Hysteresis
losses; Humming losses.
o When a charged capacitor is allowed to discharge through an inductor,
electrical oscillations of constant amplitude and frequency are produced, which is
called LC oscillations. The charge on capacitor g satisfies the equation of SHM

2
d_q+iq =0.
dt?2 LC



(1) Parameters of various combinations of components in ac circuits
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QUESTIONS
MAGNETIC FLUX, INDUCED E.M.F.

1 Two concentric circular coils are perpendicular to each other. Coil | 1
carries a current i. If this current is changed, will this induce a current in
the coil 11?

[No- Field due to one coil is parallel to the plane of the second coil. So
flux does not change.]

2 A closed loop of wire is being moved with constant velocity without 1
changing its orientation inside a uniform magnetic field. Will this induce
a current in the loop?
[Ans: No there is no change in ®g]

3 Acylindrical bar magnet is kept along the axis of a circular coil and near 1
it as shown in the fig. Will there be any induced current at the terminals
of the coil when the magnet is rotated a) about its own axis b) about an
axis perpendicular to the length of the magnet?

Fig (i) Fig(ii)

Ans Fig. (i) No e.m.f will be induced, as these is no change in flux.
Fig (i1) Yes, @ changes continuously. So e.m.f is induced in the coil.

4 A conducting wire is kept along the N—S direction and is allowed to 1



11

12

fall freely. Will an e.m.f be induced in the wire?

(Yes)

A conducting wire is kept along the E—»W direction and is allowed to
fall freely. Will an e.m.f be induced in the wire?

(Yes)

A vertical magnetic pole falls down through the plane of magnetic
meridian. Will any e.m.f be induced between its ends?

Ans: No, because the pole intercepts neither Byor By

A wheel with a certain number of spokes is rotated in a plane normal to
earth’s magnetic field so that an emf is induced between the axle and rim
of the wheel, keeping all other things same, number of spokes is
changed. How is the e.m.f affected?

(Hint: Number of spokes does not affect the net emf)

What are eddy currents?

Explain any two applications of eddy current.

The magnetic flux linked with a coil passing perpendicular to the plane
of the coil changes with time ® = 41> + 2t + 3, where “t” is the time in
seconds. What is magnitude of e.m.f induced at t = 1 second?

Ammwwmmzimﬁuuge:&+2lft:n e= 10V)
A wheel fitted with spokes of radius ‘r’ is rotating at a frequency of n

revolutions per second in a plane perpendicular to magnetic field B
Tesla. What is the e.m.f induced between the axle and rim of the wheel

[2]
®=BA

e = d(BA)/dt= B dA/dt, dA/dt=TIr’>x n
e = B. IIr’n

Two coils P and S are arranged as shown in the figure.

(i) What will be the direction of induced current in S when the switch is
closed?

(i1) What will be the direction of induced current in S when the switch is

opened?

N
iy

N -
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Ans: (i) anticlockwise (i) clockwise

A conducting circular loop is placed in a uniform magnetic field B =
0.020T with its plane perpendicular to the field. Somehow, the radius of
the loop starts shrinking at a constant rate of Imm/s. Find the induced
current in the loop at an instant when the radius is 2cm.
Ans. (O=TIr’B  d ®/dt = 2I1rB dr/dt e=25uV

A 12V battery is connected to a 6€2; 10 H coil through a switch drives a
constant current in the circuit. The switch is suddenly opened. Assuming
that it took 1ms to open the switch calculate the average e.m.f induced
across the coil.

Ans. (I initial=2A 1final=0 e=-Ldi/dt = 20000V)

A coil of mean area 500 cm? having 1000 turns is held perpendicular to a
uniform magnetic field of 0.4 G. The coil is turned through 180 ° in
1/10 seconds. Calculate the average induced e.m.f.

Ans. (0.04 V)

A conducting rod of length | with one end pivoted is rotated with a
uniform angular speed ® in a Vertical plane normal to uniform magnetic
field B. Deduce an expression for e.m.f induced in this rod.

Two identical co-axial coils carry equal currents. What will happen to
the current in each loop if the loops approach each other? (2

v

Ans. (Acc to Lenz’s law current in each coil will decrease)

Obtain the direction of induced current and e.m.f when the conductor
AB is moved at right angles to a stationary magnetic field (i) in the
upward direction (ii) in the downward direction. (i) Bto A (ii) Ato
B)
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A fan blade of length 0.5 m rotates perpendicular to a magnetic field of 3

5x10 ° T. If the e.m.f induced between the centre and the end of the
blade is 10 2V .Find the rate of rotation.
Ans. (e=B dA/dt ; dt=1/n; n=254.7 rev/s)

The figure shows a square loop having 100 turns an area of 2.5x10 3 m?
and a resistance of 100Q2 . The magnetic field has a magnitude of B= 0.4
T. Find the work done in pulling the loop out of the field slowly and
uniformly in 1 second.

P Q R

Also draw graph showing the variation of power delivered when the loop
is moved fromPtoQtoR. (1x 10%))

Two coils have a mutual inductance of 0.005H. The current changes in
the first coil according to the equation I= Iy Sin ot where Ip =10A and
®=100[] rad/s. Calculate the maximum value of e.m.f in the second coil.
(5 mvolts)

A long rectangular conducting loop of width L mass m and resistance R
is placed partly above and partly below the dotted line with the lower
edge parallel to it. With what velocity it should continue to fall without
any acceleration?

* * * * % %
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(mg = B?PPvir ; v=mgr/ B2I?)

A loop of wire is placed in a magnetic field B =0.2i .Find the flux
through the loop if area vector is A = (3i + 6j+2k)m?.

Ans:0.6wb

A conducting loop is held above a current carrying wire PQ as shown in
fig. What will be the direction of the induced current in the loop if the
current in the wire PQ is constantly increased?

Ans:clockwise

INDUCTANCE

Two conducting circular loops of radii R; and R, are placed in the same
plane with their centres coinciding. Find the mutual inductance between
them assuming Ro<< R;,

(M=po 7R /2R})

Prove that the total inductance of two coils connected in parallel is
1 1 1

_:_+_
L L

Two circular loops are placed with their centres at fixed distance apart.
How would you orient the loops to have (i) maximum  (ii) minimum
Mutual inductance?

A coil of wire of certain radius has 600 turns and inductance of 108mH.
What will be the inductance of another similar coil with 500 turns?
(75mH)

Obtain the mutual inductance of a pair of coaxial circular coils kept

separated by a distance as shown in fig:-

3

3

N



ALTERNATING CURRENT -RMS CURRENT AND VOLTAGE
1  Find the RMS value of A.C shown in the figure.

IT 24

o t —*

24

2  The instantaneous value of e.m.f is given by €= 300sin 314t. What is the
peak value and rms value of emf?
Ans:- €0=300 units ems=212.1 units

3 Why a 220 V AC is considered to be more dangerous than 220 V DC?
Ans: peak value of AC is more than rms value which is equal to 311V.

4 An AC current flows through a circuit consisting of different elements
connected in series.
(i) Is the applied instantaneous voltages equal to the algebraic sum
of instantaneous voltages across the series elements of the circuit?
(i) Is it true for rms voltages?
Ans: (i) yes (ii) no

5 A capacitor blocks DC. Why?
Ans: Xc=1/2nfC ), for D.C =0, therefore Xc=00



6 What is the phase relationship between e.m.f across L and C in a series
LCR circuit connected to an A.C source?
Ans:-The phase difference between V| and V¢=180°

7 Two alternating currents are given by l1=1oSinwt and I>= lpSin(wt+m/3).
Will the rms value of 1; & I, be equal or different?
Ans: The rms value will be equal.

8 An alternating current is given by i=i;Cosot+i;Sinwt. Find the rms

current in the circuit. 2

AnNS: /—(i%:i%)

9 An alternating current having a peak value of 14A is used to heat a
metal wire. What is the value of steady current which can produce the

same heating effect as produced by AC? Why? Ans: ims=10A
10 If a constant current of 2.8A exists in a resistor, what is the rms value of
current? Why? 2
Ans: 2.8A 4
11 Sketch a graph showing the variation of z
impedance of LCR circuit with the frequency
of applied voltage.

3

Wr w
12 If resistance R in circuit ‘a’

™

be decreased, what will be

the direction of induced a

current in the circuit ‘b’.

v

Ans: Clockwise
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AC CIRCUITS

What is meant by wattless current?

Define: Q factor in LCR series circuit
Why is choke coil preferred over resistor to reduce a.c?

How do R, X_ and Xc get affected when the frequency of applied AC is
doubled?
Ans: a) R remains unaffected

b) X =2xnfL, so doubled

) Xc=1/2nfC, so halved

For circuits for transporting electric power, a low power factor implies
large power loss in transmission line. Why? (2
Ans: i = P

V,,Cos¢
In an AC circuit there is no power consumption in an ideal inductor.
Why?

ANs: P=Vimslims Cos /2 =0

An LCR series circuit is connected to an AC source. Which of its
components dissipates power?

L or C or R? Justify your answer.

Ans: Resistance, Power inLand C=0

An electric lamp connected in series with a capacitor and an AC source is
glowing with certain brightness. How does the brightness of the lamp
change on reducing the capacitance?

Ans: Brightness decreases. (As C decreases, Xc increases. Hence Z
increases and | decreases.)

The power factor of an AC circuit is lagging by a factor 0.5. What does it
mean?

Ans: Cos®=0.5, ie, ® =60°. This implies that the current lags behind
applied voltage by a phase angle of 60°

The peak value of an AC is 5A and its frequency is 60Hz. Find its rms
value. How long will the current take to reach the peak value starting
from zero?

Ans: Iims= 3.5A . Time period T=(1/60)s . The current takes one fourth of
the time period to reach the peak value starting from zero. t =T/4
=(1/240)s.

I I N e
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12

13

14
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16

The voltage and current in a series AC circuit are given by V= Vg Cosot
& 1= 1o Sinwt. What is the power dissipated in the circuit?

Ans:- I=1pSinot & V=V Sin(wt+n/2), since V leads current by a phase
angle /2, it is an inductive circuit . So, P=0

When an AC source is connected to a capacitor with a dielectric slab
between its plates, will the rms current increase or decrease or remain
constant?

Ans: The capacitance increases, decreasing the reactance X. . Therefore
the rms current increases.

Can peak voltage across an inductor be greater than the peak voltage
supplied to an LCR?

Ans: Yes, at the time of break of a circuit, a large back e.m.f is set up
across the circuit.

Write any two differences between impedance and reactance.

A 100 Q resistor is connected to 220V, 50 cycles per seconds. What is (1)
peak potential difference (ii) average potential difference and (iii) rms
current?

Ans. €,=311.08V, €, =197.9V, I,=22 A

Define and derive the root mean square value of a.c voltage

RESONANCE in LCR Circuits

An inductor of inductance 100mH is connected in series with a
resistance, a variable capacitance and an AC source of frequency 2 kHz.
What should be the value of the capacitance so that maximum current
may be drawn into the circuit?

Ans: 1/oC=oL ; C=1/0?L=63nF.

In the circuit shown below R represents an electric bulb. If the frequency
of the supply is doubled, how the values of C and L should be changed so
that the glow in the bulb remains unchanged?

Hint: X =2xnfL Xc=1/2nfC

Draw phasor diagram for an LCR circuit for the cases (i) the voltage 2

across the capacitor is greater than that across the inductor (ii) voltage
across inductor is greater than that across the capacitor.
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11

Does current in AC circuit lag, lead or remain in phase with voltage of
frequency v applied to a series LCR circuit when (1) v="v,

(i) v<v, (iii) v >v, where v (resonant frequency?

11kw of electric power can be transmitted to a distant station at (i) 220V
and (ii) 22kV. Which of the two modes of transmission should be
preferred and why?

In an AC circuit V and | are given by V=100Sin100t volts and I= 100
Sin(100t+7/3)mA respectively. What is the power dissipated in the
circuit?

Ans: V=100V lo=100A ®=7/3 P=Vimslims Cos ®=2500W

The potential across a generator is 125V when it is suppling10A. When it
supplies 30A, the potential is 120V. What is the resistance of the
armature and induced e.m.f?

Ans: E=127.5V

In an LCR circuit the potential difference between terminals of
inductance 60V, between terminals of capacitor 40V and between the
terminals of resistor is 40V. Find the supply voltage.

Ans: In series LCR circuit voltage across capacitor and inductor are in
opposite phase, so net voltage across the combination of L and C
becomes 60-30=30V. Total voltage across R and L = 50V

The natural frequency of an LC circuit is 1,25,000 Hz. Then the capacitor
C is replaced by another capacitor with a dielectric medium k, which
decreases the frequency by 25 KHz. What is the value of k?

Ans: v1=1/2mVLC  v2=1/2mVkLC  k=(v1/v2)?=(1.25)?=1.56.

Obtain the resonant frequency and Q factor of a series LCR circuit with
L=3H, C=27puFand R=7.4Q. Write two different ways to improve
quality factor of a series LCR circuit

Ans: Q=45,m0=111rad/s

An A.C source of voltage V= VSinwt is connected one-by-one to three
circuit elements
X, Y and Z. It is observed that the current flowing in them

I. Is in phase with applied voltage for X

ii. Lags applied voltage in phase by n /2 for elements Y.
iii. Leads the applied voltage in phase by = /2 for element Z.

Identify the three circuit elements.
TRANSFORMER

Why is the core of a transformer laminated?



2 Why can’t a transformer be used to step up dc voltages? 1

3 The graph below shows the variation of I with t. If it is given to the 3
primary of a transformer, what is the nature of induced e.m.f in the
secondary?

A

]

v

(Hint: emf has constant positive value in the first part and a constant
negative value in the second part)

The turn ratio of a transformer is 10. What is the e.m.f in the secondary if
2V is supplied to primary?

A transformer has an efficiency of 80% It works at 4kW and 100V. If the
secondary voltage is 240V find the primary current.

Ans: (40 A)

4 When a voltage of 120V is given to the primary of a transformer the 3
current in the primary is 1.85mA. Find the voltage across the secondary
when it gives a current of 150mA. The efficiency of the transformer is
95%

Ans: (1406V)
GENERATOR

1 If the speed of rotation of armature is increased twice how would it affect 1

the (a) maximum e.m.f produced (b) frequency of the e.m.f?
(e=NBAo ;f=w/2I1)

2 A coil of area 0.2m? and 100 turns rotating at 50 revolutions per second 2
with the axis perpendicular to the field. If the maximum e.m.f is 7kV
determine the magnitude of magnetic field.

(1.1 Tesla)

3 An ac generator consists of a coil of 50 turns and an area of 2.5m? rotating 3
at an angular speed of 60 rad/s in a uniform magnetic field of B= 0.3T
between two fixed pole pieces. The resistance of the circuit including that
of the coil is 500Q
(1) What is the maximum current drawn from the generator?

(i)What is the flux through the coil when current is zero?




(iii) What is the flux when current is maximum?
(4.5A, 375Wh, zero)

ELECTRO MAGNETIC WAVESGIST
. Conduction current and displacement current together have the property of
continuity.Conduction current & displacement current are precisely the same.
. Conduction current arises due to flow of electrons in the conductor.
Displacement current arises due to electric flux changing with time.
o Displacement current: I, = ¢, f%
o Maxwell’s equations:

Gauss’s Law in Electrostatics: 951?7).?5):2

€o

Gauss’s Law in Magnetism: § B. dS=0
Faraday’s -Lenz law of electromagnetic induction: ¢ E .di=— % ) B.dS

, = d
Ampere’s — Maxwell law: ¢ B .dl =po | + po so%

o Electromagnetic Wave:-The variation of electric and magnetic fields,
perpendicular to each other, producing electromagnetic disturbance in space at
right angles to each other, which have properties of waves and propagate through
free space without any materialistic medium is called electromagnetic wave.

o Properties of electromagnetic waves:

E M Waves are transverse in nature.

They are produced by oscillating or accelerating charged particles.

They do not require any medium for their propagation.

They obey principle of superposition.

They show polarization effect.

Electric field is only responsible for optical effects of EM waves.

The amplitude of electric & magnetic fields are related by% =c

1
JVeokto
The energy of E M Wave is equally divided between electric and magnetic
field vectors.

EM waves also carry energy, momentum and information.

In free space they travel with the speed ¢ =

. Electromagnetic Spectrum: The orderly arrangement of electro-
magnetic radiation according to its frequency or wavelength is called
electromagnetic spectrum.



ELECTRO MAGNETIC SPECTRUM, ITS PRODUCTION, DETECTION
AND USES IN GENERAL

Wave length
Type Range Production Detection Uses
Frequency
Range
Radio >0.1m Rapid acceleration / = Receiver’s Radio, TV
10°to 10°Hz | deceleration of  aerials Communication
electrons in aerials
0.1mm
Micro- | 10" t010°Hz | Klystron valve or Point contact | Radar, TV communication
wave magnetron valve diodes
1mm to Thermopiles, Green  House  effect,
Infrared | 700nm Vibration of atom  Bolometer looking through haze, fog
10! to10' Hz | or molecules Infrared and mist, Ariel mapping.
Photographic
Film
700nm to Eye, Photocell, | Photography,
Light 400nm Electron in an atom | Photographic Illuminations, Emit &
8x10%* Hz during transition Film reflect by the objects.
Preservation of  food
400nm to Inm | Inner Shell electron = Photocell & | items, Detection of
Ultra- 5x10 to in atom moving photographic invisible writing, finger
violet 8x10% from one energy film print in forensic
level to a lower laboratory. Determination
energy level of Structure of molecules
& atoms.
1nmto 10°nm | X-ray tube or inner Photographic Study of crystal structure
10% to 102! | shell Electrons film,  Geiger | & atom, fracture of bones.
X-rays Hz tube, ionization
chamber.
<10°nm Radioactive decay Nuclear reaction &
10 to 10? | of the nucleus Photographic | structure of atoms &
Gamma | Hz film,  Geiger | Nuclei.
ray tube, ionization | To destroy cancer cells.

chamber




QUESTIONS
1.What is the highest frequency for which antennas can be made (approximately)
10" to 10" Hz.

2. What is the condition of the electrons in the transmitting antenna when maximum
magnetic field is being transmitted?

A maximum current is flowing, so the electrons have maximum speed up and
down the antenna. The electric current produces the magnetic field.

3. How can the electric portion of the electro-magnetic wave be detected?

It can be detected by an antenna similar to the transmitting antenna except that a
detector of electric current replaces the voltage source.

4. How can the magnetic field portion of an electro-magnetic wave be detected?

The magnetic wave is best detected by placing a loop of wire (with its ends hooked
to a current detector) in the path of the wave. The changing magnetic field causes a
current in the loop.
5.The small ozone layer on the top of the atmosphere is crucial for human survival.
Why?

The ozone in the atmosphere is confined to the ozone layer, some 50-80 km above
the ground. The ozone layer blocks the passage of the ultra-violet radiations; x-rays and
y-rays from the solar and other extra-terrestrial sources and effectively protects us from
the dangerous and harmful portions of solar radiations as they cause genetic damages
to living cells. Practically all radiations of wave length less than 3 x 107m are absorbed
by the ozone layer. This explains why ozone layer on the top of the atmosphere is
crucial for human survival.
6.How does "Green House Effect” affect the temperature of the earth's surface ?

Green house effect serves to keep the earth’s surface warm at night.

7.How do we make television broadcasts for larger coverage and for long distance?

By using (i) tall antennas which is familiar landmark in many cities and (ii) using
artificial satellites —called geostationary satellites. Since television signals are of high
frequency and are not reflected by ionosphere so we use satellites to get them reflected
& transmission of TV signals can be used for larger coverage as well as for long
distance.



8. Scientists put x-ray astronomical telescope on the artificial satellite orbiting above the
earth's atmosphere whereas they build optical and radio-telescopes on the surface of the
earth. Why ?

X-rays have very high frequency and much smaller wavelength. These rays get
absorbed by the earth’s atmosphere. On the other hand, optical (visible) radiations and
radio-waves can pass through the atmosphere. That is why optical and radio telescopes
can be installed on the earth's surface.

9. For an electromagnetic wave, write the relationship between amplitude of
electric and magnetic fields in free space.

[Hints If E, is the amplitude of an electric field and B, is the amplitude of the

associated magnetic field in free space then c:ﬂ where c is the speed of light
0

in free space i.e. 3x10® m/s.

10. The charging current for a capacitor is 0.25 A. What is the displacement current
across its plates?

Hints: Displacement current = Charging current = 0.25 A]

11. What is a ground wave? How does it differ from a sky wave?

Ans. A signal emitted by an antenna from a certain point can be received at another point of
the surface of the earth in two ways. The wave which travels directly following the surface of the
earth is called ground nave. The wave that can reach the same point after being reflected
from the ionosphere is called sky wave.

12. Why short wave communication over long distances is not possible via ground waves?
|Hints: Because the wave gets attenuated.]

13. Are conduction and displacement currents the same?

[Hint: No; they are different but they are equal .
14. Itis necessary to use satellites for long distance TV transmission. Why?

Itis so because television signals are not properly reflected by the
ionosphere. Therefore, for reflection of signals satellites are needed as reflection is
effected by satellites.

15. Optical and radio telescopes are built on ground but X-ray astronomy is
possible only from satellites orbiting the earth. Why?



Atmosphere absorbs X-rays, while visible and radiowaves can penetrate it.
That is why optical and radio telescopes can work on earth’s surface but X-ray
astronomical telescopes must be used on satellites orbiting the earth.
16. If the earth did not have an atmosphere, would its average surface temperature
be higher or lower than what it is now?
Ans. The temperature of the earth would be lower because the green house effect
of the atmosphere would be absent.

17. What is the equation for the speed of electromagnetic waves in free space?
1

VHEg

18. The wavelength of electro magnetic radiation is doubled. W hat will happen to

C=

the energy of the photon?

The energy will be halved because frequency will be halved.

19. Name the part of electromagnetic spectrum to which waves of wavelength (i)
1A° and (i) 10% m belong. Using the relation AT = (0.29 cm) K, obtain the

characteristic kelvin temperature corresponding to these two wavelengths.
(i) X-rays, (ii) Microwaves

0.29 cm
Again, () T=———————
gain. 0 =50

M _j0x10* K (i) T=2D g9k
an lem
20. Give a simple argument to suggest that an accelerated charge must emit

electromagnetic radiation

Ans. When charge moves with constant velocity, the magnetic field does not
change with time. So, it cannot produce an electric field. When charge is
accelerated, both electric and magnetic fields change with time and space, one
becoming a source of another. This gives rises to electromagnetic wave.
21. Show that the average energy density of the E field equals the average energy
density of the B field.

1

up=—&, E*
Ans. Energy density in E field,



Energy density in B field,-------------- Ho

1
VHeEg '

22. On what factors does its velocity in vacuum depend?

UsingE =cBandc =

Ans. Electromagnetic waves consist of sinusoidal variation of electric and
magnetic field vectors. The field vectors vibrate with the same frequency and are
in the same phase. The field vectors and the direction of propagation are all
mutually perpendicular. The velocity of electromagnetic waves in vacuum
depends upon absolute permeability p, and absolute permittivity €,.Note that ¢

1

VHoE

23. What is the name associated with the following equations?

(i) §E.d' . (ii)§B. dS =0
)
(i) §E di =2 [B.dS (10§ B.dS =puoe, 2 [ EdSvity 1
dt dt
(i) Gauss's law (i) No particular name
(i) Faraday's law (iv) Ampere's law.

24. Electromagnetic waves with wavelength

(i) Ajare used to treat muscular strain

(i) A, are used by a FM radio station for broadcasting

(iii) A5 are used to detect fracture in bones

(iv) A, are absorbed by the ozone layer of the atmosphere.

Identify and name the part of the electromagnetic spectrum to which these
radiations belong. Arrange these wavelengths in decreasing order of magnitude.

Ans. (i) Ay -»infrared (i) Az -» radiowaves

(i) A3 —> X-rays (in) Ay —> ultra-violet rays A, > A1 > Ay > As.
25. If you find closed loops of B in a region in space, does it necessarily mean that
actual charges are flowing across the area bounded by the loops?



Ans. Not necessarily. A displacement current such as that between the plates of a
capacitor that is being charged can also produce loops of B *

26. A closed loop of B is produced by a changing electric field. Does it necessarily

dE : .
mean that E and Eare non-zero at all points on the loop and in the area

enclosed by the loop?
Ans. Not necessarily. All that is needed is that the total electric flux through the
area enclosed by the loop should vary in time. The flux change may arise from

. dE :
any portion of the area. Elsewhere E or = may be zero. In particular, there need
t

be no electric field at the points which make the loop.

27. Why is it that induced electric fields due to changing magnetic flux are more
readily observable than the induced magnetic fields due to changing electric
fields?

Ans. The magnitude of the magnetic field due to displacement current is too small
to be easily observable. This effect can of course be increased by increasing the
displacement current. [In an AC circuit, this can be done by increasingw.]

On the other hand, the effect of induced electric field due to changing magnetic
flux can be increased simply by taking more and more number of turns in the coil.
The induced emfs in different turns of the same coil add up in series.

28. A variable-frequency AC source is connected to a capacitor. Will the
displacement current increase or decrease with increase in frequency?

Ans. Increase in frequency causes decrease in impedance of the capacitor and
consequentincrease in the current which equals displacement current between
the plates.

29. Some scientists have predicted that a global nuclear war on the earth would
be followed by a severe 'nuclear winter' with a devastating effect on life on earth.
What might be the basis of this prediction?

Ans. The clouds produced by a global nuclear war would perhaps cover
substantial parts of the sky preventing solar light from reaching many parts of the
globe. This would cause a 'winter".



30. What is the contribution of the Greenhouse effect towards the surface temperature of
the earth?

Ans. The infrared radiation emitted by the earth's surface keeps the earth warm. In the
absence of this effect, the surface temperature of earth would be lower.

31. Why the small ozone layer on top of the stratosphere is crucial for human survival?

Ans. The small ozone layer on the top of the stratosphere absorbs ultraviolet radiations, y-
rays etc. from the sun. It also absorbs cosmic radiations. So, these radiations, which can
cause genetic damage to the living cells, are prevented from reaching the earth. Thus, the
small ozone layer on top of the stratosphere is crucial for human survival.

32. A plane electromagnetic wave travels in vacuum along z-direction. What can you say
about the directions of its electric and magnetic field vectors? If the frequency of the wave
is 30 MHz, what is the wavelength?

Ans. E and B lie in the x-y plane and are mutually perpendicular. Wavelength,

B 3x10*
~30x10°

m=10m

33. Given below are some famous numbers associated with electromagnetic radiation in
different contexts in physics. State the part of the e m spectrum to which each belongs.

(i) 21 cm (wavelength emitted by atomic hydrogen in interstellar space).

(i) 1057 MHz [frequency of radiation arising from two close energy levels in hydrogen;
known as Lamb shift).

(Hi) 2.7 K temperature associated with the isotropic radiation filling all space-thought to be
a relic of the 'big-bang’ origin of the universe.

(iv) 5890 A - 5896 A [double lines of sodium].

(v) 14.4 keV [energy of a particular transition in 57Fe nucleus associated with a famous
high resolution spectroscopic method (Mossbauer spectroscopy).

Ans. (i) Radio (short wavelength end) (i) Radio (short wavelength end) (Hi) Microwave (iv)
Visible (Yellow) (v) X-rays (or soft y-ray) region.

34. Electromagnetic waves in a cavity with conducting walls can exist only in certain
modes i.e., they cannot exist, for example, with any arbitrary wavelength. Suggest a
simple reason why this should be so.

Ans. The waves must satisfy a boundary condition. The electric field should be zero on the
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6. OPTICSRAY OPTICSGIST

o Laws of reflection:

1. The incident ray, normal and reflected ray all lie in the same plane.

2. The angle of incidence is always equal to angle of reflection.

o New Cartesian sign convention for spherical mirrors:

1. All the distance measurements are done from pole of the mirror and height
measurements are from the principal axis.

2. The distances measured in the direction of incident ray are positive and in
opposite direction of incident ray are negative.

3. The heights measured upwards from principal axis are positive and downwards
negative.

o The relation between focal length and radius of curvature of spherical mirror
isf=R/2

. 1 1 1 . . . . .
) Mirror formula V+U:T’ where u is the object distance, v is the image

distance and f is the focal length.

) Linear magnification is ratio of the size of the image to the size of the
f f_V:fLu . If m >1 then the image is magnified.
If m<1 then the image is diminished. If m=1 then the image is of the same size of
the object. If m is positive then the image is virtual and erect. If m is negative then
the image is real and inverted.
. The phenomenon of bending of light at the interface of two media when it
enters from one medium to another is called refraction of light.
) Laws of Refraction:
1. The incident ray, normal and refracted ray all lie in the same plane.
2. The ratio of sine of angle of incidence and sine of angle of refraction is constant
for a given pair of media.
o Snell’s law of refraction: The ratio of sine of angle of incidence and sine of
angle of refraction is the refractive index of refracting medium with respect to the
. . Sini n
incident medium. —=-%

sinr n

. The ratio of speed of light in free space to that in medium is called absolute
refractive index of that medium. n=<

Vv
o If the absolute refractive index medium 1 is greater than that of medium 2
then medium 1 is said to be optically denser medium and medium 2 is said to be
optically rarer medium.

° The ratio of absolute refractive index of one medium to that of another is

object.Magnification m= —% =



called relative refractive index of both the media.
o Principle of reversibility: The relative refractive index of medium 2 w.r.t.
medium 1 is reciprocal to the relative refractive index of medium 1 w.r.t. medium
2.
o An object under water ( any medium ) appears to be raised due to refraction
when observed inclined
Real depth I . S _

n apparent depth and Shift in the position (apparent) of objectis X =t{1 - 1/n)
where t is the actual depth of the medium.
o The Phenomenon of reflection of light completely in to the denser medium
without refraction in to rarer medium is called Total Internal Reflection.
o Conditions for TIR:
1. The light must propagate from optically denser medium to optically rarer
medium.
2. The angle of incidence in the denser medium must be greater than critical angle
of incidence for the given pair of media.
. 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 to the

denser medium. This phenomenon is called Total internal reflection. SinC :E—R
D
o Applications: Brilliance of diamond, totally reflecting prisms, Mirage,
Looming, Optical Fibre.
o Refraction through spherical surfaces: When light falls on a convex

refracting surface, it bends and the relation between U, V and R is given by

n,ono_n-n

V u R
Loy Ly [
il 2w
e cabe =5 ool e
x ] [ =
i-c W l-_ LE] E
1 | =
I —— >
) . o 1 (n,-n 1 1
o Lens maker’s formula or thin lens formula is givenby = = | 2 —1 || = _ = |.
f n, R, R,
° For Convex Lens R; +ve ;R, —ve Concave lens R;-ve; R, +ve.

o When two lenses are kept in contact the equivalent focal length is given by



1 1 1
— = 4 —

2 1 o

) i=i+i&P=Pl+P2
F f, f,
o Combination of lenses help to
1) Increase the magnification of the image
2) Increase the sharpness of the final image by reducing the defects of images
formed by a singe lens.
3) Make the image erect w.r.t the object

4) Increase the field of view

o The lens formula is given by %— % =—,

PE — Incident ray Z1 — Angle of incidence
EF — Refracted ray Zr — Angle of refraction
FS — Emergent ray Ze — Angle of emergence

ZA — Angle of the prism ZD — Angle of deviation



o When light passes through a glass prism it undergoes refraction. The
, (A+ Dm]

Sin

_\ 2 ) As the angle of incidence
Sin(?]

increases, the angle of deviation decreases, reaches a minimum value and then
increases. This minimum value is called angle of minimum deviation “Dy,”.

expression for refractive index is n=

. The phenomenon of splitting up of polychromatic light in to its constituent
colours is called Dispersion of light.

o Cause of dispersion: According to Cauchy’s formula, the refractive index
(n) of a material depends upon wavelength (1) and is given by:

o u =a + b/A? + ¢/A*, where a, b, ¢ are constants.

o Scattering of light takes place when size of the particle is very small when

compared to the wavelength of light. Intensity of scattered light is |4 /11_4

. The following properties or phenomena can be explained by scattering.
1. Sky is blue.
2. Sun is reddish at the time of sunrise and sunset
3. Infra-red photography used in foggy days.
4. Orange colour of black Box
5. Yellow light used in vehicles on foggy days.
6. Red light used in signals.

!
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Compound Microscope:

Objective

Objective: The converging lens nearer to the object.

Evepiece: The converging lens through which the final image is seen.

Both are of short focal length. Focal length of evepiece is slightly greater than that of the
objective.



Angular Magnification or Magnifying Power (M):
M=M, x M,

D
M= 2 (1+ —)
- U, e
-L D
M= (1+ )
fO fe
or |m= = L Db (Normal adjustment
- f. f. i.e. image at infinity)

Astronomical Telescope: (Image formed at infinity —
Normal Adjustment)

o fe m Eve
\\ Fo %/
IS
o e
Py e
z |
P2
-7 s
’ 2727 Eyepiece
- s yep
A s
P 7
- 227
Image at 227
infinity 747

Focal length of the objective is much greater than that of the eyepiece.

Aperture of the objective is also large to allow more light to pass through it.

Angular magnification or Magnifying power of a telescope in normal
adjustment

-f
M:ﬂ M= 2
a fe

(fo+ f.=L is called the length of the
telescope in normal adjustment).



Newtonian Telescope: (Reflecting Type)

Plane Mirror

Light
from star

\

Magnifying Power: Eyepiece

f Concave Mirror
e

Eye

Cassegrain telescope refer from NCERT / refer Page no 83

1 2 4sin 8
Resolving Power= —— = -

Ad A
W Objective
e

Resolving power depends on i) wavelength A, ii) refractive index of the
medium between the object and the objective and iii) half angle of the
cone of light from one of the objects 6.

Resolving Power of a Telescope:

1 a
Resolving Power = = -
de 1.22 A
T Objective
de
Resolving power depends on i) wavelength A, ii) diameter of the

objective a.

WAVE OPTICS



Wavefront:

Awavelet is the point of disturbance due to propagation of light.

Awavefront is the locus of points (vavelets) having the same phase
Alire perpendicular to a wavefront is called a ‘ray’.

Spherical
Wavefront
froma

Plane

front

Laws of Reflection at a Plane Surface (On Huygens’ Principle):

AB — Incident wavefront CD — Reflected
wavefront XY — Reflecting surface

siim i — sim ir

of oscillations.

Cylindrical Wavefront
from a linear source

0. sini=sinr or i=r

Laws of Refraction at a Plane Surface (On Huygens’ Principle):



H H Rarer
i .E ~ g <, M1
X /§ i E i Y
H r{ E .
: Densel

AB — Incidentwavefront CD — Refracted
wavefront XY — Refracting surface

sini  sinr sini sinr sini (o
- =0 or = or - = = l-l
Cc v C Vv sinr \"}
INTERFERENCEOF WAVES

The waves from S, and S, reach the pointP with
some phase difference and hence path difference

A=S,P-S,P
S,P?2-§,P?=[D?+ {y + (d/2)}’] - [D? + {y - (d/2)}’]

(S,P-S,P)(S,P+S,P)=2vyd A{2D)=2yd A =yd/D
Path difference=yd/D-------------- (D
Condition for constructive interference , path difference =ni
Yd/D=n\ y=nAD/d------------------ 2
Y1=AD/d y2=2AD/d Fringe width B=y2_V1

p=AD/d
Condition for destructive interference,path difference=(2n-1)A/2
Yd/D =(2n-1)A/2 y1=AD/2d y2=3 AD/2d

Fringe width B=y,_yip=AD/d



Comparison of intensities of maxima and minima:

Imax (a+ b)2 (a/b + 1)2

Imin (a- b)? T (alb-1)2

Relation between Intensity (I), Amplitude (a) of the wave and Width (w) of the slit:

| aa? Iy (a4)? W,

aaw I (ap)? Wy

o ) 1. Thetwo sources producing interference
Distribution of Intensity: must be coherent.

Intensity 2. Thetwo interfering wave trains must have
the same plane of polarisation.

The two sources must be very close to oascl

other and the paiterm must be observed at

larger distance to have sufficient width of

ilhe fringe. (DA [ d)

4. The sources must be monochromatic.

y Otherwise, the fringes of different colours
will overlap.

L2

0
Conditions for sustained interference:

5. Thetwo waves must be having same
amplitude for better contrast between bright
and dark fringes.

DIFFRACTION OF LIGHT AT ASINGLE SLIT ;

WwWidth of Central Maximum:

A 0.
-

°2
> - P, Dark
3.
Q- \ lY1
5 -
6 == —k‘:— O Bright
7
8 -
9 -
10w
11 o
12 ger=—2">3_©, N _ o _______

Plane B

Wavefront Slit

v,=DA/d Screen

Since the Central Maximum is Bo=2D A /d

spread on either side of O, the
width is



For n secondary minimum, path difference  dsin ©,=n\
sin ©,=n\/d On=ni/d
For n" secondary maximum path difference dsin ©,=(2n-1)A/2

sin ©,=(2n-1)A/2d On=(2n-1)A/2d
Fresnel’s Distance:

y1=DA/d
At Fresnel's distance, y, =d and D = D¢
So, DeA/d =d  or De=d?/A
POLARISATION OF LIGHT WAVES :
Malus’ Law:

When a beam of plane polarised light is incident on an analyser, the intensity |
of light transmitted from the analyser varies directly as the square of the
cosine of the angle 0 between the planes of transmission of analyser and
polariser.

2

Intensity of transmitted light from
the analyser is

lacos? @

| =k (a cos 8)2

or Il=kaZcosZ8
| =1, cosZ8 |
(where I; = k a? is the

intensity of light transmitted
from the polariser)

Polarisation by Reflection and Brewster’s Law:

8p a
8p +r=90° or r=190°-6p

90°

sin 8p
sin 90° -6p

aMp = tan Bp




Resolving power of microscope
Resolving power of microscope is the ability of the microscope to show as separate
images of two point objects lying close to each other.
Resolving power = 2n sin©/A
nsin® is called numerical aperture of the microscope.
Resolving power of telescope
Resolving power of telescope is its ability to show distinctly the images of
two distant objects lying close by.
Resolving power =D/1.22) D is the diameter of the objective

QUESTIONS
1  One half of the reflecting surface of a concave mirror is coated with
black paint. How  will the image be affected?
Brightness decreases
2 Why a concave mirror is preferred for shaving?
Enlarged VIRTUAL

3 Mirrors in search lights are parabolic and not spherical. Why?
Produce intense parallel beam) eliminating spherical aberration

4 Using the mirror formula show that a virtual image is obtained when an
object is placed in between the principal focus and pole of the concave
i 1 1 1 1 1 i
mirror. —=——— U<f=>=>—=v is +ve)
v u f u f

5  Using the mirror formula show that for a concave mirror, when the object
is placed at the centre of curvature, the image is formed at the centre of
curvature.

6  Find the position of an object, which when placed in front of a concave
mirror of focal length 20cm, produces a virtual image which is twice the
size of the object.

Ans. 10cm
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11

12
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15

Plot a graph between 1/u and 1/v for a concave mirror. What does the
slope of the graph yield?
Ans. Straight line, slope =u/v=1/m

REFRACTION AND LENSES
Which of the following properties of light: Velocity, wavelength and
frequency, changes during the phenomenon (i) reflection (ii) refraction

Ans. (i) No change (ii) velocity, wavelength change)

A convex lens is combined with a concave lens. Draw a ray diagram to
show the image formed by the combination, for an object placed in
between f and 2f of the convex lens. Compare the Power of the convex
and concave lenses so that the image formed is real.

Ans: f of convex lens must be less than f of concave lens to produce real
image. So power of Convex greater than that of concave)

Derive a relation between the focal length and radius of curvature of a
Plano convex lens made of glass. Compare the relation with that of a
concave mirror. What can you conclude? Justify your answer.

Ans. (f=2R) both are same. But applicable always in mirrors, but for
lenses only in specific cases, the relation can be applied.)

In the given figure an object is placed at O in a medium (nz>n;). Draw a
ray diagram for the image formation and hence deduce a relation between

u,vand R

n_n_Mh-n

v u R
Show that a concave lens always produces a virtual image, irrespective of
the position of the object.
o uf

Ans. T U

Hence v is always -ve. that is virtual
Sun glasses are made up of curved surfaces. But the power of the sun
glass is zero. Why?
Ans. It is convex concave combination of same powers. So net power
zero
A convex lens is differentiated to n regions with different refractive
indices. How many images will be formed by the lens?
Ans. n images but less sharp
A convex lens has focal length f in air. What happens to the focal length
of the lens, if it is immersed in (i) water (n=4/3) (ii) a medium whose
refractive index is twice that of glass.
Ans. 4f, -f

But u is—ve and f is—ve for concave lens
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Calculate the critical angle for glass air surface, if a ray falling on the
surface from air, suffers a deviation of 15° when the angle of incidence is
40°,

Find n by Snell’s law and then find c=41.14°

Two thin lenses when in contact produce a net power of +10D. If they
are at 0.25m apart, the net power falls to +6 D. Find the focal lengths of
the two lenses

Ans. 0.125m, 0.5m)

A glass prism has an angle of minimum deviation D in air. What happens
to the value of D if the prism is immersed in water? Ans. Decreases

Draw a ray diagram for the pat followed by the ray of light passing
through a glass prism immersed in a liquid with refractive index greater
than glass.

Three rays of light red (R) green (G) and blue (B) are incident on the
surface of a right angled prism as shown in figure. The refractive indices
for the material of the prism for red green and blue are 1.39, 1.43 and
1.47 respectively. Trace the path of the rays through the prism. How will
the situation change if the rays were falling normally on one of the faces
of an equilateral prism?

G — 45

B C

(Hint Calculate the critical angle for each and if the angle of incidence
on the surface AC is greater, then TIR will take place.)

Show that the angle of deviation for a small angled prism is directly
proportional to the refractive index of the material of the prism. One of
the glass Prisms used in Fresnel’s biprism experiment has refractive
index 1.5. Find the angle of minimum deviation if the angle of the prism
is 3°. (3)

(D= (n-1) A, 1.59
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. In the given diagram, a ray of light undergoes total internal reflection at
the point C which is on the interface of two different media A and B with
refractive indices1.7 and 1.5 respectively. What is the minimum value of
angle of incidence? Can you expect the ray of light to undergo total
internal reflection when it falls at C at the same angle of incidence while
entering from B to A. Justify your answer?

n,=1.5
n=1.7 c

Ans. Use SinC =%=0.88 and C=61.7° s0 i=61.8° no for TIR ray of light
d

must travel from denser to rarer from B to A)

The velocity of light in flint glass for wavelengths 400nm and 700nm are

1.80x108m/s and 1.86x108 m/s respectively. Find the minimum angle of

deviation of an equilateral prism made of flint glass for the given

wavelengths.

(For 400nm D=52° and for 700nm D=48°)

In the given diagram a point object is kept at the Focus F of the convex

lens. The ray of light from the lens falls on the surfaces AB and BC of a

right angled glass prism of refractive index 1.5 at an angle 42°.Where

will be the final image formed? Draw a ray diagram to show the position

of the final image formed. What change do you expect in your answer if

the prism is replaced by a plane mirror?

AN

C

C=41.8° Ans-at F itself, no change




OPTICAL INSTRUMENTS
MICROSCOPE AND TELESCOPE
You are given following three lenses. Which two lenses will you use as
an eyepiece and as an objective to construct an astronomical telescope?

Lens | Power (P) | Aperture (A)
L1 |3D 8 cm
L2 |6D 1cm
L3 |10D lcm

Ans- The objective of an astronomical telescope should have the
maximum diameter and its eyepiece should have maximum power.
Hence, L1 could be used as an objective and L3 could be used as
eyepiece.

Draw a ray diagram of a reflecting type telescope. State two advantages
of this telescope over a refracting telescope.

Draw a ray diagram of an astronomical telescope in the normal
adjustment position, state two drawbacks of this type of telescope.

Draw a ray diagram of a compound microscope. Write the expression
for its magnifying power.

The magnifying power of an astronomical telescope in the normal
adjustment position is 100. The distance between the objective and the
eyepiece is 101 cm. Calculate the focal lengths of the objective and of
the eye-piece.

How does the ‘resolving power’ of an astronomical telescope get
affected on (i) Increasing the aperture of the objective lens? (ii)
Increasing the wavelength of the light used?

What are the two ways of adjusting the position of the eyepiece while
observing the

Final image in a compound microscope? Which of these is usually
preferred and why?

Obtain an expression for the magnifying power of a compound
microscope. Hence explain why (i) we prefer both the ‘objective’ and
the ‘eye-piece’ to have small focal length? and (ii) we regard the ‘length’
of the microscope tube to be nearly equal to be separation between the
focal points of its objective and its eye-piece?

Calculate the magnification obtained by a compound microscope having
an objective of focal length 1.5cm and an eyepiece of focal length 2.5
cm and a tube length of 30.



What are the two main considerations that have to be kept in mind while 5
designing the ‘objective’ of an astronomical telescope?

