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[SECTION — A]
Ans.1- (B) (12 mark)
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Va> Vi [V/.\ = Vc]
In the direction of electric field, the electric potential decreases.
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Ans.2- (B) In the state of equilibrium, (2 mark)

The potential on the surface of bigger sphere = the potential at the surface of the smaller sphere
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Ans.4 - (D)Sound waves as well as light waves (1 mark)
Ans.5 -(A) (2 mark)

Ans.6 - (C)When all the given components are connected(1 mark)

(2 mark)



IR = IXc = IXL =10V
XC=X|_=R

Z= JR%+ (X~ X, )’

7= JR%+(R-R)?

Z=R
Vs=I1Z=IR=10V
So, the source voltage is also 10 V
When the capacitor is short circuited then

Z= JR?+(X)?
=VRZ+RZ=RV2

10

J2R

Vi=1"X, = xR =52V

Ans.7 - (B)(1 mark)

Ans.8 - (B) The distance of closest approach(1 mark)

const
d=—7: (1)
Vi
d const
2 V3
From equations (1) and (2),
2
2= V—Z‘Z =Vo= 2V,
V,
1
Vo=+2V Given, (V1 = V)

Ans.9 - (C)(1 mark)
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18,1 2 -1
v 12 12 12 6
v=-6Ccm

Ans.10 - (B)Diffraction
Ans.11- (A)doping level
Ans.12- (C)+0.4%
Ans.13- (A)

Ans.14- (A)(1 mark)
Ans.15- (D)(1 mark)
Ans.16- (A)(1 mark)

Ans.17-
Given @y = 5.63eV = 5.63

K.E=hv-0,="
_ ke
T hv-9,

6.63 x 10734 x3 x108

(1 mark)
(1 mark)
(1 mark)
(1 mark)
[SECTION - B]
x 1.6 x 10719

v=1.6 x10°Hz

Y%

Ya

" 6.63 x 10734 x1.6x1015— 5.63 x1.6x10~19

_ 19.89 x 10726
© 1.6x1015

19.89 x 10726

~1.6x 10-1°(6.63 — 5.63)

=12.4 x 107" m 1

Ans.18- 1, =4x107"mA, =6%x10""m

Distance at which dark fringe is observed x = (n + %)LD

First Dark fringe for A,d, =

2 1072

da

14x10~7 _
m=2x 10°>m

Y5

Ya

Ya



-7
First Dark fringe for 1,d, = %6:322

m=3x 107>m
First dark fringe will be the distance where both dark fringes will coincide i.e LCM of d;&d, Yo

ie. 2x10°m x 3 x 10°m
=6 x 107°m Yo

OR
() NetI= 1, + I+ 2\/I;\/I,cos® 0.5M

Since, I, =1, =1
Netl=1+1+21|cos®

=21 (1 + cosd)
=21 (2 cos?2) 0.5 M
For path difference M4 , phase difference is 11/2 0.5 M
Net | =41 cos*
Netl =21 0.5M
(2 Marks)

Ans.19 - (DThe direction of the magnetic field is perpendicular and inward into the plane of thepaper 0.5M
(I For a head-on collision to take place, the radius of the path of each ion should be equal to 0.5

m.

r= mw._ 0.5m 0.5M
gB
mv  4x107%° x2.4x10°
B=— = 2 0.5M
ar 4.8x1077 x0.5
B=004T 0.5M
For VI Candidate
. 2Jlmv cos6
(a) As Pitch (p)=——— 0.5M
qB
_2X3.14X1.7X10727X 2 X105 Cos 30°
Or, p= — m
1.6 X10~19X1.5

Or, P=7.7X103m 0.5M
(b)As, done by magnetic field is always zero K.E=1/2mv20.5M

KE=3.4 X 10J 0.5M

Ans.20 —(i) Nuclear fission —-W
0.5M

Reason: As W has binding energy per nucleon less then Y and X and nucleus is larger
in size.

0.5M



(ii) Nuclear fusion-Z

Reason: As Z has binding energy per nucleon more then Y and X and nucleus is smaller

in size.
1
Relaxation time

A

Ans. 21 - () Drift velocity «

Drift Velocity

relaxation time 1 M

(1) Alternating current changes direction every half cycle.

So average drift velocity is zero

[SECTION - C]
Ans.22 -(I) X = Full wave rectifier¥z
Y = Filter’z
Vout Full-wave signal
ol /
t

(Output Waveform for X)

input filter

output with
capaciton

(ii)

E Due to Due to

| D.
Due to ‘ zr/

¥

>
>

: 2
i Due to /
i D,
i
)

Output waveform
(across R;)
A

(Output Waveform for Y)

0.5M
0.5M

Ya

0.5M

0.5M

(3 Marks)

Ya



For VI Candidates

Rectifier 0.5M

Underlying principle of Rectifier

The basic principle of the rectifiers is the transformation of current by changing the frequency of the
input signal, and diodes are used to do this.

0.5M

Working
In rectifier, one end of terminal which is connected to PN junction diode will never have negative
potential, as it allows current in forward biasing only. Hence potential difference across load resistor
will always be Positive or zero.

