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Section A

1. (a) i
Jﬂofo

Explanation: Velocity of light in vacuum, ¢ =

1
HOEQ

+

1
Velocity of light in medium, v = T

e
~ Refractive index of the medium
c He
= = AT
4 HOEQ

2.(a) 1, I, 1y, Ig
Explanation: 1, I3, I}, 15
3. (a) rectifier
Explanation: Diode is used as a rectifier.
4. (d) 1.68 (Q-m)’!
Explanation: As we know that conductivity of semiconductor,

o =c(neue+ i)

=16 x 107195 x 1018 x 2+5 x 1017 x 0.01)
=1.6 x 1.05
=1.68
5.(b)E x B
Explanation: Energy flow per unit area per unit time 1is called Poynting’s vector

S§S=ExB.

muply o2
6. (d) > ?msin(mr)
Explanation: For two concentric circular coil,
HoN | N232
Mutual Inductance M =
2b
Here, Nj =N =1
#0”32
H SM=— i
ence b (1)

and given [ = I cos wt ...(ii)



Now according to Faraday's second law induced emf

dl
e=—M m
From eq. (i1),
2
T“HpT ¢ :
=2 g (Tocosat)
yormz
e= 5 Igsinwt(w)
auplo a2
e= 3 . —bmsmmt

X
. (a) 33sinx * 10“(:—;)

2r¢  2x x 3 x 108
Explanation: w = 2av = — =
. 6x 103

=z x 10  rad/sec
The equation for the clectric ficld, along y-axis in the electromagnetic wave, is,

c

Ey=Eosinm(r— E)

T X
= 33sinx x 10 !—;

.(b)6 x 107 cm

Explanation: For nth dark fringe,

, D4
xn=(2n-1)§
3 1 x4
1077 =(2 x 2-1)
2x0.9x10"3
orA=6 x 10'7cm=6 x 10'5cm
.(d) 108.8 eV
2 ] ] | ]
Explanation: Energy (E)=13.6 Z° | ———71|eV=136 x 9 -——2 eV
n% n% I 3
13.6x9x8
=ch=l{}8.8 eV

. (d) There are no free electrons at room temperature

Explanation: At room temperature, few bond breaks and electron-hole pairs



11.

12.

13.

14.

15.

17.

18.

generate inside the semiconductor.

(d) Electrons flow from the conductor to the earth

Explanation: After earthing a positively charged conductor electrons flow from
earth to conductor and if a negatively charged conductor is earthed then electrons
flows from conductor to earth.

(~ (=

(¢) increases

Explanation: By symmetry, the charge will distribute evenly over the surface of the
bubble. Because like charges repel, they want to move even further apart, the only
which way is outward, taking the soap surface with them. Of course, the increase in
restoring force of the soap film (surface tension) will at some point be equal and
opposite to the clectrostatic force, resulting in a new (larger) equilibrium radius.

This will happen to both positive and negatively charged bubbles because of the ionic
similarity.

Hence, when the soap bubble is given a negative charge, then its radius will increase.
(b) decrease by 2 times

1
Explanation: / o —

_ {25 _ A l
e V2 0!‘ 2

() 3.33 x 1078 N/m?
Explanation: 3.33 x 1078 N/m2
(a) | H
Explanation: N = 100, [ =4A, ¢ = 4 x 10> Wb
ON = LI
SN

al=—
1

4% 1073 %1000
- 4

H=1H

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

Explanation: Both A and R are true and R is the correct explanation of A.
(a) Both A and R are true and R is the correct explanation of A.
Explanation: The third pin is used for grounding purposes so that it leaves the user
safe while handling the appliance by making the extra charge on it gets discharged.
(a) Both A and R are true and R is the correct explanation of A.
Explanation: Both A and R are true and R is the correct explanation of A.

