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W Electric Charges and Fields

L0 Find the expressions for the force and
'torque on an electric dipole kept in
uniform electric field. What happens, if
the field is non-uniform?
i) Depict the orientation of the dipole in

(a) stable (b) unstable equilibrium in a
uniform electric field.

(i) What would happen, if the external
field E is increasing (a) parallel to p and
(b) anti-parallel to p

L Find the expression for the electric field
strength at a distant point situated (i) on the
aisand (ii) along the equatorial line of an
dlectric dipole. Draw graph for electric field
versus distance.

4 (i) Define electric flux. Mention its two SI
units.
(ii) Use Gauss’ law to obtain the expression
for the electric field due to uniformly
charged infinite plane sheet.

(iii) In the figure, there are three infinite
long thin sheets having surface charge
densities + 20,-2cand + G, respectively.
Give the magnitude and direction of
HEIECh‘iC field at a point to the left of
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sheet of surface charge density +25and
to the right of sheet of charge density

+o.
+26 =26 '+o
| l
0.4 (i) Using Gauss’ law, obtain an expression

for electric field due to infinitely long
thin straight charged wire with uniform
linear charge density A. ~

(i) An infinite line charge produces a field
0f9x 10* NC™ at a distance of
2 cm. Calculate the linear charge
density.

1.5 Using Gauss’ law, obtain the expression for

the electric field due to uniformly charged
spherical shell ata point
(i) outside the shell and

(i) inside the shell. Plot the graph of
electric field with distance rfrom the

centre of shell
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PIEIICEY Electrostatic Potential and Capacita

plates of capacitors is filleq

. with
0.6 A charge Qis distributed over the surfaces of dielectric constant K.
the two concentric hollow spheres of radii 7 Find the ratio of total electrogtyy;
and R(R >> r) such that their surface c.hﬂl‘%e energy in both capacitors bey :
densities are equal. Derive the expression for after the introduction of diel&tﬁcnd
the potential at the common centre. Y
%=Q-q 4 J' g ___‘/\‘[
iv A ﬁ!s
[
e .__E_Hﬁql

(ii) Three identical parallel plate (air)
capacitors C;, C, and C; haye
capacitance Ceach. The Space

ir plates is now filled with dia. . .
0.7 Charges (+7) and (—g) are placed at the points ;};e;;g?: i dielecti
A and B, respectively which are a distance 2L If al the three capacitors stll hay,
apart. C is the mid-point between Aand B. 3 gy . @V same
V\rl,hat is the work done in moving a charge +Q cap. aqtalzlc.esl, (;ztam the; relation
along the semi-circle CRD? between dielectric constants K, x, K

and Kj.

/ 1
/1Y
T
0.8 Three concentric metallic shells A, B and C /;' /
of radii 4, band c(a <b < c) have surface charge e

densities + o, ~oand + ¢ respectively as
shown in the figure.

he
s
e—

0.10 In a parallel plate capacitor with air between
the plates, each plate has an area of

6x10°m? and the separation between the
plates is 3 mm.

(i) Calculate the capacitance of the
capacitor.

(if) If this capacitor is connected to 100V

supply, what would be the charge on
each plate?

(iif) How would charge on the platesbe
affected, if a 3 mm thick mica sheet of

If shells Aand C are at the same potential,
then obtain the relation between the radii ab
and c

. it K=6is insert lates
0.9 (i) Two identical paralle] plate capacitors A while the volt'ea:i bzt:ein :-hé; I;ins
and Bare connected to a battery of V 2 bl ge supply

volts with switch S closed. The switch is
now opened and free space between the



gter 1 current Electricity

A metal rod of square cross-sectional
area Ahaving length I'has current |
flowing through it, when a potentia]
difference of V voltis applied across its
ends. Now, the rod is cut parallel to itg
Jength into two identical pieces and
oined in series such that length of rod is
71. What potential difference is
maintained across length 21, so that
current in new rod remains the same?

(i) Two metallic wires P, and P, of the
same material and same length but
different cross-sectional areas A, and
A, are joined together and connected to
a source of emf. Find the ratio of the
drift velocities of free electrons in two
wires when they are connected

0

0 A uniform magnetic field Bis setup along
positive X-axis. A particle of charge 4 and
mass m moving with velocity v enters the
field at the origin in XY-plane such that it
has velocity components both along and
perpendicular to magnetic field B. Trace
giving reason, the trajectory followed by
the particle. Find out the expression for
the distance moved by the particle along
the magnetic field in one rotation.