Obtain an expression for the angular magnifying power and the length of
the tube of an astronomical telescope in its ‘normal adjustment’ position.
An astronomical telescope having an ‘objective’ of focal length 2m and
an eyepiece of focal length 1cm is used to observe a pair of stars with an
actual angular separation of 0.75. What would be their observed angular
separation as seen through the telescope?

Hint- observed angular separation = 0.75’ x200 = 150’

Cassegranian telescope uses two mirrors as shown in Fig. Sucha
telescope is built with the mirrors20 mm apart. If the radius of curvature
of the large mirror is 220mm and the small mirror is 140mm, where will
the final image of an object at infinity be? The following figure shows a
Cassegranian telescope consisting of a concave mirro rand a convex
mirror.

Objective mirror

ITHLITOr

S dary
200N ar},&“)

Evepiace

Distance between the objective mirror and the secondary mirror, d = 20
mm
Radius of curvature of the objective mirror, R1=220 mm

f = & =110 mm

~

Hence, focal length of the objective mirror, 2
Radius of curvature of the secondary mirror, R1=140 mm

R, 140
Hence, focal length of the secondary mirror, 22
The image of an object placed at infinity, formed by the objective

70 mm



1.

mirror, will act as a virtual object for the secondary mirror.

Hence, the virtual object distance for the secondary mirror, ¥ =/i =
=110 - 20

=90 mm

Applying the mirror formula for the secondary mirror ,we can calculate
[
+

vioou f
1 1 1
v 1 Cu
1 1 9-7 2
T70 90 630 630
_ 630 _ 315 mm

SV
Image distance(v)as: 2

Hence, the final image will be formed 315 mm away from the secondary
mirror.

DEFECTS OF VISION

A myopic person has been using spectacles of power —1.0 dioptre for
distant vision. During old age he also needs to use separate reading glass
of power + 2.0 dioptres. Explain what might have happened.

Ans — The power of the spectacles used by the myopic person, P = —1.0
D

f= ] = : = =100 cm

Focal length of the spectacles, © —1x10

Hence, the far point of the person is 100 cm. He might have a normal
near point of 25 cm. When he uses the spectacles, the objects placed at
infinity produce virtual images at 100 cm. He uses the ability of
accommodation of the eye-lens to see the objects placed between 100 cm
and 25 cm.

During old age, the person uses reading glasses of P'=+2D
(power, P=100/50)

The ability of accommodation is lost in old age. This defect is called

presbyopia. As a result, he is unable to see clearly the objects placed at
25 cm.



Huygens Principle

Draw a diagram to show the refraction of a plane wave front incident on 1
a convex lens and hence draw the refracted wave front.

What type of wave front will emerge from a (i) point source, and (ii) 1
distance light source?

Define the term wave front? Using Huygens’s construction draw a 3
figure showing the propagation of a plane wave reflecting at the
interface of the two media. Show that the angle of incidence is equal to
the angle of reflection.

Define the term ‘wavefront’. Draw the wavefront and corresponding 3
rays in the case of a (i) diverging spherical wave (ii) plane wave. Using
Huygens’s construction of a wavefront, explain the refraction of a plane
wavefront at a plane surface and hence deduce Snell’s law.

Interference

How does the angular separation of interference fringes change, in 1
Young’s experiment, when the distance between the slits is increased?
Ans-when separation between slits (d) is increased, fringe width
decreases.

How the angular separation of interference fringes in young’s double 1
slit experiment change when the distance of separation between the
slits and the screen is doubled?

Ans-No effect (or the angular separation remains the same)

In double-slit experiment using light of wavelength 600 nm, the 2
angular width of a fringe formed on a distant screen is 0.1°.What is
the spacing between the two slits?

Ans- The spacing between the slits is 3-44x10™" m

If the path difference produced due to interference of light coming out 2
of two slits for yellow colour of light at a point on the screen be 3A/2,
what will be the colour of the fringe at that point? Give reasons.

Ans. The given path difference satisfies the condition for the minimum
of intensity for yellow light, Hence when yellow light is used, a dark
fringe will be formed at the given point. If white light is used, all
components of white light except the yellow one would be present at



that point.

State two conditions to obtain sustained interference of light. In 3
Young’s double slit experiment, using light of wavelength 400 nm,
interference fringes of width “X” are obtained. The wavelength of light
is increased to 600 nm and the separation between the slits is halved.
In order to maintain same fringe with, by what distance the screen is to
be moved? Find the ration of the distance of the screen in the above
two cases.

Ans-Ratio-3:1

Two narrow slits are illuminated by a single monochromatic source. 3
Name the pattern obtained on the screen. One of the slits is now
completely covered. What is the name of the pattern now obtained on
the screen? Draw intensity pattern obtained in the two cases. Also write
two differences between the patterns obtained in the above two cases.

In Young’s double-slit experiment a monochromatic light of 3
wavelength A, is used. The intensity of light at a point on the screen
where path difference is A is estimated as K units. What is the intensity
of light at a point where path difference is A /3?

Ans-K/4

A beam of light consisting of two wavelengths, 650 nm and 520 nm, is 3
used to obtain interference fringes in a Young’s double-slit
experiment.(a)Find the distance of the third bright fringe on the screen
from the central maximum for wavelength 650 nm.(b)What is the least
distance from the central maximum where the bright fringes due to
both the wavelengths coincide?

Ans-a)

i D A
X nﬁ,\ _j |
s 'll- ."I

For third bright fringe, n = 3

i
fr=3x6502 = |950| D
d L d

b

nm

+

b)

x=nd,—
&

=35x SZDE = EEDDE nm

El'r [
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11.

12.

A narrow monochromatic beam of light of intensity I is incident a glass 3
plate. Another identical glass plate is kept close to the first one and
parallel to it. Each plate reflects 25% of the incident light and transmits
the reaming. Calculate the ratio of minimum and maximum intensity in
the interference pattern formed by the two beams obtained after
reflection from each plate.

Ans. Let | be the intensity of beam | incident on first glass plate. Each
plate reflects 25% of light incident on it and transmits 75%.

Therefore,

11 =I; and 12 = 25/1001 = 1/4; 13 =75/100 | = 3/41;14 = 25/100 13 = 14 x
341=3/161

15=7/100 14= 34 x 3/16 1=9/64 1

Amplitude ratio of beams 2 and 5 is R = v 12/I5 = VI/4 x 64/91 = 4/3
Imin/ Imax = [r-1/r+1]2 = [4/3-1/ 4/3+1]2 = 1/49 = 1:49

In a two slit experiment with monochromatic light, fringes are obtained
on a screen placed at some distance D from the slits. If the screen is
moved 5x 102m towards the slits, the charge in fringe width is
3 x 10° m. If the distance between the slit is 10° m. Calculate the
wavelength of the light used.

Ans. The fringe width in the two cases will be § = DM\d; B ‘=D’Ad

B - B’ =(D-D’)Md; or wavelength A = (B -’ )d/(D-D’) But D-D’ =5
x 102 m
B-B=3x10"m,d=102m;A=3x10°x103/5x10°=6Xx10"m=
6000A

Two Sources of Intensity | and 41 are used in an interference
experiment. Find the intensity at points where the waves from two
sources superimpose with a phase difference (i) zero (i1) m/2 (ii1) 7.
Ans-The resultant intensity at a point where phase difference is ® is 1 r
= Iy +1,+2VI11; Cos @

As I1 =1 and I, = 41 therefore | g = | +41+21.41 Cos ® = 51 +41 cos @
(1) when ® =0, I R = 51 +41 cos 0 = 9 I;(ii) when ® =n/2 , I R = 51 +41
cosm/2=51

(i) when @ =r, IR =51+4lcost =1

What are coherent sources of light? Two slits in Young’s double slit 5
experiment are illuminated by two different sodium lamps emitting
light of the same wavelength. Why is no interference pattern observed?



(b) Obtain the condition for getting dark and bright fringes in Young’s
experiment. Hence write the expression for the fringe width.
(c) If S is the size of the source and its distance from the plane of the
two slits, what should be the criterion for the interference fringes to be
seen?

Y _ A

Ans-c) & o

13. What are coherent sources? Why are coherent sources required to 5
produce interference of light? Give an example of interference of light
in everyday life. In Young’s double slit experiment, the two slits are
0.03 cm apart and the screen is placed at a distance of 1.5 m away from
the slits. The distance between the central bright fringe and fourth
bright fringe is 1 cm. Calculate the wavelength of light used.
Ans-(Numerical part)

v _'D.[Bxl'D “xlx10
ap 4%1.5

= =5x10" m

14. What is interference of light? Write two essential conditions for 5
sustained interference pattern to be produced on the screen. Draw a
graph showing the variation of intensity versus the position on the
screen in Young’s experiment when (a) both the slits are opened and
(b) one of the slit is closed. What is the effect on the interference
pattern in Young’s double slit experiment when: (i) Screen is moved
closer to the plane of slits? (ii)Separation between two slits is
increased. Explain your answer in each case.

Diffraction

* Why a coloured spectrum is seen, when we look through a muslin cloth and 2

1 not in other clothes?
Ans. Muslin cloth is made of very fine threads and as such fine slits are
formed. White light passing through these silts gets diffracted giving rise to
colored spectrum. The central maximum is white while the secondary maxima
are coloured. This is because the positions of secondary maxima (except
central maximum) depend on the wavelength of light. In a coarse cloth, the
slits formed between the threads are wider and the diffraction is not so
pronounced. Hence no such spectrum is seen.



A parallel beam of light of wavelength 600 nm is incident normally on a slit 2
of width ‘a’. If the distance between the slits and the screen is 0.8 m and the
distance of 2nd order maximum from the centre of the screen is 15 mm,
calculate the width of the slit.

Ans-Difference between interference and diffraction: Interference is due to
superposition of two distinct waves coming from two coherent sources.
Diffraction is due to superposition of the secondary wavelets generated from
different parts of the same wavefront.

Numerical: Here, A = 600 nm = 600 x 10-19=6 x 107 m
D=08m,x=15mm=15%x10-3mn=2,a="?

X .
Lta—=nA

nAD  2x6x107 x0.8
x 1.5x107
9.6x10"

1.5

o=

6.4:107 mm

Why light ways do not diffracted around buildings, while radio waves diffract 2
easily?
Ans- For diffraction to take place the wave length should be of the order of
the size of the obstacle. The radio waves (particularly short radio waves) have
wave length of the order of the size of the building and other obstacles
coming in their way and hence they easily get diffracted. Since wavelength of
the light waves is very small, they are not diffracted by the buildings.
Draw the diagram showing intensity distribution of light on the screen for 3
diffraction of light at a single slit. How is the width of central maxima
affected on increasing the (i) Wavelength of light used (ii) width of the slit?
What happens to the width of the central maxima if the whole apparatus is
immersed in water and why?
State the condition under which the phenomenon of diffraction of light takes 5
place. Derive an expression for the width of central maximum due to
diffraction of light at a single slit. A slit of width ‘a’ is illuminated by a
monochromatic light of wavelength 700 nm at normal incidence. Calculate
the value of ‘a’ for position of

* (i) first minimum at an angle of diffraction of 30°



_ 700 =1400nm

1=
Ans-i)( sinf  sin30

a= }} = Jx_':{m =2100nm
ii) 2sinB  2=sin30

Polarisation
At what angle of incidence should a light beam strike a glass slab of 1
refractive index V3, such that the reflected and the refracted rays are
perpendicular to each other?
Ans-i=60°

What is an unpolarized light? Explain with the help of suitable ray 3
diagram how an unpolarized light can be polarized by reflection from a
transparent medium. Write the expression for Brewster angle in terms of
the refractive index of denser medium.

The critical angle between a given transparent medium and air is denoted 3
by ic, A ray of light in air medium enters this transparent medium at an
angle of incidence equal to the polarizing angle(i,). Deduce a relation for
the angle of refraction (rp) in terms of ic.

What is meant by ‘polarization’ of a wave? How does this phenomenon 5
help us to decide whether a given wave is transverse or longitudinal in
nature?

QUESTIONS (HOTS)
VERY SHORT ANSWER QUESTIONS (1 MARK)
1. Air bubble is formed inside water. Does it act as converging lens or a
diverging lens? 1
Ans : [Diverging lens]
2. A water tank is 4 meter deep. A candle flame is kept 6 meter above the level.
u for water is 4/3. Where will the image of the candle be formed?. Ans :

[6m below the water level] 1




SHORT ANSWER QUESTIONS (2 MARKYS)

1. Water is poured into a concave mirror of radius of curvature ‘R’ up to a
height h as shown in figure 1. What should be the value of x so that the
image of object ‘O’ is formed on itself? 2

Fig 1 Fig 2

2. A point source S is placed midway between two concave mirrors having
equal focal length f as shown in Figure 2. Find the value of d for which only
one image is formed. 2

3. A thin double convex lens of focal length f is broken into two equals halves
at the axis. The two halves are combined as shown in figure. What is the

focal length of combination in (ii) and (iii). 2
@) (i) iii}
[ _Realdepth  _,
21m ::::::::::::::::::T f21-x Apparent depth
et | x4 o x=120m
21— x 3

4. How much water should be filled
in a container 21cm in height, so that it appears half filled when viewed from

the top of the container( a’u :4/3)? 2

5. Aray 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 u of material of prism is

3 then find angle 6. 2
Hint : This a case of min .deviation 6=60°




SHORT ANSWER QUESTIONS (3 MARKYS)
1. A converging beam of light is intercepted by a slab of thickness t and
refractive index p. By what distance will the convergence point be shifted?

Illustrate the answer. 3
\\\ .
T X =[1-= ]t
—— yz

e
2. In double slit experiment SS; is greater than SS; by 0.25 4 . calculate the
path difference between two interfering beam from S; and S, for maxima on
the point P as shown in Figure. 3

e

o

S, Screen

> B

7. DUAL NATURE OF MATTER & RADIATIONGIST

. The elementary particle in an atom having negative charge of magnitude 1.6
x 10® C and mass of 9.1 x 10° kg is called electron.

o There are four types of electron emission, namely, Thermionic Emission,
Photoelectric Emission, Field Emission and secondary emission.

. The minimum energy required by an electron to escape from the metal
surface is called work function.

. Work function is conveniently expressed in electron volts (e V).

. One electron volt is the energy gained or lost by an electron while passing
through a potential difference of one volt.

. The phenomenon of emission of electrons from metal surface when suitable
high frequency radiation incidents on it is called photoelectric effect. The
electrons thus emitted are called photo electrons.

o The electric current in the circuit constituting the photo electrons is called

photoelectric current. It depends on the intensity of incident radiation, potential

difference applied between the two electrodes and the nature of the material.




o The minimum negative voltage required to stop completely the photo
electric current is called stopping potential.

. The frequency of incident radiation below which no photo electric effect
takes place is called threshold frequency.

. Laws of photoelectric effect:

1. The photoelectric emission is an instantaneous process.

2. For a given metal and frequency of radiation the photoelectric current is directly
proportional to the intensity of incident radiation.

3. For a given metal if the frequency of incident radiation below its threshold
frequency then no photoelectric effect takes place.

4. The maximum Kinetic energy of photo electron is directly proportional to the
frequency of incident radiation and independent of its intensity.
EXPERIMENTAL STUDY OF PHOTOELECTRIC EFFECT

T

Stopping
potential
(Vo)

Frequency of incident radiation (v)—>

The stopping potential V, depends on i) The frequency of incident light and ii) the
nature of emitter material. For a given frequency of incident light, the stopping

potential is independent of its intensity. eVo =(1/2)m V2, =K.,

. The light propagates in the form of wave and interacts with matter in the

form of discrete packets of energy called quantum of energy. One quantum of light

radiation is called PHOTON.

o A photon travels with the speed of light

. Frequency of photon does not change as it travels from one medium to
another but wavelength changes as speed changes.

o The rest mass of photon is zero as the photon can not exist in rest.

o Energy of photon E = hv = hc/A

o Momemntum of photon is p = mc = hv/c = h/A

. The equivalent mass of photon is m = E/c? = hv/c?.

o Einstein’s photo electric equation: Kmnax = hv — @o or Vo = hv - @9 where
@olS the work function of metal.



e Radiation has dual nature: wave and particle. The wave nature is revealed in
phenomenon like interference, diffraction and polarization. The particle nature is
revealed by the phenomenon photo electric effect.
e By symmetry, matter also should have dual nature: wave and particle. The
waves associated with the moving material particle are called matter waves or
De Broglie waves.
e The De Broglie wave length (L) associated with the moving particle is
related to its moment p as: A =h/p = h/mv.
e An equation for the De Broglie wavelength of an electron accelerated
through a potential V.
e Consider an electron with mass ‘m’ and charge ‘e’ accelerated from rest
through a potential V.

K=eV

K = 1/2mv? = p?/2m

P2=2mK

P = V2mK = v2meV

A =h/V2meV
Substituting numerical values of h, mand e

A= (1.227/VV) nm.

QUESTIONS
ELECTRON EMISSION, PHOTO ELECTRIC EFFECT
If the intensity of incident radiation in a photoelectric experiment is doubled

what, happens to kinetic energy of emitted photo electrons? 1
Calculate the frequency associated with photon of energy 3.3 x 10 10 J?

Ans: v=75x 10 ®Hz. 1
What is the momentum of a photon of energy 1 MeV? 1

Energy E=1 MeV = 1.6 x 10 3], p = E/c= 5.33x 102Kgm/s
What happens to the velocity of emitted electrons when the wave length of

incident light is decreased? 1
If the frequency of incident radiation in a photocell is increased, does it
affect the stopping potential? If so how? 1

On what factor does the energy carried by a quantum of light depend? 1
The threshold wave length for photoelectric emission from a given surface is
5200A. Will photo electric emission takes place, if an ultra violet radiation
of one watt power is incident on it? 1
Name the element with highest work function and also the element with
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12
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lowest work function.

Highest work function — Platinum ( 5.65eV )

Lowest work function — Caesium ( 2.14eV ) 2
Calcu'g:lte the work function of a metal in eV if its threshold wavelength is
6800A.

Ans: Work function = hc / Ao = 1.825eV. 2
Work function of aluminium is 4.2eV. If two photons each of energy 2.5eV
are incident on its surface, will the emission of electrons take place? 2

A source of light is placed at a distance of 50cm from a photocell and the cut
off potential is found to be Vo. If the distance between the light source and
the cell is made 20cm, what will be the new cut off potential?

Ans: Stopping potential is still V. 2

EINSTEIN’'S PHOTO ELECTRIC EQUATION :ENERGY
QUANTUM OF RADIATION

Which of the two photons is more energetic: red light or violet light? 1
What will be the stopping potential when a photon of 25eV is incident of
metal surface of work function 6eV? Ans : 19 volt 1
Why is alkali metal surfaces better suited as photosensitive surfaces? 1
Blue light can eject electrons from a photo-sensitive surface while orange
light can not. Will violet and red light eject electrons from the same surface?
Two metals A & B have work functions 4eV & 10eV respectively. In which
case the threshold wave length is higher? 1

A radio transmitter at a frequency of 880 kHz and a power of 10kW. Find
the number of photons emitted per second. 2
Ans: n = energy emitted per second/energy of one photon = 1.716 x 103,

A parallel beam of light is incident normally on a plane surface absorbing
40% of the light and reflecting the rest. If the incident beam carries 10W of
power, find the force exerted by it on the surface. 2
Ans :5.33x 108 N

No photoelectrons are emitted from a surface, if the radiation is above 5000
A. With an unknown wavelength, the stopping potential is 3V. Find the
wave length. 3
Ans : 2262A

Illuminating the surface of a certain metal alternately with light of wave
lengths 0.35um and 0.54um, it was found that the corresponding maximum
velocities of photoelectrons have a ratio 2. Find the work function of that
metal. 3
Ans: 5.64eV
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22

A beam of light consists of four wavelengths 4000A, 4800A, 6000A &

7000A, each of intensity 1.5mW/m?. The beam falls normally on an area 10-

*m? of a clean metallic surface of work function 1.9eV.Assuming no loss of

Kinetic energy, calculate the number of photoelectrons emitted per second.

Ans :E; =3.1eV, E; =2.58eV, E; = 2.06eV, Es = 1.77eV 3

Only the first three wave lengths can emit photo electrons.

Number of photo electrons emitted per second = IA ( 1/E1+1/E>+1/E3)
=1.12 x 10%,

( Hint — convert eV into joule before substitution )

In an experiment on photo electric emission , following observations were

made;

(i) wave length of incident light = 1.98 x 10"m

(1i) stopping potential = 2.5 V.

Find (a) kinetic energy of photo electrons with maximum speed

(b)) work function & ( ¢ ) threshold frequency 3

Ans; (a) Knax =2.5eV (b) work function = 3.76eV

(¢) threshold frequency = 9.1x 10**Hz

WAVE NATURE OF MATTER

What is the de Broglie wavelength (in A) associated with an electron
accelerated through a potential of 100 V? 1
Ans: A =1.227 A°

Matter waves associated with electrons could be verified by crystal
diffraction experiments .Why? 1
Ans: The wave length of the matter waves associated with electrons has
wave lengths comparable to the spacing between the atomic planes of their
crystals. 1

How do matter waves differ from light waves as regards to the velocity of
the particle and the wave? 1
Ans: In case of matter waves, the wave velocity is different from the particle
velocity. But in case of light, particle velocity and wave velocity are same.
An electron and an alpha particle have same kinetic energy. Which of these
particles has the shortest de- Broglie wavelength? 1
Ans: Alpha particle

The de Broglie wavelength of an electron is 1 A° Find the velocity of the
electron. 1
Ans: 7.3 x 106 m/s
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Find the ratio of wavelength of a 10 k eV photon to that of a 10 keV
electron.

Ans: 10 ( Hlnt kphoton = 124 AO, )\,e|ectron = 01227 AO ) 2
A proton and an alpha particle are accelerated through the same potential
difference. Find the ratio of the wavelengths associated with the two. 2

Ans: (Hint A =1/ \2meV), Ay 1 Aq =221
Why macroscopic objects in our daily life do not show wave like properties?
OR
Why wave nature of particles is significant in the sub-atomic domain only?
Macroscopic objects in our daily life do not show wave like properties
because the wave length associated with them is very small and beyond the
scope of any measurement. 2
In the sub- atomic world, masses of the particles are extremely small leading
to a wave length that is measurable.
Show that Bohr's second postulate 'the electron revolves around the nucleus
only in certain fixed orbits without radiating energy can be explained on the
basis of de Broglie hypothesis of wave nature of electron. 2
Ans. The de Broglie wavelength for electron in orbit mvr = nh/ 2n
This is Bohr's second postulate. As complete de-Broglie wavelength
may be in certain fixed orbits, non-radiating electrons can be only in
certain fixed orbits.
The de-Broglie wavelength associated with an electron accelerated through
a potential difference V is A. What will be the de-Broglie wavelength when
the accelerating p.d. is increased to 4V? 2

la i,ﬁz L:i:\/gz> AZZA_
v, v, o4, V1 2

Determine the accelerating potential required for an electron to have a de-
Broglie wavelength of 1 A, 2
Ans:V =150.6 V
An electron, an alpha particle and a proton have the same kinetic energy,
which one of these particles has (i) the shortest and (ii) the largest, de-
Broglie wavelength? 2
Ans:

_h 1

- (04

J2mE,  Jm

The two lines A and B shown in the graph plot the de-Broglie wavelength A
as function of 1/ V'V (V is the accelerating potential) for two particles having
the same charge. Which of the two represents the particle of heavier mass?




A

i B
Ans: Slope of the graph is h/\2me.
. Slope of A is smaller, so A represents heavier

T particle.




8. ATOMS & NUCLEI

GIST

Thomson’s model of atom- Every atom
consists of charged sphere in which
electrons are embedded like seeds in
water melon.

Rutherford’s model of atom- i) Every
atom consists of a tiny central core,
called the atomic nucleus, in which the
entire positive charge and almost entire
mass of the atom are concentrated.

i) The size of nucleus is of the order of
10, which is very small as compared to
the size of the atom which is of the order
of 10%m.

iii) The atomic nucleus is surrounded by
certain number of electrons. As atom on
the whole is electrically neutral, the total
negative charge of electrons surrounding
the nucleus is equal to total positive
charge on the nucleus.

Iv) These electrons revolve around the
nucleus in various circular orbits as do
the planets around the sun. The
centripetal force required by electron for
revolution is provided by the electrostatic
force of attraction between the electrons
and the nucleus.

Its drawbacks: couldn’t explain large
angle scattering & the origin of spectral
series.

Limitations: couldn’t explain the
stability of the nucleus & the emission
of line spectra of fixed frequencies.



Distance of closest approach of the alpha
particle in the o particle scattering
experiment

Impact parameter of the alpha particle

Bohr’s model of atom

Orbit radius of the electron around the
nucleus

Energy of the electron in the nth orbit of
hydrogen atom

Angular momentum of electron in any
orbit is integral multiple of h/2n

Wave number v

\\\\\\\\\

Mass Number (A)
Number of neutrons

Nuclear radius

ro=2kZe?
(Y2)mv?

b=kZe?cotf/2

(Y2)mv?
Limitations-applicable only for
hydrogen like atoms & couldn’t
explain the splitting of spectral lines.
(not consider electro static force among
the electrons)

r=e%/4n€omv?, v=2nke?/nh,
n?h?

= 4mt2mke?
En= -me?/8€y?n°h? = -13.6/n% eV
E=-2.18*1018 J / n?

Type equation here.

L = mvr = nh/2w, n=1,2,3,...

1/x = R(1/n? = 1/n?)

R=1.097 * 10*'m™*

No of protons in a nucleus

No. of nucleons(protons + neutrons) in
a nucleus

A-Z

R=Ro A3



Nuclear density
Isotopes

Isobars

Isotones

Mas defect Am

Binding energy Ep

Radioactive decay law

No: of nuclei remaining un-decayed at
any instant of time

Half life

Mean life
3 types of radiations

Nuclear fission

Nuclear fusion

P= 31’11/47[R03

Same Z & different A
EX, 1H2,1H3,1H1, & ClZ,CM,ClG
Same A & different Z
[ 18Ar*0,20C0*] & (1H3, 2H?®)
Same no. of neutrons
Mass of neutrons — ;H3, ,He*
Total Mass of nucleons — mass of
nucleus
EA mxc® ( m= mass of reactants
— mass of products)
1 a.m.u.=931.5 Mev
dN/dt=-AN
-dW/dt= R= Activity, unit Bq.
N =Noe™

OR
N=No(%2)", n=t/ty
t12=0.693

A

= 1/A
Alpha,beta,gamma
Splitting of a heavy nucleus into lighter
elements. This process is made use of in
Nuclear reactor & Atom bomb
Fusing of lighter nuclei to form a heavy
nucleus.This process takes place in
Stars & Hydrogen bomb.
Controlled Thermonuclear Fusion

In a fusion reactor-high particle density
is required high plasma temperature of
10°Ka long confinement time is
required




QUESTIONS
ALPHA PARTICLE SCATTERING
1. What is the distance of closest approach when a 5MeV proton approaches a gold

nucleus (Z=79) 1)
1 2
Ans o= 2& =23x10%m.
drgo F,
2. Which has greater ionizing power: alpha or beta particle? 1)

BOHR’S ATOMIC MODEL

1. In Bohr’s theory of model of a Hydrogen atom, name the physical quantity
which equals to an integral multiple of h/2]]? (D)
Ans: Angular momentum

2. What is the relation between ‘n’ & radius ‘r’ of the orbit of electron in a

Hydrogen atom according to Bohr’s theory? (D)
Ans: r a n?

3. What is Bohr’s quantization condition? Q)
4. For an electron in the second orbit of hydrogen, what is the moment of linear
momentum as per the Bohr’s model? @)

Ans: L=2(h/2]]) =h/] (moment of linear momentum is angular momentum)

5. Calculate the ratio of energies of photons produced due to transition of electron

of hydrogen atoms from 2" level to 1% and highest level to second level. Ez; = Ry
c[ 1/n?-1n’]=%Ruc

Eowo - E1 =Ry c(1/2°-=1/0)=Rpc/4 (3)

SPECTRAL SERIES

1. What is the shortest wavelength present in the Paschen series of hydrogen
spectrum? ) (2)
Ans: n1=3, ny=infinity, .=9/R=8204A4

2. Calculate the frequency of the photon which can excite an electron to -3.4 eV
from -13.6 eV. Ans: 2.5x1015Hz )
3. The wavelength of the first member of Balmer series in the hydrogen spectrum
is 6563A.Calculate the wavelength of the first member of Lyman series in the
same spectrum.

Ans: 1215.4A (2)
4. The ground state energy of hydrogen atom is -13.6eV.What is the K.E & P.E of
the electron in this state? 2

Ans: KE=-E=13.6 eV, P.E=-2K.E=-27.2 eV

5. Find the ratio of maximum wavelength of Lyman series in hydrogen spectrum to
the maximum wavelength in Paschen Series? )
Ans: 7:108



6. The energy levels of an atom are as shown below. a) Which of them will result
in the transition of a photon of wavelength 275 nm? b) Which transition
corresponds to the emission of radiation maximum wavelength?

©)

OeV A v
-2eV BL C

P N
-4.5eV

D
-10eV v Y

Ans: E=hc/A=4.5eV, transition B Eal/l, transition A

7. The spectrum of a star in the visible & the ultraviolet region was observed and

the wavelength of some of the lines that could be identified were found to be

824A, 970A, 1120A, 2504A, 5173A & 6100A.Which of these lines cannot belong

to hydrogen spectrum? €))

Ans: 970A

3)
9. What is the energy possessed by an € for n=o¢ ?
Ans E=0 Q)
10. Calculate the ratio of wavelength of photon emitted due to transition of
electrons of hydrogen atom from
1) Second permitted level to first level
i) Highest permitted level to second level (3)
11. The radius of inner most electron orbit of H, atom is 5.3 x 10*m. What are
radii for n=2, 3, 4? Ans: r, = nry(3)
COMPOSITION OF NUCLEUS
1. What is the relation between the radius of the atom & the mass number? Q)
Ans: size a A3
2. What is the ratio of the nuclear densities of two nuclei having mass numbers in
the ratio 1:4?
Ans: 1:1 Q)
3. How many electrons, protons & neutrons are there in an element of atomic
number (Z) 11 & mass number (A) 24?
Hint: ne=ny,=11,n,=(A-2)=24-11=13
4. Select the pairs of isotopes & isotones from the following: @)
I 13C6 ii.14N7 iii.30P15 iV.31P15
Ans: isotopes-iii & iv, isotones-i & ii
5. By what factor must the mass number change for the nuclear radius to become

1
twice? 3/2 or 23 timeA

)



NUCLEAR FORCE & BINDING ENERGY.

1. What is the nuclear force? Mention any two important properties of it.  (2)

2. Obtain the binding energy of the nuclei *Fey; &?®Bigz in MeV from the
following data: mu=1.007825amu, m,=1.008665amu, m(*°Fe;s)=55.934939amu,
m(>%® Bi g3)=208.980388amu, 1amu=931.5MeV

3. Which nucleus has the highest binding energy per nucleon? €))
Ans: Fe —492.26MeV,8.79MeV/A Bi —1640.3MeV,7.85 MeVHence*®Feyg

4. From the given data, write the nuclear reaction for a decay of 2g§U and hence
calculate the energy released. ZSu= 238.050794u  JHe= 4.00260u

Zg‘grh: 234.04363u (3)

5. Binding Energy of gO® &;C* one 127.35 Mev and 289.3 Mev respectively.
Which of the two nuclei is more stable stability & BE/N? (2
RADIOACTIVITY

1. How is a 3 particle different from an electron? (1)

2. Draw graph between no. of nuclei un-decayed with time for a radioactive
substance Q)

3. Among the alpha, beta & gamma radiations, which are the one affected by a
magnetic field? (1)
Ans: alpha & beta

4. Why do a particles have high ionizing power? (1)

Ans: because of their large mass & large nuclear cross section

5. Write the relationship between the half life & the average life of a radioactive
substance. Q)
Ans: T =1.4411p,

6. If 70% of a given radioactive sample is left un-decayed after 20 days, what is the
% of original sample will get decayed in 60 days? (2)
7. How does the neutron to proton ratio affected during (i) decay ii) o decay (2)
8. A radioactive sample having N nuclei has activity R. Write an expression for its
half life in terms of R & N. @)
Ans: R=N4, t12=0.693/). =0.693N/R

9. Tritium has a half life of 12.5 years against beta decay. What fraction of a

sample of pure tritium will remain un-decayed after 25 years? )
Ans: No/4

10. What percentage of a given mass of a radioactive substance will be left un-
decayed after 5 half-life periods? (2

Ans: N/No =1/2" =1/32 =3.125%



11. A radioactive nucleus ‘A’ decays as given below:

p Y

A AL A
If the mass number & atomic number of A; are 180 & 73 respectively, find the
mass number & atomic number of A & A )

Ans: A—180 & 72, A2—176 & 71

12. Two nuclei P & Q have equal no: of atoms at t=0.Their half lives are 3 & 9
hours respectively. Compare the rates of disintegration after 18 hours from the
start. (2
Ans: 3:16

13. Two radioactive materials X1 & X, have decay constants 10A & A respectively.
If initially they have the same no: of nuclei, find the time after which the ratio of
the nuclei of X; to that of X, will be 1/e? Ans: N=Nge™, t=1/91 (3)

14. One gram of radium is reduced by 2.1mg in 5 years by decay. Calculate the
half-life of Uranium.

Ans: 1672 years 3)
16. At a given instant there are 25% un-decayed radioactive nuclei in a sample.
After 10 seconds the number of un-decayed nuclei reduces to 12.5 %.calculate the
1) mean life of the nuclei ii) the time in which the number of the un-decayed nuclei
will further reduce to 6.25 % of the reduced number.

Ans: t1p=10s, 1=.0693/s, t=1/A=14.43s, N=1/16(Nol8) —t=4x10=40s 3)
17. Half lives of two substances A and B are 20 min and 40 min respectively.
Initially the sample had equal no of nuclei. Find the ratio of the remaining no: of
nuclei of A and B after 80 min.

Ans: 1:4 €))

NUCLEAR REACTIONS
1. Why heavy water is often used in a nuclear reactor as a moderator? (1)
2. Why is neutron very effective as a bombarding particle in a nuclear reaction?(1)
Ans: Being neutral it won’t experience any electrostatic force of attraction or
repulsion.

3. Why is the control rods made of cadmium? Q)
Ans: They have a very high affinity on neutrons.
4. Name the phenomenon by which the energy is produced in stars. (1)

Ans: Uncontrolled Nuclear fusion

5. Name the physical quantities that remain conserved in a nuclear reaction?(1)

6. What is neutron multiplication factor? For what value of this, a nuclear reactor is
said to be critical? Ans: K=1 2



7. 4 nuclei of an element fuse together to form a heavier nucleus .If the process is
accompanied by release of energy, which of the two: the parent or the daughter
nuclei would have higher binding energy per nucleon. Justify your answer. (2
8. If 200MeV energy is released in the fission of single nucleus of 235U, how much
fission must occur to produce a power of 1 kW. (3)



9. ELECTRONIC DEVICES

GIST

o In metals, the conduction band and valence band partly overlap each other
and there is no forbidden energy gap.

o In insulators, the conduction band is empty and valence band is completely

filled and forbidden gap is quite large = 6 eV. No electron from valence band can
cross over to conduction band at room temperature, even if electric field is applied.
Hence there is no conductivity of the insulators.

o In semiconductors, the conduction band is empty and valence band is totally
filled. But the forbidden gap between conduction band and valence band is quite
small, which is about 1 eV. No electron from valence band can cross over to
conduction band. Therefore, the semiconductor behaves as insulator. At room
temperature, some electrons in the valence band acquire thermal energy, greater
than energy gap of 1 eV and jump over to the conduction band where they are free
to move under the influence of even a small electric field. Due to which, the
semiconductor acquires small conductivity at room temperature

Forbidden Energy Gap | =1 eV

Metals Insulators Semiconductors

R

Distinction between Intrinsic and Extrinsic Semiconductor

Intrinsic Extrinsic

1 | It is pure semiconducting |1 | Itis prepared by doping a small quantity
material and no impurity of impurity atoms to the pure
atoms are added to it semiconducting material.

2 | Examples are crystalline | 2 | Examples are silicon and germanium
forms of pure silicon and crystals with impurity atoms of arsenic,
germanium. antimony, phosphorous etc. or indium,
boron, aluminum etc.

3 | The number of free electron in | 3 | The number of free electrons and holes
conduction band and the is never equal. There is excess of
number of holes in valence electrons in n-type semiconductors and
band is exactly equal and very eXxcess of holes in p-type
small indeed. semiconductors.




4 | Its electrical conductivity is |4 | Its electrical conductivity is high.
low
5 | Its electrical conductivity is a | 5 | Its electrical conductivity depends upon

function of temperature alone.

the temperature as well as on the
quantity of impurity atoms doped in the
structure.

Distinction between n-type and p-type

semiconductors

n-type semiconductors

p-type semiconductors

1|1t IS an extrinsic | 1 | It is an intrinsic semiconductors which
semiconductors  which s is obtained by doping the impurity
obtained by doping the atoms of Il group of periodic table to
impurity atoms of Vth group the pure germanium or silicon
of periodic table to the pure semiconductor.
germanium or silicon
semiconductor.

2 | The impurity atoms added, |2 | The impurity atoms added, -create
provide extra electrons in the vacancies of electrons (i.e. holes) in the
structure, and are called donor structure and are called acceptor atoms.
atoms.

3 | The electrons are majority | 3| The holes are majority carriers and
carriers and holes are minority electrons are minority carriers.
carriers.

4 | The electron density (ne) is |4 | The hole density (ne) is much greater
much greater than the hole than the electron density (nn)i.e. nk>> ne
density (np)i.e. ne>>(np)

5 [ The donor energy level is|5 | The acceptor energy level is close to
close to the conduction band valence band and is far away from the
and far away from valence conduction band.
band.

6 | The Fermi energy level lies in | 6 | The Fermi energy level lies in between

between the donor energy
level and conduction band.

the acceptor energy level and valence

band.

P-n junction diode

Two important processes occur during the formation of p-n junction diffusion and

drift. The motion of majority charge carriers give rise to diffusion current.

Due to the space charge on n-side junction and negative space charge region on p-
side the electric field is set up and potential barrier develops at the junction Due to
electric field e- on p-side moves to n and holes from n-side to p-side which is

called drift current.




In equilibrium state, there is no current across p-n junction and potential barrier
across p-n junction has maximum value.

The width of the depletion region and magnitude of barrier potential depends on
the nature of semiconductor and doping concentration on two sides of p-n junction.
Forward Bias

P-n junction is FB when p-type connected to the +ve of battery and n-type
connected to —ve battery

Potential barrier is reduced and width of depletion layer decreases.

Reverse Bias

P-n junction in RB p-type connected to the —ve battery and n-type connected to
+Vve

Resistance of p-n junction is high to the flow of current.

Diode Characteristics: Reverse Bias:
Forward Bias: D

D I | |
| |
1

|
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rectification
Zener Diode —I=>F—

- Heavily doped

- Depletion Region is < 10% m
|PN Junction Diode as a
Full Wave Rectifier:

PN Junction Diode as a
Half Wave Rectifier:

TANVANS

T-e st

wave rectifier .

i
‘rectification

The davice
used for
rectification is
called
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LED PHOTODIODE SOLARCELL

SymbOI* —D’\\— Ariode D‘l"l Cathade o __'fj:J_E:‘_l

Forward biased Reverse biased No external baising,It
generates emf when

solar radiation falls on
it.

Recombination of
electrons and holes take
place at the junction and
emits e m radiations

Energy is supplied by
light to take an electron
from valence band to
conduction band.

Generation of emf by
solar cells is due to three
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of e-h pair,separation
and collection

It is used in Burglar
alarm, remote control
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QUESTIONS
SEMICONDUCTORS

1. What is the order of energy gap in an intrinsic semiconductor? Q)
2. How does the energy gap vary in a semiconductor when doped with penta -
valent element? Q)

3. How does the conductivity change with temperature in semiconductor? (1)
4. What type of semiconductor we get when: Ge is doped with Indium? Si is doped

with Bismuth? (1)

5. In a semiconductor concentration of electron is 8 x 10%3c¢cm= and holes 5 x 10'2

cm?:isitP or N type semiconductor? Q)

6. Draw energy gap diagram of a P Type semiconductor? Q)

7. What is Fermi energy level? 1)

8. Energy gap of a conductor, semiconductor, insulator are E1, E2, E3 respectively.

Arrange them in increasing order. Q)

9. Name the factor that determines the element as a conductor or semiconductor?
(1)

10. Why semiconductors are opaque to visible light but transparent to infrared

radiations? (2

Ans: The photons of infrared radiation have smaller energies, so they fail to excite
the electrons in the valence band. Hence infrared radiations pass through the
semiconductors as such; i.e. a semiconductor is transparent to infrared radiation

11. The ratio of number of free electrons to holes ne/ny for two different materials
A and B are 1 and <1 respectively. Name the type of semiconductor to which A

and B belongs. (2
Ans: If ne/np =1 - Hence A is intrinsic semiconductor. If ne/np<1 , ne<ny hence B is
P-type.

12. Differentiate the electrical conductivity of both types of extrinsic
semiconductors in terms of the energy band picture. (2)
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P-N JUNCTION DIODE

1. How does the width of depletion layer change, in reverse bias of a p-n junction

diode? Q)
2. Draw VI characteristic graph for a Zener diode? Q)
3. In a given diagram, is the diode reverse (or) forward biased? (D
A0V S
—  AAAA [ >4 | [11
A D
Ans: Reverse biased.
4. Why Photo diode usually operated at reverse bias? (2
5. State the factor which controls wave length and intensity of light emitted by
LED. (2

Ans: (i) Nature of semi-conductor
(1) Forward Current

6. With the help of a diagram show the biasing of light emitting diode. Give two

advantages over conventional incandescent Lamp. 2
Ans: Mono chromatic, Consume less power.
8. Draw a circuit diagram to show, how is a photo diode biased? 2

9. Pure Sl at 300K have equal electron and holes concentration 1.5 x 10 per m2,
Doping by Indium increases hole concentration to 4.5 x 10?2 per m3. Calculate new
electron concentration.

AnNS: NeNp= n;2 (2)
10. What is an ideal diode? Draw its output wave form.

11. In the following diagram, identify the diodes which are in forward biased and

which are in reversed biased.

1 +5V

+10V

/\

+5V
ov

3 R -12v

-10v ov
JE -5V

\V4




12. A semiconductor has equal electron and hole concentrations of 6x108/m3. On
doping with a certain impurity, the electron concentration increases to 9x10%%/ m2,
(2)
(1) Identify the new semiconductor obtained after doping.
(i) Calculate the new hole concentrations.
Ans: (i) n-type semiconductor.
(ii) nenp=n;i? =>np=6x10% x6x10% = 4x10*perm?

13. Determine the current through resistance “R” in each circuit. Diodes D1 and
D2 are identical and ideal.

01 DZE
o —
L—
41
R =150 3V

— AWM —] b

(ii)

Ans: In circuit (i) Both D1 and D2 are forward biased hence both will conduct
current and resistance of each diode is “0”. Therefore | =3/15=0.2 A
() Diode D1 is forward bias and D2 is reverse bias, therefore resistance
of diode D1 is “0” and resistance of D2 is infinite. Hence D1 will
conduct and D2 do not conduct. No current flows in the circuit.

14.  From the given graph identify the knee voltage and breakdown voltage.
Explain? ‘ )

v, [(Wells] g
" [ trim sk adisverns

|

| |
15. Germanium and silicon
junction diodes are connected in g fF [t
parallel. A resistance R, a 12 V| : -
battery, a milli ammeter (mA) |
and Key(K) is closed, a current {_____;Hl

i
began to flow in the circuit. What e "



will be the maximum reading of voltmeter connected across the resistance R?
(2)

Ans: The potential barrier of germanium junction diode is 0.3v and silicon is 0.7V,
both are forward biased. Therefore for conduction the minimum potential
difference across junction diode is 0.3V.Max.reading of voltmeter connected
across R=12-0.3=11.7V.

16. A Zener diode has a contact potential of .8Vin the absence of biasing. It
undergoes breakdown for an electricfield of 10V/m at the depletion region of p-n
junction. If the width of the depletion region is 2.4um? What should be the reverse

biased potential for the Zener breakdown to occur? 2
17. A germanium diode is preferred to a silicon one for rectifying small voltages.
Explain why? 2

Ans: Because the energy gap for Ge (Eg = 0.7 ev) is smaller than the energy gap

for Si (Eg = 1.1eV) or barrier potential for Ge<Si.

18. On the basis of energy band diagrams, distinguish between metals, insulators

and semiconductors. 3
SPECIAL DEVICES

1. A photodiode is fabricated from a semiconductor with a band gap of 2.8eV.can
it Can it detect a wavelength of 600nm?Justify? (2
Ans: Energy corresponding to wavelength 600 nm is
E=hc/ A = 6.6x10% x 3x108 joule = 0.2eV.