Section B



19. In terms of nuclear masses, the 3-value of the reaction is given by

Q= [my(3Li) + my(IH) - 2my (3t |2

In terms of atomic masses, we can write

Q=[{m(3i)=3me} + {m(11) = me=2 {m(4p1e) - 2m, } |2}
= [m(3Li) + m(11) - 2m(4He) ] x 2

=[7.016 + 1.008 -2 x 4.004] x 93] MeV
=0.016 x 931 = 14.896 McV
14.896

2

Energy of each a-particle = = 7.448 MeV

20. Given,
Intensity of light = 10~ Wm2

Surface area of the sodium photocell, A = 2 cm?
Top five layers of sodium absorb the incident energy. (given)
the work function for the metal ¢ = 2eV

Therefore,
Number of atoms in 5 layers of sodium is,
5 x area of each layer

Effective area of atom



=20
10
Assume that there is only one conduction electron per sodium atom.
~ Number of electrons in 5 layers = 107

Energy received by an electron per sec is,
Power of incident light

Number of electrons

-5 —4
102 x2x10
=2 x 1026w

10!7
thus the time required for photoemission is,

2x1.6x10~19
2x10~26

= 1.6 x 107s
Thus, it is contrary to the observed fact that there is no time lag between the
incidence of light and the emission of photoelectrons.
. Resistivity of pure germanium,
1 |

ol
© eni(metup)
1 1

ep(netup) 167107 19x0.52(0.2+0.4)

vonj=

=2 x 1019m3
When 1020 acceptor atoms are further added,
np-ne=Na-Ng=1020-2 x 1019=8 x 10193
AS nj > Ng, SO Np = 8 X 1019

1 1
nph  1.6x10 19x8x1019x0.4
=0.195 Qm

. No. It may be possible that the magnetic field is present but the electron is moving
parallel or anti-parallel to the magnetic field and magnetic force (

F = gqvBsind, 0 = 0°, 180 °) is zero.

o p b

OR

A0 Idlsin 0

we know that, |dB| = —

4 r2

Tm

di=Ax=1lem=102m,1=10A,r=0.5m, ug/4r=10""—



23.

24,

6 =90° sin 8= 1
10~ 7x10x10"2 3
|dB| = =4x10 °T
25x1072
The direction of the ficld is in the +z-direction. This is so since,
dl % r = Axi x yj = yAx(i % j) = yAxk
We rernmd you of the followmg cyclic property of cross-products,

ij k_}xk—i kxl—j
Note that the field is small in magnitude.
Here Vp=05V,V=15V,I=5mA=5 x 10'3,R=?

The voltage equation for the diode circuit is
IR+Vp=V

or5 x 105A x R+05V=15V

or R=200 Q

As the susceptibility has a small negative value, so the given material is diamagnetic
in nature. When a specimen of this material is placed in a uniform magnetic field, the
lines of force get expelled from it as shown in figure.

g —
> - Y
- i -

v
OR

Let A be any point on the prolongation of the axis of magnet P. Let B ;and B » be the

fields of the magnets P and Q respectively at the point A. Let mi| and ni,, be the

magnetic moments of the two magnets.
Qs i

1

L™ | vy

As point A lies on the axial line of P, therefore,

TR L
8173 3
The point A lies on the broad-side-on position of Q, therefore,
Ho M2
By=— —
Ar "
By m
"B 2m

But the resultant field B is inclined at 30° with By, so



- Al 0.032 35 10_4
— e — b4
5. Here, p I .
AL

v=-—c=-32 104 x 3 x 108

=96 x 10*ms™! =-96 km 57!
The negative sign indicates that the star is moving away from the earth.
Section C

e

26. The relation u; = — (E )! is in accordance with result expected from classical

physics.
It can be derived as follows: The magnetic moment vectors pg and | associated

with the intrinsic spin angular momentum Sand orbital angular momentum /
respectively,

Magnetic moment associated with the orbital motion of the electron is

py = current x arca of the orbit

=1A
—-e 5

== 7r

T
and, the angular momentum of the orbiting electron is given by
| =mvr

2ar
:mn_.r

T
2

2xmr
T

Here, r is the radius of the circular orbit which the electron of mass m and charge (-e)

My
completes in time 'I'.",-
—emr?  —e

2 2m

2mmr



As the charge of the electron is negative (-e) it is easily seen that magnetic moment,
#¢; and angular momentum, | are antiparallel, both normal to the plane of the orbit.

