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SECTION-A

Explanation: °C: 1s* 2s* 2p’

4Si: 1s? 252 2p° 3s? 3p?

The energy required to take out an electron
from the 3rd orbit of Si 1s much smaller than
to take out an electron from the 2nd orbit of
C. So, Si has a significant number of free
electrons while C has a negligibly small
number of free electrons.

ionic crystal
Explanation: In an ionic crystal, cations and
anions are arranged in alternate form.

Electric potential at a point wl' eh lies at a
distance x from the mid-point of the dipole

: : 1
will be proportional to —
2

Insulators
Explanation: Insulators

5. (A

6. (B)

7. (C)

three or less than three

Explanation: The electron theory states that
all matter is composed of atoms and the
atoms are composed of smaller particles
called protons, electrons, and neutrons. The
electrons orbit the nucleus which contains
the protons and neutrons. It is the valence
electrons that we are most concerned with in
electricity. These are the electrons which are
easiest to break loose from their parent atom.
Normally, conductors have three or less
valence electrons; insulators have five or
more valence electrons; and semiconductors
usually have four valence electrons.

1
For a point inside the solid cylinder,

B, =l
2ma’
At r=2
2
g bl
4ma
For a point outside the solid cylinder,
B, = £t
2nr
At r=2a
_wl
" 4ma
Thus, i =1
BZ
Frequency

1



12.

13.

(©

(©)

(B)

(©)

(©)

(A)

+10V

+5V
Explanation: The p-side 1s at higher potential
(+10V) and n-side 1s at lower potential

(+5V).

460 nm
Given, Ay =230 nm
ha="?
¢ 3x10° )
v 15x10°
A
2= o
)"lﬂ
ha=2 % hn=2x230=460 nm
[ML*T A

Explanation: Power = i’R
Work done  Force x Distance
Time Time

-

= [R]= ML*T-A™

For a uniform electric field, they are
concentric spheres.

T 4
1= [(2a)EsinO]- 2x107 x2x10°sin 30°
=2x10°C=2mC

Both Assertion and Reason are true and
Reason 1s the correct explanation of
Assertion.

Explanation: = A = L
mv

Both proton and electron are moving with

same velocity. So, Ao« l.So, the reason 1s
m

true.

Mass of proton > mass of electron.

So, wavelength of electron > wavelength of
proton. So, the assertion 1s true and reason 1s
the proper explanation of the assertion.

(A) Both Assertion and Reason are true and

Reason 1s the comect explanation of
Assertion.

Explanation: Electrons being emitted as
photoelectrons have different velocities.
Actually, all the electrons do not occupy the
same level of energy but they occupy
continuous band and levels. So, electrons
being knocked off from different levels come
out with different energies. The work
function is the energy required to pull the
electron out of the metal surface. Naturally,
electrons on the surface will require less
energy to be pulled out hence will have lesser
work function as compared with those deep
inside the metal.

So, Both Assertion and Reason are true and
Reason 1s the comect explanation of
Assertion.

Both Assertion and Reason are true, and
Reason 1s the comect explanation of
Assertion.

Diamagnetic substances exhibit magnetism
due to absence unpaired electrons,
diamagnetic materials do not have permanent
magnetic  dipole moment, thus both
Assertion and Reason are true and Reason 1s
the correct explanation of Assertion

Both Assertion Reason are true and Reason
1s the correct explanation of Assertion.

As electrostatic force 1s conservative force,
so reason is true. Also, conservative force
means work done doesn't depend on path
followed and work done in moving a charge
around a closed path in an electric field is
always zero for conservative force.
Therefore, both Assertion and Reason are
true and Reason 1s the correct explanation of
Assertion.



SECTION-B
2.

17. B= E

¢
_ 63V/m
~ 3x10°ms
To find the direction, we note that E is along y-
direction and the wave propagates along x-axis.
Therefore, B should be in a direction perpendicular
to both x- and y-axes. Using vector algebra, c=E x
B should be along the x-direction.

Since, (+]) x(+k) =1, B is along the z-direction. E

=2.1x10°T

i1s along y direction and ¢ is along x direction
Thus,B=2.1 x 10" kT.

18.  For plano-convex lens,
|

ol )[rn—)

|

i L5-1)| —-—
( )(15 oo)

:(0,5)(L_0)_z Al
15 10 15 30

Plano-concave lens,
== (P ')[R— - RL)
L=(15- 1)(;-%)

Su=+20cm
_uf20x(-30) 600
Tu+f 20-30 0 -10
v=+60 cm

19. (1) The minimum energy required to free the
electron from the ground state of H-atom is
called ionisation energy.