600x10°°
It cannot detect because E<Eq
2. Which special type of diode acts as voltage regulator? Give the symbol. Draw
its V-1 characteristics. 3)




FREQUENTLY ASKED QUESTIONS

UNIT I
ELECTROSTATICS
2 MARKS

1) Force of attraction between two point charges placed at a distance of ‘d’ is
‘F’. What distance apart they are kept in the same medium, so that, the force
between them is ‘F/3°?

2)  Define electric field intensity. Write its S.I unit. Write the magnitude and
direction of electric field intensity due electric dipole of length 2a at the
midpoint of the line joining the two charges.

3)  Define electric field intensity. Write its S.I unit. Write the magnitude and
direction of electric field intensity due to an electric dipole of length 2 a at
the midpoint of the line joining the two charges.

4)  Sketch the electric lines of force due to point charges q > 0, g < 0 and for
uniform field.

5) Define electric flux. Give its S.I unit and dimensional formula.

6)  Two point charges 4uc and -2c are separated by a distance of 1 m in air. At
what point on the line joining the charges is the electric potential zero?

7)  Depict the equipotential surfaces for a system of two identical positive point
charges placed at distance d apart.

8) Deduce the expression for the potential energy of a system of two point
charges @i and g2 brought from infinity to that points r; and r.

3 MARKS

9)  Derive an expression for electric field intensity at a point on the axial line
and on the equatorial line of an electric pole.

10) Derive an expression for torque acting on an electric dipole in a uniform
electric filed.

11) Derive an expression for total work done in rotating an electric dipole
through an angle ‘0 in uniform electric field.

12) A sphere ‘S;” of radius ‘ri” encloses a charge ‘Q’. If there is another
concentric sphere S, of the radius r, (r > r;) and there be no additional
charges between S; and Sy, find the ratio of electric flux through S; and S,

13) State Gauss’s Theorem in electrostatics. Using this theorem, find the electric
field strength due to an infinite plane sheet of charge.

14) State Gauss' theorem. Apply this theorem to obtain the expression for the

electric field intensity at a point due to an infinitely long, thin, uniformly
charged straight wire.



15) Using Gauss’s theorem, show mathematically that for any point outside the
shell, the field due to a uniformly charged thin spherical shell is the same as
if the entire charge of the shell is concentrated at the centre. Why do you
expect the electric field inside the shell to be zero according to this theorem?

16)  Deduce an expression for the electric potential due to an electric dipole at
any point on its axis. Mention one contrasting feature of electric of a dipole
at a point as compared to that due to single charge.

17)  Define dielectric constant in terms of the capacitance of a capacitor.

5 MARKS

18)  Give the principle and working of a Van de Graff generator. With the help of
a labelled diagram, describe its construction and working. How is the
leakage of charge minimised from the generator?

19)  Briefly explain the principle of a capacitor. Derive an expression for the
capacitance of a parallel plate capacitor, whose plates are separated by a
dielectric medium.

20)  Derive an expression for the energy stored in a parallel plate capacitor with
air between the plates. How does the stored energy change if air is replaced
by a medium of dielectric constant ‘K’? ; Also show that the energy density
of a capacitor is.

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

(1) Electric field between the plates
(i) Capacitance, and
(iii) Energy stored in the capacitor

22)  Explain the underlying principle of working of a parallel plate capacitor. If
two similar plates, each of area ‘A’ having surface charge densities ‘“+ ¢~ &
‘-0’ are separated by a distance ‘d’ in air, write expressions for (i) the
electric field at points between the two plates, (ii) the potential difference
between the plates & (iii) the capacity of the capacitor so formed

23) A parallel plate capacitor is charged by a battery and the battery remains
connected, a dielectric slab is inserted in the space between the plates.
Explain what changes if any , occur in the values of

() Potential difference between the plates
(1) Electric field between the plates
(111) Energy stored in the capacitor.



11.

12.
13.

UNIT I
CURRENT ELECTRICITY
2 MARKS
Two wires ‘A’ & ‘B’ are of the same metal and of the same length. Their
areas of cross-section are in the ratio of 2:1. if the same potential difference is
applied across each wire in turn, what will be the ratio of the currents flowing
in ‘A’ & ‘B’?
Explain, with the help of a graph, the variation of conductivity with
temperature for a metallic conductor.
Draw V-l graph for ohmic and non-ohmic materials. Give one example for
each.
Explain how does the resistivity of a conductor depend upon (i) number
density ‘n’ of free electrons, & (ii) relaxation time‘t’.
Define the term ‘temperature coefficient of resistivity’. Write its Sl unit. Plot a
graph showing the variation of resistivity of copper with temperature.
A cell of emf (E) and internal resistance (r) is connected across a
variable external resistance (R) Plot graphs to show variation of (i) E
with R (ii) terminal p.d. of the cell (V) with R.
Explain how electron mobility changes from a good conductor
(1) when temperature of the conductor is decreased at constant
potential difference and (ii) applied potential difference is doubled
at constant temperature.
Write the mathematical relation between mobility and drift velocity of charge
carriers in a conductor. Name the mobile charge carriers responsible for
conduction of electric current in: (i) an electrolyte, & (ii) an ionised gas.
Define drift velocity. Establish a relation between current & drift velocity.
Define the term current density of a metallic conductor. Deduce the relation
connecting current density ‘J° & the conductivity ‘c’ of the conductor when
an electric field ‘E’ is applied to it.
Why do we prefer potentiometer to compare the e.m.f of cells than the
voltmeter. Why?
State Kirchhoff’s rules of current distribution in an electric network.
The variation of potential difference “V’ with length ‘I’ in the case of two
potentiometers ‘X’ & Y’ is as shown in figure. Which one of these two will
you prefer for comparing ‘emf’s of two cells and why?
X

\%

! ] v
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15.
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3 MARKS
Draw a circuit diagram using a metre bridge and write the necessary
mathematical relation used to determine the value of an unknown resistance.
Why cannot such an arrangement be used for measuring very low resistance?
With the help of a circuit diagram, explain in brief the use of a potentiometer
for comparison of ‘emf’s of two cells.
Prove that the current density of a metallic conductor is directly proportional
to the drift speed of electrons.
A number of identical cells, n, each of emf E, internal resistance r connected
in series are charged by a d.c. source of emf E’, using a resistor R.
Q) Draw the circuit arrangement.
(i) Deduce the expressions for (a) the charging current and (b) the
potential difference across the combination of the cells.
Derive the principle of wheatstone bridge using Kirchoff’s law.
State Kirchhoff’s rules of current distribution in an electrical network.
Using these rules determine the value of the current 11 in the electric circuit

given below.
200

E{}lf.' 200 D

Write the mathematical relation for the resistivity of material in terms of
relaxation time, number density and mass and charge of charge carriers in it.
Explain,using this relation, why the resistivity of a metal increases and that of
semi-conductor decreases with rise in temperature.

Calculate the value of the resistance R in the circuit shown in the figure so
that the current in the circuit is 0-2 A. What would be the potential difference

between points A and B?
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11.

12.

13.

UNIT HI
MAGNETIC EFFECTS OF CURRENT AND MAGNETISM

2 MARKS
A circular coil of radius ‘R’ carries a current ‘I’. Write the expression for the
magnetic field due to this coil at its centre. Find out the direction of the
magnetic field.
Write the expression for the force on the charge moving in a magnetic field.
Use this expression to define the SI unit of magnetic field.
Define magnetic susceptibility of a material. Name two elements, one having
positive susceptibility and the other having negative susceptibility. What does
negative susceptibility signify?
Define the term magnetic dipole moment of a current loop. Write the
expression for the magnetic moment when an electron revolves at a speed
around an orbit of radius in hydrogen atom..
Explain with the help of a diagram the term ‘magnetic declination’ at a given
place.
Define the term ‘angle of dip’. What is the value of the angle of dip at the
magnetic equator? What does it mean?
Two wires of equal lengths are bend in the form of two loops. One of the loop
is square shaped where as the other loop is circular. These are suspended in a
uniform magnetic field and the same current is passed through them. Which
loop will experience greater torque? Give reasons.
Explain why steel is preferred for making permanent magnets while soft iron
is preferred for making electromagnets.
Draw diagram to show behavid¥ of magnetic field lines near a bar of 1) copper
2) aluminum and 3) mercury cooled at a very low temperature (4.2K)
How will the magnetic field intensity at the centre of the circular coil carrying
current will change, if the current through the coil is doubled and radius of the
coil is halved?
What do you mean by current sensitivity of a moving coil galvanometer? On
what factors does it depend?
Derive an expression for the force experienced by a current carrying straight
conductor placed in a magnetic field. Under what condition is this force
maximum?

3 MARKS
Obtain the force per unit length experienced by two parallel conductors of
infinite length carrying current in the same direction. Hence define one
ampere.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

A) If X -stands for the magnetic susceptibility of a given material, identify the
class of materials for which (a) -1 > X < 0, and (b) 0 < X < £ [¢ is a small
positive number]. Write the range of relative magnetic permeability of these
materials.

B) Draw the pattern of the magnetic field lines when these materials are
placed on a strong magnetic field.

Derive an expression for the force acting on a current carrying conductor in a
magnetic field. Under what conditions this force is maximum and minimum?

Define the term magnetic moment of current loop. Derive the expression for
the magnetic moment when an electron revolves at a speed ‘v’ around an orbit
of radius r in hydrogen atom. Also calculate the value of Bohr’smagnetic
moment.
With the help of diagram explain how a galvanometer can be converted into
an ammeter and a voltmeter.
To increase the current sensitivity of a moving coil galvanometer by 50%, its
resistance is increased so that the new resistance becomes twice its initial
resistance. By what factor does its voltage sensitivity change?

5 MARKS
Write an expression for force experienced by a charged particle moving in a
uniform magnetic field? With the help of labeled diagram, explain principle
and working of a cyclotron. Show that cyclotron frequency does not depend
upon the speed of particles. Write its two limitations.
State Ampere’s Circuital Law. Derive an expression for the magnetic field at a
point due to straight current carrying conductor.
Derive an expression for the magnetic field at a point along the axis of an air
cored solenoid using a Ampere’s circuital law.
Derive an expression for torque acting on a rectangular current carrying loop
kept in a uniform magnetic field B. Indicate the direction of torque acting on
the loop.
With neat diagram, describe the principle, construction and working of a
moving coil galvanometer. Explain the importance of radial field.
State Biot Savart Law. Use this law to obtain a formula for magnetic field at
the centre of a circular loop of radius R, number of turns N carrying current I.
Sketch the magnetic field lines for a current loop clearly indicating the
direction of the field.
Distinguish the magnetic properties of dia, para- and ferro-magnetic
substances interms of (i) susceptibility, (ii) magnetic permeability and (iii)
coercivity. Give one example of each of these materials. Draw the field lines



~

due to an external magnetic field near a (i) diamagnetic, (ii) paramagnetic

substance.

UNIT IV

ELECTROMAGNETIC INDUCTION &

ALTERNATING CURRENT

2 MARKS

How does the self-inductance of an air core coil change, when (i) the number
of turns in the coils is decreased & (ii) an iron rod is introduced in the coil.
What is the effect on the mutual inductance between the pair of coil when

(i) the distance between the coils is increased? (ii) the number of turns in each
coil is decreased? Justify your answer in each case.

State Lenz’s law. Show that it is in accordance with the law of conservation of

energy.

The closed loop PQRS is moving into a uniform magnetic field acting at right
angles to the plane of the paper as shown. State the direction of the induced

current in the loop.

X

X

XXXX

XXXX

XXXX

«——

XXXX

XXXX

XXXX

Define mutual inductance and give its S.1. unit.Write two factors on which the
mutual-inductance between a pair of coil depends.

What is the power dissipated in an ac circuit in which voltage & current are
given by V =230 sin (ot + n/2) and I = 10 sin wt?

The instantaneous current & voltage of an ac circuit are given by:

i =10 sin 314t ampere, & V =50 sin 314t volt.

What is the power dissipation in the circuit?

The coils in certain galvanometers have fixed core made of a non-magnetic
material. Why does the oscillating coil come to rest so quickly in such a core?
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11.
12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

a)
b)

What are eddy currents? How are these produced? In what sense are eddy
currents considered undesirable in a transformer and how are these reduced in
such a device?
Prove that average power consumed over a complete cycle of ac through an
ideal inductor is zero.
Prove that an ideal capacitor in an ac circuit does not dissipate power.
Distinguish resistance, reactance and impedance.
What is an induced emf? Write Faraday’s law of electromagnetic induction
Express it mathematically.
Two identical loops, one of copper and the other of aluminum, are rotated
with the same angular speed in the same magnetic field. Compare (i) the
induced emf and (ii) the current produced in the two coils. Justify your
answer.

3 MARKS
Derive an expression for: (i) induced emf & (ii) induced current when, a
conductor of length is moved into a uniform velocity v normal to a uniform
magnetic field B. Assume resistance of conductor to be R.
Derive an expression for average power consumed over a complete cycle of ac
through an LCR circuit.
Define mutual inductance and give its SI unit. Derive an expression for the
mutual inductance of two long coaxial solenoids of same length wound over
the other.
Define self-inductance and give its S. I. Unit. Derive an expression for self-
inductance of a long, air-cored solenoid of length I, radius r, and having N
number of turns

5 MARKS
Explain the term 'capacitive reactance'. Show graphically the variation of
capacitive reactance with frequency of the applied alternating voltage. Ana. c.
voltage E=Egsinwt is applied across a pure capacitor of capacitance C. Show
mathematically that the current flowing through it leads the applied voltage by
a phase angle of /2. .
Explain the term '‘inductive reactance'. Show graphically the variation of
inductive reactance with frequency of the applied alternating voltage.
An a.c. voltage E=Egsinwt is applied across a pure inductor of inductance L.
Show mathematically that the current flowing through it lags behind the
applied voltage by a phase angle of /2.
An AC source of voltage V = Vp, sin ot is applied across a series LCR circuit.
Draw the phasor diagrams for this circuit, when:
Capacitive impedance exceeds the inductive impedance AND
Inductive impedance exceeds capacitive impedance.



22.

23.

24.

25.

26.

A coil of inductance ‘L’, a capacitor of capacitance ‘C’, & a resistor of
resistance ‘R’ are all put in series with an alternating source of emf E = Eo sin
ot. Write expressions for a) total impedance of circuit, and (b) frequency of
source emf for which circuit will show resonance.

A circular coil of N-turns & radius ‘R’ is kept normal to a magnetic field,
given by: B = By cos ot. Deduce an expression for the emf induced in this
coil. State the rule which helps to detect the direction of induced current.
Discuss a series resonant circuit. Derive an expression for resonant frequency
and show a graphical variation between current and angular frequency of
applied ac. Define quality factor and derive an expression for it.

Explain with help of a labelled diagram the principle, construction and
working of a transformer. Mention the various energy losses in a transformer?
Explain the role of transformer in long distance transmission of power ?

With the help of a neat diagram, explain the principle construction and
working of an a.c generator.

UNIT V
ELECTROMAGNETIC WAVES
2 MARKS
A plane monochromatic light wave lies in the visible region. It is represented
by sinusoidal variation with time by the following components of electric
field:
Ex =0, Ey=4sin [2n/A (x —Vt)],E;=0
Where, v =5 x 10 Hz and A is the wave length of light.
Q) What is the direction of propagation of the wave?
(i) What is its amplitude? And
(i)  Compute the components of magnetic field.
Give two characteristics of electromagnetic waves. Write the expression for
the velocity of electromagnetic waves in terms of permittivity and magnetic
permeability of free space.
Find wavelength of electromagnetic waves of frequency 5 x 10'° Hz in free
space. Give its two applications.
Name the characteristics of e. m. waves that: (i) increases, & (ii) remains
constant in e. m. spectrum as one moves from radiowave region towards
ultraviolet region.

3 MARKS
Which constituent radiation of electromagnetic spectrum is used: (i) in radar?
(i) To photograph internal parts of human body? & (iii) for taking
photographs of the sky during night and foggy condition? Give one reason for
your answer in each case.



10.

11.

12.

13.

Write any four characteristics of e. m. waves. Give two uses of: (i) Radio

waves & (ii) Microwaves.

Name the following constituent radiations of e. m. spectrum which, (i)
produce intense heating effect? (ii) is absorbed by the ozone layer, & (iii) is
used for studying crystal structure.

Experimental observations have shown: (i) that X-rays travel in vacuum with
a speed of 3 x 108 m s, & (ii) the phenomenon of diffraction and can be
polarized. What conclusion is drawn about the nature of X-rays from each of

these observations?

Why are infrared radiations referred to as heat waves? Name the radiations

which are next to these radiations in e. m. spectrum having: (i) shorter

wavelength, & (ii) longer wavelength.

The oscillating magnetic field in a plane electromagnetic wave is given by:
By=8x10%sin[2x10"t+300%x] T

Q) Calculate the wavelength of the electromagnetic wave &

(i) Write down the expression for oscillating electric filed.

Identify the following electromagnetic radiation as per the wavelengths given
below:

(@)103nm,

(0)103m,

(c)lnm;

Write one application of each.

Name the constituent radiation of electromagnetic spectrum which

(a) is used in satellite communication.

(b) is used for studying crystal structure.

(c) is similar to the radiations emitted during decay of radioactive nuclei.

(d) has its wavelength range between 390 nm and 770 nm.

(e) is absorbed from sunlight by ozone layer.

(F) produces intense heating effect.

What is meant by the transverse nature of electromagnetic waves?
Drawdiagram showing the propagation of the an electromagnetic wave along

X direction, indicating clearly the directions of oscillating electric and
magnetic fields associated with it.
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UNIT VI

OPTICS

2 MARKS
What is the geometrical shape of the wavefront when a plane wave passes
through a convex lens?
What is total internal reflection? Under what condition does it take place.
A convex lens made up of a material of refractive index ni, is immersed in a
medium of refractive index n,. Trace the path of a parallel beam of light
passing through the lens when: (i) (i) n1> ny, (ii) N1 = ny, & (iii) n1< ny. Explain
your answer.
A concave lens made of material of refractive index n; is kept in a medium of
refractive index n,. A parallel beam of light is incident on the lens. Complete
the path of rays of light emerging from the concave lens if: (i) n1> np, (ii) ny =
Ny, & (III) N1< Ny,
Draw a ray diagram to show how an image is formed by a compound
microscope. ?
A microscope is foucssed on a dot at the bottom of a beaker. Some oil is
poured into the beaker to a height of ‘y’ cm & it is found necessary to raise
microscope through a vertical distance of ‘x’ cm to bring the dot again into
focus. Express refractive index of oil in terms of ‘x” & ‘y’.
How does the (i) magnifying power & (ii) resolving power of a telescope
change on increasing the diameter of its objective? Give reasons for your
answer.
How will magnifying power of a “refracting type astronomical telescope” be
affecting on increasing for its eye piece: (i) the focal length, & (ii) the
aperture. Justify your answer.
Draw a labelled ray diagram showing the formation of image of a distant
object using an astronomical telescope in the ‘normal adjustment position’
Draw a labelled ray diagram showing the formation of image of a distant
object using an astronomical telescope in the near point adjustment.
Draw a ray diagram to illustrate image formation by a Cassegrain type
reflecting telescope.
Explain with reason, how the resolving power of an astronomical telescope
will change when (i) frequency of the incident light on objective lens is



13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

increased (ii) the focal length of the objective lens is increased & (iii) aperture
of the objective lens is halved.

Draw a graph to show variation of angle of deviation ‘D’ with that of angle of
incidence ‘i’ for a monochromatic ray of light passing through a glass prism
of reflecting angle “‘A’.

3 MARKS
Derive lens/mirror formula in case of a convex/concave mirror.
Stating the assumptions and sign conventions, derive expression for lens
maker’s formula.
A right-angled crown glass prism with critical angle 41° is placed before an
object, ‘PQ’ in two positions as shown in the figures (i) & (ii). Trace the paths
of the rays from ‘P’ & ‘Q’ passing through the prisms in the two cases.

A A
4 »,

s,

W
(a) Draw a labelled ray diagram to show the formation of an image by a
compound microscope. Write the expression for its magnifying power.
(b) Define resolving power of a compound microscope.
How does the resolving power of a compound microscope change, when (i)
refractive index of the medium between the object and the objective lens
increases and (ii) Wavelength of the radiation used is increased?
Define the term wave front? Using Huygen’s construction draw a figure
showing the propagation of a plane wave reflecting at the interface of the two
media. Show that the angle of incidence is equal to the angle of reflection.

Define the term ‘wavefront’. Draw the wavefront and corresponding rays in the
case of a (i) diverging spherical wave (ii) plane wave. Using Huygen’s
construction of a wavefront, explain the refraction of a plane wavefront at a plane
surface and hence deduce Snell’s law.

What is meant by ‘interference of light’? Write any two conditions necessary
for obtaining well-defined and sustained interference pattern of light.

What is the effect on the interference fringes in a Young’s double slit
experiment due to each of the following operations? Give reason for your
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answer: (i) Separation between two slits is increased & (ii) monochromatic
source is replaced by a source of white light.

Draw the curve depicting variation of intensity in the interference pattern in
Young’s double slit experiment. State conditions for obtaining sustained
interference pattern of light.

In a single slit diffraction pattern, how is angular width of central bright
maximum changed when (i) the slit width is decreased, (ii) the distance
between the slit and the screen is increased, & (iii) light of smaller wavelength
is used? Justify your answers.

Why is diffraction of sound waves easier to observe than diffraction of light
waves? What two main changes in diffraction pattern of a single slit will you
observe when the monochromatic source of light is replaced by a source of
white light?

In a single slit diffraction experiment, if the width of the slit is doubled, how
does the (i) intensity of light and (ii) width of the central maximum change?
Give reason for your answer.

What is wavefront? What is the geometrical shape of a wavefront emerging
from a convex lens when point source is placed at the focus?

What is wavefront? Distinguish between a plane wavefront and a spherical
wavefront. Explain with the help of a diagram, the refraction of a plane
wavefront at a plane surface using Huygens’s construction.

Using Huygens’s principle show that for parallel beam incident on a
reflecting surface the angle of reflection is equal to the angle of incidence.
Distinguish between unpolarised and plane polarised light. An unpolarised
light is incident on the boundary between two transparent media. State the
condition when the reflected wave is totally plane polarised. Find out the
expression for the angle of incidence in this case.

The following data was recorded for values of object distance and the
corresponding values of image distance in the experiment on study of real
image formation by a convex lens of power +5D. One of the observations is
incorrect. Identify the observation and give reason for your choice.

S. No. 112 |3 |4 |5 |6

Obiject distance (cm) | 25|30 [ 35| 45|50 | 55
Image distance (cm) {97 |6 |37 |35|32|30

5 MARKS

(i) Derive the mirror formula which gives the relation between f, v and u.
What is the corresponding formula for a thin lens? (ii) Calculate the distance
d, so that a real image of an object at O, 15cm in front of a convex lens of

ey
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focal length 10cm be formed at the same point O. The radius of curvature of
the mirror is 20cm. Will the image be inverted or erect?

A spherical surface of radius of curvature ‘R’ separates a rarer and a denser
medium as shown in the figure.

Complete the path of the incident ray of light,
showing the formation of Rarer medur Denser medium

real image. Hence derive the relation connecting

object distance ‘u’, o F ¢
image distance ‘v’ radius of curvature ‘R’ and

the refractive indices ‘n1” & ‘ny’ of the media.

Briefly explain how the focal length of a convex lens changes Wlth
Increase in wavelength of incident light.

State the assumptions and sign conventions in deriving the Lens maker’s
formula and also derive an expression for it.

Derive an expression for thin lens formula.

(@) In Young’s double slit experiment, deduce the conditions for: (i)
constructive and (ii) destructive interference at a point on the screen. Draw a
graph showing variation of the resultant intensity in the interference pattern
against position ‘X’ on the screen.

(b) Compare and contrast the pattern which is seen with two coherently
illuminated narrow slits in Young’s experiment with that seen for a coherently
illuminated single slit producing diffraction.

State Huygens principle. Using the geometrical construction of secondary
wavelets, explain the refraction of a plane wavefront incident at a plane
surface. Hence verify Snell’s law of refraction. Illustrate with the help of
diagrams the action of: (i) convex lens and (ii) concave mirror on a plane
wavefront incident on it.

What is interference of light? Write two essential conditions for sustained
interference pattern to be produced on the screen. Draw a graph showing the
variation of intensity versus the position on the screen in Young’s experiment
when (a) both the slits are opened and (b) one of the slit is closed. What is the
effect on the interference pattern in Young’s double slit experiment when: (i)
Screen is moved closer to the plane of slits? (ii)Separation between two slits is
increased. Explain your answer in each case.
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What are coherent sources of light? Two slits in Young’s double slit
experiment are illuminated by two different sodium lamps emitting light of
the same wavelength. Why is no interference pattern observed?

(b) Obtain the condition for getting dark and bright fringes in Young’s
experiment. Hence write the expression for the fringe width.

(c) If Siis the size of the source and its distance from the plane of the two slits,
what should be the criterion for the interference fringes to be seen?

What do we understand by ‘polarization of wave’? How does this
phenomenon help us to decide whether a given wave is transverse or
longitudinal in nature?

Light from an ordinary source (say, a sodium lamp) is passed through a
Polaroid sheet ‘P;’. The transmitted light is then made to pass through a
second Polaroid sheet P, which can be rotated so that the angle 6 between the
two Polaroid sheets varies from 0°to 90°. Show graphically the variation of
intensity of light, transmitted by P1& P as a function of the angle 0. Take the
incident beam intensity a lo. Why does the light from a clear blue portion of
the sky, show a rise and fall of intensity when viewed through a Polaroid
which is rotated?

(a) Draw a ray diagram to show the refraction of light through a glass prism.
Hence obtain the relation for the angle of deviation in terms of the angle of
incidence, angle of emergence and the angle of the prism. (b) A right angled
isosceles glass prism is made from glass of refractive index When a
monochromatic yellow coloured light beam is incident on a given
photosensitive surface, photoelectrons are not ejected, while the same surface
gives photoelectrons when exposed to green coloured monochromatic beam.
What will happen if the surface is exposed to: (i) red coloured,
monochromatic beam of light? Justify your answer.



UNIT VII
DUAL NATURE OF MATTER

2 MARKS
When a monochromatic yellow coloured light beam is incident on a given
photosensitive surface, photoelectrons are not ejected, while the same surface
gives photoelectrons when exposed to green coloured monochromatic beam.
What will happen if the surface is exposed to: (i) red coloured,
monochromatic beam of light? Justify your answer.
What is meant by work function of a metal? How does the value of work
function influence the kinetic energy of electrons liberated during
photoelectric emission?
Define the terms: (i) work function, (ii) threshold frequency & (iii) stopping
potential with reference of photoelectric effect.
The work function of lithium is 2.3 eV. What does it mean? What is the
relation between the work function ‘®,’ and threshold wavelength A" of a
metal?
Red light, however bright, cannot cause emission of electrons from a clean
zinc surface. But, even weak ultraviolet radiations can do so. Why?
An electron and a proton have same kinetic energy. Which of the two has a
greater wavelength? Explain.
Define the term threshold frequency & work function in relation to
photoelectric effect.
An electron and a proton are moving in the same direction and possess same
Kinetic energy. Find the ratio of de-Broglie wavelengths associated with these
particles.
In the photoelectric effect experiment, the graph between the stopping
potential “V’ and frequency ‘v’ of the incident radiation on two different metal
plates P and Q are shown in the figure. (i) Which of the two metal plates, P &
Q has greater value of work function? &  (ii) What does the slope of the line
depict?
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3 MARKS
What is photoelectric effect? Write Einstein’s photoelectric equation and use
it to explain: (i) independence of maximum energy of emitted photoelectrons
from the intensity of incident light. (ii) Existence of a threshold frequency for
the emission of photoelectrons.
Draw the variation of maximum Kinetic energy of emitted electrons with
frequency of the incident radiation on a photosensitive surface. On the graph
drawn, what do the following indicate: (i) slope of the graph & (ii) intercept
on the energy axis.
Obtain Einstein’s photoelectric equation. Explain how it enables us to
understand the (i) linear dependence of the maximum Kkinetic energy of the
emitted electrons, on the frequency of the incident radiation & (ii) existence of
a threshold frequency for a given photo emitter.
Given below is the graph between frequency (v) of the incident light and
maximum Kinetic energy (E) of emitted photoelectrons. Find the values of: (i)
threshold frequency and (ii) work function from the graph.

KE (max) P : Calcium

[0}

Sketch a graph between frequency of incident radiations and stopping
potential for a given photosensitive materials. What information can be
obtained from the value of intercept on the potential axis? A source of light of
frequency greater that the threshold frequency is replaced at a distance of 1 m
from the cathode of a photo cell. The stopping potential is found to be V. If
the distance of the light source from the cathode is reduced, explain giving
reason, what change you will observe in the (i) photoelectric current & (ii)
stopping potential.
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Explain the laws of photoelectric emission on the basis of Einstein’s
photoelectric equation. Write one feature of the photoelectric effect which
cannot be explained on the basis of wave theory of light.

Draw graphs showing the variation of photoelectric current with anode
potential of a photocell for (i) the same frequency but different intensities 1>
I.> I3 of incident radiation, & (ii) the same intensity but different frequencies
vi> Vo> vz of incident radiation. Explain why the saturation current is
independent of the anode potential?

UNIT VI
ATOMS & NUCLEI
2 MARKS
Define disintegration constant and mean life of a radioactive substance. Give
the unit of each.
What is impact parameter? What is the value of impact parameter for a head
on collision? The sequence of the stepwise decays of radioactive nucleus is:
0} B 0} 0}
b__,pb1__ D2, D3I__, D4
If the nucleon number and atomic number for D2 are respectively 176 & 71,
what are the corresponding values for D and D4 nuclei? Justify your answer.
Draw a diagram to show the variation of binding energy per nucleon with
mass number for different nuclei. Explain with the help of this plot the release
of energy in the processes of nuclear fission and fusion?
The value of ground state energy of hydrogen atom is: -13.6 eV; (i) What does
the negative sign signify? & (ii) How much energy is required to take an
electron in this atom from the ground state to the first excited state?
Give one point of difference between ‘nuclear fission” & ‘nuclear fusion’.
Will neutron to proto ratio increase or decrease in a nucleus when: (i) an
electron, (ii) a positron is emitted?
Sketch the graph showing the variation of potential energy of a pair of
nucleons as a function of their separation. Write three characteristic properties
of nuclear force which distinguish it from the electrostatic force.
State two characteristics of nuclear force. Why does the binding energy per
nucleon decrease with increase in mass number for heavy nuclei like 23U?
State the condition for controlled chain reaction to occur in a nuclear reactor.
Heavy water is often used as a moderator in thermal nuclear reactors. Give
reason.
Define activity of a substance. State its S.I unit. Derive an expression for
activity of a substance.
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Define average or mean value of a radioactive substance, and derive an
expression for it.

3 MARKS
State the basic postulates of Bohr’s atomic model & derive an expression for
the energy of an electron in any orbit of hydrogen atom.
Derive an expression for the radius of stationary orbit. Prove that the various
stationary orbits are not equally spaced.
Derive mathematical expressions for: (i) Kkinetic energy, & (ii) potential
energy of an electron revolving in an orbit of radius ‘r’; how does the potential
energy change with increase in principal quantum number (n) for the electron
and why?
Define the decay constant for a radioactive sample. Which of the following
radiations a, B, & A rays are: (i) similar to X-rays? (ii) easily absorbed by
matter? & (iii) similar in nature to cathode rays?
Define the terms: half life period and decay constant of a radioactive sample.
Derive the relation between these terms.
In Rutherford’s scattering experiment, mention two important conclusions
which can be drawn by studying the scattering of a particles by an atom. Draw
the schematic arrangement of Geiger and Marsden experiment showing the
scattering of a particle by a thin foil of gold. How does one get the
information regarding the size of the nucleus in this experiment?
Sketch the energy level diagram for hydrogen atom. Mark the transitions
corresponding to Lyman and Balmer series.
Prove that the instantaneous rate of change of the activity of a radioactive
substance is inversely proportional to the square of its half life.

UNIT IX
ELECTRONIC DEVICES

2 MARKS
How is a p-type semiconductor formed? Name the majority carriers in it.
Draw the energy band diagram of a p-type semiconductor.
How is an n-type semiconductor formed? Name the majority carriers in it.
Draw the energy band diagram of a n-type semiconductor.
With the help of a diagram, show the biasing of a light emitting diode (LED).
Give its two advantages over conventional incandescent lamps.
Draw a circuit diagram to show how a photodiode is biased. Draw its
characteristic curves for two different illumination intensities.

3 MARKS
What is rectification? How can a diode valve be used as half wave rectifier
and full wave rectifier?



6. Explain how the depletion layer and the barrier potential are formed in a p-n
junction diode.

7.  What is a Zener diode? How it is symbolically represented? With the help of a
circuit diagram, explain the use of Zener diode as a voltage stabilizer.

8.  With the help of a suitable diagram, explain the formation of depletion region
in a p-n junction. How does its width change when the junction is: (i) forward
biased? & (ii) reverse biased?

5 MARKS
9. Explain briefly with the help of a circuit diagram how V-I characteristics of a
p-n junction diode are obtained in: (i) forward bias & (ii) reverse bias.

10. Draw the energy bands of p-type and n-type semiconductors. Explain with a
circuit diagram the working of a full wave rectifier.



OBJECTIVE / MCQ TYPE QUESTIONS FOR CLASS XIlI
ELECTRO STATICS

. A certain charge Q is divided into two parts q and q’. Later on, the charges are placed
at a certain distance. If the force of attraction between two charges is maximum, then:
A) q/q’ =2 B)qg/q’ =1 C)a/g’=4 D)qgl/q’ =3
. A proton is placed in a uniform electric field directed along the position X-axis. In
which direction will it tend to move?
A) Along Yaxis B)along Z-axis C) along X-axis d) None of the
above

. Two point charges having equal charge are separated by 1m distance experience a force
of 8N. What will be the force if they are held in water at the same distance?

(Given Kwater = 80)
A) 1/5 B) 1/10 C) 1/20 D) 1/15
. Adipole, of dipole moment p is present in a uniform electric field E. The value of
angle between p and E for which the dipole experiences minimum torque is
A) 90° B) 60° C) 120° D) 0°
. What does g1 + g2 = 0 signify in electrostatics?
A) 01 & Q2 are equal and opposite.
B) g:& Q2 are equal
C) > Q2
D) i< g2
. A dipole, with its charge, -q and +q, located at the point (0,-b, 0) and (0,+b,0), is
present in a uniform electric field E. The equipotential surfaces of the field are planes
parallel to the Y-Z planes. What is the direction of the electric field E?
A) Along Y-axis B) along Z-axis C) along X-axis d) None of the above
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Point out right or wrong for the following statement:

a) The mutual force between two charges is not affected by the presence of other

charges.

b) The potential, due to a dipole, at any point on its axial line, is zero.

A) (a) is wrong, (b) is wrongright B) both are wrong

C) both are right D) (a) is right, (b) is wrong
In which orientation a dipole placed in a uniform electric field is in unstable
equilibrium?
A) angle between p and E must be 0° B) angle between p and E must be 90°
C) angle between p and E must be 60° D) angle between p and E must be 120°
An electron moves along a metal tube with variable cross-section, as shown in figure.

How will the velocity change when it approaches the neck of the tube?

—

e 5
-

A) Electron gets deaccelerated towards the neck
B) Electron gets accelerated towards the neck
C) Electron moves with steady speed towards the neck
D) Electron will not move
Figure shows two large metal plates, P1and P>, tightly held against each other and
placed between two equal and unlike point charges perpendicular to the line joining
them.
P1 P2

+Q| || @

What will happen to the plates when they are released?
A) They tend to move a part slightly due to polarisation of charges in them.
B) They tend to move towards each other

C) They do not move



D) Non of the above
11. Define dipole moment of an electric dipole.
12. Why must electrostatic field be normal to the surface at every point of a charged
conductor?

13. Draw a plot showing variation of

a) Electric field E and

b) Electric potential V with distance r due to a point charge Q.
14. Plot a graph showing the variation of Coulomb’s force (F) versus 1/r? where

r is the distance between the two charges of each pair of charge(1uC,2 pnC)
and (1uC,-3 pC).

15. A spherical conducting shell of inner radius R1 and outer radius R, has a charge Q. A
charge q is placed at the centre of the shell.

i) What is the surface charge density on the a) Inner surface b) Outer surface of
the shell.

i) Write the expression for the electric field at a point x > R» from the centre of the
shell.

16. Two charges +Q and —Q are kept at (-x2, 0) and (x1, 0) respectively in the X-Y plane.
Find the magnitude and direction of the net electric field at the origin (0,0).

17. Show that the electric field at the surface of charged conductor is given by E = Eiﬁ
0

where a is the surface charge density and 7 is a unit vector normal to the surface of the

conductor.

18. Four point charges are placed at the four corners of a square in the two ways (i) and (ii)
as shown below. Will the Electric field at the centre of the square, be the same or
different in the two configurations and why?
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19. A metallic sphere placed between two charged metallic plates. A student draws the

lines of force as shown in figure. Is he correct?

+
+
+
:\_/
+

20. Two charged spherical conductors, each of radiuses R, are distance d apart such that d

is slightly greater than 2R. They carry charges +q and -g. Will the force of attraction

2
between them be exactly .- 2
0

21. Two point charges +q and —q are placed 2| apart, as shown in figure. Give the direction
of electric field at A, B, C and D.

22. What is the electric field at O in the figure? ABCD is a square of side r.
A B
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Suppose two spheres A and B of charge 6.5x107C each are separated by 50 cm. A third
uncharged sphere C of same size is brought in contact with first charge, then 2" charge

and finally removed. Find the new force of repulsion between the charges A and B.

In an electric field an electron is kept freely. If the electron is replaced by a proton,
what will be the relationship between the forces experienced by them?

Define electric field intensity. What is its SI unit?

How does the force between two point charges change, if the dielectric constant of the
medium in which they are kept, increases?

Define electric dipole moment. Write its Sl unit.

If a charge +Q is fixed at a distance ‘d” in front of an infinite metal plate, draw the
electric lines of force indicating the direction clearly.

When does an electric dipole placed in a non-uniform electric field experiences a zero
torque but non-zero force?

Why direction of an electric field is taken outward (away) for a positive charge and
inward (towards) for a negative charge?

A small test charge is released at rest at a point in an electrostatic field configuration.
Will it travel along the line of force passing through that point?

Can a body have a charge of 0.8 x 101° C? Justify your answer.

The dielectric constant of water is 80. What is its permittivity?

What is a continuous charge distribution?

Define dielectric constant of a medium in terms of force between electric charges.
The dimensions of an atom are of the order of an Angstrom. Thus, there must be large
electric fields between the protons and electrons. Why, then is the electrostatic field
inside a conductor is zero?

Two insulated charged copper spheres A and B of identical size have charges qa & gs
respectively. A third sphere C of the same size but uncharged is brought in contact
with the first and then in contact with the second and finally removed from both. What
are the new charges on A and B?

Why should electrostatic field be zero inside a conductor?



39. Calculate the work done to dissociate the system of three charges (*q’ each) placed on
the vertices of equilateral triangle.
40. The electric field E due to a point charge at any point near it is defined as E =

Iing(g) where ‘g’ is the test charge and F is the force acting on it. What is the physical
q—)

significance of Lim,_,o in this expression?

41. Sl unit of electric flux ( )
a)Nm?C™* b)Nm?2(C c) Nm2C2 d) None of the above

42. Sl unit of electric flux density ()
a) NC™1 b) NC CON~IC d) None of the above

43. For a medium of absolute permittivity € or dielectric constant K , then Gauss theorem
can be expressed as

-41__49 4 keo a4
a) PE.ds = C T e b) k.EO €)= d)--

44. q, q, , q5 are charges and Gaussian surface is spherical shape ; shown in figure. Find
the flux?

9
]

q q q €
a) 4 b) %2 0) & d) =

45. A square shape box encloses an electric dipole and of length 10cm . What is the total
electric flux through the box?
a) 2NC~1m? b) zero c) 10 NC™1m? d) None of the above
46. A charge q is placed at the center of a cube side I. What is the electric flux passing
through each face of the cube?
6q q 8q q
a) E_o b) e_ C) E_o d)—

0 6€p

47. How the electric field E , depends upon the distance (r) due to an infinitely long thin
straight charged wire?
a)Exr b)EOC% ¢) Eocriz d) E o 12
48. How the electric field E depends upon the distance r due to uniform charge distributed
on a thin infinite plane sheet is
a)Ex1r2b)Ex T ¢)E o 70 d) Eerd
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What is the electric field inside a uniformly charged thin spherical shell?

a)E=0 b) E= 1 c)E= 1 d) None of the above
4TEY £ 4TEQ R

Total electric flux coming out of a unit positive charge put in air is ?

a) & b)egt c) 4me, d)%0

The surface densities on the surfaces of two charged spherical conductors of radii R,

and R, are equal. The ratio of electric field intensities on the surfaces are
2

2
a) g—iz b) g—;z c) % d) 11
Two charges of magnitudes -2g and g are located at points (a,0) (2a,0) respectively.
What is the electric flux due to these charges through a sphere of radius 3a with its
centre at the origin?

a) — 4 b) 3q C) zero d) None of the above
€9 €0

An infinite line charge produces a field of 9x10*Nc¢~?! at a distance of 2 cm. Calculate
the linear charge density?

a) 1077cm™ b) 107%cm™! ¢) 1072cm™!  d) None of the above

Two large thin metal plates are parallel and close to each other. On their inner faces,
the plates have surface charge densities of opposite signs and of magnitude 17 x
10722¢m™~2. What is E in between the plates?

a) 1.9 x1071°Nc¢™1  b) 2.9x1071%Nc¢™?t ¢) 19x1071%N¢~1 d) None of the above
If the electric field is given by E =8i+4j+3kNc ! . Find the electric flux through a
surface of area 100 m? lying in the X-Y plane.

a) 300 Nm2C~t b)320 Nm?C~! ¢)400 Nm?C~! d) None of the above

A spherical Gaussian surface encloses a charge of 8.85 x10~8C. How would the flux
change, if the radius of the Gaussian surface is doubled.

a) Doubled b)Nochange c) Halved d) None of the above

A spherical shell of metal has a radius of 0.25 m and carries a charge of 0.2uC . Find
the field intensity at a point 3m from the centre of the shell?

a)300NC~1 b) 200 NC c) 100NC? d) 50NC™?

The charge q is kept in the hemisphere. What is the flux through this surface.?

a)i b)i c)z—q d) None of the above
€o 2€ €o

Three concentric spherical shells of radii R and 2R are given charges q; and q,
respectively. The surface charge densities of the outer surfaces are equal, then the ratio
of ¢, :q;1s

a) 1:2 b) 2:1 c) 14 d) 4:1

5000 lines of force enter a certain volume of space and 3000 line emerge from it . What
is the total charge in Coulomb within this volume?

a) 1.88x1078C b) 1.77x1078C c¢) 7.11x1078C  d) None of the above
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A positive charge of 17.7 uC is placed at the centre of a hollow sphere of radius 0.5m.
Calculate the flux density through the surface of the sphere ?
a) 6.4x10°NC~' b) 4.6x107°NC~! «c¢) 24x10°NC~' d) None of the above
A circular plane sheet of radius 10 cm is placed in a uniform electric field of 5 %
10> NC~1 making an angle of 60° with the field. Calculate electric flux through the
sheet?
a) 1.3x10*Nm?2C~1 b) 3.16 x 10*Nm?C~* ¢) 1.36 x 10*Nm?C 1!

d) None of the above
A charge q is placed at the the centre of a cube of side (I). What is the electric flux
passing through two opposite faces of the cube?

a) = b) L C) L d) None of the above

260 €9 360
Which of the following is discontinuous across a charged conducting surface?
a) Electric potential b) Electric field intensity

¢) both electric potential and field intensity d) None of the above

The Gaussian surface for calculating the electric field due to a charge distribution is

a) any closed surface around the charge distribution

b) any surface near the charge distribution

c) spherical surface

d) a symmetrical closed surface at every point of which electric field has a single fixed
value

Two thick parallel sheets have uniform surface densities of charge +c and -c.