¢
Therefore, is twice the classically expected value which is ug/s = =

This latter result (verified experimentally) is an outstanding consequence of the
modem quantum theory.

27. Coulomb's law in vector form: As shown in fig., consider two positive point

charges q| and q7 placed in vacuum at distance r from each other. They repel each
other.

e o
" r |

[, . ——»;
+q.| * 4,
‘;IZ

Repulsive coulombian forces for ¢, ¢, »0.

In vector form, Coulomb's law may be expressed as F 21 = Force on charge q due to
q1

1 4q192 ri2
= ‘EO . 2 F1p where 7|5 = P 1s a unit vector in the direction from q] to q2
Similarly, F 12 = Force on charge q) due to q)

1 9192 r21
= a 2 F91 where 79| = — is a unit vector in the direction from g3 to qj.



The coloumbian forces between unlike charges (qqp < 0) are attractive, as shown in

Fig.
. r J
i -
ta i q
12 1

Attractive coulombian forces for g, g, < 0.
Importance of vector form. The vector form of coulomb's law gives the following
additional information :

i.AsFp1 = —F12, thereforeF‘zl = —PIZ

This means that the two charges exert equal and opposite forces on each other. So
Coulombian forces obey Newton's third law of motion.

ii. As the Coulombian forces act along F | or F|, i.c., along the line joining the
centres of two charges, so they are central forces.

28. 1. Gauss law of electrostatics.

ii. Faraday's law of electromagnetic induction.

iii. Modified Ampere's law, the term on the right-hand side is Maxwell's displacement
current.

OR
a. Given, Radius R is = 12 cm = 0.12 m, separation between the plates is given by;

d=50mm=5x10"3m
[=0.15A
£o=8.85x10 12C2N "1y 2

* Area, A = zR? = 3.14 x (0.12)’m?
Capacitance of parallel plate capacitor is given by

eoA
C=2
 8.85x107 12x (3.14) x (0.12) 2
5x103
= 80.1 x 1012 = 80.1pF
Now, q=CV
dg dv dv dg
OrE=Cx Eor!=CxE[-: =E
v I 0.15
or——=—"~=

dt C 80.1 x]O—IZ

= 1.87x 10°%5 |
b. Displacement current is equal to the conduction current i.e. 0.15 A.
c. Yes, Kirchoff's first rule is valid at each plate of the capacitor provided. We take
the current to be the sum of the conduction and displacement currents.



29. The distance of nth bright fringe from the central bright fringe is

nD.
=g =
» X9 =9p
The distance of nth dark fringe from the central bright fringe is
' D/ p
x,=@2n-1) E =(2n- I)E
;3
ae xz = 2ﬁ

But xg ax'z = 8.835 mm [Given]

3 15
or 94— 5,8 = 8.835 mm or ?}3 = 8.835 mm

8.835x2

orf = 5 mm

= 1.178 mm=1.178 x 10~ m
Bd  1.178x1073x0.5x10~3

Hence A = E = 10 m

=0.5890 x 10 m=15890 4
OR
The fringe width in the interference pattern is inversely proportional to the separation

Ds.
between the coherent sources (f = FE When the distance d between the coherent

source is large, the fringe width becomes very small. In such a case, the fringes may
overlap and the interference pattern may not be observed.

DA
Fringe width in air, f = =
F . .d h - I- -d ’ Dj.. D'l
ringe width in hiquid, g = = i
. P
= = p
orf = 1—33 = 1.5mm

30. The magnetic field at O due to each of the straight parts PQ and RS is zero because ¢

=09, for each of them.
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31.