The ionisation energy for H-atom,
E=E.-E,

E=0-(-136)

E=136¢eV

21.

Energy Band in Extrinsic Semiconductors: In
extrinsic semiconductors, additional energy states
due to donor impurities (Ep) and acceptor
impurities (EA) also exist. In the energy band
diagram of n-type semiconductor, the donor energy
level ED 1s slightly below the bottom Ec of
conduction band and the electrons from this level
move into conduction band with very small supply
of energy.

In p-type semiconductors, the acceptor energy level
EA is slightly above the top energy level Ev of the
valence band. With very small supply of energy an
electron from the valence band can jump to the level
EA and ionise the acceptor negatively.

.
?———‘—0.——
[

B
g P ol T R— -Ep(Doror energy
=001eV & level)
§ E’ =
.
(@)
one thermally generated olectron-hole

Energy bands of (a) 7- type semiconductor
8 T > 0K (o) p-type semiconductor at T > 0K

(1)  Impedance of the circuit Z
l 2
Z=R*+(X.) = R%(—)
() \/ —
(

1
(100 (50) X104

Z= |(200)" +

(
Z= [(200)" 4| ——
[(100)" x2500x10°
Z=200Q
(1)  Phase angle ¢ and

3]



22,

23.

SECTION-C

As EMFs ¢ and ¢, are opposing each other and &, >

€1, SO

Netemf=¢g-¢=4-2=2V

This emf sends circuit 1 in the anticlockwise

direction.

Total resistance =R+ 1+ =5+ 1+2=8Q

Current in the circuit

- Neteml 2 _gr5a

Total resistance 8

(1)  Current inside the cell & flows from —ve to
+ve terminal, so the terminal p.d. of this cell
s
Va-Vb=6-In=40-025x20=35V

(i1)  Current inside the cell &; flows from +ve to
-ve terminal. Hence the terminal p.d. of this
cell is
Vo= V=g +In=20+025x1.0=225V

Critical angle for a pair of given media in contact
can be defined as, "the angle of incidence in denser
medium for which angle of refraction in rarer is 90°.
If the angle of incidence of light, when travelling
from a denser medium to a rarer medium, is greater
than the critical angle, then total internal reflection
takes place.

I Mo
Denser

N
90° Rarer
M4

From Snell’s law, p2 x sin ic = p; x sin 90°

sini - :
" &=,—°:>&=sm1C [+ sin90°=1]
M, sin90° p,
,
OTL‘fD My =—
M, sini sini,

24,

25.

10QQ  15Q
The bridge 1s balanced.
P.D. across AB =P.D. across AD

or401,=601,
[, 60
—=—=15

LW

orll =15 lz

Heats produced in time t in different arms of
Wheatstone bridge are

Hap= PRT = (151, )" x40x t =90t

HBC = I} x10xt =(1.51,)" x10xt =22.5t

Hag = I§X60Xt=60 lgl

Hpc= L x15xt=15 3t

Hence the ratio of the heats produced in the four
arms 1s

Has : Hac : Hap : Hoe

=90 3 t:2250G t:60 15 t: 1515 t
=90:225:60:15=6:15:4:1

Density of nuclear matter is the ratio of mass of
nucleus to its volume.

If m is the average mass of a nucleon and A is the
mass number of element, then the mass of nucleus
= mA. If R is the nuclear radius, then volume of

4
nucleus = = ET[RJ

)

As, density of nuclear matter
mass of nucleus

volume of nucleus

Thus, the density of nucleus is a constant,
independent of A, for all nuclei.
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29.

The Wheatstone bridge is an arrangement of four
resistances. In this bridge, four resistances are
connected on four arms of a quadrilateral. Across
one diagonal, a battery and key are connected.
Across the second diagonal, a galvanometer is
connected as shown in the figure. Consider P, Q, R,
and S are four resistances connected on the sides
AB, BC, AD, and DC of the quadrilateral
respectively.

Oll }- ]’

Galvanometer G is connected between points B and
D and battery B is connected between A and C' Now
in the balance condition, when the deflection in the
galvanometer is zero in the closed mesh ABDA,
then by applying Kirchhoff's law,
I]P—12P=OOI’I|P=12R ..... (l)
In closed mesh CBDC,
LQ=DS ... (1)

e .. P R
Dividing (1) by (i1), 0°s

This is the balanced condition for the Wheatstone
bridge.