Electric field in the space between the two sheets would be

a)o/eo  b)2c/eo  c¢)3c/eo  d)none of the above

Electric flux at a point in electric field is

a) positive  b) negative c)zero  d) none of the above

Electric flux over the surface in an electric field may be

a) positive b) negative C) zero d) positive, negative, zero

In a region of space having a uniform electric field E, a hemispherical bowl of radius r
is placed. The electric flux ® through the bowl is

a) 2nrE b)4nr2E  c¢)ar2E d)2nr2E

A cylinder of radius R and length | is placed in a uniform electric field E parallel to the
axis of the cylinder. The total flux over the curved surface of cylinder is

a) zero b) R 2E ¢) 2nR2E d) none of the above
The Sl unit of closed surface integral of electric field is
a) V-m b) V-m'lc) NC'lmzd) none of the above

Two thin infinite parallel sheets have uniform surface densities of charge +¢ and -c.
Electric field in the space outside the sheets is

a) o/eg b) 26/€0 ¢) 3o/€o d) zero

Inward electric flux through a closed surface is



a)®=¢ E.ds = -/ o b)®=¢Eds=qg/leo c¢)P=¢E.ds=2q/co
d) none of the above

74. If q is the charge per unit area on the surface of spherical conductor, then the electric
field intensity at a point on the surface is
a) g/ €o normal to the surface b) q/ 2€0 normal to the surface
C) g/ €o tangential to the surface d) g/ 2¢€o tangential to the surface

75. Eight dipoles of charges of magnitude (e) are placed inside a cube, the total electric
flux coming out of the cube will be
a) 8e/eo b) e/8¢o C) zero d) e/eo

76. The electric field at a distance 3R/2 from the centre of the charged conducting spherical
shell of radius R is E. The electric field at a distance R/2 from the centre of the sphere
IS
a) zero b) E c) Ef2 d) E/3

77. A square surface of side (I)m in the plane of the paper. A uniform electric field E is
also in the plane of the paper but limited to half of the square surface. Electric flux
with the surface is

a) EI%/2 b)E2e0  c¢)zero  d)2eo EA
78. For a given surface the Gauss's law is stated as ¢ E.ds=0 from this we conclude that
a) E is necessarily zero on the surface
b) E is perpendicular to the surface at every point
c) the total flux through the surface is zero
d) none of the above

79. The electric field in a certain region of space is (5i + 4j — 4Kk) x 10° NC™? . calculate

the electric flux due to this field over an area of (2i —j) x 10? m?

a) 6 x 10° Nmzc'lb) 8 x 10° Nmzc'lc) 10x 10° N m2C'1d) none of the above
80. The net flux through a closed surface due to a charge lying outside the closed surface is
a) g/ eo b) g/ 2e0 c) zero d) none of the above

Electric Potential and Capacitance

(1) What is nature of electrostatic field?
(2)Write equation for difference of potential energy a(AU )charge in an electrostatic field.
How is it defined?

(2) What is equation for potential energy of a charge in an A electro static field? How is it
defined?

(3) Define the term electrostatic potential in an electric field.

(4) Define the term potential difference in an electrostatic field or electric circuit.



(5) Is electrostatic potential & potential difference (VAV) a vector or scalar quantity?
Explain. (5)What is the S.I. unit of electrostatic potential & potential difference?

(6) Define the term volt.

(7) Write the dimensional formula of potential (V), potential difference (V) & volt (V).

(8) Write the equation for potential due to a point charge Q or q at a distance r from it.

(9) Mentions the natures of potential produced by positive & negative charges and also
explain it.

(10) State & the principle of superposition of electric potentials.

(11)  Write an equation for electric potential due to an electric dipole.

(12)  Write an equation for potential due to a sphere of charge or spherical distribution of

charge.

(13) Write equations for electric potential due a shell of charge or hollow sphere of charge.

(14) Define the term equipotential surface.

(15) What is the amount of work to be done to transfer a unit charge by unit distance on an

equipotential surface in an electrostatic field? Explain your answer.

(16) What is the amount of work to be done to transfer a charge Q Or q by a distance x or

d on an equipotential surface. Explain your answer.
(17)  Write an equation to show relation between electric field & potential.
(18) What is physical relation between equipotential surface & electric field.
(19) Write equation for potential energy of a charge Q or g at a potential V in an
electrostatic field.

(20)  Mention equation for energy gained by a charge Q or g by a potential difference V or
dv in an external electric field.

(21)  Write the equation for potential energy of two charges in an external electric field.

(22) Mention an equation for potential energy of an electric dipole in an external electric
field of strength (intensity) E.

(23)  For which orientation or inclination with an electric field an electric dipole has stable

equilibrium.

(24)  For which orientation or inclination with an electric field an electric dipole has
unstable equilibrium.

(25) What is the potential of the earth?

(26)  Why the potential of earth is always taken as zero?

(27) What is the effect of a dielectric on electrostatic potential produced by a charge?

(28) Express eV in terms of joules (or) Calculate one electron volt of energy.

(29) What is name given to the change in potential energy of a unit charge between two points
In an electric field ?

(30) Express dielectric constant(DEC) of a medium in terms of potentials developed by a charge.



(31) Two points P and Q are maintained at the potentials of 10 V and — 4 V, respectively. The work done in
moving 100 electrons from P to Q is [ ]

a)2.24 x 107 b) -2.24 x 1016 j

c)2.0x107%j d)1.24 x 107 j

(32) Energy can be expressed in terms of? [ ]
a) volt b) electron
c) Farad d) electron volt

(33) The work done in moving a positive charge from one point to another in an

Equipotential surface is [ 1
a) Positive b) negative
¢) Maximum d) zero.
(34)  The rate of change of potential with respect to distance is called as? [ ]
a) Potential difference b) capacitance
c) Potential gradient d) none of these
(35) Which of the following cannot be the units of electric intensity? [ ]
a) Vim b) JiIC
c) N/'m d) J/Cm

FILL IN BLANKS

(36) Dielectric constant of mica is

(37) Shape of equipotential surface for a point charge is
(38) Shape of equipotential surface for a uniform electric field is
(39) Equipotential surfaces intersect each other.

(40) For increasing field in a direction the distance between equipotential surfaces gradually

41. The maximum electric field that a dielectric medium of a capacitor can withstand without
break down (of its insulating property) is called its

42. A parallel plate capacitor has circular plates of radius 8 cm and plate separation 1mm.
What will be the charge on the plates if a potential difference of 100V is applied?

43. A parallel plate air capacitor has a capacitance 18uF. If the distance between the plates is
tripled and a dielectric medium is introduced, the capacitance becomes 72uF. The
dielectric constant of the medium is?

44. The capacitance of a spherical conductor is 1uF. Its radius is?

45. Capacitance between point A and B is when two capacitors of 2 uF are connected in
series and a capacitor of 3 uF in parallel to them?

46. Distinguish between a dielectric and a conductor?

47. Define the dielectric constant of a medium. What is its unit?



48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

The given graph shows the variation of charge q vs. potential difference V for two
capacitors C1 and C». Both the capacitors have same plate separation but plate area of C»
is greater than that of C1. Which line (A or B) corresponds to C; and why?

q A

%
If the difference between the radii of two spheres of a spherical conductor is increased,
state whether the capacitance will increase or decrease?

A metal plate is introduced between the plates of a charged parallel plate capacitor. What
is its effect on the capacitance of the capacitor?

A spherical shell of radius b with charge Q is expanded to a radius a. Find the work done
by the electric forces in the process?

Distinguish between polar and non-polar dielectrics?

A sensitive instrument is to be shifted from the strong electrostatic field in its
environment. Suggest a possible way?

The safest way to protect you from lightning is to be inside a car. Comment

Can the potential function have a maximum or minimum in free save?

Why does the electric conductivity of the earth’s atmosphere increase with altitude?
Guess a possible reason, why water has a much greater dielectric constant (=80) than
mica (=6)?

Determine the work done in moving a test charge g through the distance 1cm along the
equatorial axis of an electric dipole.

Why there is no work done in moving a charge from one point to another on an
equipotential surface?

Assume a charge starting at rest on an equipotential surface is moved off that surface and
then is eventually returned to the same surface of rest after a round trip. How much work
did it take to do this? Explain

Do electrons tend to go the regions of high potential or low potential?



62.

63.
64.

65.

66.

67.

68.

69.

A proton is released at rest in a uniform electric field. Does the protons electric potential
energy increase or decrease?

Does the proton move towards a location with higher or lower electric potential?

What is the net charge on a charged capacitor?

Do circular metal plates, each of radius 10cm, are parallel to each other at a distance
1mm. what kind of capacitor do they make ? mention one application of this capacitor

A metal plate is introduced between the plates of a charged parallel plate capacitor. What

is its effect on the capacitance of the capacitor?

The potential to which a conductor is raised, depends on
a) Amount of charge
b) Geometry and size of the conductor
c) Both (a) and (b)
d) Onlyon (a)
A parallel plate air capacitor is charged and then isolated. When a dielectric material is
inserted between the plates of the capacitor, then which of the following does not change
a) Electric field between the plates
b) Potential difference across the plates
c) Charge on the plates
d) Energy stored in the capacitor
An air filled parallel plate condenser has a capacity of 2pF. The separation of the plates
is doubled and the interspace between the plates if filled with wax. If the capacity is
increased to 6pF, the dielectric constant of wax is
a) 2
b) 3
c) 4
d) 6
A parallel plate air capacitor has a capacitance C. when it is half filled with dielectric of
dielectric constant 5, the % increase in the capacitance will be
a) 400%



70.

71.

72.

73.

74.

b) 66.6%

c) 33.3%

d) 200%
Two capacitor of capacitance C are connected in series. If one of them is filled with
dielectric substance k, what is the effective capacitance?

a) kC/(1+k)

b) C(k+1)

c) 2kC/1+k

d) None of these
A capacitor of capacitance 1uF is filled with two dielectric of dielectric constant 4 and 6.
What is the new capacitance?

a) 10 uF

b) 5 uF

c) 4uF

d) 7uF
A 10 pF capacitor is charged to 500 V and then its plates are joined together through a
resistance of 10 ohm. The heat produced in the resistance is

a) 500J

b) 250J

c) 125

d) 1.25]
If there are n capacitors in parallel connected to V volt source, then the energy stored is
a) CV
b) 1/2xnxCx V?
c) CV?
d) 1/2nxCV?
A capacitor is charged by connecting a battery across its plates. It stores energy U. now
the battery is disconnected and another identical capacitor is connected across it, then the
energy stored by both capacitors of the system will be

a) U

b) U/2



75.

76.

77.

78.

79.

c) 2U

d) 3/2U
A capacitor of capacitance C has charge Q and stored energy is W. if the charge is
increased to 2Q, the stored energy will be

a) W/4

b) Wi/2

c) 2W

d) 4w
If the charge of 10 puC and -2 pC are given to two plates of a capacitor which are
connected across a battery of 12V, find the capacitance of the capacitor

a) 033 uF

b) 0.5 uF

c) 041 uF

d) 0.66 uF
An air capacitor is charged with an amount of charge q and dipped into an oil tank. If the
oil is pumped out, the electric fields between the plates will

a) Increase

b) Decrease

c) Remains the same

d) Become zero
Parallel plate capacitor is charged. If the plates are pulled a part,

a) The capacitance increases

b) The potential difference increases

c) Total charge increases

d) The charge and potential difference remains the same
The capacity of a spherical condenser is 1 pF. if the spacing between the two spheres is
1mm, the radius of outer sphere is

a) 3cm

b) 6cm

c) 3m

d) 6m



80.

o

14.

15.

What do you mean by polarization of dielectric?
CURRENT ELECTRICITY
What is the S unit of resistivity?

V and | graph for the parallel and series combination of two resistors is as shown. Which graph
does indicate the parallel combination?

T

A\ A B

I >

If the electron drift speed is so small and electron charge is so
Small how can we still obtain a large amount of current in a conductor?

Which material preferred to use in electric heater and why?

Name two applications of Wheatstone bridge.

Sixr esistors of 377 each are connected along the side sofa hexagon and three resistor
sof6(] each are connected along AC, AD, and A Eass how ninthe figiure. The
equivalent desistance between A and B is equal to:

Does the resistance change during bending or reorienting the wire? Why?
Write the principle on which a metre bridge works?
Define current density. State whether it is a scalar or vector?

. What happens to the drift velocity of electrons with rise of temperature?
. Define mobility? Write its SI Unit.
. A cell of emf 2 V and internal résistance 0.1 Q is connected to a 3.9 Q external

resistance. What will be the current in circuit?

. A cell of emf 2 V and internal résistance 0.1 Q is connected to a 3.9 Q external

resistance. What will be the p.d. across the terminals of the cell?

Calculate the resistivity of a material of a wire 1 m long, 0.4 mm in diameter and having
a resistance of 2 ohm.

A cell of emf “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’.



16. A wire of 15 W resistances is gradually stretched to double its original length. It is then
cut into two equal parts. These parts are then connected in parallel across a 3 volt battery.
Find the current drawn from the battery.

17. Out of the two bulbs marked 25W and 100W, which one has higher resistance?

18. A silver wire has a resistance of 2.1 Q at 27.5 °C, and a resistance of 2.7 Q at 100 °C.
Determine the temperature coefficient of resistivity of silver.

19.a) Three resistors 2 Q, 4 Q and 5 Q are combined in parallel. What is the total resistance
of the combination?

(b) If the combination is connected to a battery of emf 20 V and negligible internal
resistance and the total current drawn from the battery.

20. A Voltage of 30V is applied across a carbon resistor with first second and third rings of
blue, black and yellow colours respectively. Calculate the value of current in mA,
through the resistor.

MCQ ON CURRENT ELECTRICITY

21. Which is the dimensional formula for resistance from the given
below? (AMILZT3AZ(B)MLL2T3A2
(COMIL3T3AZ (D)MIL3T3A2

22. \Which is the dimensional formula for resistance from the given
below? (AMIL2T3A 2 (B)MIL2T  (C)MIL3T3A2
(D)ML3T3A2

23. Resistivity of material of a conducting wire is 4X10-8m volume of the wire is 4m3 and its
resistance is 4 times there foreits length will be.

(A)500m (B)5000m (C)20,000m (D) 4x10°m

24. The given figure shows an infinite ladder network of

10 10 104 10 10

resistances. The equivalent resistance between points A A —oo
and B is. o
(A) Infinite (B)3.73 5 -
10 10 10 10 10
(C)2.73 D) 4

25. A carbon resistor has a set of coaxial colour in the order brown,violet, brown and silver.
The value of resistance(in ohms) is.
(A) (27x10) +5% (B) (27x10) + 10%

(C) (17x10) +5% (D) (17x10) + 10%



26. Across a wire of length | and thickness d, ap. D of Visapplied. If the p.d. is doubled the
drift velocity becomes....
(A) Becomes double (B) becomes half
(C) Can not change (D) becomes Zero

27. The masses of three wires of copper are in the ratio of 1:3:5 and their lengths are in the ratio
of 5:3:1.The ratio of their electrical resistanceis:
(A)L:11 (B)1:35 (C)5:31 (D)125:15:1

28. Two electric bulbs marked 25W-220V and 100W-220V are connected in series to a 440v
supply which of the bulbs will fuse?

(A) 100W (B) 25W (C) None of this (D) Both

29. A parallel combination of three resistors takes a current of 7.5A from a 30V supply, If the
two resistors are10 Qand 12 Q find which is the third one?

(A)4Q (B)15Q (C)12Q (D) 22Q

30. How many dry cells, each of emf 1.5V and internal resistance 0.5 Q, much be joined in
series with a resistor of 20Q to give a current of 0.6 A in the circuit?
(A) 2 (B) 8 (C) 10 (D)12

31. In the arrangement of resistances show ninthe figure, the a0 B
potential difference between B and D will be zero when 20 T
the unknown resistance X is A\%S\i 7 WC
(A) 4Q (B) 2Q 3g{"ko/\/“ 10
(C)3Q (D) 6Q T—

E

32. Two electric bulbs whose resistances are in the ratio of 1:2 are connected in parallel to
aconstant voltage source the power dissipated in them have the ratio.

(A) 122 (B) 1:1 (C) 2:1 (D) 1:4

33. If the above two bulbs are connected in series, the power dissipated in them




34.

35.

36.

37.

38.

39.

40.

41.

have the ratio:
(A)L1:2 (B)1:1 (©)21 (D)1:4
An electric kettle has two coils. When one of them is switched on, the water in the kettle

boils in 6 minutes. When the other coilis switched on, the water boils in 3 minutes. If the
two coils are connected in series the time taken to boil water in the kettle is:

(A) 3minutes (B) 6minutes (C) 2minutes (D) 9minutes
A wire of length L is drawn such that its diameter is reduced to half of its original
diameter. If the resistance of the wire were10Q, its new resistance would be.
A) 40Q (B) 60Q (C) 120Q (D) 160Q
What is the equivalent resistance across the terminals A and B?
AL an DL ier—eB
E— Fyv—
(A) (B)F
7 15
(C) 15r/14 (D) 8r/15
Two heater wires of equal length are first connected in series and then in parallel. The
ratio of heat produced in the two cases is....
(A) 2:1 (B)1:2 (C)4:1 (D) 1:4
The potential difference between the terminals of a battery is 10 V and internal

resistance1¢) drops to 8VVwhen connected across an external resistor find the resistance of
the external resistor.
(A) 40Q (B) 0.4Q (C) 4MQ (D) 4Q

The resistance of a copper coil is 4. 64Q at40°C and 5.6Q at 100°C. Its resistance at
0°C will be

(A) 5Q (B) 4Q (C) 3Q (D) 2Q

A circuit with an infinite no of resistance is show nin fig. R, R R R
the resultant resistance between A and B, when R, 1Q A ‘R e R R
and R, 20 will be P % &
(A) 4Q (B) 1Q

(C) 2Q (D) 3Q

The currents iy, i2 in the given circuit are



i+,

W20 (D) 49 (7) LSV T

1) 0.5A, 0.5A 2) 0.4A, 0.6A
3) 0.3A, 0.05A 4) 0.06A, 0.6A

42. Hundred Cells each of emf 5V and internal resistance 1 ohm are to be arranged so as to
produce a maximum current in a 25 ohm resistance. Each row contains equal number of cells.
The number of rows should be

)2 2)4 3)5 4) 10

43. If six conductors each of resistance ‘r’ are connected as shown in the figure, the equivalent
resistance between A and B is

3 2)r/d 3)r/6 4)r

Metre Bridge and Potentiometer Questions

1. When 2 resistances P and Q are kept in the left and right gaps of a meter bridge, the null
point is obtained at 60 cm. If P is shunted by a resistance equal to half of its value, the shift in
null point is

1) 10 cm to the left  2) 10cm to the right
3) 26.7 cm to the left 4) 26.7 cm to right

2. In a meter bridge, the left and right gaps are closed by resistances 2 ohm and 3 ohm

respectively. The value of shunt to be connected to 3 ohm resistor to shift the balancing point by
225cmis

1) 3 0ohm 2) 1ohm 3)2ohm 4) 2.5 ohm



3. The resistances in the left and right gaps of a balanced meter bridge are Rq, Rp. The balance
point is 50cm. If a resistance of 24ohm is connected in parallel to Ro, the balance point is 70cm.
The value of Ry is

1) 2ohm 2)8ohm 3) 12 ohm 4) 32 ohm

4. In Meter Bridge when P is kept in left gap, Q is kept in right gap, the balancing length is
40cm. If Q is shunted by 10, the balance point shifts by 10cm. Resistance Q is

1)1 ohm 2)50hm 3) 10 ohm 4) 6 ohm

5. A battery of negligible internal resistance is connected with 10m long wire. A standard cell
gets balanced on 6m length of this wire. On increasing the length of Potentio meter wire by 2m,
the null point with the same standard cell in the secondary will be

1) Increased by 2m  2) decreased by 2m
3) Increased by 1.2m 4) decreased by 1.2m

6. A potentiometer has a wire of 100cm length and its resistance is 10 ohms. It is connected in
series with a resistance of 40 ohms and a battery of emf 2V and negligible internal resistance. If
a source of unknown emf connected in the secondary is balanced by 40cm length of
potentiometer wire, the value of ‘E’ is

1) 0.8V 2) 1.6V 3)0.08V 4)0.16V

7. A constant resistance is kept in the left gap of a meter bridge. For two different resistances
separately in right gap, the balancing length are 40 & 60cm. If these two are connected in series
in right gap, the balancing length is

1) 20 cm 2)30cm  3) 40cm 4) 45 cm

8. When resistances x & y are connected in the left and right gaps of a meter bridge balancing
point is obtained 50 cm. when X is increased by same x and y is increased by y, then the new
balance point is

1) 20 cm 2) 40 cm 3)50cm 4)80 cm

9. Two resistances X & Y are in the left and right gaps of a meter bridge. The balancing
point is 40cm from left. Two resistances of 10 Ohm each are connected in series with X & Y
separately. The balance point is 45cm. The X and Y are

1)2&80hms 2)4 &6 Ohms

3)8&120hms 4)12 & 16 Ohms

10. In a meter bridge experiment, when the resistances in the gaps are interchanged the
balance point is shifted by 10cm. The ratio of the resistance is
1) 155 2)12:8  3)11:9 4) 10:9



11. A Potentiometer wire of length 10m has a resistance of 10 ohm. It is connected in series
with a resistance and a cell of emf 4V. A cell of emf 1.5V is balanced against a length of
4.5m of the potentiometer wire. The external resistance is

1) 4 ohm 2) 2 ohm

3) 5 ohm 4) 10 ohm

12. In an experiment for calibration of voltmeter, a standard cell of emf 1.5V is balanced at
300cm length of potentiometer wire. The P.D. across a resistance in the circuit is balanced at
1.25m. If a voltmeter is connected across the same resistance, it reads 0.6V. The error in the
voltmeter is

1) 0.05V 2)0.025V 3)05V 4) 0.25V

13. A potentiometer wire of 1m length and 10 Ohm resistance is connected in series with a
cell of emf 2V and internal resistance 10hm and a resistance box having a resistance R. If
the P.D. between the ends of the wire is 1 millivolt, the value of R in ohms is
1) 19989 2) 9989
3) 20,000 4) 10,000
14. A 10hm resistance is in series with an A mmeter which is balanced by 75cm of
potentiometer wire. A standard cell of 1.02 V is balanced by 50cm. The Ammeter shows a
reading of 1.5A. The error in the Ammeter reading is

1) 0.002A 2) 0.03A
3) 1,01A 4) no error

15. The balancing length for a cell of emf 1.2 V and internal resistance 5 Ohm is 900 cm. Ifa 10
Ohm resistance is connected across the terminals of the cells, then the potential difference across
resistance and balancing length will respectively be

1) 0.5V,150cm 2) 0.5V, 600 cm

3) 0.8V, 300cm 4) 0.8V, 600 cm

16. A potentiometer wire of length 10m and resistance 9.8ohm is connected in series with a
battery of emf 2V and internal resistance 0.20hm . The balancing length 1st cell of emf 1V
volt on this potentiometer is 4m. When 2ohm resistance is connected in series with the
potentiometer, wire, then the change in balancing length is —

1) Decreases by 0.8m 2) Increases by 1m

3) Decreases by 1m  4) Increase by 0.8 m

17. An uniform conducting wire of 160hm resistance is stretched uniformly so that its length
increases by 50 percent. Then it is bent in the form of a square. A battery of e.m.f 1 volt,
internal resistance one ohm is connected between two opposite corners. A resistance of
10ohm is connected between other two opposite corners, current flowing through one of the
sides of square (in ampere) is

1)1.2A 2)0.6A 3)0.3A 4) 6A



18. A 10 m long wire of resistance 15 ohm is connected in series with a battery of emf 2V
(no internal resistance) and a resistance of 5 ohm. The potential gradient along the wire is

1)0.15Vm—L  2)0.45vml

3)1.5Vm1 4)45Vm1
19. In a potentiometer experiment, when two cells are joined in series to support each other
and then joined to oppose each other balancing points are obtained at 6m and 2m
respectively. The ratio of their e.m.f. s is

1)1:1 2)2:1 3)31 4) 4:1
20. A cell in the secondary circuit given balancing length for 1.5 m length in potentiometer of
length 10m. If the length of potentiometer is increased by 1m without changing the cells in

primary or secondary, balancing length becomes
1)15m 2)1.65m 3)3m 4)35m

21. In an experiment to determine the internal resistance of a cell with potentiometer, the
balancing length is 260 cm. When a resistance of 3 ohm is joined in parallel with the cell, the
balancing length is 150 cm. The internal resistance of the cell is

1) 2.2 ohm 2) 1.1 ohm

3) 3.30hm 4) 3 ohm

22. A standard resistance of 1 ohm and a small resistance ‘r’ are connected in series. The
balancing length on potentiometer wire corresponding to this combination is 630 cm whereas
the balancing length corresponding to 1 ohm resistance is 600cm. The value of ‘r* will be
1)05 2)1
3)2 4) 0.05

23. If the applied emf in the primary circuit of a potentiometer is increased by 3 times, the value
of potential gradient will become

1) one third 2) 3 times

3) 6 times 4) 9 times

24. The resistivity of a potentiometer wire is ‘p’ and the area of cross section of the wire is ‘A’.
If the current flowing in the circuit is ‘I’, then potential gradient will be

1) IAp 2)IA/p

3) Ip/A 4) I/pA

25. A potentiometer wire of 10m length and 20 ohm resistance is connected in series with a
resistance of 80 ohm and a battery of emf 2V, negligible internal resistance. Potential
gradient on the wire in millivolt/centimeter will be

1)0.4 2)0.16 3)2 4)4

26. A cell connected in the secondary circuit of potentiometer gives null point at 325cm.
When another cell is connected in series with the cell, the null point is obtained at 550 cm.
Ratio of e.m.f.s of the 2 cells is

1) 13:22 2) 13:9

3) 325:550 4) 65:43
27. The emf of a battery ‘X’ is balanced by a length of 80cm on a potentiometer wire. The

emf of a standard cell 1V is balanced by 50cm. The emf of battery ‘X’ is
1) 1.4V 2)15V  3)1.6V 4) 2V



28. The resistance of the potentiometer wire is 0.90hm. The potential gradiant is

0.0081ch'1. Then the current in the wire is
1)1A 2)09A 3)05A 4)0.1A

29. In a potentiometer experiment, 2 cells of emf’s Eq and Eo balances for a length of 800cm
when they are in series. If the terminals of the cell of E5 in reversed then the balancing length
Is 200cm. If E{>Ep, the ratio E1:Ep is

1)4:1 2)2:1 3)5:3 4) 3:2
30. The resistances of 2 potentiometer wires of equal lengths are 20hm and 40hm

respectively. If the currents flowing through them is same, the ratio of potential gradient is
1)1:2 2)2:1 3)1:3 4)1:1

31. A 2 ohm resistance and an unknown resistance are connected in series and constant
current is flowing through them. In potentiometer experiment, the potential difference across
2 ohm resistance is balanced against 300cm length and that cross the unknown resistance is
balanced against 360 cm length. The value of unknown resistance is

1)2.4 ohm 2) 3.6 ohm

3) 3.0 ohm 4) 6.6 ohm

32. In potentiometer experiment, a standard cell of 1.2 VV emf gets balanced at 260 cm length of
potentiometer wire. If a current of 0.2 A flows through 3 ohm resistance, the balancing length
will be

1) 80cm 2) 130 cm 3) 520 cm 4) 260 cm

33. In an experiment with potentiometer to measure the internal resistance of a cell, when the
cell is shunted by 5 resistance, the null point is obtained at 2m. When the cell is shunted by
20 resistance, the null point is obtained at 3m, The internal resistance of cell is
1)2 2)4
3)6 4)8
34. A potentiometer wire of length 10m and resistance 300hm is connected in series with a
battery of emf 2.5V, internal resistance 50hm and external resistance R. If the fall of potential
along the potentiometer wire is 50mV/m, the value of R in ohms is
1) 115 2) 80
3) 50 4) 100

35. A potentiometer has a wire of 100 cm length and its resistance is 10 ohms. It is connected
in series with a resistance of 40 ohms and a battery of emf 2V and negligible internal
resistance. If a source of unknown emf connected in the secondary is balanced by 40cm
length of potentiometer wire, the value of ‘E’ is

1) 0.8V 2) 1.6V

3) 0.08V 4)0.16 V
36. The emf of a cell is 2V and its internal resistance is 2 ohm. A resistance of 8 ohm is
joined to battery. If 1V standard cell balances for 100cm of potentiometer wire, the balance
point of above cell is

1) 120cm 2) 240cm

3) 160cm 4) 116¢cm



37. If the length, thickness specific resistance and current flowing in a potentiometer wire are
doubled, then potential gradient becomes — times

1)4 2)8
3)2 4) uncharged

SEMI COUNDUCTOR ELECTRONIC DEVICES AND CIRCUITS

What will happen to the size of the depletion region in the forward bias of a p-n junction
diode?
What will happen to the barrier potential when the Zener diode is forward biased
Zener diode is used as a voltage
(@) rectifier (b) regulator (c) amplifier (d) oscillator

Singe p — n junction diode can be used in electronic circuit as

(@) Full wave rectifier (b) Half wave rectifier (c) filter (d) switch
Symbol of p — n junction diode is
Symbol of Zener diode
Threshold voltage or cut in voltage in Germanium diode is

@ ~02V({b)~03V (c)~04V (d)~05V
The direction of diffusion current in an unbiased p-n junction diode is.
The current is reverse bias of a p-n junction diode is in the order of

(@) Micro Ampere (b) Nano Ampere (c) mille Ampere (d) Pico ampere

10. Number of p-n junction diodes used in a full wave rectifier

11.

12.
13.

(@) One (b) two (c) Three (d) four
The frequency of pulsating (unsteady) DC in a half wave rectifier is
(a) Equal to the frequency of AC
(b) Double the frequency of AC
(c) No relation with AC frequency
(d) It needs calculation
The direction of drift current in an unbiased p-n junction diode is
When a photo diode is in use it is biased as
(a) Forward bias (b) Reverse bias (c) unbiased (d) It can be any biasing

14. The I-V characteristics of a photo diode are drawn in the

(a) First quadrant (b) Second quadrant (c) Third quadrant (d) Fourth quadrant

15. The photons emitted in LED are

16.

(a) Equal or slightly less than the band gap
(b) Equal or slightly greater than the band gap
(c) Equal to the band gap
(d) Doesn’t depend on the band gap

If the forward current on LED increases
(@) Intensity of emitted light increases



(b) Intensity of emitted light decreases
(c) Intensity of emitted light has no relation with the forward current
(d) None of the above
17. The composition of Gallium , Arsenic and Phosphorus in Red LED is
18. The energy band gap required to produce Infra Red LED is
19. Condition to generate electricity in a solar cell is
(@ (@hv>Eg (b)hv<Eyg (c)hv=Eg (d)hv- Eg
20. The typical I-V characteristics of a solar cell are drawn in
21. The current in forward bias is in the order of
(@) Micro Ampere (b) Nano Ampere (c) mille Ampere (d) Pico ampere

22. Assuming the diodes to be ideal

R D
~10V =AM~ D>

D2

B

—

(a) D1 is forward biased D is reverse biased and hence current flows from A to B
(b) D2 is forward biased and D1 is reverse biased and hence no current flows from B
and A and vice versa
(c) D1and Dy are both forward biased and hence current flows from Ato B
(d) D1 and Dz are both reverse biased and hence no current flows A to B and vice
versa.
23. In the depletion region of a diode
(@) There are no mobile charges
(b) Equal number of holes and electrons exist making the region neural
(c) Recombination of holes and electrons has taken place
(d) Immobile charged ions exist.

24.
I

V,. (open circuit voltage)
\ "

3

¥~ Short circuit current

The given graph represents | — V characteristic for a semiconductor device. Which of the
following is correct ?
(@) Itis I _V characteristic for solar cell where point A represents open circuit
voltage and point B short circuit current



(b) Itis for a solar cell and points A and B represent open ciucuit voltge and current
respectively
(c) Itis for photodiode and points A and B represent open circuit voltage and current
respectively
(d) Itis for LED and points A and B represent open circuit voltage and short circuit
current respectively
(e) Itis for LED and points A and B represent open circuit voltage and short circuit
current respectively.
25. Zener diode is designed to operate under
(a) Forward bias (b) Reverse bias (c) No bias (d) None of the above
26. The size of depletion region is in the order of
(@) (@) <10® (b)>10° (c)=10° (d) No such relation exists
27. The magnitude of junction field in a Zener diode is of the order of
(@) (a) ~5x10°V/m (b) =5x10°V/m (c) ~5x10"V/m (d)~5x10°V/m
28. In the graph given below is the | — V characteristic of a special purpose p-n junction
diode, identify the diode
l‘(mA)

R({ycrsc bias
-t

»Forward bias
—sVV)

I'(pA)

[N}

29. The current in Zener diode increases sharply after Zener voltage. The charges required
for this current are drawn from
(a) Conduction band (b) Valence band (c) Forbidden band (d) Fermi level
30. What is the purpose of using a transparent window in a photodiode?
31.

.
mA

Reverse bias

- volts

|
Thé graph shown above is for a photodiode, where 11,12,13,14 represent the intensity of
light incidenting on the junction of photo diode. Which intensity of light produces

highest photo current?




32.

33.
34.

35.

36.
37.

38.
39.
40.
41.
42.
43.
44,
45.

46.

47.

a)

48.

49.

50.

51.

52.
53.

The reverse breakdown voltages of LED are very low, typically around
@5V (b)6vV (¢c) 7v (d) 8V
The light is emitted in LED due to
In a solar cell the thickness of p — Si wafer is about
(@ 300 um (b) 200 pm (c) 100 pm (d) 25 pm
In a solar cell the thickness of n — Si wafer is about
(@ ~0.5um (b)~0.7um (¢)~0.3 um (d) ~ 0.8um
Why photo diodes is always connected in reverse bias.
What is the size of Zener Diode?
(a) Its size remains constant (b) Its size is bigger than the p-n junction diode
(c) Its size is smaller than the p-n junction diode (d) Its size changes according to the
requirement of the circuit
Symbol for LED is
In the figure shown above which end is p- type material and which is n type material
Which semi conductor is used in making Blue LED
In a conductor conduction and valance bands are
Semiconducting device used to regulate an uninterrupted dc power supply is
GaAs is used in diode
Zener diode works in bias
The energy gap when doped with a pentavalent impurity
a) increases b)decreases c) remains the same
In an n type semiconductor ne/ny is
a) <lb)>1c)=1
Electrical conductivity of a pure semiconductor at a given temperature depends
Width of forbidden and b) intrinsic charge carrier concentration. ¢) both d) none
Output in the following isa) 5V b)-5Vc)0Vd)1V

T, -
o 6 R
U

Beyond zener breakdown voltage when current changes voltage a) increases b) decreases ¢) no
change

In forward bias of junction diode width of depletion region a) decreases b) increases c) does
not change.
The conductivity of n- type semi conductor is than p-type semiconductor though the
concentration is the same of both the charges?

are prefered for fabrication of solar cells?
In a p-n jn diode, increase in forward voltage of 0.19 v increases forward current by 37.6 mA.
dynamic resistance is



54. A zener diode is specified havivg breakdown voltage of 9.1V with maximum power dissipation
of
364mW. The maximum current the diode can handle is _
55. The diodes in figure are
a) both forward bias b) both reverse bias c) forward and reverse bias
d) reverse bias and forward bias

+5V ]
(i1)
—{>—ww—1
56. In half wave rectifier output power is %
57. In full wave rectifier output power is %

58. In insulators the forbidden energy gap is
59. Pure Si at 300 K has equal electron and hole concentration of 1.5 x 10 /m®. Doping by Indium
increases hole concentration to 4.5 x 10%/m? electron concentration is
60. Drift current in a semi conductor is due to
61. Diffusion current in a semi conductor is due to
62. In intrinsic semiconductors ratio of electron hole concentration is
a)<lb)>lc)=1
63. In n-type semiconductor additional energy levels are formed
64. Voltage in forward bias of a p-n diode where current abruptly increas is
65. LED works in bias.
66. Hole concentration of a diode is the ratio of charge concentration to
67. Maximum wavelength of electromagnetic radiationton to create electron-hole pair in silicon with
bandgap 1.1eVis
68. In a pure semiconductor number of conduction electrons is 6 x10 *° per m3. How many holes are
there in a sample of 1cm x 1cm x 2mm
69. Increase in tempature of a semiconductor the forbidden gap
a) increases b) decreases c)will not change  d)will double
70. Diamond behave like
a) conductor  b) insulator ¢) semiconductor
71. Reverse bias of a pn jn diode
a) increases b) decreases  c) will not change the barrier voltage
72. Piece of cu is cooled from room temparature to 80 K its resistance
a) increases b) decreases c) no change
73. When a reverse voltage of 5V is applied across the depletion region (thickness < 10° m )of a
Zener diode , find the field set up across the junction
74. Solar cell works in bias
75. The colour of light emited in LED depends on
a) Level of doping b) semiconductor used c) both  d)none
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10.

11.
12.

13.
14.

15.

16.

17.

18.
19.

20.
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26.

27.
28.

MAGNETIC EFFECTS OF CURRENT AND MAGNETISM

State Biot-Savart law.

Write mathematical expression for Biot-Savart law in vector form.

Name the Sl unit of the magnetic field and define it.

Write mathematical expression for magnetic field at the centre of a current carrying
circular coil.

On what factors the magnetic field at the centre of a current carrying coil depends?
Name and state the rule for finding the directions of a magnetic field due to a circular
current loop.

State ampere's circuital Law. Give its mathematical expression.

Write the mathematical expression for the magnetic field produced by an infinitely long
straight conductor.

What is meant by solenoid? Give mathematical expression for magnetic field produced
by it at its centre.

State the rule which is used to find the direction of force on a charge moving in a per
pendicular magnetic field.

What is meant by Lorentz Force? Give its mathematical expression.

Write the expression for force acting on any charge g and velocity v that enters in
magnetic field in vector form.

Name the physical quantity whose Sl unit is wb/m?.

Under what condition does an electron moving through a magnetic field experience
maximum force?

Under what condition is a force acting on a charge moving through a uniform magnetic
field minimum?

What is the direction of the force acting on a charged particle Q moving with a velocity V
in a uniform magnetic field B?

What will be the path of a charged particle moving perpendicular to a uniform magnetic
field?

Among alpha, beta and gamma radiations which get deflected by a magnetic field?
Electron being projected along the positive X- axis experience is a force due to magnetic
field along the Y-axis. What is the direction of magnetic field?

A beam of Alpha particles projected along the positive X- axis experiences a force due to
a magnetic field along the positive y-axis. What is the direction of the magnetic field?
Which of the following will experience maximum force when projected with the same
velocity v perpendicular to the magnetic field (i) Alpha particle or (ii) beta particle?

A solenoid coil of 300 turns/m is carrying a current of 5A. The length of the solenoid is
0.5m and has a radius of 1cm. Find the magnitude of magnetic field inside the solenoid.
An electron does not suffer any deflection while passing through a region of uniform
magnetic field. What is the direction of the magnetic field?

What amount of work is done by a magnetic force in a moving charge and why?

What is the SI unit of Permeability po?

What is the value of 4m/ po?

What is Cyclotron.

State the principle of a cyclotron.



29.
30.
31.
32.

33.
34.

35.
36.
37.
38.
39.

40.

What is the function of electric field in cyclotron?

What is the function of magnetic field in cyclotron?

Can we accelerate neutrons using cyclotron? Give reason.

The frequency of revolution of a charged particle in a cyclotron does not depend on the
speed of the particle. Why?

Why is cyclotron not suitable for accelerating electrons?

An electron and a proton having equal momenta are moving at right angles to the field
lines. What will be the ratio of curvature of their trajectories?

On what factors the Cyclotron frequency depends?

Mention any one use of Cyclotron.

Write the relation between eo, po and c.

What is the SI unit of the product of €o and po?

A straight conductor AB of a circuit lies along the x-axis from x = -a/2 to x = +a/2 and
carries a current 1. What is the magnetic field due to this conductor AB at a point x = +a.
An electric current is flowing due south along a power line. What is the direction of the
magnetic field at a point above it?

SNo

QUESTIONS

The scale of galvanometer of resistance 100Q2 contains 25divisions. It gives deflection of
one division on passing current of 4X10“A. The resistance in ohm to be added to it , so
that it may becomes a voltmeter of range 2.5V is

150

170

110

220

50| 0| m| >

A galvanometer coil has a resistance of 10Q and the meter shows full scale deflection for
A current of ImA. The shunt resistance required to convert the galvanometer into an
ammeter of range 0 to 100mA is about

10Q

1Q

0.1Q

0.01Q

500w >

If the number of turns in the moving coil galvanometer becomes half , then the deflection
For the same current will be become

Same

Half

Double

o0 w| >

Four times

44

A voltmeter has a resistance of GQ and range of V volts. The value of resistance used in
series to convert it into a voltmeter of range nV volts is

nG

(n-1)G

G/n

(wll@livlp>

G/(n-1)

45

A conducting circular loop of radius r carries a constant current I. It is placed in a uniform
Magnetic field B such that B is perpendicular to the plane of the loop. The magnetic force




acting on the loop is

A IRB
B 27RIB
C Zero
D nRIB
46 | A rectangular loop carrying a current | is situated near a long straight wire such that the
wire is parallel to one of the sides of the loop and the plane of the loop is same of the
straight wire. If a steady current | is established in the wire as shown, the loop will
A Rotate
B Move away from the wire
C Move towards the wire
D Remain stationary
A | | B
D - C
47 | A uniform magnetic field B (3i+4j+k) exists in region of space. A semicircular wire of

radius 1m carrying current 1 A having its centre at (2,2,0) is placed in x-y plane as shown.
The force on the semicircular wire will be

A | 2Y2(i+j+K)
B | 2Y2(i-j+k)
C | 2Y4(i+j-k)
D | 2Y%(-i+j+k)
Y A
(2,2)
X
48 | Two thin long parallel wires separated by a distance b are carrying a current 1A each. The
magnitude of the force per unit length exerted by one wire on the other is
A | pol’b?
B | uol’2nb
C | wol/2mb
D | pol/2nb?
49 | In the figure shown a current I, is established in the long straight wire AB. Another wire

CD carrying current I is placed in the plane of the paper. The line joining the ends of this
wire is perpendicular to the wire AB. The resultant force on the wire CD is




A Zero
B Towards negative X-axis
C Towards + ve Y axis
D None of this
50 | A bar magnet has magnetic moment 2.5J/T and is placed in a magnetic field of 0.2 T.
Work done in turning the magnet from parallel to anti parallel position relative to the field
direction.
A 0.5J
B 1]
C 2.0J
D Zero
51 | A circular loop of area 1cm?, carrying a current of 10A is placed in a magnetic field of
0.1T perpendicular to the plane of the loop. The torque on the loop due to magnetic field
is
A Zero
B 10*Nm
C 102Nm
D INm
52 | Wires 1 and 2 carrying currents Iy and I2 respectively are inclined at an angle ¢ to each
other. What is the force on a small element dl of wire 2 at a distance r from wire 1, due to
the magnetic field of wire 1?
A
1 R 21,
Ih
90° dl
A (nol/2nR)11l2dl Tang
B (nol/2nR)11l2dl Sing




C (nol/2nR)1112dl Cosg

D (nol/4nR)11l2dl Sing

53 | Athin flexible wire of length L is connected to two adjacent fixed points carries a current
I in the clock-wise direction. When the system is put in a uniform magnetic field strength
B going into the plane of paper it takes the shape of the circle. The tension in the wire is

A IBL

B IBL/n

C IBL/2n

D IBL/4n

54 | A magnetic needle lying parallel to a magnetic field requires W units of work to turn it
through 60°. The torque needed to maintain the needle in this position will be

A 32w

B W

C (3Y212 W

D 2W

55 | Magnetic lines of force inside a bar magnet-

A Do not exists

B Depend upon the area of cross section

C Are from south pole to North pole

D Are from North pole to South pole

56 | A current I A flows along an infinitely long straight thin walled tube, then the magnetic
induction at any point inside the tube is

A Zero

B Infinite

C po2l/4mr

D 2l/r

57 | Two long conductors separated by a distance d carry currents I3 and I> in the same
direction. They exert a force F on each other. Now the current in one of them is increased
to two times and its direction is reversed. The distance is also increased to 3d. The new
value of the force between them is-

A -2F

B F/3

C -2F/3

D -F/3

58 | A magnetic needle is kept in a non uniform magnetic field. It experiences

A A Torque but not force

B Neither a force nor a torque

C A force and a torque




D A force but not torque
59 | A magnetic dipole M= (Ai+Bj)J/Whb is placed in magnetic field B=(Cx%i+D y%)Wb /™
'"XY plane at r= (Ei+Fj)m. Then force experienced by the dipole is
A 2ACEi+2BDFj
B | 2ACEj
C 0
D ACEi+BDFJ
60 | A horizontal metallic rod of mass m and length | is supported by two vertical identical
springs of spring constant K each and natural length lo. A current I is flowing in the rod in
the direction shown. If the rod is in equilibrium then the length of each spring in this state
IS
i >
|
X XXX XX XX X X XXX
K XXX XX XX X X XXXXX X
K
A Lo +(BIL-mg)/K
B Lo +(BIL-mg)/2K
C | Lo+(mg-BIL)/2K
D Lo +(mg-BIL)K
61 | A wire carrying current I and has linear mass density p should be floated in the air. In
which direction and how much magnetic field should be applied Current is passing left to
right.
A pg/l into the plane
B ng/l vertically upward
C pg/IL into the plane
D pg/I' L vertically upward
62 | How much should be the current passed through lower wire so that the upper wire of
linear mass m should remain in air at height h while carrying current |
|
A >
H
II
A I' =2mgh/pol




B Not possible

C 4ntmgh/ pol

D Zero

63 | A metal rod of cross section area a carrying current | is supported to flout in air by the
help of magnetic field B. Next it is immersed in a liquid and again maintained to remains
suspended by applying same field, but the current had to be passed through the rod is I'.
Find the density of the liquid

A | D=B(I-I'/ag

B D=B(l-I'}/ag?
D=B(l-I'/ag®

D None of these

64 | Circular coil of radius R and a current | which can rotate a about a fixed axis passing
through its diameter is initially placed such that its plane lies along magnetic field B.
Kinetic energy of the loop when it rotates through an angle 90° is

A nR?BI

B nR?BI/2

C 27R%BI

D |32@R?BI)

65 | A galvanometer of resistance 25Q is shunted by a 2.5 Q wire. The part of total current
that flows through the galvanometer is

A 1/l =1/11

B /1o =3/11

C /1o =2/11

D /1o =4/11

66 | In the figure the loop is fixed but straight wire can move, the straight wire will be

A Remain stationary

B Move towards the loop

C Move away from the loop

D Rotate about the axis

67 | What kind of field should be established in the M C G?