Magnetic field at the centre O due to circular segment QR of radius R> is

Ho ]
B] = E : R—afz
Here,
13 = length of circular segment QR =a R>
O Ja
~ By = i R_z directed normally downward
Similarly, the magnetic ficld at O due to the circular segment STP is
HOI(2x—a)
By = i R—l, directed normally downward

Hence the resultant field at O 1s

Pl a 27—a
B=B;+By=—"|+ ,

4z | Ry Ry
directed normally downward.

n
If @ = 90° = =, then

2
ol [ x Ir
B= +
ar \ 2Ry 2R
ol 1 3
= — — -+. —
8 R2 Rl
Section D
We h fi int ch V : g
] t y ==~
e have, for a point charge axsq 1

(1). At point (0, 0, 2) :

Potential due to the charge (+q)
l q

ey (z—a)

V+=

Potential due to the charge (~q)



1 (-9
- 4::1:0 (z+a)
Total Potential at (0,0, z) V=V + V_

9 -1 N 1
dneg|zta z-a
2ga
4117:0(22-1:12)

At point (x, y, 0)
Potential due to the charge + q
l q

40 (24,2442

—

=

V.|_=

Potential due to the charge (- q)
I —9q

dmeg X2+ ‘,2 +a?

V_ =
Total potential at (x, y, 0)

q 1 1
dmzg \(xz +y2 +.a2 ‘i\:z +y2 +a2
the given point will be zero.
(i1). Work done = q[V] - V7]
Vi=0and V=0

~ Work done =0
Where V| and V3 are the total potential due to dipole at point (5, 0, 0) and (-7, 0, 0)

(ii1). There would be no change This is because the electrostatic field is a
conservative field.

(Alternatively: The work done, in moving a test charge between two given points is
independent of the path taken ,it depends only on initial and final value.)

= OHence total potential due to them at

—

(iv). The two given charges make an electric dipole of dipole moment j = g * 2a

P.E. in the position of unstable equilibrium( 6=180°)(where 7 and E are antiparallel
to each other) = pEcos180 ©

Cos180°=1
Thus potential energy is= + pE = 2aqE

OR
a. During charging of the capacitor, work is done by the battery which is stored in the
form of potential energy inside the capacitor.
Consider a capacitor which is to be charged by charge Q with the help of a battery.
I__et at any instant charge on the capacitor is q and the potential difference between

- - - - - 1 e e o md I ™Y - 1 - 3 - 1 - - . - -




the two plates of the capacitor is V.

We know that,

q=CV = V=¢q/C

Now small work done to charge the capacitor by small charge dq,

q
dW =Vdq= Edq

where, q = instantaneous charge, C = capacitance and V = voltage
*. Total work done in storing charge from 0 to Q(total charge) is given by
QE
= W= fg dg = C
b. In a series combination of capacitors, the same charge lie on each capacitor for any
value of capacitances.
+0-Q +«Q-Q +0-0

+- + +-
- - -
- 4= -
C Cs Cy

¥y do— Vg —= vy

vV =
() (=)
Copacitors in series combination

Also, the net potential difference across the combination is equal to the algebraic
sum of potential differences across each capacitor

Le. V=V +Va+V3.....(i)

where V| , V2, V3 and V are the potential differences across C|, C, C3 and
cquivalent capacitor, respectively.

q)
Againg, = C\V| = ¥, =
Cl
Similarly, V5 = Ciz and V3 = Ci;;
~ Total potential difference [From Eq.(i)]
Ly 4,9.,.9
Cp G G
V ] 1 ]
= —==+—+ =
g C C G
1 | | | Vool . . .
— = — + —+ — [ — = =, where C is equivalent capacitance]

C Cy G C 3 9 C’
32. Suppose m be the mass of an electron and v be its speed in nth orbit of radius r. The

centripetal force for revolution is produced by electrostatic attraction between
electron and nucleus.