SECTION-D

Maxwell showed that the speed of an
electromagnetic wave depends on the permeability
and permittivity of the medium through which it
travels. The speed of an electromagnetic wave in

: . The fact led
\/Pogo

Maxwell to predict that light is an electromagnetic
wave. The emergence of the speed of light from
purely electromagnetic considerations is the
crowning achievement of Maxwell’s
electromagnetic  theory. The speed of an
electromagnetic wave in any medium of

_°
JKg,
where K 1s the dielectric constant of the medium and
u is the relative permeability.

free space is given by c=

permeability p and permittivity € will be

27.

28.

The significance of a negative value of electrostatic
potential energy indicates that the system of charges
is in a stable configuration. When the potential
energy 1s negative, it means that work has been done
to bring the charges closer together and they are
bound in a more stable arrangement.

Given, qi =4uC=4x10"°C.
q=4uC=-4x10%C.
and g3 =2uC=2x 10" C.

d=2em=2x107m

Using U= I [qlqz +q:q3 +Q3Q1:|
dne | T r r

Putting the values,

9
_ 910 [4 %107 x (=4 x 107%) + (-4 x 107°)
2xIO
x (2% 107+ (4 x 107°) x 2 x 1079
9 -12
= POV 16 g4g]
2x10
=-72ml]

maximum emf produced in the colil,
e =NBAo

=100 x 0.8 x 0.5 x 60

=2400V ... (1)

R 100
. Power dissipated, P= ey x ly
=2400 x 24 = 57600
=576 x 1°' W

(i) (B) MLT?

Explanation: %sOE2 = energy density

_ Energy

Volume

1| MLT 2
..[ESOE}-T (ML'T ]

(i) (C) [e] =ML T'A?
: 4.9,

Explanation: A = ——= (f
xplanation: As g IR (from

Coulomb’s law)
c [ATT
Nm® MLT™L

=M'L7T'A?

€=
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() (A) wavelength 1is
frequency remains unchanged.
Explanation:  The frequency

electromagnetic wave remains same when it
passes from one medium to another.

Refractive index of the

R

Wavelength of the electromagnetic wave in

the medium,

AoA

Mned = —=—

‘ n 2
OR

(1)

halved and

medium,

the

the

30.

SECTION-E

0

Two thin lenses, of focal length f) and > are kept in
contact. Let O be the position of the object and let u
be the object distance. The distance of the image

(which is at I,), for the first lens is v,.

This image serves as object for the second lens. Let

the final image be at I. We then have
11

f v, u

(iv)

(1)

(i)
(11)
(1v)

(if)

(1)

(if)

(C) the speed of light c =3 x 10 m s
free space
Explanation:  The velocity of
electromagnetic waves in free space
(vacuum) is equal to velocity of light
in vacuum (i.e., 3 x 10 ms™).

(A)  Perays

Explanation: p-rays consists of electrons

which are not electromagnetic in nature.

(A) inertia in mechanics
(B) 125 Wb

(C) LR,

(C) Farad

A ray of light passing from the air through an
equilateral glass prism undergoes minimum
deviation. Thus, At a minimum deviation

r=é=30°
2

We are given that, 1 = %A =45°

_sin45°
sin 30°

. Speed of light in the prism v =

'!:IO
i

=(2.1 x10°ms™)

OR
The light on passing through the narrow slit
undergoes diffraction. A diffraction pattern
consisting of alternate bright and dark bands
is obtained on the screen.

Angular width of principal maximum,

29—2—k
a

It is not affected when screen is moved away
(D increases) from the slit plane.
Now linear width x of the central maximum
is given by

_ 20D

a

Thus if the screen is moved away the linear
width of the central maximum will increase
too.
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(1)

(1)

Difference  between interference and
diffraction

In interference all the fringes will be of equal
intensity but in diffraction the central
maximum will have high intensity and in the
rest of the fringes intensity falls rapidly.

In interference all the fringes will be of equal
width but in diffraction the central maximum
will have the highest width and for the other

fringes width will diminish fast.

(@) When a capacitor is placed in an
external electric field, the free charges
present inside the  conductor
redistribute themselves in such a
manner that the electric field due to
induced charges opposes the external
field within the conductor. This
happens until a static situation is
achieved, 1.e, when the two fields
cancel each other and the net
electrostatic field in the conductor
becomes zero.