A Radial

B Uniform

C Non uniform

D None of these

68 | If we increase the number of turns of the coil of the moving coil galvanometer what
happens to the sensitivity?

A Current sensitivity remains constant but voltage sensitivity changes

B Current sensitivity increases but voltage sensitivity remains same




C Both does increase
D No change
69 | In an ammeter 10% of main current is passing through the galvanometer. If the resistance
of the galvanometer is G, then the shunt resistance -
A 9G
B G/9
C 90G
D G/90
70 |A M C G has a coil of effective area A and no. of turns N. The magnetic field B is
radial. If a current I is passed through the coil the torque acting on the coil is
A NAZB?|
B NABISing
C NABI
D Zero
71 | The sensitivity of MCG can be increased by decreasing
A No. of turns of the coil
B Magnetic field
C Avrea of the coil
D Restoring couple per unit twist of the suspension
72 | A, B, and C are parallel conductors of equal lengths carrying currents I, I and 2I
respectively. F1 is the force exerted by B on A. F2 is the force exerted by C on A.
Choose correct statement
Al Al 21
X le— X,
v
A F1=2F2
B F2=2F1
C F1=F2
D |F1=-F2
73 | A wire PQR is bent as shown as PQ=L and QR= L and carrying current I , placed in
uniform magnetic field B. The magnitude of the force on PQ and QR will be-
B R
L g I L
P > Q
A BIL,0
B 2BIL,0




C 0,BIL
D 0,0
74 | Consider the diagram A B C
< D e < I s
A
100Q 100Q
50V
< sourc®
A Voltmeter of resistance 150€2 is connected across A and B. The P.D across B and C
measured by voltmeter is
A 29V
B 27V
C 31V
D 30V
75 | When a current carrying coil placed in a uniform magnetic field with its magnetic moment
anti parallel to the field then
A Torque on it maximum
B Torque on it zero
C Potential Energy maximum
D Dipole is in unstable equilibrium
76 | A loop of magnetic moment M is placed in the orientation of unstable equilibrium
position in a uniform magnetic field B. The external work done in rotating it through an
angle g is
A -MB(1-cosg)
B -MB cosg
C MB cosg
D Mb(1-cosg)
77 | Figure shows a line straight wire carrying a current I; along the axis of a circular ring
carrying a current | ». Identify the correct stqttement.
Ih
| )"
A Straight wire attracts the ring
B Straight wire attracts a small element of thering
C Straight wire does not attract any small element of the ring
D None of the above




78 | A metal ring of radius r = 0.5 m with its plane normal to a uniform magnetic field B of
induction 0.2 T carries a current I = 100 A. The tension in Newton developed in the ring is

A 100

B 50

C 25

D 10

79 | There are two wires of infinite length carrying currents | and 31 placed parallel to each
other at 5m and 2m from point A. If an a particle is projected with velocity 10° m/s along
y-direction through the point A. It is observed that it experiences the force 102°N, find
the value of current 1.

X_(I) X (31) A
Current wire current wire point

A 1.3mA

B 2.9mA

C 5mA

D 919mA

80 What are uses of iron core in the MCG

A It increases the strength of the magnetic field and makes it radial

B It makes field in to uniform

C It increases the weight of the MCG

D No use

MAGNETISM AND MATTER

Which is not correct about the poles of a bar magnet ?

(a) Poles of a magnet are of equal strength

(b) Poles exit always in pairs

(c) Poles of a magnet are always unlike

(d) Poles situated outside the geometrical ends of a magnet

The pole strength of a bar magnet depends upon
(a) Nature of the material of the magnet only
(b) Area of cross-section of the magnet only
(c) Both (a) and (b)

(d) None

S| Unit of magnetic pole strength is
(@ A-m




(b) A-m!
(c) A-m?
(d) A-m?

4. Does the mono-pole exits?
5. Does the length of an iron bar change when it is magnetized?
6. Is copper a magnetic or non-magnetic material?
7. The direction of magnetic dipole moment of a bar magnet is
(a) From south pole to north pole
(b) From north pole to south pole
(c) Perpendicular to axis of the bar magnet

(d) None

8. A bar magnet of dipole moment ‘M’ cut into two equal parts along its axis. What is the new
dipole moment of each part?

~—~
QD
—

©|Ro T[TV

()

~—~
O
~—

(d)

9. A steel wire has a magnetic moment ‘M’ and bent into a semi-circular arc shape. What is its new
dipole moment?
M
@ =

M

(b)
(© =
(d) Zero

10. Two bar magnets of dipole moments M;. M, respectively are placed at right angles to each other
with the north pole of one touching the south pole of the other. What is the magnetic dipole
moment of the system?

@ M1+ M,
(b) M1— M

(©) VM7 + M;
(d) yM; + M,

11. What is the basic difference between magnetic and electric lines of force?



12.

13.

14.

15.

16.

17.

18.

19.

(a) Magnetic lines of force are closed and continuous but electric lines of force are open and

continuous

(b) Magnetic lines of force are open and discontinuous but electric lines of force are open and

continuous
(c) Both are closed and discontinuous
(d) Both are open and discontinuous.

Give one example for a magnet with no pole?
Can two magnetic lines of force intersect each other?

What is Gauss law in magnetism?

(a) The net magnetic flux through any closed surface is non-zero.
(b) The net magnetic flux through any closed surface is zero.

(c) The magnetic field inside a closed surface is zero.

(d) None of the above.

What is the significance of Gauss law in magnetism?

Sl unit of magnetic field induction
(@) Weber

(b) Tesla

(c) Gauss

(d) Both (b) and (c)

1 tesla = ----- gauss
(a) 10°
(b) 10*
(c) 10°
(d) 108

The north pole of a bar magnet is pointed towards the geographic north, then
(a) One neutral point is obtained on axial line.

(b) One neutral point is obtained on equatorial line.

(c) Two neutral points are obtained on equatorial line.

(d) Two neutral points are obtained on axial line.

The south pole of a bar magnet is pointed towards the geographic north, then
(a) One neutral point is obtained on axial line.

(b) One neutral point is obtained on equatorial line.

(c) Two neutral points are obtained on equatorial line.

(d) Two neutral points are obtained on axial line.



20

21

22.

23.

24,

25.

. A pole of strength ‘m’ is placed in a magnetic field of induction ‘B’. What is the force
experienced by it?
@ F=mB
=m
(b) F=7

©) F=;
@) F=37

B
. A magnetic pole of strength 10 A-m is placed in a magnetic field and experiences a force of 100
N. What is the magnetic field intensity?
(@ 01T
(b) 1T
(c 10T
(d) 100T

The magnetic field induction at a point on the axial line of a short bar magnet is

_Mo2M
(a) B T 4w 13

(b) g=toM

4m 73

_Bo2M
© B=rmr

Mo 2M
@) B= i

The magnetic field induction at a point on the equatorial line of a short bar magnet is

o 2M
(a) 41 13

(b) B=teM

4m 73

_Mo2M
(C) B T 4w r2

(d) B=te22

41 12

The magnetic field induction due to a short bar magnet varies as
1
(@) -
1
(b)
1
© =
(d r
The ratio of magnetic field induction due to a short bar magnet on axial line and equatorial line
for the same distance is
(@ 1:2
(b) 1:3
(c) 2:3
(d) 211
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The magnetic field induction due to a short bar magnet on its end —on position is 10 T. What will
be the magnetic field induction on broad-side position for the same distance is

@ 5T

(b) 15T

(c) 20T

(d)y 25T

The work done in moving a north pole of pole strength ‘m’ on the equatorial line of a bar magnet
of dipole moment ‘M’ is

@ 0J

(b) 2J

(c) 47

(d) 6J

If the magnetic field is not uniform, the bar magnet will experience
(a) Resultant force only.

(b) Resultant torque only.

(c) Both force and torque

(d) Can’tpredict.

If the magnetic field is not uniform, the motion of a bar magnet is
(a) Translational only.

(b) Rotational only.

(c) Both translational and rotational

(d) Can’tsay.

A bar magnet is aligned parallel to the Earth’s magnetic field. What is the (a) net force and (b) net
torque acting on it.

(@ ON,0N-m

(b) ON, 1 N-m

(¢) 1 N,0N-m

(d IN,1N

Write the vector form of the torque experienced by a bar magnet of dipole moment ‘M’ placed in
an uniform magnetic field of induction ‘B’.

What are the conditions for a bar magnet to experience (a) a maximum and (b) minimum torque
when it placed in an uniform magnetic field?

(a) 0°90°

(b) 90°,Q°

(c) 45°%60°

(d) 60°45°
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34.

35.
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37.
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39.

40.

Two identical bar magnets are joined to form a cross (+). The combination is freely suspended in
an uniform magnetic field of induction ‘B’. At equilibrium one magnet makes an angle ‘©’ with
the field. What is ‘©’?

(a) 30°

(b) 45°

(c) 60°

(d) 90°

If a bar magnet of dipole moment ‘M’ is placed in an uniform magnetic field of induction ‘B’ and
rotated from stable equilibrium position to unstable equilibrium position, then what will be the
work done?

@ 0

(b) +2 MB

(c) -2MB

(d) +MB

What is the potential energy of a dipole when it is parallel to a magnetic field?
@ 0

(b) -MB

(c) +MB

(d) +2MB

The small angle between magnetic axis and geographic axis at a place is
(a) Magnetic meridian

(b) Magnetic inclination

(c) Magnetic declination

(d) None of the above

What is the angle of dip at a place where horizontal and vertical components of earth’s field are
equal?
(a) 30°
(b) 45°
(c) 60°
(d) 90°

What are the values of the angles of dip at (a) equator and (b) poles of the earth?

A circular coil of 1000 turns and diameter 14 cm carries a current of 10 A. What is the magnetic
moment associated with it?

An electron of charge ‘e’ is revolving with a velocity ‘v’ in an orbit of radius ‘r’. What is the
magnetic moment associated with it?

(&) 2



evr

(b) 5~
© =
(o) 2=
41. Which of the following is ferromagnetic
a) Aluminium b)quartz  c¢)nickel d)bismuth

42. An example of paramagnetic substances is

a) Manganese b)iron c)copper d)water
43. If the magnetic moment of the atoms of a substance is zero, the substance is called

a) Diamagnetic b) paramagnetic c) ferromagnetic  d)antiferromagnetic
44. The magnetic materials having negative magnetic susceptibility are

a) Non-magnetic b) paramagnetic c¢) diamagnetic d) ferromagnetic
45. The magnetic susceptibility for diamagnetic material is

a) Small and negative ¢) small and positive

b) Large and negative d) large and positive
46. Susceptibility is positive and small for a

a) Paramagnetic  b) ferromagnetic c¢) non-magnetic  d) diamagnetic
47. Magnetic Susceptibility is maximum for

a) Diamagnetic  b) ferromagnetic c¢) paramagnetic  d) non-magnetic
48. Susceptibility is positive and large for

a) Paramagnetic substance €) non-magnetic substance

b) Diamagnetic substance d) ferromagnetic substance
49. The core of an electromagnet is made of soft iron because soft iron has

a) Small Susceptibility and small retentivity

b) Large Susceptibility and small retentivity

c) Large density and large retentivity

d) Small density and large retentivity
50. Which of the following is most suitable for core of an electromagnet

a) air b) soft iron c) steel d) Cu, Ni alloy
51. Steel is preferred for making permanent magnets because it has

a) Large retentivity and large coercivity

b) Small retentivity and small coercivity

c) Large retentivity and small coercivity

d) Small retentivity and large coercivity
52. All magnetic materials lose their magnetic properties when

a) Dipped in water

b) Dipped in oil

c) Brought near a piece of iron

d) Strongly heated
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55.

56.
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58.

59.

60.

61.

62.

The area of hysteresis loop is an indication of the

a) Permeability of the material

b) Susceptibility of the material

c) Retentivity of the material

d) Energy dissipated per cycle

Most of the substance show which of the magnetic property

a) Diamagnetism b) paramagnetism c) ferromagnetism d)none of the above
Core of electromagnets are made of ferromagnetic materials which have
a) High permeability

b) Low permeability

c) Low retentivity

d) Botha&c

The suitable material for making permanent magnets should have

a) High retentivity

b) High coercivity

c) High permeability

d) botha &b
The suitable material for making permanent magnets are
a) Al;Fe b) steel  c¢)alloys d)alnico, cobalt steel and ticonal

Ferromagnetic own their properties due to
a) Filled inner shells
b) Vacant inner sub-shell
c) Partially filled inner sub-shell
d) All the sub shells equally filled
Magnetism in a substance is caused by
a) Orbital motion of the electrons only
b) Spin motion of the electrons only
¢) Spin and orbital motion of electrons
d) Hidden magnets
Earth’s magnetic field always has a horizontal component except at
a) Equator
b) Geographical poles
¢) Magnetic poles
d) None of the above

FILL IN THE BLANKS

Ferro magnetic materials used in transformer must have permeability and
hysteresis loss.

If the magnetism field on a ferromagnetic material is increased, its permeability is
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67.
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69.
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74.
75.
76.
77.
78.

79.
80.

Magnetic susceptibility is negative for material only
A paramagnetic sample shows a net magnetisation of 8 A/m when placed in an external
magnetic field of 0.6T at a temperature of 4K. When the same sample is placed in an
external magnetic field of 0.2T at a temperature of 16K, the magnetism will be

From Al, Bi, Cu, Na the paramagnetic materials are
Which of the following substances (Copper, Aluminium, Sodium, Blsmuth) are
diamagnetic
Which of the following substances (Al, Bi, Cu, Ca, Pb, Ni) are paramagnetic

The temperature of transition from Ferro magnetic to paramagnetism is called
temperature.
The relative permeability >1 for magnetic materials.
Can there be a material, which in non magnetic ?
substances are those which have tendency to move from stronger to
weaker part of the external magnetic field.
Diamagnetic substances are the ones in which resultant magnetic moment in an atom is

is present in all the substances.
The most exotic diamagnetic materials are
The phenomenon of perfect diamagnetism in superconductors is called the

substances are those which get weakly magnetized when placed in an
external magnetic field.
substances have strong tendency to move from a region of weak
magnetic field to strong magnetic field.
Alnicoisan alloy of Fe, Al, Ni,Co &

iron is a suitable material for electromagnets.
The word hysteresis means

ELECTROMANGETIC INDUCTION

Whenever a magnet is moved either towards or away from a conducting coil, an e.m.f. is
induced, the magnitude of which is independent of ( )

(@) The strength of the magnetic field

(b) The speed with which, the magnet is moved

(c) The number of turns in the coil

(d) The resistance of the coil

The magnetic flux linked with a coil (in Wb) is given by the equation:

¢ = 5t3— 100t + 300

The induced e.m.f. in the coil at t = 2sec., will be ( )

(a) 40V (b) —40V (c) 140V (d) 300V



. In Lenz’s law, there is conservation of ( )
(@) Charge (b) momentum (c) energy (d) current

Depict the direction of induced current in the loop when the current in the wire PQ is

increasing.

P. Q
(@) Clockwise  (b) anticlockwise (c) straight line (d) none of these ()
. What is the direction of induced current in the loop when the current in the wire BA is
decreasing? ( )

9
A
|
|
1
e

(@) Clockwise  (b) anticlockwise (c) straight line (d) none of these
. Give the direction in which the induced current flows in the wire loop (when seen from
the magnet side), when the magnet moves towards it as shown in fig. ( )

Sl ———

(@) Clockwise  (b) anticlockwise (c) straight line (d) none of these
. What will be the direction of induced current when a bar magnet is swiftly moved away
from the coil (when seen from magnet side)? ( )

S N

(@) Clockwise  (b) anticlockwise (d) both clockwise and anticlockwise (@)
straight line

. What is the polarity of plate A and B of the capacitor, when a magnet is moved towards it
(when seen from the magnet side)? ( )



5 p? A
Q -::, :: N B

——

(a) Plate A has positive polarity and plate B has negative polarity
(b) Plate A has negative polarity and plate B has positive polarity
(c) Polarity cannot be developed on both the plates
(d) Both the plates develop positive polarity

9. A conducting rod AB moves parallel to X-axis in a uniform magnetic field, pointing in
the positive Z-direction as shown in figure. The polarities developed on end A and end B
will be ( )

YA
B

® @ ® ® @ ®
® ® ®© @ ® ®
®© ® 0|l @ ®
® @ 00 ® @

A

0 —>»X
(a) Polarities cannot be developed at both the ends A and B
(b) Both the plates develop positive polarity
(c) End A develop positive polarity and end B develop negative polarity
(d) End A develop negative polarity and end B develop positive polarity
10. The magnitude of the induced current in the circular loop KLMN of radius ‘r’, if the

straight wire PQ carries a steady current of magnitude ‘i’ ampere is ( )
K
NQ [‘
M
P o Q
(@) Infinity (b) zero (©)ixr (d) none of these
11. In the given figure, A and B are identical magnets. Both the magnets are moving with the
same speed as shown in figure. The induced e.m.f. in the coil is  ( )
Coil
/
A B
5 N N 3

(@) Zero (b) infinity (c) data insufficient (d) none of these



12.

13.

14.

15.

A magnet is moved in the direction indicated by an arrow between two coils AB and CD
as shown in figure. The direction of induced current in each coil is (when seen from the
magnet side)

(=

A B —

@
Py
53,

(@) The direction of induced current in coil AB is clockwise and coil CD is anticlockwise
(b) The direction of induced current in coil AB is anticlockwise and coil CD is clockwise
(c) The direction of induced current in both the coils will be in anticlockwise

D

(d) The direction of induced current in both the coils will be in clockwise ( )
The current I in a wire passing normally through the centre of a conducting loop is
increasing at a constant rate. The induced current developed in the loop is ( )

I

(@) Zero (b)infinity  (c) data insufficient  (d) none of these
The planes of two circular conductors are perpendicular to each other as shown in figure.
If the current in conductor B is changed, the induced current in conductor A will be

C )

(@) Increasing (b) decreasing (c) zero (d) infinity

P and Q are two coaxial conducting loops separated by some distance. When the switch S
is closed, a clockwise current I flows in P (as seen by E) and an induced current Ioiflows
in Q. The switch remains closed for a long time. When S is opened, a current Ig2 flows in
Q. Then the directions of Io: and 12 (as seen by E) are ( )

(a) Both clockwise
(b) Both anticlockwise
(c) Respectively clockwise and anticlockwise



(d) Respectively anticlockwise and clockwise
16. An infinitely long cylinder is kept parallel to a uniform magnetic field B directed along
positive Z — axis. The direction of induced current as seen from the Z — axis will be
( )
(@) Clockwise of the positive Z — axis
(b) Anticlockwise of the positive Z — axis
(c) Zero
(d) Along the magnetic field

17. A thin circular ring of area A is held perpendicular to a uniform field of induction B. A
small cut is made in the ring and a galvanometer is connected across the ends such that
the total resistance of the circuit is R. When the ring is suddenly squeezed to zero area,

the charge flowing through the galvanometer is ( )
(@ BR (b) AB (c) ABR (d) B’A
A R R?

18. The variation of induced e.m.f. (e) with time (t) in a coil, if a short bar magnet is moved
along its axis with a constant velocity is best represented as ( )

. fﬁm\
(@)
e

e
RN

19. A coil having ‘n’ turns and resistance R Q is connected with a galvanometer of resistance
4RQ. This combination is moved in time*t” seconds from a magnetic flux ¢1 weber to ¢
weber. The induced current in the circuit is ( )

9= ; by b2~ )
@5 Rt O =k

(¢2 _4’] ) (d) - ”(‘bz B ¢1)
Rnt Rt

(c) ~
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27.

28.

29.

Lenz’s law applies to ( )

(a) Electrostatics (b) lenses (c) electromagnetic induction (d) cinema
slides

A coil having 500 square loops of side 10 cm is placed normal to magnetic flux which

increases at a rate of 1 T/s. The induced e.m.f. is ( )

(@ 0.1V (b) 0.5V (c)10V (d)5.0V

A conducting circular loop is placed in a uniform magnetic field of induction B tesla with
its plane normal to the field. Now, the radius of the loop starts shrinking at the rate
[dr/dt]. Then the induced e.m.f. at the instant when the radius is ‘r’, is ( )

(@) mrB[dr/dt] (b) 2nrB[dr/dt] (c) mr?[dB/dt] (d) 2nr[dr/dt]

The magnetic flux linked with a coil (in Wb) is given by the equation:
¢ =5t + 3t + 16
The induced e.m.f. in the coil in the fourth second will be ( )
(@ 10V (b) 108V (c) 145V (d) 210V
The S.I. unit of magnetic flux is ( )
(@) Tesla (b) Oersted (c) Weber (d) Gauss
A moving conductor coil produces an induced e.m.f. This is in accordance with

(
(@) Lenz’s (b) coulomb’s law  (c) Faraday’s law (d) Ampere’s law
The dimensional formula for e.m.f € in M.K.S. system will be ( )
(@ [ML*T2Q7] (b) [ML*T] (c) [ML7Q] (d) [MLT?Q7]
The magnet in figure rotates as shown on a pivot through its centre. At the instant shown,
what are the directions of the induced curregts? ( )

AleAAA—! B ct—AAA— D
= "

(@ AtoBand Cto D

(b) BtoAand Cto D

(c) AtoBandDto C

(d)BtoAandDto C

Suppose the number of turns in a coil be tripled, the value of magnetic flux linked with it

( )

(a) Remains unchanged (b) becomes 1/3 (c)is tripled (d) none of
these

A square loop of wire of each side 50 cm is kept, so that its plane makes an angle ‘6’ with

a uniform magnetic field of induction 1T. The magnetic field is withdrawn in 0.1 sec., It

is found that the induced e.m.f. across the loop is 125mV. The angle ‘0’ is

( )
(@) 90° (b) 60° (c) 45° (d) 30°



30. A thin ring of radius ‘R’ metre has charge ‘q’ coulomb uniformly spread on it. The ring
rotates about its axis with a constant frequency of ‘f’ revolutions per second. The value of

magnetic induction in Wb/m? at the centre of the ring is ( )
(a) waf (b) nog (€) wog (d) poaf
2nR 2nfR 2fR 2R

31. A magnetic field 2 x 102 T acts at right angles to a coil of area 100 cm? with 50 turns.
The average e.m.f. induced in the coil is 0.1V, when it is removed from the field in
time‘t’. The value of ‘t’ is
(@) 0.01 sec., (b) 0.5 sec., (c) 0.1 sec., (d) 1 sec.,

( )

32. An aeroplane having a wing span of 35 m flies due north with a speed of 90 m/s,
given B =4 x10~° T. The potential difference between the tips of the wings will be
( )

(@) 0.126V (b) 1.26V (c) 12.6V (d) 0.013V

33. A conducting circular loop is placed in a uniform magnetic field, B = 0.025T with its
plane perpendicular to the loop. The radius of the loop is made to shrink at a constant rate
of Imm/s. The induced e.m.f. when the radius is 2 cm, ( )

(@) 2npVv (b) TpV (c) 3nuVv (d) 2unVv

34. A metal ring is held horizontally and bar magnet is dropped through the ring with its
length along the axis of the ring. The acceleration of the falling magnet is ( )

(@) Equalto g (b) less than g (c) more than g (d) either (a) or (c)

35. Which of the following figures correctly depicts the Lenz’s law? The arrow show the
movement of the labelled pole of a bar magnet into a closed circular loop and the arrows
on the circle show the direction of the induced current. ( )

(@)

(b) \
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37.
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39.

40.

(d)

@/
‘/

A wire loop is rotated in a magnetic field. The frequency of change of direction of the
induced e.m.f. is ( )
(@) Once per revolution

(b) Twice per revolution

(c) Four times per revolution

(d) Six times per revolution

The direction of induced current in metal rings 1 and 2 when current I in the wire is
steadily decreasing as shown in figure, is ( )

)
0O

(a) Anticlockwise in both the rings

(b) Clockwise in both the rings

(c) Anticlockwise in ring 1 and clockwise in ring 2
(d) Clockwise in ring 1 and anticlockwise in ring 2

-
I

What is the direction of induced current in a metal ring when the ring is moved towards a

straight conductor with constant speed v? The conductor is carrying current I in the

direction shown in figure. ( )
v I
-

(@) No induced current develops in metal ring
(b) Anticlockwise direction

(c) Clockwise direction

(d) None of the above

The dimensional formula of magnetic flux (o) is ( )
(@) [ML2A1T?] (b) [MLAT?] (c) [ML?AT?]
(d) [ML2AITY
Figure shows two identical rectangular loops (1) and (2), placed on a table along with a

straight long current carrying conductor between them. The directions of the induced
currents in the loops when they are pulled away from the conductor with same velocity v

is ( )
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(a) Anticlockwise in both the loops

(b) Clockwise in both the loops

(c) Anticlockwise in loop 1 and clockwise in loop 2

(d) Clockwise in loop 1 and anticlockwise in loop 2.

An inductor coil of inductance L is divided into two equal parts and both parts are
connected in parallel. The net inductance is :

(AL

(B) 2L

(C)L/2

(D) L/4

. An e.m.f. of 5 millivolt is induced in a coil when in a nearby placed another coil, the

current changes by 5 ampere in 0.1 second. The coefficient of mutual induction between
the two coils will be :

(A) 1 Henry

(B) 0.1 Henry

(C) 0.1 millihenry

(D) 0.001 millihenry

In figure when key is pressed the ammeter A reads i ampere. The charge passing in the
galvanometer circuit of total resistance R is Q. The mutual inductance of the two coils is :

(A) QR

(B) QR
(C) QRY/i



44,

45.

46.

(D) i/QR
The equivalent inductance between points P and Q in figure is :

iH
A
2AH
P{ }‘m
ran

(A)2H

(B)6 H

(C)8/3H

(D) 4/9 H

A metal disc of radius R rotates with an angular velocity @ about an axis perpendicular to
its plane passing through its centre in a magnetic field of induction B acting
perpendicular to the plane of the disc. The induced e.m.f. between the rim and axis of the
disc is:

(A) BrR?

(B) 2Bn°R%/w

(C) BnR%w

(D) BR%w/2

In the circuit shown in the adjoining diagram E = 10 volts, R1 = 2 ohms, R, = 3 ohms,

Rz =6 ohms and L =5 henry. The current i1 just after pressing the switch S is :
Ry i i2 R
F ;
Ra

(A) 2.5 amp
(B) 2 amp

(C) 5/6 amp
(D) 5/3 amp




47. A rectangular coil pgrs is moved away from an infinite, straight wire carrying a current as

shown in figure. Which of the following statements is correct?

s r
I S—
P q

(A) There is no induced current in coil pgrs
(B) The induced current in coil pgrs is in the clockwise sense
(C) The induced current in the coil pgrs is in anticlockwise direction
(D) None of the above
48. The switch S is closed in the circuit shown at time t = 0. The current in the resistor att =

0 and t = o are respectively.
L=2mH

(A) 0,0 Amp.

(B) 1, 0 Amp.

(©)0, 1 Amp.

(D) 1,1 Amp.

49. The two loops shown in the figure, have their planes parallel to each other. A clockwise
current flows in the loop X as viewed from X towards Y. The two coils will repel each

other, if the current in the loop X is :

Aav

¥ ¥
(A) increasing
(B) decreasing
(C) constant

(D) none of the above cases



50. A coil of area 500 cm? having 1000 turns is placed such that the plane of the coil is
perpendicular to a magnetic field of magnitude 4 x 10° weber/m?. If it is rotated by 180°
about an axis passing through one of its diameter in 0.1 sec, find the average induced
emf.

(A) zero.

(B) 30 mV
(C) 40 mVv
(D) 50 mV

Medium Level
51. For the L shaped conductor in a uniform magnetic field B shown in figure, the emf across
its ends when it rotates with angular velocity ‘@’ about an axis through one of'its ends O

and normal to its plane will be

(A) 2 Bol?
(B) Bol?
(C) (1/2) Bol?
(D) 4 Bol?
52. A coil of inductance 8.4 mh and resistance 6 Q is connected to a 12 V battery. The
current in the coil is 1.0 A approximately after time
(A) 500 ms
(B) 20 s
(C)35ms
(D) 1 ms
53. A uniform but time-varying magnetic field B(t) exists in a circular region of radius a and

is directed into the plane of the paper, as shown. The magnitude of the induced electric



field at point P at a distance r from the centre of the circular region is

(A) is zero

(B) proportional to r
(C) proportional to 1/ r
(D) proportional to 1/r

54. A conductor of length 5 cm, and resistance 2Q is moving on frictionless rails with a
constant velocity of 5 cm/s in a magnetic field of intensity 3 tesla as shown below. If
conductor is connected to a circuit as shown, by two lead wires of almost negligible

resistance, then current flowing in it is

xxxxxg,x—x—*\

X ¥ X X X|X X X X X ER
p R R=40Q
X X X XX »2=5cmisec R
- E
X X X X X

(A) 0.25 A
(B) 2.5 Amp
(C)2.5mA
(D) 0.25 x10* amp
55. A wire cd of length |, mass m, is sliding without friction on conducting rails ax and by as
shown in figure. The vertical rails are connected to one another via an external resistance

R. The entire circuit is placed in a region of space having a uniform magnetic field B.



The field is L to the plane of circuit & directed outwards. The steady speed of rod cd is

R
a b
<
<

X Y

(A) mg R/BI

(B) mg R/B?I?
(C) mg R/BI2
(D) mg R/B?

56. A thin circular-conducting ring having N turns of radius R is falling with its plane
vertical in a horizontal magnetic field B. At the position MNQ, the speed of ring is v, the

induced e.m.f. developed across the ring is

@ @
)
@ N @
54

o o e @

(2

a8 & @

hd

(A) Zero
(B) BVaR?N/2 and M is at higher potential
(C) N mBRv and Q is at higher potential
(D) 2RBVN and Q is at lower potential
57. A circular loop of radius 1m is kept in a magnetic field of strength 2 T directed
perpendicular to the plane of loop. Resistance of the loop wire is 2/ Q/m. A conductor of

length 2 m is sliding with a speed 1 m/s as shown in the figure. Find the instantaneous



58.

59.

60.

force acting on the rod [Assume that the rod has negligible resistance]

X X X X
% x
mis

x

X X
X X x Bx X X
(A) 8N
(B) 16 N
(C)32N
(D) 64 N

Two coils A and B have 200 and 400 turns respectively. A current of 1 A in coil A causes
a flux per turn of 10 Wb to link with A and a flux per turn of 0.8 x 10 Wb through B.
The ratio of self-inductance of A and the mutual inductance of A and B is :
(A) 5/4
(B) 1/1.6
(C)1.6
(D)1
A uniform conducting rod of mass M and length | oscillates in a vertical plane about a
fixed horizontal axis passing through its one end with angular amplitude 0 . There exists a
constant and uniform horizontal magnetic field of induction B perpendicular to the plane
of oscillation. The maximum e.m.f. induced in the rod is

=
(A B

J272%g (1- cose)

) EJEFPQ [1+ cose)

g 3¢ [1-cos8)
© 4
g 3¢ {1+ cos8)
(D) 4
A copper rod moves with a constant angular velocity ® , about a long straight wire

carrying a current 1. If the ends of the rod from the wire are at distances a and b, then the



e.m.f. induced in the rod is

Al

(B)
(C) zero

Wyl a + b) |H{EJ
(D) dx a

61. There are two coils A and B as shown in figure. A current starts flowing in B as shown,

when A is moved towards B and stops when A stops moving. The current in A is counter
clockwise. B is kept stationary when A moves. We can infer that
(a) there is a constant current in the clockwise direction in A

(b) there is a varying current in A

(c) there is no current in A

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

A

62. The self inductance L of a solenoid of length | and area of cross-section A, with a fixed

number of turns N, increases as

(@) I'and A increase



(b) I decreases and A increases
(c) Iincreases and A decreases
(d) both I and A decrease

63. A metal plate is getting heated. It can be because
(a) a direct current is passing through the plate

(b) it is placed in a time varying magnetic field
(c) itis placed in a space varying magnetic field, but does not vary with time
(d) a current (either direct or alternating) is passing through the plate

64. An emf is produced in a coil, which is not connected to an external voltage source. This
can be due to
(@) the coil being in a time varying magnetic field

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

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

65. The mutual inductance M2 of coil 1 with respect to coil 2
(a) increases when they are brought nearer

(b) depends on the current passing through the coils
(c) increases when one of them is rotated about an axis

(d) is the same as M2z of coil 2 with respect to coil 1
66. A circular coil expands radially in a region of magnetic field and no electromotive force
is produced in the coil. This can be because

(a) the magnetic field is constant
(b) the magnetic field is in the same plane as the circular coil and it may or may not vary
(c) the magnetic field has a perpendicular (to the plane of the coil) component whose
magnitude is decreasing suitably
(d) there is a constant magnetic field in the perpendicular (to the plane of the coil)
direction

VSA-1 MARKS



67. A solenoid with an iron core and a bulb is connected to a dc source . how does the
brightness of the bulb change , when the iron core is removed from the solenoid?

68. The coils , in certain Galvanomters , have a fixed core made of a non - magnetic metallic
material . why dose the oscillatory coil come to rest so quickly in such a core ?

69. Two identical loops , one of Cu and another of constanton are removed from a magnetic
field with in the same time interval . In which loop the induced current be greater?

70. Mention any one useful application of eddy currents.

71. A solenoid with an iron core and a bulb is connected to a dc source . how does the
brightness of the bulb change , when the iron core is removed from the solenoid?

ALTERNATING CURRENTS
1. A steady potential difference of 10 V produces heat at a rate x in a resistor. The peak
value of the alternating voltage which will produce heat at a rate x/2 in the same resistor
is
1)5V 2)5V2 V
3)10V 4)10\2 v
2. Which one of the following represents the variation of inductive reactance (X ) with the

frequency of the voltage source?

1) 2) 4)
XL XL
e} >\ e} >\ >\

3. An inductive coil has a resistance of 1000hm. When an ac signal of frequency 1000 Hz is

applied to the coil, the voltage leads the current by 45°. The inductance of the coil is
1)1/10r  2) 1/20% 3) 1/40xn 4) 1/60n

4. Inan ac circuit V(in volt) = 100 sin (100t) and I(in mA) = 100 sin(100t+ 7/3) . The power
dissipated in the circuit is
1)10'W  2)10W
3)25W  4)5W
5. An inductor may store energy in
1) its electric field  2) its coils
3) its magnetic field 4) both in electric and magnetic fields
6. An LCR series circuit consists a resistance of 10ohm, a capacitance of reactance 60ohm
and an inductor coil. The circuit is found to resonate when put across a 300 V, 100 Hz
supply. The inductance of the coil is (Take © = 3)
1) 0.1 H 2)0.01 H
3)0.2H 4)0.02H
7. In above problem, the current in the circuit at resonance is
1HNI0A 2)15A 3)30A 4) 60 A
8. An alternating emf given by V = V sin (ot) has peak value 10 V and frequency 50 Hz.

The instantaaneous emfat t = 1/600 s is



10.

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

1)10V  2)5¥3V 3)5V 4)1V

A resistance R, an inductance L and a capacitance C are connected in series across an ac
source of angular frequency . If the resonant frequency is wo, then the current will lag
behind the voltage if

1) o < wo 2) ®> o

3) ® = mo Ho=0

A.C. power is transmitted from a power house at a high voltage as

1) the rate transmission is faster at high voltages

2) it is more economical due to less power loss

3) power cannot be transmitted at low voltages

4) a precaution against theft of transmission lines

In an ac circuit, the rms value of the current, 1.y, is related to the peak current 1 as

D lms = lo/m 2) lyms = 1o/\2

3) Iyms =mlo  4) Iyms = V2o

The impedance of circuit consists of 3ohm resistance and 4ohm reactance. The power
factor of the circuit is

1)0.4 2)0.6 3)0.8 4) 1.0

In an LCR series circuit, the capacitance is changed from C to 4C. For the same resonant

frequency, the inductance should be changed from L to
1)2L  2)L/2 3) L/4 4) 4L

. An inductor of 1 H is connected across a 220 V, 50 Hz supply. The peak value of the

current is approximately
1)05A 2)0.7A 3)1A 4)14 A

When a direct current | is passed through an inductance L, the energy stored is

1) Zero 2)LI 3) (1/2)LI% 4)L%2I

When 100 V dc is applied across a coil, a current of 1 A flows through it. When 100 V ac
of 50 Hz is applied across the same coil, only 0.5 A flows. The resistance and inductance

of the coil are (Take T = 10)
1) 50ohm, 0.3H 2) 500hm, V0.3 H 3) 1000hm, 0.3 H  4) 1000hm, V0.3 H
The inductive rectance of a coil of 0.2 H inductance in ohm at a frequncy of 60 Hz is

1) 7.54 2) 0.754 3) 75.4 4)754x10°

The effective value of an alternating current is 5 A. The current passes through 24 Q
resistor. The maximum potential difference across the resistor is

1) 10V 2)17V 3) 170 V 4) 1700 V

A 20 volt a.c. is applied to a circuit consisting of a resistance and a coil with negligible
resistance. If the voltage across the resistance is 12 volt, the voltage across the coil is

1) 16 volt 2) 10 volt  3) 8 volt 4) 6 volt.

An alternating voltage, E (in volt) = 220 sin 100 t is connected to one microfarad
capacitor through an a.c. ammeter. The reading of the ammeter shall be

1) 10 mA 2)11\2 mA 3)40mA  4)80mA

In a purely resistive A.C. circuit, the current

1) lags behinds the .em.f. in phase



22

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

2) is in phase with e.m.f,
3) leads the e.m.f in phase
4) leads the e.m.f. inhalf the cycle and lags behind it in the other half.

. A generator produces a voltage that is given by V = 240 sin 120t volt, where t is in

second. The frequency and r.m.s voltage are

1) 60 Hz. & 240 votl 2) 19Hz. & 120 volt

3) 19 Hz. & 170 volt 4) 754 Hz. & 170 volt.

The maximum value of a.c. in a circuit is 707 V. Its virtual value is

1)70.7V 2)100V  3)500V 4) 707 V

In an LCR circuit, inductance is changed from L to L/2. To keep the same resonance
frequency, C should be changed to

1H2C 2)C/2 3) 4C 4) Cl4

The angular frequency of a.c. at which a coil of inductance 1mH has a reactance of 1ohm
IS

1) 10° 2) 10 3)10° 4) 1

Reactance a capacitor of 1/x farad at 50 Hz is

1) 100 2) 10 3) 50 4)10°

The p.d across a cirucit element can be greater than the source e.m.fin

1) d.c. circuit only 2) a.c. circuit only

3) both d.c. and a.c circuits  4) neither of the two

An a.c. ammeter connected in series in an a.c. circuit reads 5 ampere. The peak value of
current is

1)5A 2)5\2 A 3)5\2 A 4) 10/m A

An a.c. circuit contains 4 ohm resistance in series with an inductance coil of reactance 3.
The impedance of the circuit is

17 2)5 3)1 4) (4/3)

An electric bulb of 100 watt is connected in parallel with an ideal inductance of 1 H. This
arrangement is connected to 90 volt battery through a switch. On pressing the switch.

1) bulb glows

2) bulb glows after short time and then continues to glow

3) bulb does not glow

4) bulb glows for a short time and then stops glowing.

In a circuit containing an inductance of zero resistance, the current leads the applied a.c.
voltage by a phase angle of

1)90° 2)-90° 3)0’ 4) 180°

The current passing through a choke coil of 5 henry is decreasing at the rate of 2
amp./sec. The e.m.f. develolped across the coil is

1) 10V 2)-10V  3)25V 4)-25V

The resonant frequency of a circuit of negligible resistance containing one inductance of
50 mH and a capacitance of 500 pf is

1) 10%/x 2)1/n 3) 100/n 4) 1000/

The instantaneous current in a circuit is given by I = 2 cos (ot+¢) ampere. The r.m.s
value of the current is

1) zero 2)\2A 3)2A 4)2\2A



35.

36.

37.

38.

39.

40.

Alternating voltage V = 400 sin (500 t) is applied across a resistance of 0.2k. The
r.m.s.value of current will be equal to

1)1414 A  2)1414A 3)0.1414A 4)2.0A

The equation of alternating current is given by E = 158 sin 200 =t. The value of voltage at
time t = 1/400 sec is

1) -158 V 2)-79V  3)79V 4) 158 V

The instantaneous values of current and voltage in an A.C. circuit are respectively
I=4sin(ot) and E = 100 cos (ot+n/3) . The phase difference between voltage and current
is

H7=nh 2)6m/5 3)5n/6 4Hm/3

Current in a circuit can be wattless, if

1) current is alternating

2) resistance in circuit is zero

3) inductance in circuit is zero

4) resistance and inductance both are zero

The frequency of AC is 50Hz, minimum how many times the current becomes zero in
one second?

1) 50times 2)100 times 3) 200 times 4) 25 times

A voltmeter reads V volt in an AC. Circuit. Then V is

1) Peak value of voltage

2) Peak value of current

3) r.m.s value of current

4) r.m.s. value of voltage

41

The equations for current and voltage across a resistor when an AC is applied across a
resistor are

vmsinwt,i = im sinwt

vmsinwt,i = im coswt

vmcoswt,i = im sinwt

vmsinwt,i = im cos(wt-2)

o0 o
ST

42

A light bulb is rated at 100w for a 220 V supply. Then the resistance of the bulb, the
peak voltage of the source and the rms current through the bulb are

a. 484Q, 311V, 0.450A

b. 300Q,411V,0.350A

c. 484Q,311V,0.650A

d. 300Q,211V,0.450A

43

What is the power dissipation in an ac circuit in which voltage and current are given by
v = 3000 sin(wt — g) and = 10 sinwt ?
a 1

b. 05
c. 0




d. 2

44

11 kw of electric power can be transmitted to a distant station at (i) 220V or (ii)
22000V. Which of the two modes of transmission should be preferred and why?
a. 220V
b. 22000V
c. Both
d. none of the two

45

From the following find the condition of Resonance in an LCR series circuit between
the current and voltage.

a. XL = XC, Currentis in phase with voltage

b. XL > XC, Current is out of phase in Voltage

c. XL < XC Currentis in phase with voltage

d. Norelationship between XL andXC but current is in phase with voltage

46

A light bulb is rated 100 W for 220 V ac supply of 50 Hz. The resistance of the bulb
and the rms current through the bulb are

a. 400Q,0.5A

b. 400Q,0.2A

c. 484Q,045A

d. 300Q,0.5A

47

The current is drawn by the primary of a transformer which steps down 220V to 22V
to operate device with impedance of 220 ohm is

a. 0.1A

b. 0.01A

c. 0.001A

d. 0.0001A

48

A series LCR circuit with L=0.405H, C-=25uF, R= 0Q is connected to a variable
frequencylsupply. The frequency at which the current is maximum is

a. 314 rad/s

b. 450 rad/s

c. 220rad/s

d. Orad/s

49

From the figure the curve with highest
value of Q-factor is

Curve |

Curvelll

Both the curves
None of them

oo oo




50

The type of transformer for which the transformation ratio K<1 is called , and the
transformation ratio is

a. Stepup transformer,ii—’s’
b. Step down transformer, ii—’S’
c. Step up transformer,”>
d. Step down transformer,=

o1

The circuit which has the resonance condition from the following are
a. LCR series circuit, LR circuit
b. LR & CR circuits
c. CR & LCR series circuits
d. LCR circuit only.