mv2 1 (Ze)(e)

r dne( r2




1 Ze?
or, mv2 = —— ....(1)
41‘!‘80 r
L2
So, Kinetic energy [K] = 2™
. Ze?
- dmeq 2r
y | (Ze)(—e) 1 Ze?
Potential energy = ameg . = ym—
Total energy,
| Ze? 1 ze?
= - + . — R —
B RESEE dmeq 2r dmeqg r
| Ze?
B dmeqg 2r
S E 1 2112 .-
0,Ep = ameg 2r, (1)
Again from Bohr's postulate for quantization of angular momentum,
nh
velocity, v = Py—
Substituting this value of v in equation (i), we get
nh 1 ze?
m( 2_
2amr drneg r
£0h2n2 80112!1'2
or,r= > orrp = 5 o(111)
amle amZe
Substituting this value of r in equation (ii), we get
. 1 Ze? mz2e?
L T 2,22
Befh“n
50}12::2 a
2
mZez
B Zthc here R me4
or, E,=— , where R =
n2 886(:}13

where R is called Rydberg constant.
For hydrogen atom, Z =1, so



. —Rch
n =

n?
If nj and nf are the quantum numbers of initial and final states and E; & Egare

energies of electron in H-atom in an initial and final state, we have

—Rhc _ —Rhe
i= n‘!z and Ef‘ n}
If v 1s the frequency of emitted radiation, we get
E;-E f
T h
~Rch | =Rch med [ 11

|
2| sep2|nd 2

y= - = — e —

1
nlz n} Rch g

This is the required expression.
If electron jumps from nj = 4 to ng= 3, 2, 1, radiation belongs to Paschen, Balmer

and Lyman series.
OR
Trajectory of an a-particles in the Coulomb field of the target nucleus is given below

From this experiment, the following is observed.

1. Most of the a-particles pass straight through the gold foil. It means that they do not
suffer any collision with gold atoms.

ii. About one a-particle in every 8000 a-particles deflects by more than 90°. As most
of the a-particles go undeflected and only a few get deflected, this shows that most
of the space in an atom is empty and at the centre of the atom, there is a heavy
mass, which is most commonly known as nucleus. Thus, with the help of these
observations regarding the deflection of a-particles, the size of the nucleus was
predicted.

If m is the average mass of the nucleon and R is the nuclear radius, then mass of

nucleus = mA, where A is the mass number of the element.

The volume of the nucleus, V = 4/3:rR3

4 4
_ = 13y 5 p==
> v=3a(Rea!/3) = v = sxr}

Density of nuclear matter



mA mA 3m
P=—"p =P _ 2 =P
V 4/3aR- A 47R3
This shows that the nuclear density in independent of mass number A.
33. a.

___r,
|
ol
-

= ?I\r
"','.l-..,___
)

L]
-
-

I
|

where AB = object, A'B' = image formed by objective, A"B" = image formed by
eyepiece

L is the separation between the eyepiece and the objective,

f is the focal length of the objective,

fe is the focal length of the eyepiece,

D is the least distance for clear vision
b. For the least distance of clear vision, the total magnification is given by:

L D )
m = —f: I+JTE =mg-mg..(1)

Also, the given magnification for the eyepiece:

—s=[1+2
me=5=|1+7

s 20
=2 5=1+—
Je
= fe=5cm
Substituting the value of m and m, in equation (i), we get:
m=mgQ . Mg
m 20 A
= Mo = m, 5
Now, we have:
L
my=—"—
a
14
= fo= i 3.5cm
OR
i. In astronomical telescope for normal adjustment, final image is formed at infinity
and it is virtual.



34.