(if) A particle of massm, chargeq =
accelerated by potential V enters
magnetic field perpendicularly. Derive
the expression for radius of trajectory
traced by charge particle.

(.15 (i) Using Biot-Savart’s law, dfsrive an
expression for magnetic field atany
point on axial line of a current-carrying
circular loop. Hence, find magmtude ?ff
magnetic field intensity at the centre 0
circular coil. :

(ii) Two co-axial circular loops Ljdanilif]a;
radii 3 cm and 4 cm are pl:?m&,1 as i :
What should be the magnituc 1e an g
direction of the current in the loop L, R
tl:li-at the net magnetic field at the point €
be zero?

(a) in series and (b) in parallel
Define electromot
; ve force and termi
potential differen il
between the inte
terminal potenti
the graph for

(i) Eversus R

0.12

ce of a cell. Derive a relation
rnal resistance, emf and

al difference of a cell. Draw

(ii) V versus R and
(iil) Voversus]

0.13 When 14 cells in sries are connected to the
§nds of a resistance of 82.6 Q, then the current
is fpund tobe 0.25A. When same cells after
being connected in parallel are joined to the
ends of a resistance of 0.053 Q, then the

___ currentis 25A. Calculate the internal
 resistance and the emf of each cell.

7| Moving Charges and Magnetism

4 cn

77 s ot
B

[

“16. Two straight infinitely long wires are fixed in
space, so that the current in the left wire is
2 A and directed out of the plane of the page
and the current in the right wire is 3 A and

*directed into the plane of the page. In which

region(s) is/are there a point on the X-axis, at
which the magnetic field is equal to zero due
to these currents carrying wires?
Justify your answer.

4 cm
L=1A
L

Region ] ', ‘
-®

{2A

Region 11

0.17 (i) Derive an expression for the force per

‘ unit length between two long straight
parallel current-carrying conductors.
Hence, define Sl unit of current.

(i) The figure shows three infinitely long
straight parallel I current-carrying
conductors. Find the
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magnetic field at point Alying o1 the ideal resistance of AMmete,,
conductor 1 (i) A galvanometer coil has 5 resisty
Nce

% ‘ actot 2. of 150 and it shows fu]] g
(b) magnetic force on condu deflection for a current of 4319

:
ti

I A it i .
N A 1 Convert it into an ammete, of
— x iy
3l ’\:f 5 to 6 A. aNgey
I 2r! 0.20 (i) Explain how a galvanomete,is
| 3 converted into a voltmeter Whati
tis

0.18 Explain using a labelled diagram, the principle the ideal resistance of voltmetery

and working of a moving coil galvanometer. (ii) To converta given Salvanometer inty
What is the function of a
(i) uniform radial magnetic field voltmeter of ranges 2V, V’%’_ Yy
(ii) phosphore-bronze wire? resistances R;, R and R, i
Define the terms current sensitivity and respectively, are required to be
voltage sensitivity of a galvanometer. connected in series with the
Why does increasing the current galvanometer. Obtain the relationeh:
itivi ily i Itage Nship
sensitivity not necessarily increase voltag between R;, R, and R,
sensitivity?

[EPTTET Magnetism and Matter

0.21 Abar magnet of magnetic moment 6 J/T is
aligned at 60° with uniform external

ic fi A4 'T. Calcul AN A TN

magnetic ﬁgldU44T culate CEBRRREE.

(i) work done in turning the magnet to Vo oV eV

align its magnetic moment (a) normal to

(ii) aluminium and (iii) iron is inserted Within
solenoid as shown.

-~ W

the magnetic field (b) opposite to JH—)
magnetic field and e IR

(ii) the torque on the magnet in the final 0.23 Write three points of differences between
orientation in case (b). para-dia and ferromagnetic materials, giving

0.22 Draw the magnetic field lines for a current S pedoreadh

carrying solenoid when a rod of (i) copper,

[:hapter ‘¥ Electromagnetic Induction

024 () Deriye an g:xpression for the 0.25 (i) Define mutual inductance and write its Sl
self-inductance of a long solenoid, unit. Derive expression for the mutual

(ii) t[fhe current flowing through an inductance of two long co-axial solenoids

inductor of self-inductance [ is of same length wound one over the other

:ﬁgrvnism:}sliy ‘:niri_asmgf. Plota graph (ii) Along solenoid of radius r consists o

p g - ariation o turns per unit length. A current P

m (a) magnetic flux versys current I =1, sin ot flows in solenoid. A coil of

-] (b) induced emf versys % N'turns is wound tightly around itné?