52

The principle involved in the working of an AC generator is
a. Electromagnetic Induction
b. Self Induction
c. Mutual Induction
d. None of the above

53

IN case of LCR series circuit, at resonance the circuit is in nature and the
phase difference between the voltage and current is

a. Capacitive, 0°

b. Resistive , 0c

c. Inductive, Qe

d. Inductive, 90

54

In an LCR series circuit the expression for finding the phase angle is . For the
circuit to be capacitive in nature the phase angle should be

a. @= tan‘l( Xe=X1y Positive
@=sin~1(< ) negative

_1(Xc XL) 0o

),00

Xc— XL

b
c. @=cos
d. @=tan~1(—=

55

The expression for resonant frequency for an LCR series circuit is

The current in the circuit is at resonance.
— 1 H
a w= —F ,maximum
b. w= W minimum
1
. .zer
C. w= N ero
1
d w= ,ZEro

VLCR




56

At an airport, a person is made to walk through the doorway of a metal detector, for
surety reasons. If she/he is carrying anything made of metal, the metal detector emits a
sound .The principle on which this metal detector work is

a. Electromagnetic Induction

b. Resonance in ac circuits

c. Current carrying conductor placed in a magnetic field experiences torque

d. Potential gradient is constant

57

The expression for Q- factor of an LCR circuit and the method to improve the Q-factor
of an LCR circuit is
R .
a. —, decreasing L
wTrL

wrlL

- ,decreasing R

b
c. “’Trc , decreasing C
d

C . .
. % . increasing C

58

The Si unit of oL and = is
wC

Micro farad
Henry
Ohm

Volt.

cooe

59

The dimensional formula of LC is
a. [MLL°TZ
b. [MWLT?
c. [MILOT®
d. [MOLOTZ

60

The phase difference between voltage drop across L and C in a series LCR circuit
connected to an ac source is
a. 0o b.90° c.180° d.360°

61

In a transformer, there are tow coils placed near one another. First has 100 turns and 1
A current and the other 25 turns. Current flowing though it will be
(@) 1A (b) 4A (c)16A (d)1/16 A

62

A device which converts mechanical energy into electrical energy is
a. Electric Motor
b. Transformer
c. AC generator
d. Induction coil




63 The ratio of secondary to primary turns is 9:4. If power input is P, what will be the

ratio of power output to power input?
(@).4:9 (b) 9:4 (c)5:4 (d)1:1

64 In an LCR series circuit, the voltage across each of the components L,C and R is 50 V.

The voltage across the LC combination will be
(@ 50V
(b) 50v2 V
(c) 100V
(d) ov

65 In an LCR circuit, capacitance is changed from C to 2C. For the resonant frequency to

remain unchanged, the inductance should be changed from L to
(@) 4L
(b) 2L
(c) L/2
(d)y L/4

Objective type guestions

66

What is the average value of alternating emf over one cycle?

67

Can we control alternating current with the help of a capacitor?

68

What is the maximum and minimum value of power factor?

69

Which value of current do you measure with an ac ammeter?

70

What is the power disspated in an ac circuit in which voltage and current are given by
V=230sin (wt + g) and I = 10 sinwt?

71

What are the factors on which the power factor depends?

72

If the frequency of ac source is in LCR series circuit is increased, how does the current in the
circuit change?

73

What is the importance of power factor?.

74

Whys is the core of a transformer made of a magnetic material of high permeability?.

75

What causes the core of a transformer to get heated up under operation?.

76

What is the principle of a transformer?

77

How can iron loss in a transformer be reduced?

78

The number of turns in secondary coil of a transformer is 100 times the number of turns in the
primary coil. What is the transformation ratio?

79

The number of turns oin the secondary coil of a transformer is 500 times that in primary. What
power is obtained from the secondary when power fed to the primary is 10 W?

80

Why is soft iron used to make the core of a transformer?

81

What is iron loss in a transformer?

82

How are the energy losses reduced in transformer?

83

Give the expression for the induced emf set up in a coil rotating in a uniform magnetic field.




84

An ac voltage of 200V is applied to the primary of a transformer and voltage of 2000 V is
obtained from the secondary. Calculate the ratio of the currents through the primary and
secondary coils.

85

What is the Q- value of a LCR series circuit with L=2.0H, C= 32uF and R= 10Q?

RAY OPTICS

If a glass rod is immersed in a liquid of the same refractive index, then it will

(A) appear bent (B) appear longer
(C) disappear (D) appear shorter
The velocity of light is maximum in a medium of
(A) diamond (B) water
(C) glass (D) vaccum
A convex lens forms a real image of an object for it s two different positons on a screen if hight
of the image in both cases be 16 cm and 4 cm then height of the object is cm.
(A) -4 (B)4
(C)-8 (D)8

A glass slab n =1.5 of thikness 9 cm is placed over a written paper what is the Shift in the
latters ?

(A)6cm (B)3cm
(C)2cm (D) 0 cm

A concave mirror has a focal langth 30 cm The distance between the two position of the object
for which image size is double of the object is

(A) 30 cm (B) 15 cm

(C)-25¢cm (D)-15cm
The Refractive Index of glass wrt air is 3/2 and Refractive Index of water wrt air is
4 /3 then Refractive Index of glass wrt water is

(A)8/9 (B)9/8
(C)72 (D) none

A Container filled with water 12.5 cm deep The depth of needle lying on the bottom of
the container appears to be 9.4cm The Refractive Index of water is



10

11

12

13

14

15

(A) 1.33 (B)15

C) 2,3 (D) none 125 /9.4 =133
Name the mirror whose focal length is Infinity Plane Mirror

(A) Concave mirror (B) Convex mirror

(C) Plane Mirror (D) none

What is the maximum lateral shift due to aglass Slab of thick ness t
(At (B)2t

(C) 3t (D) none
A Concave mirror is placed in water ,its focal length

(A) decreases (B) increases
(C) remains same (D) none

A mirror forms a real image of Unit magnification Its nature is
(A) Concave mirror (B) Convex mirror
(C) Plane Mirror (D) none

A lens behaves as converging lens in air and diverging lens in water What can be the
Refractive Index ofthe lens

(A) equal to that of water (B) less than that of water

(C) greater than that of water (D) none

When a mono chromatic red lightis used instead of blue light ina convexlens then its

focal length will

(A) decreases (B) increases
(C) remains same (D) none

A Lens is placedin water ,its focal length
(A) decreases (B) increases

(C) remains same (D) none

What is the ratio of velocities of two waves travelling in vacuum having wave lengths



16

17

18

19

20

21
22
23
24
25
26
27
28

29

30

4000 A° and 5000 A°

A 1:1 B)1: 2

C)4 :5 (D) none

A concave refracting surface is one with a center of curvature:

(A) to the left of the surface

(B) to the right of the surface

(C) on the side of the incident light

(D) on the side of the refracted light

A concave spherical mirror has a focal length of 12 cm. If an object is placed 18 cm in front of
it the image position is

(A) 7.2 cm behind the mirror

(B) 7.2 cm in front of the mirror

(C) 36 cm behind the mirror

(D) 36 cmin front of the mirror

A hollow lens is made of thin glass, as shown. It can be filled with air, water (n = 1.3) or CS2
(n =1.6). The lens will diverge a beam of parallel light if it is filled with:

(A) air and immersed in air

(B) air and immersed in water

(C) water and immersed in CS2

(D) CS2 and immersed in water

An object is 30 cm in front of a converging lens of focal length 10 cm. The image is:

(A) real and larger than the object

(B) real and the same size than the object

(C) real and smaller than the object

(D) virtual and the same size than the object

A Convex lens of Refractive Index np is immersed in a medium of Refractive Index nm
How will it behave if n_ is less than npm.

Arrange the Colours of Visible spectrum according to Critical angle

Why the Refractive Index in a transparent medium is greater than 1

Write the principle on which Optical fibre works

When light undergoes TIR what is the angle of deviation of the reflected ray

Find the velocity of lightin Diamond given its Refractive Index is 2.4

What type of aberration do mirrors show

What is Principle of Reversibility

Name the factor which do not change when Light travels from one medium to another
medium

At what distance the object must be placed before a concave mirror so that the Image will
be same size of the object

What is the angle with which a Fish inthe water can see the outer objects



31. | The relation governing refraction of light from rarer to denser medium at a spherical refracting
surface is
|) _|-1_1+|J~_2:(|J~2_|J~1) |||) |J~_1+|J~_2:(|J~2_|J~1)
u v R u v R
i) “71 - “72 = @ iv) None of these
32. | One diopter is power of a lens of focal length
i) lcm i) 1m iii) -1cm iv) -1m
33. | Which of the colour has maximum wavelength
i) Red ii) Violet iii) Yellow iv) Green
34. | In vacuum, which colour travels fastest?
i) Red ii) Violet
i)  Yellow iv) All colours have the same velocity
35. | When size of a scatterer is very much less than the wavelength (1) of light, intensity of scattered
light (Is) varies as :
. 1 .. 1 1 . 1
i) Isa 3 i) Isaa_z i) Is a 7 iv) Is a 7
36. | The relation between angle of incidence I, angle of prism A and angle of minimum deviation for
a equilateral prism is
i) i=A+dm ii) i= % iii) &m = i+A iv) dm=i-A
37. | The lens used for correcting myopia is
i) concave ii) convex iii) plano concave iv) none of these
38. | The graph between angle of deviation (D) and angle of incidence (i) for a triangular prism is
represented in the fig here by:
D T~ D v
&
I I I I
i) i) i) v
39. | Magnification of -1 is obtained in which of the following case of lens
i) Obiject at focus of concave lens iii) Object at 2F of concave lens
i) Object at 2F of convex lens iv) None of these
40. | To make compound microscope following type of lenses are used
i) Concave lens for eye piece and convex lens for objective
i) Concave lens for eye piece and concave lens for objective
iii) Convex lens for eye piece and convex lens for objective
iv) Convex lens for eye piece and concave lens for objective
41. | The final image in an astronomical telescope (w.r.t. object) is
i)virtual & erect ii) real & erect iii) real & inverted iv) virtual & inverted
42. | Atelescope uses an objective lens of focal length fo and an eye lens of focal length fe. In normal

adjustment , distance between the two lenses is




) fo/fe i) fe/fo iii) fo-fe iv) fo+ fe

43.

The distance between an object and a divergent lens is m times the focal length of the lens. The
linear magnification produced by the lens is

i) m i) 1/m iii) (m+1) V) s

44,

The focal length of thin biconvex lens is 20cm. When an object is moved from distance of 25cm
in front of it to 50cm, the magnification of its image changes from mas to mso. The ratio mzs/mso
is:

i) 4 i) 6 ii) 1 iv) 3

45.

A lens having focal length f and aperture of diameter d forms an image of intensity 1. Aperture of
diameter d/2 in central region of the lens is covered by a black paper. Focal length of the lens and
intensity of image now will be respectively

i) Fand I/4 ii) 3f/4and /2 iii) fand 31/4 iv) f/2 and 1/2

46.

When monochromatic red light is used instead of blue light in a convex lens, its focal length will
i) Increase iii) does not depend on colour of light
i) Decrease iv) remains same

47.

A biconvex lens has a radius of curvature of magnitude 20cm. Which one of the following
options describes best the image formed of an object of height 2cm placed 30cm from the lens?
i) Virtual, upright, height= 1cm iii) Virtual, upright, height = 0.5cm
i) Real, inverted, height = 4cm iv) Real, inverted, height = 1cm

48.

When a biconvex lens of glass having refractive index 1.47 is dipped in a liquid, it acts as a plane
sheet of glass. This implies that the liquid must have refractive index

i) Equal to that of sheet iii) greater than that of sheet

i) Less than one iv) less than that of glass

49.

Which of the following spherical lens does not exhibit dispersion? The radii of curvature of the
surfaces of lenses are given in fig

i) i i)

iv)

50.

A microscope is focused on a mark on a paper and then a slab of glass of thickness 3cm and
refractive index 1.5 is placed over the mark. How should the microscope be moved to get the
mark in focus again?

i) 2cm upward i) 1cm upward iii) 4.5cm upward iv) 1cm downward

o1.

Following graph was obtained after measuring various u and v values for a convex lens. Find the
focal length of the lens from graph




O
-u

i)  2(0A) i) OB/2 iii) OA+OB iv) OA/2

52. | Which of the following is the u-v graph of convex lens
v v /_\ v
R - i) i) N iv)
53. | The focal length of a double convex lens is equal to radius of curvature of either surface. The
refractive index of its material is
i) 1 i) 3/2 iii) 4/3 iv) None of these
54. | Two lenses of focal lengths 20cm and -40cm are held in contact. The image of an object at
infinity will be formed by the combination at
i) Infinity i) 20cm iii) 40cm iv) 60cm
55. | A thin prism of 6° angle of prism gives a deviation of 3°. The refractive index of the material of
the prism is
i) 1 ii) 4/3 iii) 3/2 iv) 2
56. | A equilateral prism is made of material of refractive index v3. Angle of minimum deviation
through prism is
i) 60° i) 30° iii) 45° iv) 90°
57. | An astronomical telescope has magnifying power of 10. In normal adjustment, distance between
the objective and eyepiece is 22cm. The focal length of objective lens is
i) 10cm ii) 22cm iii) 20cm iv) 2cm
58. | The effective focal length of the lens combination shown in figure below is -60cm. The radii of

curvature of the curved surface of the plano convex lenses are 12cm each and refractive index of




the material of lens is 1.5cm. The refractive index of the liquid is:
liguid

=

) 133 i) 1.42 iii) 1.53 iv) 1.6

59.

A converging beam of rays is incident on a diverging lens. Having passed through the lens, the
rays intersect at a point 15cm from the lens on the opposite side. If the lens is removed the point
where the rays meet will move 5¢cm closer to the lens. The focal length of the lens is

i) -10cm  ii) 20cm iii) -30cm iv) 5cm

60.

A bi-convex is lens is formed with two thin plano-convex lenses as shown in fig. Refractive index
n of the first lens is 1.5 ans that of second lens is 1.2. Both the curved surfaces are of the same
radius of curvature R= 14cm. For this bi-convex lens, for an object distance of 40cm, the image
distance will be

n =1.5 n=1.2

R=14cm

i) -280cm i) 40cm iii) 21.5cm iv) 13.3cm

61.

A plano convex lens fits exactly into a plano concave lens. Their plane surfaces are parallel to
each other. If lenses are made of different materials of refractive indices p1 and p2 and R is the
radius of curvature of the lenses, then the focal length of combination is:

. 2R .- R 2 . R

) (p2—p1) i) 2(u2—p1) i) 2(p1—p2) v) (n1-p2)

62.

The refractive index of the material of a prism is V2, and its refracting angle is 30°. One of the
refracting surfaces of the prism is made a mirror inwards. A beam of monochromatic light
entering the prism from the other face retraces its path, after reflection from mirrored surface, if
its angle of incidence on prism is:

i) 0° i) 30° i) 45° iv) 60°

63.

The magnifying power of a telescope is 9. When it is adjusted for parallel rays the distance
between the objective and eyepiece is 20cm. The focal length of lenses are:

i) 10cm, 10cm iii) 18cm, 2cm

i) 15cm, 5cm iv) 11cm, 9cm

64.

For angle of minimum deviation of a prism to be equal to its refracting angle, the prism must be




made of material whose refractive index:

i) Is less than one iii) lies between V2 and 1
ii)  Lies between 2 and V2 iv) is greater than 2
65. | Following is the (1/u) — (1/v) graph for a convex lens. What will be its focal length
W
0.05 cm *
-u
0.05 cm
i) 0.05cm i) 5m iii) 2m iv) 20cm
66. | A ray of light falls on the surface of a spherical glass paper weight making an angle a with the

normal and is refracted in the medium at an angle 3. The angle of deviation of the emergent ray
from the direction of the incident ray is:

i) (a-p) i) 2(a-B) iii) (a-B)/2 iv) (B-0)

67. | A glass prism of refractive index 1.5 is immersed in water (refractive index 4/3). A light beam
incident normally on the face AB is totally reflected to reach the face BC, if:
B P A
//J
A
C
water
i) Sin C=8/9 ii) Sin C=9/8 iii) SinC= 2/3 iv) SinC=3/2

68.

A plano convex lens has focal length f=20cm. If its plane surface is silvered, then new focal
length will be

i) 20cm ii) 5cm iii) 10cm iv) 25cm

69.

In an optics experiment, with the position of the object fixed, a student varies the position, the
screen is adjusted to get a clear image of the object. A graph between the object distance u and
image distance v from the lens, is plotted using the same scale for two axes. A straight line

passing through origin and making an angle of 45° with the x- axis meets the experimental curve
at P. The coordinate of P will be

)y L4 i) (ff) iii) (4f 47) iv) (-2f 2f)

70.

A concave mirror of focal length f1 is placed at a distance of‘d’ from a convex lens of focal length
f2. A beam of light coming from infinity and falling on this lens-mirror combination returns to
infinity. The distance ‘d” must equal:

i) Fi+f2 i) —fi+f iii) 2f1+f; iv) -2f1+f;




10.

WAVE OPTICS

A wavefront is an imaginary surface where

a) Constant phase difference continuously changes between the points

b) Phase changes over all the surface

c) Phase is same for all points

d) Phase changes at constant rate at all points along the surface

A plane wavefront falls on a convex lens, the emergent wavelength is

a) Plane b) cylindrical c) spherical diverging d) spherical converging

When two light waves meet at a place

a) Their displacements add up

b) Their intensiies add up

c) Bothadd up

d) Energy becomes zero

In Young’s double slit experiment, the separation between the slits is halved and the
distance between the slits and the screen is doubled. The fringe width is

a) Unchanged b)halved c)doubledand d)quadrupled

In Young’s double slit experiment, the separation between the slits is doubled and the
distance between the slits and the screen is also doubled . The fringe width is

a) Unchanged b) halved c)becomes and d) quadrupled

Two coherent monochromatic light beams of intensity | and 41 are superposed. The
maximum and minimum possible intensities in the resulting beam are

a) Slandl b)5land3l c¢)9landl d)9land 3l

In a double slit experiment instead of taking slits of equal width, one slit is made twice as

wide as the other, then in the interference pattern

a) The intensities of both maxima and minima increase

b) The intensity of the maxima increases and the minima zero intensity

c) The intensity of the maxima decreases and that of the minima increases

d) The intensity of the maxima decreases and the minima has zero intensity

In a Young’s double slit experiment , the slit width ratio is 1:25, then the ratio of the

maximum and minimum intensity of the interference of light is
4 9 121 49
In a Young’s double slit experiment, 12 fringes are observed to be formed in a certain
segment of the screen when light of wavelength 600nm is used. If the wavelength is
changed to 400nm, the number of fringes formed in the same segment of the screen is
a) 12 b)18 «¢)24 d)30
In Young’s double slit experiment, the intensity at a point is 1/4"" of the maximum
intensity. Angular position of this point is



11.

12.

13.

14.

15.

16.

17.

18.

a) Sin(W/d) b) Sin*(W/2d) ¢) Sin}(A/3d) d) Sin(A/4d)

To demonstrate the phenomenon of interference, we require two sources which emit
radiation

a) Of nearly the same frequency

b) Of same frequency

c) Ofdifferent wavelengths

d) Ofsame frequency and having a definite phase relationship

Two coherent sources are represented by y; = a,coswt and y, = a,sinwt. The resultant
intensity due to interference will be

a) ar+az b)ai-a ¢)ai®+a? d)ai®-a?

The path difference between two waves

) 5w D)5 (0+F) 9 (e-3) 050

In the phenomenon of interference, energy is

a) Destroyed at bright fringe

b) Created at dark fri nge

c) Conserved but redistributed

d) Same at all points

Monochromatic light is a light in which

a) Single wavelength is present

b) Various wavelengths are present

¢) Red and violet lights are present

d) Yellow and red lights are present

If white light is used in Young’s double slit experiment

a) the fringe closest on either side of the central white fringe is red and the farthest will
appear blue

b) the fringe closest on either side of the central white fringe is blue and the farthest will
appear red

c) the fringe closest on either side of the central white fringe will appear white

d) no fringes will be formed

In Young’s double slit experiment, the fringe width is measured to be 0.4mm. If the

whole apparatus is immersed in water of refractive index yu = g the new fringe width will

be

a) 0.3mm Db)0.4mm c¢)0.53mm d)45microns

In Young’s double slit experiment, if L is the distance between slits and the screen up to

which interference is observed, x is angular distance between adjacent fringes and d the

slit separation then wavelength A is equal to

a) % b)’;—L c)Lx—d d)ﬁ



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

In a Young’s double slit experiment, the interference fringes of width 1mm each are

obtained for a light of wavelength 5000A°. If the wavelength of light is changed to

6000A° without altering the other parameters, the new fringe width will be

a) 05 b)10 «c¢)12 d)15

In Young’s double slit apparatus for interference is shifted from air to water , the width of

the fringes

a) Becomes infinite b) decreases c) increases d) unchanged

In a Young’s double slit experiment , the distance between two slits is 1mm, the distsnce

between the screen and the slits is 1m, and a red light of wavelength 6.5 x 107 m is used

to illuminate the slits, then the distance between third dark fringe and fifth bright fringe is

a) 0.65mm b)1.63mm c¢)3.25mm d)4.88mm

In Young’s double slit experiment , if the wavelength of incident light is 6000A°, the

distance of screen from the slits is 40cm, and the width of fringe obtained is 0.012cm,

then the distsnce between two slits is

a) 0.024cm b)24cm  c¢)0.24cm  d)0.2cm

Young’s double slit experiment established

a) Light consists of particles

b) Light consists of waves

c) Light has dual nature’

d) Nature of light cannot be established

Interference is shown by

a) Longitudinal mechanical waves only

b) Transverse mechanical waves only

c) Non-mechanical transverse waves only

d) All of the above

The intensity of bright and dark fringes are 41 and | . The ratio of amplitude of two waves

is given by

a 111 Db)l4 c¢)3:1 d)1:2

In a given set up of Young’s double slit experiment, the width of fringe width will be

minimum for

a) Red b)green c)violet d)yellow

The shape of wave front for a point source of light is

a) Cylindrical b) circular  c¢) plane  d) spherical

According to Huygen’s principle, which among the following statements is true

a) The time taken by all the secondary wavelets to reach the corresponding point in the
secondary wave front is same irrespective of the medium in which it travels

b) The distance travelled by all the wavelets is same irrespective of the medium in
which it travels

c) The velocity of all the wavelets is same in all medium

d) None of the above quantities remain constant



29.

30.

31.

32.

33.

34.

35.

36.

37.

A plane wavefront is incident on a prism. The shape of emerging wavefront

a) Cylindrical b) spherical c) plane d) either plane or spherical

In the Doppler effect of light waves,

a) when the source moves away from the observer the frequency as measured by the
source will be smaller

b) when the source moves towards the observer the frequency as measured by the source
will be smaller

c) when the source moves away from the observer the wavelength as measured by the
source will be smaller

d) when the source moves towards the observer the wavelength as measured by the
source will be larger

In a Young’s double slit experiment, the distance between the screen and the slits is

doubled. The angular separation of the fringes and the separation of the fringes

a) Increases and decreases

b) Decreases and increases

c) Remains same and increases

d) Increases and remain same

In a Young’s double slit experiment, if s is the size of the source slit, S the distance of

source slit form the double slits, d the distance between two slits and A the wavelength of

incident monochromatic light, then the condition for interference fringes to be seen

clearly is
S_24 s_2 s_4 s_4
9 =3 b)s=3 05=7 D=3
In Young’s double-slit experiment using monochromatic light of wavelength A , the

intensity of light at a point on the screen where path difference is A , is K units. The

intensity of light at a point where path difference is% IS

) = b)zero K d)7

Young’s double slit experiment is first performed in air and then in a medium other than
air. It is found that 8" bright fringe in the medium lies where 5" dark fringe lies in air.
The refractive index of the medium is nearly

a) 1.25 b) 1.59 c)1.69 d)1.78

In double-slit experiment using light of wavelength 600 nm, the angular width of a fringe
formed on a distant screen is 0.1°. The spacing between the two slits is

a) 344x10*m b)244x10"m ¢)3.44x10°m d)2.44x10°m

Which phenomena of principle cannot be explained using Huygen’s principle

a) Reflection and refraction

b) polarisation

c) Interference and diffraction

d) Photoelectric effect

In the wave picture, the intensity of light is determined by



38.

39.

40.

41.
42.
43.
44,
45.

46.
47.

48.
49.
50.
o1.
52.
53.
o4.
55.
56.
o7.

58.
59.

a) The amplitude of the wave

b) The square of amplitude of the wave

c) The frequency of the wave

d) The wavelength of the wave

The maximum intensity in a Young’s double slit experiment is lo. The distance between
the two slits is SA. If the distance between the screen and the slits is equal to 10d, the
intensity of light in front of one of the slits on screen is

) 2 b, ol d2

For double slit experiment, the two coherent sources are y; = 10sinwt and y, =

10sin (wt — g) Then the value of intensity of bright fringes will be

a) 20 b) 400 c) 100 d) 200

In a young’s double slit experiment, the intensity at a point where the path difference is%

is I. If o denotes the maximum intensity, Ii is equal to
0

Q) 2 D 9% b

what do you mean by diffraction of light?

what is the essential condition for diffraction of wave?

what is the condition for first minima in case of diffraction due to single slit?

why are short waves used in long distance broadcasts?

Write down the expression for the width of central maximum of the diffraction pattern
produced by a single slit?

how is the width of central maximum related to the width of the slit?

How is the spreading of light due to the diffraction of light depends on the wave length of
light?

Give one basic difference between interference and diffraction?

what is polarisation of light?

what is plane polarised light?

what evidence is there to show that sound is not electromagnetic in nature?

the polarising angle for slab is 60 degree. Calculate its refractive index?

Write the formula for Malus Law?

what is a Polaroid?

Name the phenomena which illustrate the transverse nature of light?

what happens to the intensity of light when it is polarised?

Value of the Brewster angle for a transparent medium is different for lights of different
colours. How?

Define polarising angle for polarisation by reflection?

what do you mean by crossed Polaroid?



60. State Brewster law of polarisation?

61. what is the significance of polarisation?

62. what is the angle between the plane of polariser and that of an analyser, in order that the
intensity of light reduces to half?

63. for listening radio in cars, external radio aerials are used because?

64. Effect of diffraction is greatest if waves pass through a gap with width equal to?

65. Spreading of wave as it passes through a gap or around an edge is called?

66. which material is used in manufacturing of artificial Polaroid?

67. Optically active substance are those which?

68. which waves cannot be polarised?

69. which phenomena confirm that light waves are transverse?

70. in single slit diffraction pattern, how does the width of central maximum change when
light of smaller wavelength is used?

71. Sound waves are not electromagnetic waves. Why?

72. the angle between pass axis of polarizer and analyser is 45 degree. The percentage of
polarised light through the analyser is?

73.in going from a rarer to a denser medium, light loses some speed. What happen to its
energy carried by the light waves?

74. why do we not encounter diffraction effects of light in everyday observations?

75. a single slit diffraction experiment is immersed completely in water without changing any
other parameter. How is width of central maximum affected?

76. A ray of light falls on a transparent slab of u=1.732. if reflected and refracted rays are
mutually perpendicular, what is the angle of incidence?

77.in a plane polarised light, name three parameters which are mutually perpendicular?

78. which among x rays, sound waves and radio waves can be polarized?

79. Does the values of polarizing angle depends upon colour of light?

80. How is the diffraction pattern observed when source is emitting white light?

DUALNATURE OF RADIATION AND MATTER

1. Name the particle which associated of bundle of energy of electromagnetic wave?
a) Proton b) electron c) Photon d) beta particle
2. Which of the following metal has more sensitive for photoelectric emission ?
a) calcium b) Caesium c) sodium d) copper
3. Photo electric effect is the -----------
a) Process of emission of electrons
b) process of emission of protons
c) process of emission of neutrons
d) process of emission of positive charges
4. Name the metal which has high work function
a) Sodium  b) Nitrogen c¢) Zinc d) cadmium



10.

11.

12.

13.

14.

15.

16.

17.

What is the unit used to measure the work function?
a) Electron volt b) joule c) Ampere d) volt
On which of the following factor the number of emitted electrons depends ?
a) Frequency b) Intensity of incident light
c) Stopping potential d) None of the above
On which of the following factor the maximum kinetic energy of photo electron
depends?
a) Stopping potential b) Frequency ¢ ) Intensity d) None of the above?
Four metals A, B,C and D having work functions of 2ev, 3ev, 5ev and 6evrespectively,
Which metal has lower threshold wave length for photo electric effect?
aA b)B c¢)C d)D
Which of the following equation represents for Eineistin photo electric equation?
a)KE=hv-w b) KE= hv+w c) KE= hv xw d) hv /w
If proton and deuteron are have the same velocity . What is the ratio of their de
Broglie wave length?
a)2:1 b) 3:4 c)2:3 d)5:6
Which one of the followingis concerned with the de- Broglie wave ?
a) Light b) Moving mass particle c) Photon d) None of the above
Davisson and Germer experiment is significant to which of the following
a) wave nature of proton b) wave nature of photon
c) wave nature of electron  d) None of the above
Which of the following wave not associated with electromagnetic?
a) Radio wave b) Micro wave c) Matter wave d) gamma rays
Which one of the following statements about photon is not correct?
a) Photons exert pressure b)Photon energy is hf
c) Momentum of Photon is hf/c d) Photon rest mass is zero
If h is Planck’s constant the momentum of photon of wavelength 0.01A is
a) hx10? b)h c)hx10? d) hx10%
A metal with work function of 0.6ev is illuminated with alight of 2ev , The stopping
potential is ?
a) 2.6ev b) 3.6ev c) 1.4ev d) 0.8ev
Photoelectric effect supports quantum nature of light?
a)There is a minimum frequency of light below which no photoelectrons are not
emitted
b) the maximum energy of photoelectron depends only on the frequency of light and
not its intensity
c) photoelectric effect is instantaneous process
d)All the above choice are correct.



18.

19.

20.

ii)

22.

23.

24.

25.

26.

27.

28.

29.

30.

A photocell is
b) Converts light into electricity b) converts electricity into light
c) stores electricity d) stores light.
Which one of the following is the frequency of a photon whose energy is 75ev?
a) 18x10°Hz b) 4x10% Hz ¢)12x10*Hz d)10x10%Hz
The slope of graph drawn between frequency and stopping potential is
a) h/e b)h c¢e d)he

. Which of the following is not dependent on the intensity of radiation ?

A) amount of photo current b) kinetic energy of photoelectrons

C) stopping potential d) data incomplete

Momentum of a photon is P, The corresponding wavelength is

a)h/2p b)h/p c)hp d)p/h

The De Broglie wave corresponding to particle of mass m and velocity v has a
wavelength associated with it ?

a) hmv b)m/ hv c)h/mv d) mh/v

What energy should be added to an electron to reduce its de Broglie wavelength from
101%m to 0.5x10m

a) 4 times the initial energy b) 3 times the initial energy

¢)2 times the initial energy d) equal to initial energy

What will be the ratio of the de Broglie wave length of proton and alpha - particle of
the same energy ?

a 221 b)l2 c)41 d)l4
If we consider electrons and photons of the same wave length, They will have the
same ?

a) velocity b) energy €) momentum d) angular momentum
Light of wave length 4000A is incident on a sodium surface for which the threshold
wave length of photoelectrons is 5420A?

a) 0.57ev b) 2.29ev c)3.lev d) 4.2ev
Light of two different frequencies whose photons energies of 1ev and 2.5ev
respectively, illuminate successively a metal having work function 0.5ev. The ratio of
maximum speed of emitted electrons is ?

a)l:2 b) 2:3 c)4:5 d) 2.5
The work function of a metal is 2.51ev, Its threshold frequency is

a) 6.5x10%Hz b)9.4x10?Hz c)6.08 x10'*Hz d)5.8x10Hz
Ultraviolet radiation of 6.2ev falls on an aluminum work function 4.2ev, The KE in
joules of faster electron is ?

a) 4.2x101?jb) 3x10%jc) 1.4x1018j d) 2.65x10°%5j



31. Which of the following radiation will be more effective for electron emission from he
surface of Zinc ?
a) Radio waves b) microwaves c) ultraviolet waves d) infrared rays
32. If the potential difference used to accelerate electrons is tripled, by what factor does
de Broglie wavelength of electrons beam change?
a)l/2 b) 1/3 C) Ya d) 2/3

33. Maximum velocity of photoelectrons emitted is 4.8m/s, If e/m ratio of electron is
1.76x10%c/kg , Then stopping potential is given by ?
a)5x101%/¢c b)7x10"%/c ¢)3x107 j/c d) Zero

34. A photon in a motion has mass equal to

a)hf/ C2  b) hf c) c/hf d) h/c
35. Momentum of a photon is P the corresponding wave length is
a)h/p2 b)h/p c) ph d)p/h
ATOMS

1. How will the distance of closest approach be affected when kinetic energy of alpha
particle is tripled?
2. In the figure given below which of the transition corresponding to

(i). Maximum and (if). Minimum wavelength.
0ev
-2 ev
" |
y
q rl -4.5ev
v

v
S -10 ev

De Broglie’s wavelength equation confirms Bohr’s quantum condition. Justify.
4. What are the limitations of Rutherford’s model which could not explain the observed

features of atomic spectra? How were these explained in Bohr’s model of hydrogen
atom?

w

5. Short wavelength of Lyman series of hydrogen atom is 913.4 A. Calculate short
wavelength limit of Balmer series.

6. If the electron in the atom is replaced by a particle having the same charge but mass 400
times as that of electron, how would the radius and ground state energy be affected?
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11.
12.
13.
14.
15.

16.

17.
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19.
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21.

22.
23.

24.

25.

26.

Ground state energy of hydrogen atom is -13.6 eV. What is the energy required to move
an electron from ground state to 3™ excited state?

What is the magnetic moment of the electron revolving around the nucleus in a radius ‘r’
with orbital speed ‘v’?

In which of the following atoms will the radius of first orbit be minimum?

(@). Deuterium (b). Hydrogen (c). Doubly ionised Lithium.
(d). Singly ionised Helium.

Why do wavelengths involved in the doubly ionised Lithium spectrum are slightly
different from those of hydrogen spectrum?
What would happen if the electrons in an atom were stationary?
Why is a very thin gold foil used in the a-scattering experiment?
What is impact parameter of a-particle scattered through 180 degrees?
Name the series of hydrogen spectrum lying in ultraviolet and visible region.
What is the Bohr quantization condition for the angular momentum of an electron in first
excited state?
The wavelength of some of the spectral lines obtained in hydrogen spectrum are 95464 |,
64634 and 1216A4. Which of these belong to Lyman series?
What is Bohr’s radius?
Energy of electron in the ground state of hydrogen atom is 13.6eV. What is the value of
electron in the same state of He+ atom?
What is the significance of negative energy of the electron in the orbit?
What is the importance of distance of closest approach?
Energy of the ground state of hydrogen atom is equal to -13.6eV. What is the energy of
first exited state of He+ atom.
When is H,, line of Balmer series in the emission spectrum of hydrogen obtained?
What is the maximum number of spectral lines emitted by a hydrogen atom when it is in
the fifth exited state?
The radius of the inner most electron of hydrogen atom is

5.3*10"m .what is its radius —n=3 orbit?

The total energy of an electron in the first exited state of hydrogen atom is -3.4eV .what
is the kinetics energy and potential energy in the state ?
Find the relation between the three wavelengths Ap, Ao and Ar from energy level diagram

R
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

Calculate the shortest wavelength of the spectral lines emitted in Balmer series.

The ground state energy of hydrogen atom is -13.6eV. If electron Make transmission
from an energy level -0.85eV. What is the wave length of the spectral line emitted?
Estimate the ratio of De Broglie wavelengths associated with deuterons and a-particles
when they are associated from rest through the same accelerating potential V.

The electron in hydrogen atom is initially in the third exited state

What is the max number of spectral lines which can be emitted when it finally move to
the ground state?

When an electron falls from a higher energy to lower energy level, the difference in the
energies appears in the form of electromagnetic radiation. Why can’t it be emitted as
other forms of energy?

Why do alpha particles have high ionising power?

Would the Bohr formula for H- atom remain unchanged if proton had a charge (+4/7) e
and electron had a charge (-7/4) e. Justify your answer.

For two different H-atom the electron in each atom is in an excited state. Is it possible for
the electrons to have different energies with the same orbital angular momentum
according to Bohr model?

The trajectories traced by different alpha particles in Geiger Marsden experiment were
observed as shown in figure.

4

b

- @ Target nucleus

Trajectory of o-particles in the coulomb field of a target
nucleus. The impact parameter, b and scattering angle
8 are also depicted.

What are the values of ‘b’ for 6= Odegrees and nradius ?

The wave number of a spectral line equals R, the Rydberg constant 1.097x107m™1
Express the wave length of this line in A.
Which is easier to remove: orbital electron from an atom or a nucleon from a nucleus?

In alpha particle scattering experiment 1 in 8000 retrace its path. What do you infer from
this?
When the electron hitting in H-atom in its ground state moves to the 3" excited state,
how the deBrogile wave length associated with it would be affected?

In the Rutherford scattering experiment the distance of closest approach is d0. If a
particle is replaced by proton how much Kinetic energy in comparison to o particle with
it require to have the same distance of closest approach do?



41. The ratio of energy of Bohr’s hydrogen atom and He™ atom in the first orbit is:

42.

43.
44,
45.

)
46.

47.

48.

a)
49.
a)
b)
c)
d)
50.

ol.

52.

53.

54.

a)l2 Db)4dl c)1:4 d)1:9
As per Bohr model, the minimum energy in eV required to remove an electron from the
ground state of Li* is:

a) 151 b)13.6 c)40.8 d)122.4
The wavelength associated with a gold ball of 200g moving with 5m/h is of the order of :
a) 10%m b)10%®m ¢) 10°°m d)10*°m

In which region of electromagnetic spectrum does the Lyman series of hydrogen atom is:
a) Ultraviolet b) X-rays ¢) Infra-red d) visible
How many kV potential is to be applied on X-ray tube so that minimum wavelength of
emitted X-ray may be 1 A?
12.48kV b) 12.84kV c) 11.98kV d) 1078kV
The ratio of the kinetic energy to the potential energy of an electron in Bohr orbit is:
a)l:-1b)1l:-2 c)2:1d)2:-1
Electrons are bombarded to excite hydrogen atoms and six spectral lines are observed. If
Eg is the ground state energy of hydrogen, the minimum energy the bombarding electrons
should possess is: a) 8 Ef/9 b) 15 Ey/16 c¢) 35 Ey/36 d) 48 E¢/49

If the atom 100FmM?*’ follows the Bohr model and the radius of last orbit of 100Fm®7 is n
times the Bohr radius then value of n is:
100 b)200 c)4 d)1/4
Hydrogen atom does not emit X-rays because:
It contains only single electron
energy levels in it are far apart
its size is very small
energy levels in it are very close to each other
A hydrogen atom is in excited state of principal qguantum number n. It emits a photon of
wavelength £ when it returns to ground state: a) VAR(AR — 1) b)VAR/(AR — 1)

¢) VAR — 1/4R  d) VA/(AR — 1)
In a hydrogen atom the magnetic field at the centre of the atom produced by an electron
in the n™ orbit is proportional to:
a) 1/n? b)1/n® c)1/n* d) 1/n®
Energy levels in an atom are in discrete manner in
a) Thomson’s experiment c¢) Rutherford’s experiment

b) Millikan’s oil drop experiment d) Franck and Hertz experiment
An electron of a stationary hydrogen atom passes from the fifth energy level to the
ground level. The velocity that the atom acquired as a result of photon emission will be:
a) 24m/25hR  b) 24 hR /25m c¢) 25hR / 24m d) 25m/24hR
The De Broglie wavelength of the electron in the ground state of the hydrogen atom is:
a) 1.67 A b) 3.33 A c)1.06 A d) 0.53 A



55.

6.

If a electron in a hydrogen atom has moved from n=1 to n=10 orbit the potential energy
of the system has:
a) Increased b) decreased c) remain unchanged d) become zero

NUCLEI
What law did Ernest Rutherford use to estimate the size of the nucleus?
A. Conservation of nucleon number
B. Conservation of angular momentum
C. Conservation of linear momentum
D. Conservation of energy
E. Conservation of charge
Why are nuclear energy levels more complex than electron energy levels?
a. Nuclear energy levels depend only on attractive forces.
b. Nuclear energy levels depend on attractive and repulsive forces.
c. Nuclear energy levels are an order of one hundred times as great as electron
energy levels.
d. Electron energy levels depend on the interaction between neutrons and electrons.
e. Electron energy levels have greater energy than the nuclear energy levels.
Which of the following about the nuclear force is true?
a. lItisan attractive force between electrons and protons in an atom.
b. Itis much weaker than the electromagnetic force.
c. Itis much weaker than the gravitational force.
d. Itisastrong, short-range, attractive force between the nucleons.
What force is responsible for the radioactive decay of the nucleus?
a. Gravitational force
b. Weak Nuclear force
c. Strong Nuclear force
d. Electromagnetic force
Isotopes of an element:
a. have the same number of protons and electrons, but a different number of
neutrons.
b. have the same number of protons and neutrons, but a different number of
electrons.
c. have different number of protons.
d. have different number of electrons.
e. have the same number of neutrons and protons.
Binding energy is:
a. the amount of energy required to break a nucleus apart into protons and neutrons.



b. the amount of energy required to break a nucleus apart into protons and electrons.
c. the amount of energy required to break a nucleus apart into electrons and
neutrons.
d. the amount of energy released when neutrons change energy levels.
e. the amount of energy released when protons change energy levels.
7. If mH is the atomic mass of Hydrogen, mn is the mass of a neutron, and M is the atomic
mass of the atom, which of the following is the mass defect formula?
B. Am=7Z'mH + N-mn
A Am=7ZmH+Nmn-M +M CAm=ZmH-Nmn-M

E.Am=M-ZmH -
D.Am=7ZmH-Nmn+M N-mn

8. When nucleons form a stable nucleus, binding energy is:
A. created from nothing . B. destroyed into nothing.

C. transformed into visible light. D. absorbed as high energy photons or particles.
E. released as high energy photons or particles.

9. When a nucleus is divided into its constituents, energy is:
A. created from nothing. B. destroyed into nothing.

D. absorbed by the nucleus which then breaks it
C. transformed into visible light. apart.

E. released by the nucleus as it breaks apart.

10. An isotope with a high Binding Energy per nucleon:
A. will decay in a short period of time. B. is very unstable.
C. is very stable : D. has very few electrons.

F. has more protons than neutrons.

11. Why do heavier nuclei have a greater ratio of neutrons to protons than lighter nuclei?
A. to add more nucleons so that the binding energy is greater.
B. to provide a greater weak nuclear force.
C. to provide more attractive electromagnetic force.
D. to provide more attractive strong nuclear force to balance the repulsive
electromagnetic force.



E. to provide more repulsive strong nuclear force to balance the attractive
electromagnetic force.
12. A reaction that releases more energy than is put into it is called:
Endothermic B. exothermic  C. nuclear D. chemical E. radioactivity

13. The following reaction: on* + 23%Vg, —41Bess 425,92 +3ngt is
A. Fusion B.Fission C.alphadecay D.betadecay E.gamma decay
14. The nuclei s3l ** and s31 1%’ contain the same No of

(@) Quarks
(b) Neutrons
(c) Nucleons
(d) Protons

15. Mass of the fuel required to generate energy of 1000 MW will be

(@) 0.01 pg/sec
(b) 5.2 mg/sec

(c) 0.01 mg/sec
(d) 4.73 kg/minute

16. 1MeV is

(@) 1.6 x 1029
(b) 1.6 x 1022
(c) 1.6 x 103
(d) 1.6 x 10°%

17. If an H- nucleus is completely converted into energy, the energy produced will be around
(a)1MeV (b) 939MeV (c) 9.39MeV (d)238MeV
18. The nuclear forces are
(a)Charge dependent(b) Spin dependent  (c) charge independent (d)long range
19. Which is non central force
(a)Electrostatic force (b) Nuclear force (c) Gravitational force  (d)None of the above
20. The curve of binding energy per nucleon as a function of mass number has a sharp peak for

helium nucleus. This implies that helium



(a)Can easily be broken up (b) is very stable (c) can be used as fissionable material
(d) Is radio active

21. Binding energy per nucleon in heavy nuclei is of the order of
(@)8MeV (b) 8eV (c) 80eV (d)80MeV

22. If rl and r2 are the radii of the atomic nuclei of mass number 64 and 125respectively, then
the ratio r1/r2 is

(2)64/125  (b) (64/125)Y2 (c)5/4 (d)4/5
23. The atomic number and mass number of an atom remain unchanged when it emits
(a)a photon (b) a neutron (c) B- particle (d)a- particle
24. A nucleus X is initially at rest, undergoes alpha decay according to the equation
X 5 ZYP 4g Then the values of A and Z are
(2)94,230 (b) 242,90 (c) 190,32 (d)230,94
25. Which of the following is sitable for fusion process

a) light nuclei (b) heavy nuclei
(c) elements lying in the middle of the periodic table
(d) middle elements , which are lying on the middle of the binding energy curve
26. During the -decay

(@) An atomic electron is released

(b) An electron , already present with the nucleus, is released
(c) A proton in the nucleus decays emitting an electron

(d) A neutron in the nucleus decays emitting an electron

27. .0ne curie is equal to

(a) 3.7 x 10'%isintegrations/s
(b) 3.2 x 108disintegrations/s
(c) 2.8 x 10%%isintegrations/s
(d) None of the above

28. Mean life of a radioactive sample is 100s, then its half life (in minutes) is
(@) 0.693 (b)1 (c) 10* (d)1.155

29. A thorium nucleus emits an o particle . Which of the following fundamental physics
principles can be used to explain why the direction of the daughter nucleus recoil must be in
the opposite direction of the o emission



I - Newton’s third law Il -Conservation of momentum I11- conservation of energy

(@ Only 1l ('b) Only I (c) land Il only (d)I and 111 only

30. Half life of a radioactive material is 2 days. If the original material is 1 kg, then how much of
it will be left after 6 days ?