The labelled ray diagram to obtain one of the real image formed by the
astronomical telescope is shown below:

Magnifying power is defined as the ratio of the angle subtended at the eye by the
focal image as seen through the telescope to the angle subtended at the eye by the
object seen directly, when both the image and the object lies at infinity.

ii. a. We know the objective lens of a telescope should have larger focal length and
eyepiece lens should have smaller focal length. And focal length is inverse of
power, so lens of power (P = 1/f).

Thus, 10D can be used as eyepiece and lens of power 0.5 D can be used as
objective lens.

b. The objective lens of a telescope should have larger aperture, in order to form
bright image of distant objects, so that it can gather sufficient light rays from the
distant objects.

Section E

Read the text carefully and answer the questions:

Whenever an electric current is passed through a conductor, it becomes hot after

some time. The phenomenon of the production of heat in a resistor by the flow of an

electric current through it is called heating effect of current or Joule heating. Thus,
the electrical energy supplied by the source of emf is converted into heat. In purely
resistive circuit, the energy expended by the source entirely appears as heat. But if
the circuit has an active element like a motor, then a part of the energy supplied by
the source goes to do useful work and the rest appears as heat. Joule's law of heating
form the basis of various electrical appliances such as electric bulb, electric furnace,

clectric press ctc.
—\—

1 A R B

{r
(1) (b) Heat produced in a conductor varies directly as the square of the current
flowing.
Explanation: According to Joule's law of heating.
Heat produced in a conductor, H = 12 Rt
where, | = Current flowing through the conductor
R = Resistance of the conductor
t = Time for which current flows through the conductor.

o H 2
(i1) (d) Doubled
Explanation: If the coil is cut into half, its resistance is also halaved.



H &
As H= R t
& H'=2
(iii)d) 25 W
y2 p2
Explanation: P= ? orR= F

The bulbs are joined in series. Current in both the bulbs will same.

~ The heat produced in them is given by H = 12 Rt

1

HXR=>Hx —
or P

Therefore the bulb with low wattage or high resistance will glow brighter or we
can say the 25 W bulb will glow brighter than the 100 W bulb.
OR
(d) 30 kJ
Explanation: R=100Q; I=1A;t=5min=35 x 60=300s
change in internal energy = heat generated in coil

=I2Rt=((1)%> x 100 x 300))
= 30000 J = 30 kJ

35. Read the text carefully and answer the questions:

A transformer is an electrical device which is used for changing the a.c. voltages. It is
based on the phenomenon of mutual induction i.e. whenever the amount of magnetic
flux linked with a coil changes, an e.m.f. is induced in the neighbouring coil. For an
ideal transformer, the resistances of the primary and secondary windings are
negligible.

1| K No. of turns, .\ll.'

{No of s, N,

| - .

:n;u'é . h';_%l. hatpat
8c il

Primary| - I Sevomdary
cotl S LU codl
/ !

Soft won core

E Jp ng
It can be shownthat — = — = — =k
EP I_s. np

where the symbols have their standard meanings.
For a step-up transformer, ng > fp; Eg> Ep; k>1; ~ Ig< lp

For a step down transformer, ng < Np; Eg < Ep; k<l
The above relations are on the assumption that efficiency of transformer is 100%.

output power Ed
Infact, efficiency 5 = intput power = Epf
P




(1) Ve Ng
For a transformer, Fp = E
Where N denotes the number of turns and V = voltage.
Vs 10
T 220 20
& Vg=110acV

(ii) In a transformer, the primary and secondary currents are related by

N
P

and the voltage are related by

where subscripts p and s refer to the primary and secondary of the transformer.

Np
Hel‘e,Vp=V-N—s=4 w lg=4lp
1 V

andVS—(d)V—4

(111) Output power (Poul )
The efficiency of the transformer is n = x 100
Input power (P'm )
Here, Pyt = 100 W, Pj, = (220 V(0.5 A) =110 W
100 W
e q = m

x 100 = 90%

OR
In an ideal transformer, there is no power loss. The efficiency of an ideal
transformer is 5 = 1 (i.e 100 %) i.e. input power = output power.