N d its centre, What is

(€) magnetic potential energy stored (a) the induced emf in the coil,

versus the current. (b) mutual inductance between the
solenoid and the coil?




) State Faraday's law of electromagneﬁc
induCl'ion.

() A conducting rod of length I with one
end pivoted is rotated with uniform
angular speed oin a vertical plane

m Alternating Current

7 An AC voltage V =V, sinwt is applied across
pure inductor of inductance L.

Find the expression for the current flowing in
circuit and show mathematically that current

lags behind voltage by a phase angle of -g

Explain term inductive reactance. Draw the
graph showing variation of inductive
reactance with frequency of applied AC source.

|28 Avoltage V =V, sin ot is applied to a series

L-C-R circuit. Derive the expression for the
average power dissipated over a cycle.
Under what condition is (i) no power
dissipated even though the current flows
through the circuit, (ii) maximum power
dissipated in the circuit?

029 (i) An AC source of voltage V =V, sin otis
connected to a series combination of L,
Cand R. Use the phasor diagram to
obtain expressions for impedance of the
circuit and phase angle between voltage
and current. Find the condition when
current will be in phase with the
voltage. What is the circuit in this
condition called?

PTG Electromagnetic Waves
0.32 A plane EM wave travelling along z-direction
is described by E = Eg sin(kz— ot)i and
B= B, sin(kz— ®1)} Show that,
(i) The average energy density of the wave
is given by

ltx)ormal to a uniform magnetic field B
educe an expression for the emf

induced in the rod. If Ris the resistance

of rod, what ; i
vt hat is the current induced in

(i1) If.l; ;\z srerolfe:h I;Rdc;ircgiF X1 =Rand power
‘ cuitis P,. When
capacitor with capacitance C such that
X =X is put in series, the power
factor becomes P,. Calculate —L.
2
0.30 ACvoltage E= E, sin ot is applied across

capacitor of capacitance C. Find the
expression for the current flowing in circuit
and show mathematically that current leads
voltage by a phase angle of g

Explain the term capacitive reactance. Draw
the graph showing variation of capacitive
reactance with frequency of applied AC source.

0.31 State the working of AC generator with the
help of a labelled diagram.
The coil of an AC generator having N turns,
each of area 4, is rotated with a constant
angular velocity @ Deduce the expression for
the alternating emf generated in the coil.

What is the source of energy generation in
this device?

2

4y,

L

(i) The time average intensity of the wave
is given by I, =% cep B

'FINAL 50



i ents
ISPTITIET Ray Optics and Optical Instrum

TaoT - the
(.33 Draw the labelled ray diagram f cz;
formation of image by compoun
miCroscope.

Write its magnifying power when imag
formed at near point.

The total magnification produced by
compound microscope is 20. The. i
magnification produced by eyepiece is 5.

The microscope is focussed on cgrtain object.
The distance between the objective emC.1 e
eyepiece is 14 cm. If least distance of chstli'lf
vision is 20 cm, calculate the focal length ©
the objective and the eyepiece.

e 15

(1,34 (i) Draw aneat labelled diagram ofa '
astronomical telescope for the formation of
image at near point. Write its magnifying
power.

(ii) Find the position of the image fonlfned of
an object’ O’ by the lens combination
given in the figure.

THPTTERTN Wave Optics

0.317

(i) Draw the intensity pattern for a single
slit diffraction and double slit
interference for the fringes produced in
interference.

(i) State the difference between interference
and diffraction.

01,40 Find the ratio of the de-Broglie wavelengths
associated with an alpha particle and a
proton, if both

(i) have the same speeds,
(ii) have the same kinetic energy,
(iii) are accelerated through the same
potential difference.