(a) 125¢ (b) 2509 (c) 500¢g (d) 7509

31. Half-life period of a radioactive element X is same as the mean-life time of another
radioactive element Y. If initially both have same number of atoms, then

(a) X decay faster than Y (b) Y decay faster than X
(c) X and Y decay at same rat (d) Initial decay rate of X and Y are same

32. Half life of an atom A is 2 days. If we start with 60,000 atoms of that material, number of
atoms left over after 8 days will be

a) 1875 (b) 3750 () 7500 (d) 15000

33. If the half of a radioactive material is 2 days at NTP, then on increasing the pressure to 16
atmospheres, new half. life of the material will be

a) 16 days ( b) 8 days (c) 4 days (d) 2 days

34. A Nucleus of 84P0210 originally at rest emits alpha particle with speed v > What will be
recoil of the daughter nucleus

a) 4v/206 (b) 4vi214 () 4v/(A+4) (d) 2v/(A+4)

35. A radio active nucleus undergoes alpha emission to form a stable element. What will be the
recoil velocity of the daughter nucleus if v is the velocity of alpha emission

a) 4vIA-4 (b)2vIA-4  (C) AvI(A+4) (d) 2vi(A+4)

36. A radio active nucleus undergoes beta emission to form a stable element. What will be the
recoil velocity of the daughter nucleus if v is the velocity of beta emission

a) Me VIA- Me (b)) 4vi(A+4) (©)v (d) 4v/iA-4
37. Fusion reaction takes place at high temperature because

a
b

—

nuclei break up at high temperature
atoms get ionized at high temperature
c) kinetic energy is high enough to overcome coulomb repulsion force between nuclei
d) molecules break up at high temperature
38. Light energy emitted by stars is due to
a) breaking of nuclei

~— — —



b) joining of nuclei
c) burning of nuclei
d) reflection of solar light

39. The mass of alpha particle is

a) equal to sum of masses of two protons and two neutrons

b) equal to mass of 4 protons

c) less than sum of masses of two protons and two neutrons

d) equal to mass of 4 neutrons

40. If the nuclear force between proton-proton, proton-neutron and neutron-neutron are
represented by F1,F2 and F3then

a) F1=F2=F3(APPROX)

b) F1=F2=F3(EXACT)

c) Flis notequal to F2but equal to F3
d) F1lis notequal to F2not equal to F3

SEMI COUNDUCTOR ELECTRONIC DEVICES AND CIRCUITS

76.

77.
78.

79.
80.
81.
82.

83.
84.

85.

What will happen to the size of the depletion region in the forward bias of a p-n junction
diode?
What will happen to the barrier potential when the Zener diode is forward biased
Zener diode is used as a voltage
(@) rectifier (b) regulator (c) amplifier (d) oscillator
Singe p — n junction diode can be used in electronic circuit as
(@) Full wave rectifier (b) Half wave rectifier (c) filter (d) switch
Symbol of p — n junction diode is
Symbol of Zener diode
Threshold voltage or cut in voltage in Germanium diode is
@ @ ~02V{®) ~03V (c)~04V @d)~05V
The direction of diffusion current in an unbiased p-n junction diode is.
The current is reverse bias of a p-n junction diode is in the order of
(@) Micro Ampere (b) Nano Ampere (c) mille Ampere (d) Pico ampere
Number of p-n junction diodes used in a full wave rectifier
(@) One (b) two (c) Three (d) four



86.

87.
88.

89.

90.

91.

92.
93.
94.

95.
96.

97.

The frequency of pulsating (unsteady) DC in a half wave rectifier is
(a) Equal to the frequency of AC
(b) Double the frequency of AC
(c) No relation with AC frequency
(d) It needs calculation
The direction of drift current in an unbiased p-n junction diode is
When a photo diode is in use it is biased as
(a) Forward bias (b) Reverse bias (c) unbiased (d) It can be any biasing
The I-V characteristics of a photo diode are drawn in the
(a) First quadrant (b) Second quadrant (c) Third quadrant (d) Fourth quadrant
The photons emitted in LED are
(a) Equal or slightly less than the band gap
(b) Equal or slightly greater than the band gap
(c) Equal to the band gap
(d) Doesn’t depend on the band gap
If the forward current on LED increases
(@) Intensity of emitted light increases
(b) Intensity of emitted light decreases
(c) Intensity of emitted light has no relation with the forward current
(d) None of the above
The composition of Gallium , Arsenic and Phosphorus in Red LED is
The energy band gap required to produce Infra Red LED is
Condition to generate electricity in a solar cell is
(@) hv>Eq (b)hv<Eq (c)hv=Eq (d)hv- Eg
The typical I-V characteristics of a solar cell are drawn in
The current in forward bias is in the order of
(@) Micro Ampere (b) Nano Ampere (c) mille Ampere (d) Pico ampere

Assuming the diodes to be ideal

A R w1
—10V so—AAAA >t

D2

B

—

(a) D1 is forward biased D is reverse biased and hence current flows from A to B

(b) D2 is forward biased and D1 is reverse biased and hence no current flows from B
and A and vice versa

(c) D1and D are both forward biased and hence current flows from Ato B

(d) D1 and Dz are both reverse biased and hence no current flows A to B and vice

versa.



98. In the depletion region of a diode
(a) There are no mobile charges
(b) Equal number of holes and electrons exist making the region neural
(c) Recombination of holes and electrons has taken place
(d) Immobile charged ions exist.

99.

I

V,. (open circuit voltage)
\ "

3

¥~ Short circuit current

The given graph represents | — V characteristic for a semiconductor device. Which of the
following is correct ?
(@) Itis I _ V characteristic for solar cell where point A represents open circuit
voltage and point B short circuit current
(b) Itis for a solar cell and points A and B represent open circuit voltge and current
respectively
(c) Itis for photodiode and points A and B represent open circuit voltage and current
respectively
(d) Itis for LED and points A and B represent open circuit voltage and short circuit
current respectively
(e) Itis for LED and points A and B represent open circuit voltage and short circuit
current respectively.

100. Zener diode is designed to operate under
(a) Forward bias (b) Reverse bias (c) No bias (d) None of the above
101. The size of depletion region is in the order of
(@) <10® (b)>10° (c)=10° (d) No such relation exists
102. The magnitude of junction field in a Zener diode is of the order of
(@) ~5x10°V/m (b)=5x108V/m  (c) ~5x10°V/m (d)~5x10°V/m
103. In the graph given below is the I — V characteristic of a special purpose p-n

junction diode, identify the diode
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104. The current in Zener diode increases sharply after Zener voltage. The charges
required for this current are drawn from
(a) Conduction band (b) Valence band (c) Forbidden band (d) Fermi level

105. What is the purpose of using a transparent window in a photodiode?
106.
FmA
Reverse bias

. ) /‘/',/ volts

—— SOV

I, —/

I; — | nA

Thé g.rap.h éhown above is for a photodiode, where 11,12,13,14 represent the intensity of
light incidenting on the junction of photo diode. Which intensity of light produces
highest photo current?

107. The reverse breakdown voltages of LED are very low, typically around
@5V (b)6v (¢c) 7v () 8V

108. The light is emitted in LED due to

109. In a solar cell the thickness of p — Si wafer is about
(@ 300 um (b)200 um (c) 100 um (d) 25 um

110. In a solar cell the thickness of n — Si wafer is about
(@ ~0.5um (b)~0.7um (c)~0.3 um (d)~ 0.8um

111. Why photo diodes is always connected in reverse bias.

112. What is the size of Zener Diode?

(a) Its size remains constant (b) Its size is bigger than the p-n junction diode
(c) Its size is smaller than the p-n junction diode (d) Its size changes according to the
requirement of the circuit
113. Symbol for LED is
114, In the figure shown above which end is p- type material and which is n type
material
115. Which semi conductor is used in making Blue LED



116. In a conductor conduction and valance bands are

117. Semiconducting device used to regulate an uninterrupted dc power supply is
118. GaAs is used in diode
119. Zener diode works in bias
120. The energy gap when doped with a pentavalent impurity
a) increases b) decreases ¢) remains the same
121. In an n type semiconductor ne/ny is
ay<l b)y>1 ¢=1
122. Electrical conductivity of a pure semiconductor at a given temperature depends
a) Width of forbidden band b) intrinsic charge carrier concentration. c) both d) none
123. Output in the following is a) 5V b)-5Vc)0V d)1V
+5v
WJ
124, Beyond zener breakdown voltage when current changes voltage

a) increases b) decreases ¢) no Change
125. In forward bias of junction diode width of depletion region
a) decreases b) increases ¢) does not change.

126. The conductivity of n- type semi conductor is than p-type semiconductor though
the concentration is the same of both the charges?
127. are prefered for fabrication of solar cells?

128. Inap-njndiode, increase in forward voltage of 0.19 v increases forward current by 37.6 mA.
dynamic resistance is

129. A zener diode is specified havivg break down voltage of 9.1V with maximum power dissipation
of 364mW. The maximum current the diode can handle is _

130. The diodes in figure are
a) both forward bias b) both reverse bias c) forward and reverse bias
d) reverse bias and forward bias

+5V j
(i1) .
—{>—ww—
131. In half wave rectifier output power is %
132. In full wave rectifier output power is %
133. In insulators the forbidden energy gap is
134. Pure Si at 300 K has equal electron and hole concentration of 1.5 x 10 /m3. Doping by

Indium increases hole concentration to 4.5 x 10%/m?® electron concentration is



135.
136.

137.

138.
139.

140.

141.

142,

143.

144,

145,

146.

147.

148.

Drift current in a semi conductor is due to
Diffusion current in a semi conductor is due to

In intrinsic semiconductors ratio of electron hole concentration is
a)<l b)>1 c)=1
In n-type semiconductor additional energy levels are formed

Voltage in forward bias of a p-n diode where current abruptly increas is

LED works in bias.

Hole concentration of a diode is the ratio of charge concentration to
Maximum wavelength of electromagnetic radiationton to create electron-hole pair in
silicon with band gap 1.1 eV is

In a pure semiconductor number of conduction electrns is 6 x10 * per m®. How many
holes are there in a sample of 1cm x 1cm x 2mm

Increase in tempature of a semiconductor the forbidden gap

a) increases b) decreases c)will not change  d)will double

Diamond behave like

a) conductor  b) insulator ¢) semiconductor

Reverse bias of a pn jn diode

a) increases b) decreases  c) will not change the barrier voltage

Piece of cu is cooled from room temparature to 80 K its resistance

a)increases b)decreases c)no change
When a reverse voltage of 5V is applied across the depletion region (thickness < 10° m )of a
Zener diode , find the field set up across the junction

149. Solar cell works in bias
150. The colour of light emited in LED depends on

a) Level of doping b) semiconductor used c) both  d)none



ANSWER KEY OF OBJECTIVE / MCQ TYPE QUESTIONS FOR CLASS XII
ELECTRO STATICS

1. B
Here,q+q’'=Q, ¢’=Q-q ,therefore F=k qq'/r?
F=ka(Q-g)/r*
For F to be maximum dF/dg =0
d [kq(@-a)]|_
E[ r2 ]_0
d [kaQ—k q?]_
E[ r2 ]_ 0
~kQ-2kg=0
Or g=Q/2 and q'=Q/2 sog/q’=1
Hence, answer is B

2. C
Along X-axis
3. B
_F, _F, 8 1
4. D
T =pEsing
For the torque to be minimum, pEsin8 =0 .. sin@ = Oorf = 0°
5 A

The equation signifies that the electric charges are algebraically additive and hence q;
& gpare equal and opposite.
6. C
Electric field is along X-axis as it should be perpendicular to equipotential surface which
isin Y-Z plane
7. D
a) Right- According to principle of superposition, force between two charges is not
affected by the presence of other charges.
b) Wrong- Potential due to a dipole is zero at equatorial line and not on axial line.
8. A
angle between p and E must be 0°
9. B
The positive charge induced on the neck of the tube will accelerate the electron
towards the neck.
10.A
They tend to move apart slightly due to polarisation of charges in them.



11. Electric dipole moment of an electric dipole is equal to the product of either charge
or distance between the two charges.

12. The component of electric field along the tangent to the surface of the conductormust
be zero.

13.

|
1/r'H

14. For given pair of charge F « riz
Magnitude of q103 is higher and negative in second case.

+
1
1/r
2
-F
15.
i) a) Charge produced on inner surface by induction =- g
Surface charge density on inner surface due to induction, o; = 4;22
1
An equal amount of charge +q is produced on outer surface
b) Charge on outer surfaceis=q+Q
Surface charge density on outer surface o, = ET%
2
i) Electric field at a distance x (x > Ry) is
E=k q;zQ and is directed away from the conductor.
16.

+Q charge is located at A(xz, 0) and —Q charge is at B(xy, 0)
Electric Field at O due to + Qchargeis E; = k % (Towards B)
2

Electric Field at O due to - Q chargeis E, = k % (Towards B)
1
Net Electric Fieldat‘O’is E=E;+E; (Towards B)



1 1
R A

17. Let g charge be distributed uniformly on a surface of radius r Surface
charge density o = —

4mr?
Electric field intensity on the surface of shell is
-1
4w ey r?
or, E= A
! €p €p

18.
Electric field is a vector quantity. In the first case, electric field at the center due to
charges at A and due to C adds up and also due to charges at B and D is added up.
There exists electric field at the centre. Whereas in the second case, field at the
centre due to charges at A and C are equal and opposite and also due to B and D are
also equal and opposite. So, the resultant field is zero.

19. No, because within a metal the electric field is zero.

Therefore, no lines of force should exist between the spheres.

'
N

+ 4+ H + + +

20. No, the force of attraction between spherical conductors will be more than (kq?/d?),
due to attraction of opposite charges. These will be redistributed on spheres.
Obviously, the effective distance between the charges will be reduced and
hence
effective force will be increased.
21.

B -9 A +q C
At A & B, towards left. At C & D, towards right.



22.

2q
4meg
23.Aand Cincontactg’a=(qa +qc)/2=3.25x107C
This charge when in contact with C, q's= (e + q’'a)/2 =4.87x107C

R
New force = — 412 = 5 7x103 N
4mey T

24. A proton has charge equal and opposite to that of an electron, hence
Force experienced by a proton = - Force experienced by an electron

25. It is defined as the electric force per unit positive charge acting on a vanishingly
small test charge placed at that point.
Its Sl unitis N/C

26. Force decreases as F a 1/k

27. Itis the product of either charge and the dipole length. Its Sl unit is Cm.

28.

29. When the dipole is placed parallel to the non-uniform electric field.

30. By convention, the direction of electric field is the same as that of force on a unit
positive charge. As this force is outward in the field of a positive charge, and inward

in the field of a negative charge, so the directions are taken accordingly.

31. Not necessarily. The small test charge will move along the line of force only if itis a
straight line. The line of force gives the direction of acceleration, and not that of
velocity.

32. The charge on any body is always an integral multiple of e. Here

n=q/e=0.8x10%°C/1.6x10°C=0.5
This is not an integer. So a body cannot have a charge of 0.8 x 101° C.
33. e =k g,=8.85x10'2x80 = 7.083x 10-1°C2/Nm?




34. When the charge involved is much greater than the charge on an electron, we can
ignore its quantum nature and assume that the charge is distributed in a continuous

manner. This is known as a continuous charge distribution.

35. Itis defined as the ratio of the force between two charged placed some distance apart
in free space to the force between the same two charges when they are placed the
same distance apart in the given medium.

36. The electric field binds the atoms to neutral entity. Fields are caused by the excess
charges. There can be no excess charge on the inner surface of an isolated conductor.

37. Final charge on sphere Ais: ga/2 and on sphere B: (20s + ga)/4

38. In the static situation, there is no current inside, or on the surface of the conductor.
Hence, electric field is zero everywhere inside the conductor.

39. Work done= - (electrostatic PE of system of these three charges)=2.3x 108)

40. It indicates that

)] Charge is so small in magnitude that it does not change the position of source
charge.
iii) It does not modify the electric field of the source charge.
41. (a)

® =fE.ds = Nm%c?
42. (a)

Flux density = Q/area = Nm?cY/m? = Nc*!
43. (a)

€ =cok , €o—>Space or air permittivity
44. (c)

g1, g2 are outside the Gaussian surface, only gs is inside the surface. i.e charge
should be enclosed by the surface.

45. (b)
Net charge of the dipole is zero

® =q/ €0 =0/e0 =0



46.

47.

48.

49.

50.

o1.

52.

53.

54.

(d)

Total flux = g/eo,. Charge is at the centre, electric flux is symmetrically distributed
through all 6 faces.

Therefore, the flux linked with each face = ® /6 = q/6¢,

(b)
E= A2ner, Ex1/r
(c)
E =0/2¢, ie E isindependent of distance r
(@)
Charge inside the Gaussian surface shell is zero
ES=0/e=0
(b)
¢ = gleo =1lleo= 67 (i.e g=1)
(d)
E = o/eo both charged spheres have same surface charge density 6 1=0 2
Therefore E1:E2=1:1
(@)

Sphere enclosed -2qg and g charges

Net charge =-2q+q=-q

Therefore ®=-qgle, or Qgleo inwards
(@)

E=A2ner , A=2merE= 107cm?
(@)

Electric field in between the plates

E =6 /e =17x102%/8.85 x101? = 1.9 x10°Nc?



55. (a)
E = 8i+4j+3k and S = 100k
Q. =E.S =300 Nm%

56. (b)
Charge enclosed is the same.

Flux is independent of the size or shape of the Gaussian surface.

57. (b)
E=q/4m eor?> (r>R)
Where R is the radius of the Gaussian surface
E= 0.2x10°x9x10°/ 32
E =200 Nc*!
58. (b)
Total flux ® = q/ €
Through hemisphere = g/2¢,
59. (c)
c=q/A = q=0cA
1= 64 nR:?, Q2 =04 nR?
01:0=14 (i.eR=R, R»=2R)
60. (b)
AD=qgleo, 0= A D &
g = [3000-5000] 8.85x 102

q=1.77x10%C



61. (a)

62. (c)

63. (C)

64. (b)

Total flux @ = q/ €0 = 17.7x10°/8.85x10"? = 2x10° Nc*m?

Flux density ® = Q/A = Q/4mr? = 2x108/4x3.14x(0.5)?= 6.4x10° Nc!

® =EScos0 , 0 is the angle in between E and normal to the surface area(st)
but the angle between the plane sheet and E is 60°

0 =90°-60°=30°

® =EScos0=Enr’cosd

® =5x10°x 3.14 x (0.1)?c0s30°

® =1.36x10*Nm?c?

Total flux = gleo
Flux through each face = g/6¢, |,
Flux through 2 opposite faces = q/6¢, + /6¢o

= q/3EO

Inside a charged conducting surface E=0, but on the surface EZ0.

= Electric field intensity is discontinuous across a charged conductor.

65. (d)
Value of electric field is well defined at every point on Gaussian surface
66. (b)
Thick conducting sheets carry charge on both sides with the same surface
charge density c.
E = (o/€0) + (06/ €0) = (20/ €0)
67. (c)

®= Edscosf

Area of the point ds=0



68. (d)
®= Edscos

Cos6 value may be positive, negative or zeros based on the value of 6.

69. (d)
®= Edscos0
Surface area of hemisphere ds= 2 nr 2 and 6= 0°, cos0=1
~O=27r?2E
70. (a)
O®= Edscos6, 6=90°
L ®=0
71. (c)
The closed surface integral of electric field is electric flux
72. (d)
E=(0/€0)-(c/€)=0
No field in the space outside the sheets
73. (@)
Negative sign indicates that the field lines are moving towards the charge
74. (@)
E=06/¢€ =0/A €, where A =unit
~E=0/ &
75. (c)
Net charge for 8 dipoles =0
®=q/ € =0
76. (a)
R/2 <R i.e inside the spherical shell E=0
77. (c)

Total flux entering the surface is equal to the total flux leaving the surface. So net
flux associated with the surface is zero.



78. (c)
o O=0
79. (a)

Od=ES=

80. (c)

® =PE.ds=0

{5i+4j-4k)x10° }. { (Qi-j)x 102 }
® = (10-4-0) 10 =6 x 10° Nm?C'!

Outside charge is not contributing flux (or) Gauss theorem includes only the
charge is enclosed by the closed loop

Electric Potential and Capacitance

1. ANSWER (1): Electrostatic field is a conservative field.
2. ANSWER (2): integral of force function in the limits P to R

= [FF(x)dx=U (P)- UR) =dU .

It is defined as amount of work required to transport the charge from pointR to P

along any path in the electrostatic field of charge Q or g.

3.

4.

5.

6.

ANSWER (3): integral of force function in the limits P to Infinity
= [ F(x)dx=U (P)- U (infinity) = U.

It is defined as amount of work to be done to transfer a test charge g from infinity to
point P along any path in electrostatic field of charge Q. Here charge Q is called or
defined as source charge.

ANSWER (4):Potential difference (V) in an electrostatic field or in a circuit is defined
asdifference of potentials. It is also defined as amount of work to be done to
transfer unit positive charge in-between two given points in an electrostatic field or
in a circuit.

ANSWER (5): Both electric potential & potential difference are scalars as basically
they are works done.

ANSWER (6): Definition volt(V):- Volt is S,I. Unit of electrostatic potential and
potential difference(v) in an electrostatic field or electric circuit and is defined as
that electrostatic potential and potential difference(v) developed in an electrostatic
field or electric circuitWhich requires one joule of work to transfer unit positive



charge or one coulomb of charge In between two given points in an electrostatic
field or electric circuit.

7. ANSWER (7):  [V]=[M!LZT3 A1)

8. ANSWER (8): v=Q/4meor

9. ANSWER (9): Positive charge produces positive potential & negative charge produces
negative potential.

10. ANSWER (10): principle of superposition of electric potentials: statement:

According to principle of superposition of electric potentials, electric potential at a
point due to number of charges is equal to algebraic sum of all the potentials acting at
that point due to all charges, taken one at a time. I.e. the individual potentials are not
affected by the presence of other charges. l.e. charges preserve their individuality.

11. ANSWER (11): V= p cos8 / 4neor? along axial line & along equatorial line.

12. ANSWER (12): v=Q/4neor

13. ANSWER (13): v=Q/4neor outside shell, r is the distance measured from the centre of
shell &

v=Q/4neR, where R is radius of spherical shell, constant inside shell & on the spherical
shell.

14. ANSWER (14): Definition of the term equipotential surface:-

Equipotential surfaces are two dimensional surfaces over which potential are constant
for three dimensional problems.

15. ANSWER (15): zero
16. ANSWER (16): zero
17. ANSWER (17): E=-dv/d| (or) E=-dv/dr.

18. ANSWER (18): If equipotential surfaces are closer(crowded) electric field in that
region is strong. If equipotential surfaces are not closer( not crowded) electric field
in that region is not strong(weak). I.e. the relative concentration of equipotential
surfaces gives us relative strength of Electric fields .

19. ANSWER (19): E=QV

20. ANSWER (20): E=QV

21. ANSWER (21): E = Qqv1 +Q2V2 +Q1Q2/4megr,where r is distance between charges.

22. ANSWER (22): U=PEcose=P.E

23. ANSWER (23): When ©6=0(zero), i.e. when dipole axis is in the direction of electric
field direction, the electric dipole is in stable equilibrium.

24. ANSWER (24): When 6=180°, i.e. when dipole axis is in the direction opposite to that
of electric field direction, the electric dipole is in unstable equilibrium.



25. ANSWER (25):The earth is always at zero potential.

26. ANSWER (26): The potential of earth is taken as zero always because the earth
neutralizes any charged on its surface.

27. ANSWER (27): Dielectric reduces the electric potential produced by a charge .

28. ANSWER (28): Ev=1.6x10"%j.

29. ANSWER (29):potential difference(P.D,V)

30. ANSWER (30): DEC (K) =V, (Potential in air)/V (potential in medium)

31. ANSWER (31):[ B ]

32. ANSWER (32): ]

33. ANSWER (33):

34. ANSWER (34):

35. ANSWER (35):

36. ANSWER (36): 6(SIX)

37. ANSWER (37): SPHERES CENTRED ABOUT THE GIVEN CHARGE

38. ANSWER (38):planes perpendicular to the direction of electric field.

39. ANSWER (39): never

40. ANSWER (40): decreases

41. Dielectric strength

42.1.78x108
43.K=12

44, R=9x10%m =9km
45, 4pF

B
[ D
[ D
[ A
[ D]

A~ N N N N A~ A~ A~ o~ o~~~

46. Dielectrics are nonconductors and do not have free electrons at all. While
conductors have free electrons which make it able to pass the electricity through it.

47. Dielectric constant: it is defined as the capacitance with dielectric in medium to the
capacitance with vacuum. It is also defined as the ratio of the permittivity of the
material to the permittivity of free space. It has no unit. The mathematical formula
for the dielectric constantisk =€/ €0

48. Line B corresponds to C; because slope (g/V) of B is less than slope of A.

49. C decreases.

50. Capacitance of parallel plate capacitor will become infinite

51.Q?/ 8nge_x(1/a-1/b)

|



52.

53.

o4,

55.

56.

S7.

58
59
60
61
62

63
6
65
66

D

Polar Dielectrics: Polar dielectrics are those in which the possibility of center
coinciding of the positive as well as negative charge is almost zero i.e. they don’t
coincide with each other. The reason behind this is their shape. Examples of the
polar dielectrics are NH3, HCL, water etc. Non Polar dielectrics: In case of non-polar
dielectrics the centers of both positive as well as negative charges coincide. Dipole
moment of each molecule in non-polar system is zero. All those molecules which
belong to this category are symmetric in nature. Examples of non-polar dielectrics
are: methane, benzene etc.
For this, the instrument must be enclosed fully in a metallic cover. This will provide
an electrostatic shielding to the instrument.
The body of a car is metallic. It provides electrostatic shielding to the person in the
car, because electric field inside the car is zero. The discharging due to lighting
passes to the ground through the metallic body of the car.
Potential functions do not have a maximum or minimum in free space.
Because of ionization caused by the highly energetic cosmic ray particles from
COSMOS.
Because:

a. Water molecules have a symmetrical shape as compared to mica.

b. Water molecules have a permanent dipole moment.
. Work done is 0.
. Zero.
. Zero.
. High potential.
.Protons moves from high potential to lower potential. Thus potential energy
decreases.
. Zero.
. Parallel plate capacitor. It is used to store electrostatic energy.
. Increases
.€) both (a) and (b)



67.

68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.

¢) When the battery is disconnected, the charge on the capacitor plates remains the
same.
d)6
b)66.6%
a) k C/(1+Kk)
b)5 uF
d)1.25]
b)1/2xnxCx \/?
b)u/2
d)aw
b)0.5 )Increases
b)The potential difference increases
c)3m
When a dielectric is inserted in an external electric field the positive and negative
centers of charge are pulled by the negative and positive ends of external field, thus
creating an induced dipole moment and this phenomenon is known as polarization
of dielectric.
CURRENT ELECTRICITY

Q. | Expected Answers

No.

1 ohm metre

2 B ('In parallel the effective resistance will be less and V/I value also be less)

3 | The electron number density is of the order of 102 m™. That’s why the net current can be very high
even if the drift speed is low.

4 Nichrome is preferred because its resistivity is higher and causes more heating effect.

5 Meter Bridge and post office box.

6 2 ohm

3 and 3 are in series and parallel with 6 ohm. Resultant gives again 3 ohm.
In ACB closed loop 3 and 3 are in series and parallel with 3 ohm.
Which gives resultant as 2 ohm.




7 No. because resistance is directly proportional to the length of the wire. When you bent or reorient, its
length will not change.
8 Wheatstone bridge principle.
9 The amount of current flowing per unit cross — sectional area of a material. It is a vector.
10 | Drift velocity would decrease with increase in temperature because kinetic energy of electrons
increases and they undergo more collisions.
11 | Mobility may be defined as the drift velocity per unit electric field.
SI Unit: m?/ V.sec
12
I = E_ - 0.5A
r+R
13
I=_E -05A  V=E-IR=195V
r+R
14 A _D? 3.14x(0.4x107)?
p=R—=R =2XxX— © ) =25x1070Om
| 4] 4x1
15 ( E ) E
T'erminal potential difference, V = IR = ’ lR = E
\ I{ +r ) l 3 L ____________________
R v
WhenR -0,V =0 -
E I
When R=r,V == i
= I
WhenR =,V =E |
1
The graph is shown in fig. o r —> R
16 When length of a given wire is made n-times by strecting it, its resistance becomes n” times
ie,R' =n*R=(2?% x15=60 Q
Resistance of each half part = (%() = 30 Q
When both parts are connected in parallel, final resistance = ? =15 Q
Current drawn from battery,
1%
I=—
R
= H =0-2A
15
17

R= % = Rua %
The bulb marked 25W has higher resistance than the bulb marked 100W.




18

R, -R, _27-21

=o=—7p———_=0.0039°C™"
“R(T,-T,) 2.1(100- 27.5)
19 1 1 1 1 1 1 1 19 20
a)Total resistance, —=— +— +— =—+—+-=—Q=R, =—Q
) R, Rt Rz Rs 2 4 5 20 T
E 20
(b) Current drawn from the battery | = — = =19A
R, [20]
19
2 1R=60x10'Q andi =Y -3 _05x10A=0.05mA
R 60x10*
21 22 23 24 25 26 27 28 29 30
B A C C D A D B B C
31 32 33 34 35 36 37 38 39 40
B C A D D C D D B C

Q.No. Answer Key
41. |3
42. |1
43. |4
44. |3
45, |2
46. |4
47. |2




48.

49.

50.

5l.

52.

53.

54,

55.

56.

o57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.




68. |1
69. |1
70. |1
71. |2
72. |3
73. |4
74. |1
75. |2
76. |1
77. |1
78. |4
79. |3
80. |2

MANGETIC EFFECTS OF CURRENT AND MAGNETISM

. The magnetic field at a point due to an element of current is

i) Directly proportional to the current

i) Directly proportional to the length of the wire

iii) Directly proportional to the sine if the angle subtended by the elementary wire to
the line joining the element of the wire to the observation point.

iv) Inversely proportional to the square of the distance from the point.

o 1dix?
45 Ho

“4m 13

. tesla: One tesla is 107 times the magnetic field produced by a conducting wire of length one
metre and carrying a current of one ampere at a distance of one metre from it and
perpendicular to it.



10.

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.

24.
25.
26.
27.

_ Kol

S 2r
The magnetic field at the center of a current carrying coil depends on the current flowing
through the coil and the radius of the coil.
Right hand thumb rule: | we curl the palm of our right hand around the circular wire with
the fingers pointing in the direction of the current, then the extended thumb gives the
direction of the magnetic field.
Ampere circuital law states that the line integral of the magnetic field B around any closed
circuitis equal to Y, times the total current ‘I’ threading through the closed circuit.

$B.di =g .
Mo I

B=—
21Tr

A solenoid is an insulated copper wire wound closely in the form of a helix.

B= Mo NI
Fleming’s left-hand rule: Stretch the thumb and first two fingers of the left hand mutually
perpendicular to each other. If the forefinger points in the direction of magnetic field,
central finger in the direction of the current then the thumb gives the direction of the force
on the charged particle.
Lorentz force is the total force experienced by a charged particle moving in a region where
both electric and magnetic fields are present. F= q
(E + BXB)
F = q (8XB)
Magnetic field.
When an electron is moving in a direction perpendicular to that of the magnetic field.
When the charge is moving in the same direction or opposite direction to the field.
Along the direction of (3XE).
Circular path.
Alpha and beta radiations are deflected by the magnetic field.
Along the z-axis.
Magnetic field is along the negative z-axis.
As F = gqvb and charge g on alpha particle is double than that of beta particle but speed v is
same. Hence the force on alpha particle will be double than that of beta particle.
B= ponl=4ntx107"x300x5=1.9x10°T.
Either there is no magnetic field or the electron is moving parallel or anti parallel to the
direction of the magnetic field.
Work done is zero because 6 is 90° and W = Fdl cos 90°= 0.
TmA™
107 T'mA.
Cyclotron is a device which is used to accelerate charged particles like protons, deuterons,
alpha particles etc to very high energies.



28.

29.
30.
31.
32.
33.

34.
35.

36.

37.

38.
39.
40.

A charged particle can be accelerated to very high energies by making it pass through a
moderate electric field n number of times. This can be done with the help of a
perpendicular magnetic field which throws the charged particle into a circular motion, the
frequency of which does not depend on the speed of the particle and the radius of the
circular orbit.

The function of the electric field is to accelerate the charge.

The function of magnetic field is to make it to pass through electric field a number of times.
No, because neutrons being electrically neutral cannot be accelerated in a cyclotron.
Answer

The mass of the electrons is very small, they are accelerated very fast and go out of the
range very quickly.

r= % so, ramv. Therefore re:rp=1:1

Cyclotron frequency depends on the charge of the particle, magnetic field and the mass of
the charged particle.
The high energy particles produced in a cyclotron are used to bombard nuclei and study the

resulting nuclear reactions.
1

Ho€0=23

s?m,

Zero, because the observation point lies on the axis of the straight conductor.
Towards west.

41. 42. 43. 44,
45. 46. 47. 48.
49. 50. 51. 52.
53. 54. 55. 56.
57. 58. 59. 60.
61. 62. 63. 64.
65. 66. 67. 68.
69. 70. 71. 72.
73. 74. 75. 76.
77. 78. 79. 80.
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MAGNETISM AND MATTER

a

No

Yes. Its length increases.
Non-magnetic material.

. toroid

. No.

. b

. Mono-pole does not exist.

I
<
>

ol



38.(a)0° and (b)90°
39.154 /T

40. a

41.C
42. A
43. A
44.C
45 A
46. A
47.B
48.D
49.B
50.B
51.A
52.D
53.D
54.B
55.D
56.D
57.D
58.C
59.A
60.C

FILL IN THE BLANKS :-

61. High, low.

62. Decreased.

63. Diamagnetic.
64.2/3 A/m.

65. Al and Na.

66. Copper and Bismuth.
67. Aland Ca.

68. Curie.

69. Para and Ferro.
70. No.

71. Diamagnetic.
72.Zero.

73. Diamagnetism.



74. Super conductors.
75. Meissner.

76. Paramagnetic.
77. Ferromagnetic.

78. Cu.
79. Soft.

80. Lagging behind.

ELECTROMAGNETIC INDUCTION

Q.NO.

KEY

EXPLANATION

The resistance of the coil

¢ =5+ -100¢ + 300
ERHIL ST T2

E i3 (15t —100)

At t =2s,

E=-(60-100)=40 V.

Energy

By right hand rule, the magnetic flux of the current in the wire PQ acts on the
loop in a direction perpendicular to the plane of the paper and outwards. By
Lenz’s law, the induced current should oppose the increase of flux i.e. it should
produce inward flux. So the induced current flows in the clockwise direction.

By right hand rule, the magnetic field of the current in wire AB acts on the loop
in a direction perpendicular to the plane of paper and inwards. By Lenz’s law,
the induced current should oppose the decrease in flux, i.e., it should also
produce inward flux. So the induced current flows in the clockwise direction.

When seen from the magnet side, the induced current flows anticlockwise in
the loop. The face of the loop towards the magnet develops N-polarity and
gets repelled away from the magnet.

The induced current is set up in the coil because the magnetic flux linked with
it changes when the magnet is moved. As the induced e.m.f. opposes its cause,
the induced current flows clockwise when the N-pole is moved towards the coll
and induced current flows anticlockwise when the magnet is moved away from
the coil (when seen from the magnet side).

When N-pole of the magnet is moved towards the loop, current is induced in
the anticlockwise direction when seen from the magnet side. So the plate A has
+ve polarity and the plate B have —ve polarity.

According to Fleming’s left hand rule, the free electrons experience magnetic
force in the direction from A to B. Deficit of electrons makes end A positive
while excess of electrons makes end B negative.




10.

Zero, because the flux linked with the loop KLMN due to the steady currentin
PQ is not changing.

11.

Zero. No e.m.f. is induced in the coil because there is no net change in the flux
linked with the coil.

12.

By Lenz’s law, the ends of both the coils closer to the magnet will behave as
south poles. Hence the currentinduced in both the coils will flow clockwise
when seen from the magnet side.

13.

The magnetic lines of force due to the current I are parallel to the plane of the
loop. The flux linked with the loop is zero. Hence no current is induced in the
loop.

14.

The magnetic lines of force due to the current in conductor B will be parallel to
the plane of conductor A. The magnetic flux linked with the conductor A is
zero. So no current is induced in the conductor A.

15.

When switch S is closed, the current I, sets up a magnetic field around P which
also passes through Q. By Lenz’s law, the induced current Io; flows
anticlockwise when seen by E. When switch S is opened, the current I, flows
clockwise.

16.

As the cylinder is kept stationary and also the magnetic field is uniform, the flux
linked with the cylinder is not changing. So no current is induced in the
cylinder.

17.

Induced ernf, E — _%’

Inmnduced current, il =

dg = 1 do

P-4 R d4dr

dg — —— dd

Jaga = Jae

3830, JFRIBE S o
ToiE =i

18.

As the magnet approaches the solenoid, the magnetic flux linked with the
solenoid increases. Induced e.m.f. is negative. The magnitude of e.m.f.
increases as more and more length of the magnet goes into the solenoid. The
increase in @g slows down and induced e.m.f. decreases. The e.m.f. becomes
positive as the magnet leaves the coil. Only in option (b), the polarity is
changing.

19.

The emf induced in the coil,

Bl dh 8 ey

Pt ==

dt 3




Total resistance,
RR=R+4R=5R Q
Induced current,

€ _ (b —¢)

I=
R’ 5 Rt

20. C Electromagnetic induction
.
21. d Here, area A =(—1—0—) ok 1 m?2
100 100
E=NAZE _500x_Lyivesv
dt 100
22. b dp d . d
IBl==F = = (7r? B) = nB— (2
Frimpm i litap i dn
= ntBx Zr(ﬂ) =2RYB(££) i
dt dt
23. a b — S5 +SF +— 166
E — g s or =
P8 =
At t=3s,
€,=10x3+3=33V
Atit=4'5,
€,=10x4+3=43V
The emf induced in fourth second
=€,-€, =43-33 =10 V.

24, C Weber

25. C Faraday’s Law

26. a [ML2T2Q7]

27. b As the magnet rotates, its N — pole moves closer to coil CD and S — pole moves
closer to coil AB. By Lenz’s law, N — pole develops at end near C. So induced
current flows from C to D. Also, S — pole develops near end B. So, induced
current flows from B to A.

28. ¢@=NBACos6O ie. pxN

t
195x10~2 = — 0-1x0.5x0.5x cos(90°-0)
0.1
125x 1072 =0.50 x 0.50 x sin 0
1251072 1
nf=-—— . =_
0.50x050 2

0 =45°.




30. d Field at the centre of the ring,
piitol L o | kodf
2R 2RTZR
1. 33
3 ‘ Ul WAL Tl
t
-2
0.1 =450 x 100 x $oE 0 221110
t
-2
t= Liodlii 0.1s
0.1
32. a E i BIZ’
= 4x107°x35x 90
=126x10"7 V =0.126 V.
33. b ¢ = Brr? cos0°= Bmr”
1AM S apstin- SN Sl S
dr dt df
When r=2cm :2x]0'2m,
ar =1mms '=10"%ms'
dt
1€1=0.025x tx2x2x107%x107
=0.100x nx 107 = 7uV.
34. b As the magnet falls, the magnetic flux linked with the ring increases. This
induces e.m.f. in the ring which opposes the motion of the falling magnet.
Hencea<g.
35. a When the induced current flows anticlockwise, it opposes the motion of N —
pole of the magnet as per Lenz’s law.
36. b Direction of induced e.m.f. changes after every half revolution. i.e., twice per
revolution.
37. d Clockwise in ring 1 and anticlockwise in ring 2
38. c Induced current flows clockwise in the metal ring.
39. a [ML2A1T-]
40. c By Lenz’s law, the direction of induced current will be such that it tends to
maintain the original flux. So induced current flows anticlockwise in loop 1 and
clockwise in loop 2.
41. | D 42. | C 43. | D 44, | A 45. |D
46. | B 47. | B 48. | D 49. | A 50. |C




51. | B 52. |D 53. |C 54. | C 55. | B

56. |D 57. |B 58. | B 59. |C 60.
61. |D 62. | B 63. |ABD 64. | ABC 65. |AD
66. | B,C

67. There is no effect on inductance of solenoid in dc . Therefore brightness of the bulb
does not change.

68. Due to eddy current setup in the core the Galvanometer oscillates

69. Induced emf in both the loops is the same but induced current is more in cu because the
resistance of cu is lesser .

70. Electric brakes

71. There is no effect on inductance of solenoid in dc . Therefore brightness of the bulb
does not change

ALTERNATING CURRENT

Q.NO. Ans Solution / Hint
(Option)
1. |3 X=V?/R, Vims=V=Vo/v2=10 V
V2/R=X/2, therefore, Vy'=V'v2=V=10V
2. |1 XL
0 A%
3. |2 As voltage is leading current by 459, inductive reactance is equal to

resistance of the inductor. X, =100ohm on simplification L=1/20mn

P=lgVo,cosd, here 1i=Vo=100, p=rt/3. P=2.5W

It’s magnetic field

In resonance X¢c=X.=60, L=60/w=60/21100=0.1H

I=V/R=300/10=30 A

V=10Sin wt=5v3V

Qo No g~
NN W - w|w

w>wy, at this frequency circuit behave more inductive, so the current lags

voltage.
10.| 2 Pc=P2R/V?, it is more economical due to less power loss
11.1 2 lrms=lo/V2
12.12 Power factor Cos ¢ =R/Z=R/N(R*#X?)=3/5=0.6
13.1 3 L1C1:L2C2, Lzz |_1C1/ C2:|_/4
14.] 3 X=wl=314




l0=Vo/ X,=1 A (approx.)

15.|1 Zero, as there is no induced emf across the coil in DC
16.] 4 R=V/I=100 ohm,
X\=V(Z2-R?=30000
L=v0.3 H
17.]1 3 Xi=wlL=75.4 ohm
18.] 3 Vo=lmsV2 R=5v2 24 =170V
19.11 V2=V(VRZ+V2), Vi=V(V2-VRY)=160V
20.| 2 10=VowC=22, lms=lo/v2=11V2A
21.| 2 In purely resistive circuit current is in phase with emf
22.| 3 w=120, v= w/2n=19Hz
Vims=Vo/v2=240/v2=170V
23.| 3 ms=Vo/V2=707/v2=500V
24.11 For resonance frequency to be constant LC= const
L1C1:L2C2
C,=LC/(L/2)=2C
25.|1 X=wl, w= X /L=1/103=103
26.| 4 Xc=1/wC=1/(2n50)C=10"2
27.| 2 In ac circuit, as the total emf if the vector sum of voltages, so in ac circuits it

is possible to have more pd across an element than the source emf

28 2 Irm5:5, |0:5\/2

29.| 2 Z=V(R?+X,?) = V(3%+4?)=5
30.| 4 As the current reaches steady state, there will be no back emf and the
circuit will be shorted through inductor. So bulb only glows till current
reaches steady state then it turns off.
31.| 2 -90° (as voltage leads current in an inductor circuit)
32,11 E=-L dI/dt=-5(-2) = 10V
33,1 v=1/2nVLC = 10°/nt
34.|2 lrms=lo/V2=2/v2=V2
35.12 lrms=Vims/R=Vo/V2R=1.44
36.| 4 E=158 Sin200mt on substituting t=1/400s E=158 Sin /2 = 158V
37.|3 E=100Cos(wt+m/3), I=4Sin(wt)=4Cos(wt-nt/2)
Now the phase difference between E and I=rt/2-(-n/2)=5mn/6
38.| 1 Current should be alternating
39.| 2 100 times. As current becomes zero for two times in every single cycle.
40.1 4 Voltmeter reads r.m.s. value of voltage
41. Ans:a
42.Ans :a
Solution: R = = =22 — 4840
P 100w

The peak voltage of the source is vm = v/2 V=311V




100w

P=IV; I= P/V— —0 450A

43. Ans:c
Sol: Power in ac circuit, P= VI cosg.Here g=rt/2=90-... P=V| c0s90-=V X IX0=0

44.ANS : B

: P
solution: P=El cosg and cosg=1, we have P=El or |= =

11000

50A

case |lat220V I1—

11000

Case Il at 22000V, |2 =054

Current in case | is 100 times more than in case Il, resulting into
12 R loss to be 10000 times.

clearly case ii is preferred

45.a; XL = XC, Currentis in phase with voltage
46.c
2202

Sol:p = 2R 222 484
R P 100

Irms:Z 220—0 45A

47.0.01A

SOI: Current drawn by secondary 5= L2 0 1A

Using 2 = £ we get Ip = 2o=222%1= 0 01A
Vs Ip Vp 220

48. a

Sol:At resonance i.e., when XL = Xc i.e.,when wL = ﬁ

1 1
VIC VL0405X 25X 106

Wegetw = =314 rad/s

49. a :Curve-l
N V. i - -
50. a: & = =2 =2 =2 Transformation ratio
ep Np Vp s

51. d; LCR circuit only



52. a; AC generator
53. b ; Resistive , 0°

54. a; Q#an‘%%), Positive

55. 8 w = —— ,maximum
. ] - rc )

56. b ; Resonance in ac circuits

57.b ;“’TTL ,decreasing R

58. ¢ ; Ohm

59. d; [MOLOTZ

60. c: 180

61. (b) 4A

62. ¢ : AC generator

63. (d). (1:1)

64. (d) :0V (Sol: VL-VC=50-50=0)
-

. . — 1
65. (c) :L/2 (Sol.wr = ﬁ)

d
d

OBJECTIVE TYPE QUESTIONS

66. A: zero

67.Yes

68. Max: 1 ; Min:0

69. Root mean square value of current

70. zero (Phase difference between Vand lis - . -Pa= Ely cos>=0)

71. It depends upon L, C and R and the frequency of ac supply

72. When frequency is increased, the current in the circuit first increases, attains a maximum at
resonant frequency and then decreases.