Conductor
(b) In contrast to conductors, dielectrics

are non-conducting substances, i.e.
they have no charge carriers. Thus, in
a dielectric, free movement of charges
in not possible. It turns out that the
external field induces dipole moment
by stretching molecules of the
dielectric. The collective effect of all
the molecular dipole moments is the
net charge on the surface of the
dielectric which. produces a field that
opposes the externa field. However,
the opposing field is so induced, that
does not exactly cancel the external
field. It only reduces it. The extent of
the effect depends on the nature of
dielectric.

(ii)

Both polar and non-polar dielectrics
develop net dipole moment in the
presence of an external field. The
dipole moment per unit volume is
called polarisation and is denoted by P
for linear isotropic dielectrics.

P=xE

where, X is constant of proportionality
and is called electric susceptibility of
the electric slab.

(a) At point C, inside the shell, electric
field inside a spherical shell is zero.
Thus , the force experienced by charge
at centre C will also be zero.

"+ F¢ = qE (Einsige the shell =0)
S Fe=0

AtpointAIFA|=2Q{ ! -3Q,/2]
4ne, X

F= 3 -, away from shell.
dme, X

(b)  Electric flux through the shell,

b = Lx magnitude of charge
80

Q_Q

enclosed by shell = 1 B
g 2 2,
OR

Radius of sphere A=R
Surface charge density on sphere A = o
Radius of sphere B = 2R
Surface charge density on sphere B=c
Before contact, the charge on sphere A,
Q1 = Surface charge density x Surface area
= Qi =0c-4nR? (1)
Before contact, the charge on sphere B is
(» = Surface charge density x Surface area
Q:=0-4n(2Ry’=0 - 16nR*> ... (i1)
Let after the contact, the charge on A be Q;
and the charge on B be Q.. According to the
conservation of charge, the charge before
contact is equal to charge after contact.

Q1+Q2=Qi+Q
Now, from Egs. (1) and (i1), we get =
=20mR%s .. (111)

As they are in contact. So, they have same
potential.
L Q

Potential on sphere A is V, = —
4me, R



Potential on sphere B is V;, = L9,
4ne, 2R
So, Va=Vs
L 1.9
4ne, R 4mg, 2R
= Q_Q
R 2R
= 2Q1=Q" .(iv)

Putting the value of Q"2 in Eq. (1i1), we get
Q'1+Q»=20 1R’

= 3Q'1 =20 nR%c
= Q, = 2—301rR20
, 40, :
and Q, = —3-1[R c [from Eq. (1v)]
Let the new charge densities be o) and 02.
Q, 20mR’c 5
51 = 3 = 3 =-0
4nR° 3x4nR° 3
. Q, _ 40nR’c _ 40c
: 4m(2R) 3x4nx4R’ 16x3
106 5
0,=——=-0
© 4x3 6

Thus, the surface charge densities on sphere

after contact are %o and %o.

33. (1) (a) Alternating emf, E = Ejsin ot

Current in the circuit, labelled |

sin ot

-0
R
or | =1y sin ot

where, |y = % is the peak value of
current. R

(b) Phase difference between the emf and
the current is zero.

(c)  Graphical representation of the emf
and the current is as shown in figure
below

Current

(i)

(1)

(i)

(d) Phasor diagram is as shown in figure

below
E
]%mw
Given, resistance, R=10 Q
rms value of voltage, Es= 110V

B =m=IlA
R

o rms current, Ims =

OR

(a) Here, P—> Amature coil
Brushes B) or B, — Brushes

(b)  Principle: An AC generator works on
the principle of electromagnetic
induction. According to this, whenever
there is change in the magnetic flux
linked with a coil, an emf is induced
across the ends of the coil.
Working: The coil is rotated with a
uniform angular speed co in the
magnetic  field 6 of the
permanent/electromagnet such that the
axis of coil is perpendicular to
magnetic field. As the coil rotates,
magnetic flux through it changes due
to which an emf is induced across the
ends of the coll.

Expression for alternating emf

Let 0 be the angle between the direction and
magnetic field B and area vector A. As, co is
the angular speed, then at any time t, 0 = ot
Flux through the coil at any time,

ds = BA cos 0 = BA cos ot

From Faraday's law, the emf induced in
rotating a coil of N turns is

E= 1 -NBA i(coso)t)
2 dt

Thus, instantaneous emf, E=NBA® sin ot
This emf will be maximum for sin ot =+ 1
orat =90°, 270° and Ena = Eo = NBA®

E =E; sin ot

This gives the expression for emfinduced. As

emf £ is a sine function, it varies periodically
as the coil rbtates.