(.41 Write Finstein’s photoelectr

clearly the three salient features obseryed in
photoelectric effect which can be explained
on the basis of this equation, :

ic equation, State

FINAL 50

0.35

f: + ]0 cm —10 cm + 30 i

O
Je— 30 cm

k5 em 10 cm—yy

(i) State two main consideratigng "
into account while choosing the
objective of astronomical teescop,

(ii) Draw a ray diagram of refley; .
telescope. State its magnifying type

P:Ower_
(iii) State the advantages of reflec; "
telescope over the refractjng typetype

1,35 Draw a graph to show the angle of 'deViah-
~ $with the variation of angle of ingj kil on
a monochromatic ray of light Passing ifgr
through prism of refracting angle 4. De

: [A+ SmJ
sin| —™
2 2

ed A
sin- -

dute

the relation, n=

1.4¢ Define the term wavefront. Using Huygen
wave theory, verify the laws of reflection

124 Use Huygens’ principle to show howa plane
wavefront propagates from a denser to rarer
medium. Hence, verify Snell's law of
refraction. ' ‘-‘

LCTTIRIE Dual Nature of Radiation and Matter

The maximum kinetic energy of the
Photoelectrons gets doubled when the
wavelength of light incident on the surface
changes from A tod,.

Derive the expression for the threshold

wavelength %o and work function for the
metal surface.

U.4ZDetermine the value of the de-Broglie waveleng?®
associated with the electron orbiting in the
ground state of hydrogen atom (Given

13. i
E =~ e eV and Bohr radius 1 =0.53 5}

How will the de-Broglie wavelength char®
1tis in the fipgt excited state?

i



Atoms

. .o Bohr’s atomic model, derive an
# (1) g:;gsmon for the radius and velocity of
yth orbit of the revolving electron in a

hydrogen atom.
(ii) Also derive the expession for total

energy of electron in the stationary state
of the hydrogen atom.

chapter 15 T

(4 Draw a diagram to show the variation of
b pinding energy per nu cleon with mass
number for different nuclei and mention its
two features. Why do lighter nuclei usually
undergo nuclear fusion?

I 45 (i) Show that the density of nucleus over a
wide range of nuclei is constant and
independent of mass number.

gesrsETA Semiconductor Electronics :

(ii1) Using Bohr's model, obtain the
expression for th

radiation emikte
fr

e frequency of

tig d when atom makes
ansition from the hj

with quantum nump
energy st
(n{ <n;)

gher energy state
. er n; to the lower
ate with quantum number .

(ii) Draw agraph showing the variation of
potential energy between a pair of nucleons
as a function of their separation. Indicate
the regions in which nuclear force is
Q attractive (b) repulsive. Write two
mportant conclusions which you can draw
regarding the nature of nuclear force.

“ Materials, Devices and Simple Circuits

(46 (i) Distinguish between intrinsic and
extrinsic semiconductors.

(ii) Explain how the heavy doping of both
pand nsides of a p-n junction diode
results in the electric field of the
junction being extremely high even with
a reverse bias voltage of few volts.

(.47 Describe briefly with the help of a diagram,
the role of the two important processes
involved in the formation of a p-1 junction.

0.48 Draw the circuit diagram for studying V-I
characteristics of p-n junction diode (i) in
forward bias and (ii) in reverse bias. Draw
typical V-1 characteristics of a silicon diode.
Explain the term “breakdown voltage in
reverse bias”

0.49 According to Bohr’s atomic model and the
concept of electronic configuration of an .
isolated atom, the electrons have well defined
energy levels in isolated atom. But, due to
interatomic interaction in a crystal, the
electrons of the outer shells are forced to have
energies different from those in_isolated
atoms. Each energy level splits into a number
of energy levels forming a continuous band.

The gap between top of valence band and
bottom of conduction band in which electrons
are not f i d energy g: )

ound is called energy gap (E g}

(i) Whatis the order of energy band gap of
an insulator?

(ii) Aradiation of wavelength 300 nm is
used to shift the electron from valence
band to conduction band. What is the
energy band gap of the material?

(iii) The separation between valence band
and conduction band is 10 eV. Find the
wavelength of the radiation used to
transfer electron from valence band to
conduction band.

(iv) Which band is responsible for current
flow in a semiconductor in presence of
external field?

0.501f each diode in figure
has a forward bias
resistance of 25 Q and
infinite resistance in
reverse bias, what will
be the values of the
currents [, I, I3

and 14?
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