73. If power factor in a circuit is low, then the power consumption in the circuit is low

74. The magnetic flux is increased

75. Itis due to production of eddy currents

76. Mutual Induction

77. Iron loss can be reduced by making use of laminated core

Ns 100

78.100 (K== = 12° = 100)
Np 1

79. 10 W (If there is no loss of energy, then the output power is equal to the input power.)
80. Because it is a material of low hysteresis

81. Itis the loss of energy din the form of heat in core of a transformer

82. By using laminated iron core and by using suitable material for the core of a transformer
83. e = NBAwsinwt

84.10 ( Sol: =£-299 — 1)
Is Ep 200



85.25 (s0l:Q =§\E:I—10 /3”210_6 =220 =25)
RAY OPTICS
1 C
2 D
3 D
4 B
5 A
6 B
7 A
8 C
9 A
10 C
11 A
12 B
13 A
14 B
15 A
16 C
17 D
18 D
19 C
20 DIVERGING LENS
21 VIBGYOR
22 SPED OF LIGHT IS MORE
23 TOTAL INTERNAL REFLECTION
24 180° - 2i
25 n=C/V
26 SPHERICAL ABERRATION
27 N12 X N21: 1
28 FREEQUENCY
29 AT CENTER OF CURVATURE
30 TWICE THE CRITICAL ANGLE
31. | i)
32. |ii)
33. |i)
34. [ iv)




35.

ii)

36. | ii)
37. 1)
38. | iii)
39. | ii) Object at 2F of convex lens
40. | iii) Convex lens for eye piece and convex lens for objective
41. | iv) virtual & inverted
42. | iv)fo +fe
. 1
43. |y "
u=-mf, f=-f
1 1 1. 1 _m+1
bW w
Magnification M =2 = ——
u m+1
44. i) 6
case 1. u=-25cm, f=20cm so using lens formula v=100 therefore mys=- 4
case 2: u=-50cm, f= 20cm so using lens formula v=100/3 therefore msy=-2/3
S0, Mas/Msp = 6
45. | iii) fand 31/4
By covering the aperture of diameter d/2, focal length is not affected. Area reduces by %, so
does the intensity
So new intensity = I-1/4 = 31/4
46. i) Increases
ﬁlr<ub 1 1
7= WD) -27)
So, f>f,
47. i) Real, inverted, height = 4cm
R1=+20cm, R,=-20cm
== (1))
f R1 R2
F=20cm
U=-30cm, f=20cm, using lens formula v =60cm
M = v/u =hi/ho
Hi=-4cm
48. i) Equal to that of sheet
49. | V)
1 1 1
7= WG %7)
For no dispersion f=0
So Ri=R,=R
50. i) lcm upward

i = Real depth/apparent depth = 3cm/apparent depth
apparent depth = 2cm
Distance through which mark appears to be raised = real depth- apparent depth =




1cm

51. | iv) OA/2
52. | iv)
53. | i)

£ = (D7)

Putting R1=x, R2=-x and f=x we get p=3/2
54. | iii)

% = fil + fiz , f1=20cm and f,=-40cm we get f=40cm so image at 40 cm.
55. | iii)

6 =(u-1)A

on substitution we get u=3/2
56. | i)

. (A+D)
w=2 2 Ao 600, 1= /3, 50, D=60°
sm(;)
57. iii) 20cm
58. liquid
|
1 12 3

}%z (u-l)(% - é) forlens 1 : Ri=infinity, R,=-12cm, fi=24cm

Forlens2: Ry=-12cm, Ry=12cm, f= ~-1)

Forlens 3 : R;=12cm, R = infinity

P=P1+P,+P;

n=1.6

iv) 1.6
59. iii) -30cm




15cm

f 10cm |
U =+10cm, , v=+15cm using lens formula f = -30cm
60. | ii) 40cm
1 1 1
7= WD) -27)

for first half lens : Ri=14cm, R,=infinity, u=1.5, f1= 28cm

for second half lens : Ri=infinity, R,=-14cm, u=1.2, f,= 70cm
1-141 we get f=20cm
f rf1 sz’

Using lens formula v=40cm

61.

R
(n1-p2)

iv)

light

1 1 1
=G )
For f; R;=infinity, R,=-R and
forf, Ri=-R,Ro=infinity

i_1,1

f 1 f2

R
(n1-p2)

62.

ii)




R2 :00, ri+r=A so,r= 30°
_sin(i1) . _ 0
- sin(r1) I1=45

63.

iv) 18cm, 2cm

For parallel rays adjustment i.e. normal adjustment Fo+Fe = 20cm
So, Fe=2cm and Fo=18cm

64.

ii) Lies between 2 and v2.

When A=0°, pmax = 2
When A= 90°, pimin = V2

65.

V) 20cm

1_1 1

f v u

If 1/v=yand 1/u =x
Theny interceptis 1/f
F=1/0.05=20cm

66.

D = (a-B) + (a-B)
D =2(a-B)




67. )  E=_ =15/(4/3)
pul  sinC
So,sinC=8/9

68. | iii))10cm

When plane surface is silvered, light suffers refraction at convex surface, then reflection from
plane surface and final refraction at the curved surface again as shown

A

RV

Power of such a lens P=P1+P,+P3 = 2P; (as P,=0 and P;=P5)
So, f=10cm

69.

For 45°line u=-x, v=+x
So, f=x/2 , x=2f
So coordinates are (-2f,+2f)

70.

iii) 2+

e

o ~ W oE

WAVE OPTICS

Option ¢
Option d
Option a
Option d
Option a




6.

10.

11.
12.

Option b

Hint; use the formula

Imax l\/l_l +/I,
Imin | /I, — /I,
Option a
Sol: =1 =%
' 12 wo bz
Given w, = 2w,
Substituting b = av2
Imax (Cl + a\/z)z = 5.8a’
I mino< (a\/i - a)Z =017a’
Option b
. Iy _ wy Imax _ VT2 ?
Soln: use theformuIaI2 =, Imin [ﬁ_ﬁ;
Option b
.1204D _ nA;D
Soln: —*==—
Option c
SolIn: Imax = 4l

Substitute 1 =1, =l we getd =—;

I=1;+ l,+ 2./l;1,cosd
2T
3

2 — A

2t A

3 3

dsing =

A
=sin~1(—
6 = sin <3d>

Option d

Wl >

Option ¢

r



13.

14.
15.
16.
17.

18.
19.

20.
21.

22.
23.
24.
25.

26.
27.
28.

Option b
Soln: phase difference § = % +¢

2 — A

For a phase difference ¢, path difference %cb

i n ; A s
For a phase difference ~ + ¢, path difference - ((1) + E)

Option ¢
Option a
Option a
Option a
Soln: use the formula% = % =u
Option a
option ¢
Y

soln: ; = 7

option b
option b

Soln: width of 5 bright fringe-width of 3 dark fringe

DAn DA
4 24 (2n' - 1)
n=5n"=3
optiond
option b
optiond
option ¢

A1+A3)% _ 4l
Som:usethefornndag—L—ll-=-—
(41-42)2 I

option ¢
optiond

option a



29. option ¢
30. option a
31. option b
32.option b
33. option d
Soln: Letly=1>=1

For path difference A, phase difference is 21t

For path difference % , phase difference is 2?”

Using the formula I, = I; + 1, + 2.,/l;1,cosd

For the firstcase, I,,s =1 + 1 + 2Icos2n = 4] = K(given)

K

4

For the second case, I,; =1 + [ + 2Icos (2?”) =1

34. option d
Soln: use formula of position of dark fringe width and position of bright fringe
In liquid position of 5™ dark fringe = ?—;; ------- (1)
In air, position of 8" bright fringe = % -------- (2)

Equating 1 &2 (given) and solving we get A = %A’

_A_16_ 1.78
=779~
35. option a

Soln: use the formula angular width = % = 0.1° and convert ° in to radians

10 = % = 0.017rad

36. option d
37.option b
38. option a

Soln: infront of one of the slits given it means x = %

:@_d_sa_i

. d
Path difference =%
D 10d 20 20 4

For a path difference A, phase difference = 21t



39.

40.

41,
42.
43,
44,
45,
46,

47

48.

49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.

60.
61.
62.

6
64
65
66

w

For a path difference % pahse difference = %T” = g
|= IOCOSZ% = I, coszg :I;"

option b

Soln: use the formula

intensity of bright fringes =(4; + 4,)?

option b

Bending of light around the corners of obstacle or aperture is called diffraction of light.
Size of obstacle must be of the order of the wavelength of the wave.

dsin6=A, where d is width of slit.

Short waves are diffracted less and hence can be transmitted as a beam.

width of central maximum=2AD/d

Distance of the screen from the slit when the spreading of light due to diffraction is
equal to the size of slit.

. Spreading of light due to diffraction « 1/wavelength

Interference is due to superposition of waves of two wave fronts emitted by two
coherent sources. Diffraction is due to the superposition of waves from different
portions of the same wave front.

The phenomena of restricting the vibration of light in a particular direction.

A light whose vibrations are restricted only in one plane.

Sound cannot be polarised.

1.732

I=lp cOs?6

A device which is used to produce the plane polarised light.

Polarisation of light.

It decreases.

Brewster angle depends upon wavelength (colour of light).

the angle for which the reflected light is completely plane polarised.

two Polaroid are known to be crossed Polaroid when the planes of polarisation are
normal to each other.

Refractive index is numerically equal to the tangent of the angle of polarisation.
Light is transverse wave.

45 degree

. Wavelength

. radio waves have longer wavelengths

. Diffraction

. Quinine iodosulphate



67. rotate the plane of polarization

68. sound waves

69. polarization

70. Decreases

71. because it cannot pass through vacuum

72.50%

73. Remains the same

74. this is because objects around us are much bigger in size compared to the wavelength of
visible light.

75. Decreases.

76. 60 degree

77.Plane of vibration, plane of polarisation and direction of propogation.

78. X-rays and radio waves.

79. Yes, it depends.

80. Coloured.
DUAL NATURE OF RADIATION AND MATTER
1. C 2. B 3. A 4, A 5. A
6. B 7. B 8. D 9. A 10. A
11. B 12. D 13. C 14. A 15. D
16. C 17. D 18. A 19. A 20 A
21. B 22. B 23. C 24. B 25. B
26. C 217. B 28. A 29. B 30. C
31. C 32. B 33. B 34. A 35. B
ATOMS
1. a% So distance of closest approach reduces to %
2. Transition” p” corresponds to maximum wavelength.  Transition *s “corresponds to

minimum wavelength.
3. Acc. To De Broglie:

i A= “h_n - =
i, A= T — mv=3=oo Mg~ [for n=1]
il. mvr= % [Bohr’s quantum condition]

4. a) Electron would lose its energy when moving around nucleus in circular orbit as it
accelerates and spirals into nucleus- limitation of Rutherford.
a. Acc. To Bohr, electron revolves in discrete stationary circular orbits without
emission of radiant energy but emits only when transition takes place from one
orbit to another.




10

12.

13.
14.

15.

16.
17.
18.
19.

20.
21.
22.
23.

24.
25.
26.

27

28

Short wavelength limit of Lyman series is:

. 1 1 1
l. A—L:R[ﬁ-g]:R
ii. Short wavelength limit for Balmer series is:
A
=Ry o] =558 =28 =4
Ap 22 4 A, UR —)

b. Therefore, Ay = 4(913.44) = 3653 4
Radius (r) a% and Energy (E) am
a. Therefore, radius decreases by 400 times and energy increases by 400 times.
E,a n—12 for 37 excitecﬁgte, energy = % =-0.85¢eV
Energy required = [-0.85-(-13.6)] = 12.75 eV

Angular momentum L = mvr & Magnetic moment = % L=

2

2
As ra™=  doubly ionised Lithium has minimum radius.
z —)

. The masses of the two nuclei are different.
11.

The electrons would have been attracted by the nucleus due to Coulomb’s attractive
force . So atom would not have existed.
a particle should not suffer multiple scattering when it strikes the gold foil.

Zezcotg

Impact parameter b=0: b = pr
Ans. Ultraviolet region-Lyman series  Visible region- Balmer series

First excited state n=2 Angular momentum =L= nh b

2T T

12164
The radius of first orbit of hydrogen atom= 0.534
En o« Z? - Ey, = 22x(-13.6) = -54.4eV
Negative energy of electron in the orbit signifies that electron and nucleus is a bound
system.
Distance of closest approach estimates the size of nucleus.
E he+=2%(-13.6/n?)=-13.6eV [z=2,n=2]
v=R[1/22-1/n{] n=3,4,5.......
n=6(fifth exited state)

i. Number of spectral line emitted = N=n(n-1)/2=6x5/2=15
r=n%ro=32x5.3x10""m =4.77x10"%m
TE=-3.4ev=-KE KE=3.4eV I PE=2xTE=-6.8eV
Erp= ErotEop  he/Ag= he/ Aot he/Ag Ar=Apho/Ap+Ag

. For shortest wavelength  n;=2; n,= o

1

a %:R(1/22 - —5)=107x i 1 =4/107= 4x10-"m=4000A

(hc/N)=E2-Eq => hc/(ExE))=A  1=4.87x10"m



29. Aa/Ae= V MaXQoa/ MaXqa=2

30. n=4 to ni=1
n,=4to n=3,2,1...... ©)
n=3t0 ny=2,1.... @
ny=2 to n;=1 @
total= 6 transitions

31. This is because electrons interact only electromagnetically.

32. Alpha particles are heavier, move slowly, and possess large momentum. Hence they
come in contact with large number of particles, so they possess high ionising power.

33. Since Bohr formula involves only product of the charges hence the formula remains
unchanged.

34. According to Bohr model En directly proportional to -13.6/n? and angular momentum
mv?=n h / 2t when energy is different “n’" is different. So angular momentum will also
be different.

35. b= max for 8= 0 degrees represent atomic size

a. b=min for 6=nt represent nuclear size.

36. %:szave number
a. A==——— =9.11x10"%=911x10"1°m=911 A
R 1.097%10

37.removal of electron from atom is easy as it requires few eV energy whereas for
removal of nucleon 8MeV energy is required.

38. Whole of positive charge of atom is concentrated in a small central core called
nucleus. Alpha particle being the positively charged is repelled by nucleus.

39. A=h/mv i,e. Aal/vandvail/n A a n hence De Broglie wave length increases

40.d o =(Ze)(2e)/4néky  dp=(Ze)(e)/4mek
do/dp =(2e/k)/elk; [2ki/K]=1  ki=k/2
Therefore kinetic energy of proton must be % in comparison with kinetic energy of a
particle.

41.Ans:c)1:4 ( Energy Ea z? ,forn-1)

42. Ans: d) (Energy Ea Z2/n?)

43. Ans: ¢) ( A=h/mv )

44. Ans: a) ultravioltet

45. a) (Am = 1240nm/V)

46. b) (P.E=-2K.E)

47.b)15E¢/16 (n(n-1)/2 =6 n=4 so Emin=15Ey/16)

48. Ans: d) ¥ ( Nn=m?/Z=5?/100)

49. Ans: d) energy levels are very close




b) VAR/ (AR — 1) [ 1/ A= R{1-(1/n?)} ]
d) 1/n® (B=poev/4nr? , va 1/n ,r a n?)
.d) Franck and Hertz experiment
b) 24 hR/25m [1/A=24R /25 A=h/mv ]
b) 3.33A [ A=2mr/n , r=0.53 A, n=1]
. @) Increased

NUCLEI
1 D 11 D 21 A 31 B
2 B 12 B 22 D 32 B
3 E 13 B 23 A 33 A
4 B 14 D 24 B 34 A
5 A 15 A 25 A 35 A
6 A 16 C 26 D 36 A
7 A 17 B 27 A 37 C
8 E 18 C 28 D 38 B
9 D 19 B 29 B 39 C
10 C 20 B 30 A 40 B
SEMICONDUCTOR ELECTRONIC DEVICES AND CIRCUITS

1. Decreases

2. Decreases

3. Voltage regulator

4. Half wave rectifier

5.

o [\l o
P , n
6.
N
—p—=o
7. ~0.2V

8. from p side to nside.

9. Micro second

10. Two

11. Equal to the frequency of AC
12. From n side to p side

13. reverse biased

14. Third quadrant




15.
16.
17.
18.
19.
20.
21.
22.

Equal or slightly less than the band gap

Intensity of emitted light increases

Ga As o6Po4

E~14ev

hv > Eq

(a) Fourth quadrant

mille Ampere

(b) D2 is forward biased and D, is reverse biased and hence no current flows
from B and A and vice versa

Explanation: As D, is grounded B is at higher potential hence it is forward biased
and in D; ,Ais at negative potential hence it is in reverse bias.

23.a,b,d
24. (a)
25. Reverse bias
26. (a)
27. (a)
28. Zener diode
29. Valence band.
30. Absorb photons
31.14
32.5V
33. Minority carriers recombine with majority carriers near the junction.
34.(a)
35. (¢)
36. Fractional change is measured easily in reverse bias
37.(d)
38.
&

- Anfme_wﬁme
39. Longer terminal is p - type material and short terminal is n - type material
40. Gallium Nitride
41. Overlapped
42. Zener diode
43. Light emitting
44. Reverse
45. b
46. b
47. ¢
48. a



49. ¢

50. a.

51. more

52. Cu and GaAs

53. 5.05 ohm

54. 0.04 A

55. c.

56. 50%

57. 100%

58. very large

59. 5x10%/m3

60. Motion of charges under external field.
61. Motion of charges through the depletion region
62. c

63. below conduction band
64. knee voltage

65. Forward bias

66. electron concentration
67. 11.25x10" m

68. 12x10%°

69. b

70. b

71. a

72. b

73. 5x10°V

74. Reverse bias

75.c
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written on the title page of the answer-book by the candidate.

e Please check that this question paper contains 27 questions.

¢ Please write down the Serial Number of the question before
attempting it.

e 15 minute time has been allotted to read this question paper. The question
paper will be distributed at 10.15 a.m. From 10.15 a.m. to 10.30 a.m., the
students will read the question paper only and will not write any answer on
the answer-book during this period.
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fefa aa7 : 3 gue S7feFTT 37 : 70

Time allowed : 3 hours Maximum Marks : 70
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AT [A597 :

(i) @ I S7HarE & | 39 F97-97 H T 27 T8 |

(i) 3T Y97-99 & AR YT 3 : GV 37, VS &, TGUS & 3K @S 7 |

(iii) @Y 3 H gier 397 8, Y & Uk 37 & | @S § H @Id J97 &, YI% & gt 3%
g @e gd arg g 8 9% & diT37% 8 3K @8 ¢ § A 397 & yd% &
gier 37 5 /

(iv) ¥¥7-97 4 GHF W FI5 [dHcT 787 &8 | a9, v 37% i g 341 4, g 371 arct
gt yodl 7, @7 sl aie G 399 § 3K wia 37l ared @il 9 3 =iRe 59T
YT 1337 797 & | 08 o] H 3791 130 7T 997 § & a7 Uk Y9 & HAT 8 |

() &I HEGITF &, T [HETRGd Yifdes Hadie @& HiHl &1 39917 HT Ghd & :

c=3x108m/s

h =663 x 10734 Js
e=16x1019C
Up=4nx 107 Tm A~

gg=8854x 10712 C2N"1m2

1

4T|:80

=9x10° Nm?2(C2

gTFL T GEIHM (my) = 9-1 x 103! kg

=g Wl M = 1-675 x 10727 kg

Tei 1 geqqH = 1-673 x 10727 kg
SISl T&AT = 6-023 x 1023 gfd umw #ia
Sieged = = 1-38 x 10723 JK !

General Instructions :
(1) All questions are compulsory. There are 27 questions in all.

(it)  This question paper has four sections : Section A, Section B, Section C and
Section D.

(iit)  Section A contains five questions of ome mark each, Section B contains
seven questions of two marks each, Section C contains twelve questions of
three marks each, Section D contains three questions of five marks each.




(iv)  There is no overall choice. However, an internal choice(s) has been provided in
two questions of one mark, two questions of two marks, four questions of
three marks and three questions of five marks weightage. You have to
attempt only one of the choices in such questions.

(v) You may use the following values of physical constants wherever necessary :
c=3x10%m/s
h=663x10734Js
e=16x10"19C
Up=4nx 107 Tm A™?
gg=8854x 10712 C2 N1 m2
1

4n80

=9x10° Nm? C2

Mass of electron (m,) = 9-1 x 10731 kg

Mass of neutron = 1-675 x 1027 kg
Mass of proton = 1-673 x 1027 kg

023

Avogadro’s number = 6-023 x 10“° per gram mole

Boltzmann constant = 1-38 x 10725 JK1

G us A
SECTION A

1.  foreft 9ga fgga < fou swfave I Eifem | 1

Draw equipotential surfaces for an electric dipole.

2. TRl W1 ol 3Geh o1 i TEM o ATHCTFEEq ThaHH Jrachd &9 H Jo¥T i
¥ qd fawarm v a& @i e mn | afg fawarw @t g = e S,
FEIehI & H YITH gRI Il T JATehR 99 hl B3 fopd JehR wi@fda grft 2 1

A proton is accelerated through a potential difference V, subjected to a
uniform magnetic field acting normal to the velocity of the proton. If the
potential difference is doubled, how will the radius of the circular path
described by the proton in the magnetic field change ?

| 55/2/1 | 3 P.T.0.
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3. 300 K dM™ W #AifRm Hi Fresh Tgid 1.2 x 105 7 | fhE a9 W 3@
Jreehld TG 1-44 x 105 &1 Ut 2 1
YT

fopelt feu Tu warel 1 Frarehia S % — 0-5 3 | 30 Ireehi ugred &l ugee | 1

The magnetic susceptibility of magnesium at 300 K is 1-2 x 105. At what
temperature will its magnetic susceptibility become 1-44 x 10° ?

OR

The magnetic susceptibility y of a given material is — 0-5. Identify the
magnetic material.

4. 39 AYAAS SIS Dl IgATHT ek V-1 AfTeTafies i@ § gy 3an 8 | 1

mA
qy=eisTeh S E
Il:% )
I2
I
I4
I4>13>12>I1 HA

Identify the semiconductor diode whose V-I characteristics are as shown.

mA

Reverse bias

Ilﬂ o
12\_/
I3

I4>13>12>I1 HA

| 85/2/1 | 4
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ER # forq-grash Weagy o fohd WWT W1 IUAM foham STam 8 2 S8Rt

sTgf-afer fafem |
teran

cafid B A gl fagd-greshia ot form Yehr 3cae ht 9Tt 8 2

Which part of the electromagnetic spectrum is used in RADAR ? Give its

frequency range.

OR

How are electromagnetic waves produced by accelerating charges ?

wQus d
SECTION B

%A ‘A’ <l ufgehtsti ¥ &9 g "W afgeht darfa, e §9 gus @ g,
1 forelt 9T de &d g 3afira foman e B | w18 Twifse fob srafS s ww
guTie o Hiat faeamm am, duie i SR @ el 9/ % G H & g
g

A capacitor made of two parallel plates, each of area ‘A’ and separation ‘d’
is charged by an external dc source. Show that during charging, the
displacement current inside the capacitor is the same as the current

charging the capacitor.

foreft wiei TR foreft e 1 q3iTell ateed A M 7 | fiag il f6 wiei
T oAt Teiq <l i et i (2mAich) TH B |

A photon and a proton have the same de-Broglie wavelength A. Prove

that the energy of the photon is (2mAc/h) times the kinetic energy of the

proton.

5 P.T.O.
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Torell gTegeA T § foRe Soiergid Wl 37Tl n | Ugell Idlvd TGEAT T
SANd hid THY I i Bl 0-55 V o € fawa at wemr fogq
TA H 2 eV HREIBH & dlfcash Hellg i U siar 8 | 1€ n I FaTey
&1 &1 AH I HIT, |

AT
125 eV o1 oh fohtll Foidgi o1 gRI fohell BTSgIS qWHTY] i 3|eh! FimaaH
e | I foham T 7 | 39 IAfSra STawT ¥ W] g 3cAfSid ATl hl
tfersham T 91 FIRAT |

A photon emitted during the de-excitation of electron from a state n to
the first excited state in a hydrogen atom, irradiates a metallic cathode of
work function 2 eV, in a photo cell, with a stopping potential of 0-55 V.
Obtain the value of the quantum number of the state n.

OR
A hydrogen atom in the ground state is excited by an electron beam of
12-5 eV energy. Find out the maximum number of lines emitted by the

atom from its excited state.

9. wH guEeH Hi feufa 4 el @miells geia (gieeis) grn widfars s
T o fTg feptor st @i | seeh! stmaed amar o fog sastes foflag |
Aera
foreht Teh geweeft gro yfaforsr s=am goia & for amifera fomor smw @it

HIT gEreh! fersie emar o foIg = fafen |

Draw the ray diagram of an astronomical telescope showing image
formation in the normal adjustment position. Write the expression for its
magnifying power.

OR
Draw a labelled ray diagram to show image formation by a compound

microscope and write the expression for its resolving power.

. 55/2/1 | 6
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12.

fordt TV T & F=E R 30 AT g Uit femat o erfeeram ufer
St 39 fipar =1y ok <1 @ehan 7, & e gey fafee | g = n
% RO H Y qUI o foTT 38 =St 1 fohd TR FEmifea fokem Sram @ 2
Mgt < fope IR § H=R i 39 faegm 1 39T fohan ST & 2

Write the relation between the height of a TV antenna and the maximum
range up to which signals transmitted by the antenna can be received.
How is this expression modified in the case of line of sight communication
by space waves ? In which range of frequencies, is this mode of

communication used ?

fop oftfearforti & sgegy &1 S foRan S @ @ 2 Wiafie @ T
Fgugu & s fade Fife |

Under which conditions can a rainbow be observed ? Distinguish between

a primary and a secondary rainbow.

Fafafea <6 s hiflvw

(a)  SATRIN &1 AT Jdid FHT |

(b) (i) HIET TF (ii) GAGA o THT FIJ T ThIY TaATd AT |
Explain the following :

(a)  Sky appears blue.

(b)  The Sun appears reddish at (i) sunset, (ii) sunrise.

7 P.T.O.
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@ us |
SECTION C

50 Hz mgfd & fohell ac dicedr &d & @y Juft § 1§ FumiE (C) 3R
gfeiees (R) GaifSd 8 | C 3R R o 0 W foyem=a et 120 VIR 90 V 7,
qT YUY | Jarted 9 3 A2 | (i) Uiuer sl Sfdenen qen (i) Sehcd 1 98 |
Uiehfetd hifele 8 C 3 R & @1y 9vft & gAifvd & ® ufwy o1 wile
TOT “TH &Y ST R

HYAT

M@ | iad! g o 230 V o6 €id o &1 20ft LCR IRUe eI T 2 |

VWV
40 Q

— 80 uF

230 V (~)

588
50H

(a) 99 I IIAE H ST A aTeht | g faff@ hifg |

(b) 3rAe i feufa § uftwy f ufqemen sk g w1 smm wfefa
HfoT |

(c) 98 TfsT foh ogAE ogft W LC oA o il W fawa a3 g
2 |

A capacitor (C) and resistor (R) are connected in series with an ac source
of voltage of frequency 50 Hz. The potential difference across C and R are
respectively 120 V, 90 V, and the current in the circuit is 3 A. Calculate
(i) the impedance of the circuit (ii) the value of the inductance, which
when connected in series with C and R will make the power factor of the

circuit unity.

OR
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The figure shows a series LCR circuit connected to a variable frequency

230 V source.

230V@

VVW
40 Q

410

50H

— 80 uF

(a) Determine the source frequency which drives the circuit in

resonance.

(b)  Calculate the impedance of the circuit and amplitude of current at

resonance.

(c) Show that potential drop across LC combination is zero at

resonating frequency.

14. IR SEIS & n 3 p &1 @l rcafees difed fore S 6 samen @ & faw
R dfSe | 9 fou e afoy @ 9 sRie O gerfed aw sma fifve ;o (I

IS dieedl 15 VR)

_¥

20V

VWV
250 Q

/

L/
\ 15V

|
§1kg

Give reason to explain why n and p regions of a Zener diode are heavily
doped. Find the current through the Zener diode in the circuit given
below : (Zener breakdown voltage is 15 V)

+0

20V

VWY
250 Q

/

L/
\ 15V

|
§1kg

P.T.O.



15. HIEFARH 1 ARG 3@ WU | 389 wEHH fagrd 6 e HIg |
IE GRS foh ATgaaIlgH TG =Td 3R hefl hi s o foft 78 &t |

Jrra
(a) NG I g 4 fordl st ol el ufenfersst, e o &
I n % Ufd Tehish @FaTs B 1 o0 [ JYarfed & @l 8, o Hid
Treehid & o AT ok geqd HfT |
(b) IRIgS ufATioreRt & fohm gepR i grar 2 2

Draw a labelled diagram of cyclotron. Explain its working principle.
Show that cyclotron frequency is independent of the speed and radius of
the orbit.

OR

(a)  Derive, with the help of a diagram, the expression for the magnetic
field inside a very long solenoid having n turns per unit length
carrying a current I.

(b) How is a toroid different from a solenoid ?

16. fog i fo6 Brean v <l wver 4 shefia =t v & fopelt 13ep <6l aftspmT ad 8¢
orelt Sciereia o1 Jrachid STTET evr/2 BIAT 8 | $9 SR &K o ShIVT €T
FATCHIHRU o TR 1 AT hid FY BTG AT o, FAam sraeern 4,
FrEhIT AT o ToTT I7eh gedel HifT |

Prove that the magnetic moment of the electron revolving around a

nucleus in an orbit of radius r with orbital speed v is equal to evr/2.
Hence using Bohr’s postulate of quantization of angular momentum,
deduce the expression for the magnetic moment of hydrogen atom in the

ground state.

17. o 3R —20c C/m? AN =Hca h1 3 Fed QR FHaA =16l Th-gel o o=
g d o WY SHeATeR Faed 1 Wi 7 | 3 forg W fogd-aa & g e
Feqd hIfTL 1 feua 2 (1) Tgelt = o arff 3R, (i) gl =me % grif 31k,
T (iii) EHT =1el < ot |

aterat

. 55/2/1 | 10
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18.

it Brsan vy 3R a8l B 1y o el Tiefla =ITersh @ied W STreT sl A
Qe |

(a) 9 @A % g T Hg AW q B0 2 | 39 @ o Hiadl g8 IR sl
U538 W I3 ST Hcd 1A hiT, |

(b) o Terelt forer (T forelt e ) & i feregq-as 3= &ran 8; 98 38
qey W 4R 7€ s for @re et B 37T T8l 2 s e i | 3

Two large charged plane sheets of charge densities 6 and —26 C/m? are
arranged vertically with a separation of d between them. Deduce
expressions for the electric field at points (i) to the left of the first sheet,
(i1) to the right of the second sheet, and (iii) between the two sheets.
OR

A spherical conducting shell of inner radius r; and outer radius r, has
a charge Q.
(a) A charge q is placed at the centre of the shell. Find out the surface

charge density on the inner and outer surfaces of the shell.
(b) Is the electric field inside a cavity (with no charge) zero; independent

of the fact whether the shell is spherical or not ? Explain.

= A £, % foRel @ & ST f, I 9T q01 1 ST Hleh Ua
TR ST 2 | ST wighd O % folu, et Seae i qon 3oad e
3R 3= U VSl o iU =S Fodd HINT | 30 THR Higad qahis &
foru =reres e iR | 3

A signal of low frequency f,, is to be transmitted using a carrier wave of

frequency f.. Derive the expression for the amplitude modulated wave

and deduce expressions for the lower and upper sidebands produced.

Hence, obtain the expression for modulation index.

11 P.T.O.



20.

21.

TRV ShITT o T YehITUTd shUIl shl TEAT k1 To=uT 291 o T Mo 6l gdel!
Tt g o0 o TEhIUH T U Wi | HaY § quig Fife T R geR
JehIUT T I, IVl BT THTY] H 114 & fedea shl ARSI Ll § | THg
I e hl HgrRdT @ e Hifu foh eiwie kv fora TR Anfires o
gres o Iuf-Hmr fuifa w0 & v el e & ®9 4 %W 1A R |

Draw a plot of a-particle scattering by a thin foil of gold to show the

variation of the number of the scattered particles with scattering angle.
Describe briefly how the large angle scattering explains the existence of
the nucleus inside the atom. Explain with the help of impact parameter
picture, how Rutherford scattering serves a powerful way to determine
an upper limit on the size of the nucleus.

5 mm YA ITeT 200 pF a1t < foreft THT=<R dfgeht T9Tia sl 100 V o de
ard g Iaf femem e SR Hia B SR war mn | feeet forgaaedt Efea
g ufgshiati o st 6l gl g R Wi 3R I W wreagdies 10 6
5 mm W TeEd g @ & T | R afgd e Hife e efataa
T w1 ufgdd B : () " 1 driar, (i) ufgerst % e fagh-ae,
(iii) HYTE T Sall e 2

A 200 pF parallel plate capacitor having plate separation of 5 mm is
charged by a 100 V dc source. It remains connected to the source. Using
an insulated handle, the distance between the plates is doubled and a
dielectric slab of thickness 5 mm and dielectric constant 10 is introduced
between the plates. Explain with reason, how the (i) capacitance,
(i1) electric field between the plates, (iii) energy density of the capacitor
will change ?

p-a i srafy H ufagfenr it sufeafs o1 wg=a wfed @ 7 2 fomeht
Heafaea Tifir & & ge <t gfitursn fafay qon e & uei o 39 i
I ATET Y o ToAT SAsteh Scdd HifT, |
Jrra
(a) FIHT 9 o 2 fadedsrl e faflgn |
(b) FAAHT % T GAPA P B TR JFASTHl b fohel A h
feafasr ot & oo =t goie & fow o difow | o W 3T 8
JAferd I &1 W AIERT 51 (1) TR, qAT (ii) Tiehsl & |

12
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Why is it difficult to detect the presence of an anti-neutrino during
B-decay ? Define the term decay constant of a radioactive nucleus and
derive the expression for its mean life in terms of the decay constant.

OR

(a)  State two distinguishing features of nuclear force.

(b)  Draw a plot showing the variation of potential energy of a pair of
nucleons as a function of their separation. Mark the regions on the

graph where the force is (i) attractive, and (ii) repulsive.

22. 2/.3 JUEdA % IR Wiew ¥ o4 fRet BySeer fsm w1 etdadd
I 60° B | TG H T JFTHAR hIs Jehral fohur 38 50 & woteh KL W
f¥eTreEq U et 3 | Tsw o sa fopwor @1 99 smfea shifste qen el
WHﬁamaﬁWtrﬁWEﬂaﬁﬁql 3

K

60°
Q

A triangular prism of refracting angle 60° is made of a transparent
material of refractive index 2 /+/3 . A ray of light is incident normally on
the face KL as shown in the figure. Trace the path of the ray as it passes
through the prism and calculate the angle of emergence and angle of
deviation.

p K

60°
Q

| 55/2/1 | 13 P.T.0.



23. fug Fifvu fo fordl Iyl 3cosis yads d fria 3k fFeaw & dfim 180°
HATR BT 2 |

foreft oTfoTEet # SNUR-9T0 & 30 pA ST IREdH T SYR-3cESIh dieedl |
0-02 V 3TR §UTEs 910 § 4 mA 1 GREd 399 31 @ | AfG Ja8eh i dieedl
afedr 400 &, @ 90 YadT U R 3w feRm M ofie faliy uftesfera
HIT |

Prove that in a common-emitter amplifier, the output and input differ in

phase by 180°.

In a transistor, the change of base current by 30 uA produces change of
0-02 V in the base-emitter voltage and a change of 4 mA in the collector
current. Calculate the current amplification factor and the load

resistance used, if the voltage gain of the amplifier is 400.

24, d9 % Wold & &Y A (i) TRl =Tes, M (i) TRE uEdl sweEmae
gfeierehdr o feerur =1 g9 & fou ame difew |
AT T 3R HEEl o ard faHifd- o UG H TRRIgehdm o a0 asieh o
IYART Hieh RN HIC fob a9 # gfg o 1Y fhE TR =1aeh & ThT |
wiieshdt 7 gfg Bt 7, Safeh Ted=reis § AT Bt 7 |

Show, on a plot, variation of resistivity of (i) a conductor, and (ii) a

typical semiconductor as a function of temperature.

Using the expression for the resistivity in terms of number density and
relaxation time between the collisions, explain how resistivity in the case
of a conductor increases while it decreases in a semiconductor, with the

rise of temperature.

. 55/2/1 | 14
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(a)

(b)

(a)

(b)

(a)

(b)

@ us 3
SECTION D

Torelt TohTWH Freehid &9 B H ST HIVIE 91 o § UM i, Bl
T N 3R ATRI-FE &aha A &, freft Fueeh ¥ 3w uf@
fa.a1. 96 (emf) & foTu et Seaa FIfT |

g1q 100 3R, IH Y i T 0-5 m §, a1 i e, g2t
ekl 8 o Al " & AlTrsaq ad ¥, 120 qiskner gfd e @
U L TG & | I1G 36 TAM T INOmH Freehid & 4 x 10~4 T a1 Ffd
I 30° 7, d1 ufgw i gt 3 AW & &= Ifa faar. 59 (emf) 7@
SHifsr |

HAYAT

frel I § g 1 3099 B W ITH Tfad FrEehid Ha1 o T SSieh
eqd HINT | 38 TR Freehid Sl Tcd o TIT S2steh Ired shifT |
5 cm YT 1 I3 ot 9, Fow@ gféqomadt fosn & 02 A g yanfea &
W 7, M@ H it guR fohet o o & ar, e 1 A 9@
YT B W@ 8, § 10 cm g0 W W@ @ | 9N W HRW Q) TROmH
Jreehia 51, 9 (i) 5t 3Tl A R, aftehfera Hifsr |

0-2A

1A

<10 cm — © ¢m

Derive an expression for the induced emf developed when a coil of
N turns, and area of cross-section A, is rotated at a constant
angular speed o in a uniform magnetic field B.

A wheel with 100 metallic spokes each 0-5 m long is rotated with a
speed of 120 rev/min in a plane normal to the horizontal
component of the Earth’s magnetic field. If the resultant magnetic
field at that place is 4 x 10~¢ T and the angle of dip at the place is
30°, find the emf induced between the axle and the rim of the
wheel.

OR

15 P.T.O.
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26.

(a)

(b)

Derive the expression for the magnetic energy stored in an
inductor when a current I develops in it. Hence, obtain the
expression for the magnetic energy density.

A square loop of sides 5 cm carrying a current of 0-2 A in the
clockwise direction is placed at a distance of 10 cm from an
infinitely long wire carrying a current of 1 A as shown. Calculate
(i) the resultant magnetic force, and (ii) the torque, if any, acting
on the loop.

0-2A

1A

<10 cm — ° ¢m

3@ h! T § AT hifC fh ThIvH g1 ¥ & JhT § THdd giad

HAeh IR falvH HAeb L 3c44 fepar ST Hendl % |

3 ieiigsi Py 3R P, &l TH-GER o ITH-3&1 i awaad @1 T 8 | dferet 1

1 IAgford

TR P; W HATYAH LT 2 | Py 3R P, o o9 T die dIeiiss Py

1 39 YR @1 T & b $HehT UME-31& P; o UH-31& § 45° I HI0T S
8 | Py, Py 3R Py E IRIMHA TR hl <fieret qiehiard ity |

(a)

(b)

(c)

ST
T g3 fogl o1 Q@ Wfeaw vl gr died ik SAfaehtor shi afterer 1
&I0T AT A&l TohaT ST Hehell ?

Tl HAL-HIG Gl § Icdiid a1 Tohavl aul, Tk faeam y, = a cos ot
3Ry, = a cos (ot + ¢) q, SATH Heh SATTHRT Je- Icqe Ll 3 |
qiTTHt <ot o i =oeteh =gcaa Shifore, aem a7 faameft safaehto
& fou gfqey e hifse |

590 nm 3T 596 nm U & HfSIH TH1e h & qUN 1 3T
TFHIH ¥ 2 x 1076 m greh ki Tordt Tehed Tt g Toada <1 Te—q
FH R U g | IE B R Fd=aH g 15 m 7, @
AT TN | 9e W U faadd 9t o fedia Sfanst i feafa & =
qofeh IiEhieTd hIT |

16
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Explain, with the help of a diagram, how plane polarized light can be
produced by scattering of light from the Sun.

Two polaroids P, and P, are placed with their pass axes perpendicular to
each other. Unpolarised light of intensity I is incident on P;. A third
polaroid Pg is kept between P; and P, such that its pass axis makes an
angle of 45° with that of P;. Calculate the intensity of light transmitted
through P, P, and Ps.

(a)
(b)

(c)

27. (a)
(b)

(c)

OR
Why cannot the phenomenon of interference be observed by
illuminating two pin holes with two sodium lamps ?
Two monochromatic waves having displacements y; = a cos ot and
Y9 = a cos (ot + ¢) from two coherent sources interfere to produce
an interference pattern. Derive the expression for the resultant
intensity and obtain the conditions for constructive and destructive
interference.
Two wavelengths of sodium light of 590 nm and 596 nm are used
in turn to study the diffraction taking place at a single slit of
aperture 2 x 106 m. If the distance between the slit and the screen
is 1'‘5 m, calculate the separation between the positions of the
second maxima of diffraction pattern obtained in the two cases.

iUy W <l TERal ¥ fort Oa & At gfauy ol 7o 6 fafy
%1 G899 § guiq Hifsru |

w1 e for foret 1 & fa.91. 9 (emf) 1 719 & U dicediet 6
T T fRraHie & 3w sl adierar = € ATt B |

= fou o aRfRrer ufuy § wgen @wets [ afeefaa wifve | SR
SRt T STV foh Afe @i 371 il ! afalad W@d g¢ 5 V fa.a.
§ (emf) o TNETAH B ol 2 V o T g1 gideentud == fean sime, a
Ig YUY S HUT AYET T |

| 5V 450 Q
| I WW
«—10m
A ; B
I | 5 Raop =50 Q
300 mV
AT
17 P.T.O.
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(a)

(b)

(c)

(a)

(b)

(c)

Hiex Oq g TRl omsma ufatig &l ATHH o HRIBRI faga &1 3eod

sifs |

HI0T FT

(i)  forelt Hiex @q ® ufeigeni o <9 & @=SHTl 1 @1 afe 6 gfga
T T ST ST R,

(i) EEIG: Fgad AFTS Sl dq R o Hed-faeg o ke @ i

T o & S R
forr@r® o fem &1 3w Sk fu T forgq ity © 4 @ wfates &+
it & = fayara afefaa Hifsme |
|8V 20
A |I WW B
6V 10
D II WA C
49
E W F

Describe briefly, with the help of a circuit diagram, the method of
measuring the internal resistance of a cell.

Give reason why a potentiometer is preferred over a voltmeter for
the measurement of emf of a cell.

In the potentiometer circuit given below, calculate the balancing
length [. Give reason, whether the circuit will work, if the driver
cell of emf 5 V is replaced with a cell of 2 V, keeping all other
factors constant.

| 5V 450 Q
|| VAW
<« 10m
A ; B
II > Rap =50 Q
300 mV
OR
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(a)

(b)

(c)

State the working principle of a meter bridge used to measure an

unknown resistance.

Give reason

(1) why the connections between the resistors in a metre bridge
are made of thick copper strips,

(i)  why is it generally preferred to obtain the balance length
near the mid-point of the bridge wire.

Calculate the potential difference across the 4 Q resistor in the
given electrical circuit, using Kirchhoff’s rules.

2 Q
A II AN B
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