1M

For 60 Hz input of AC, output of
Half wave rectifier will be 60Hz 0.5M
Full wave rectifier will be 120 Hz 0.5M

Ans.23 - (DThe capacitance of a parallel plate capacitor with dielectric slab (t < d)

Tq

(3 Marks)
—q; +Qf —q
> > >
= = =
vl v [ v
—r— r—>
a_ ot 4
- d »

0.5M

+q, —q = the charges on the capacitor plates

+q;, — gi = Induced charges on the faces of the dielectric slab

Eo — electric field intensity in air between the plates
E — the reduced value of electric field intensityinside the dielectric slab.

When a dielectric slab of thickness t<d is introduced between the two plates of the capacitor the electric
field reduces to E due to the polarisation of the dielectric. The potential difference between the two plates is

given by

V=Vi+Vi+V;

V = Eod; + Et + Eod> ... (1)0.5M
Here E is the reduced value of electric field intensity



E =E, +E,. Here E, is the electric field due to the induced charges [+q; and — g
E =JE? + E? + 2E,E, c05180°
= J(E,-E)
E =Eo - E0.5M
Also the dielectric constant K is given by

K:% (2
s g

. (3

e e (3)

From equations (1), (2) and (3)
V = Eoldy + dy] + 22t

_ g t
V=it d—t+;] . (4)

The capacitance of the capacitor on the introduction of the dielectric slab is
q
C= .. (5
v (5)
From (4) and (5)
£0A
= 70.5M
d_t+E
If t =d, then Cng‘(’j—A:C:KCo Here C, SOTA
Since K >1 therefore C > Cy

EoA
(I) For a metallic slab K is infinitely large, therefore C = ﬁlM

(3 Marks)
Ans.24 (i)
2
* — Ohjective
ﬁl‘t'nl]d&lr};‘ . __._, mirror
mirror ~ T————

Eyvepiece

(ii)

1
It has mirror objective, which is free from chromatic and spherical aberrations.
[ )

It can gather more light as objectives can be made larger, hence images can be brighter.
Any other two equivalent examples can be accepted.

For V.l Candidates



Objective mirror,

Radius of curvature, R;=200mm

Focal Length, f1=R1/2=100mm 0.5M
Secondary Mirror,

Radius of curvature, R;=150mm

Focal Length, f1=R1/2=75mm 0.5M

Distance between two mirror, x=20mm
For object at infinity, image is formed by objective lens will act as virtual object for secondary mirror

U,=(100-20)mm=80mm 0.5M
Applying, mirror formula for secondary mirror
1 1 1
—+ —== 0.5M
vz uz f2
o L=1_1
‘vz f2 up
1 1 1
=== 0.5M
75 80 1200
V2-1200mm 0.5M
Ans.25 -
(@. T=0K

)
Conduction Band

e " 8 T g8 8,
"I L I I

Valence Band

M

(b) T =Room Temperature

0‘

E.

E., ™ .
| — o
1M

(i)  Answer will be (a) when switch is open 0.5M
as when switch is closed diode will be forward biased and current will by-pass the bulb. 0.5M



For V.I. Candidate

(i) A potential barrier is formed in a p-n junction due to the depletion layer, which is a layer of
unmovable positive and negative charges that develops on either side of the junction. The depletion
layer is created when holes move towards electrons, causing a layer of electrons on the p-type side
and a layer of holes on the n-type side. The potential difference across this region is called the barrier
potential 2M

(i(a) In forward biasing width of depletion region decreases. 0.5M
(b) In reverse biasing width of depletion region increases. 0.5M

Ans.26 - (3 Marks)
Given
B=2T, q=10mC,mass of the ball = 107%kg , g = 9.8 m/52

Magnetic force (quB sin 0) = gravitational force (img)

m
_ _m Yo
gBsin @

For min. velocity sinf =1

—_m _ ™ Y,
qB sin @ qB
1072 x9.8
= ———m/ Ya
1072 x 2
=4.9m/s
V= 49 m/Sz ]/2

As force is in upward direction so from Fleming’s Left-hand rule, magnetic field will be along North to
South. 1

(3 Marks)
Ans.27 - (I)Since the light ray enters perpendicular to the face AB, the angle of incidence onface AC will
be45s’. 0.5M
So,
. 1
SinBc =—
< h
. o _1_ 1 -
sin45’ ==+ So, n=+2 0.5M

E

(INIn fig.2, the face AC of the prism is surrounded by a liquid son = :;—g =
l

T
Il
=@



1 12 o
o Oc = sin (\/—g)—54.6

Sl

SinB¢ =

Since the angle of incidence on the surface AC is 45°, which is less than the critical angle for the
pair of media (glass and the liquid), the ray neither undergoes grazing along surface AC, nor does
it suffer total internal reflection M

Instead it passes through the surface AC and undergoes refraction into the liquid.
For refracting interface AC, nsini=n,sinr

n,.sin45" = (%) sinr

o

sinr=\/2—§.'. r=60.

A

Y

M

(3 Marks)

For V.I. candidates
(a) Let the angle of incidence of light at prism, | = x
So, angle of emergence as per question, e = x

Angle of prism, A= gx

0.5M
Since prism Is equilateral
3A=180°
0.5M
Or, A=60°
Or, X=45°
From prism formulaed
o= i+e-A
0.5M
or, 5=45+45-60=30° 0.5M

sinAJrz‘sm
p =——3— 0.5M
smi
. 60+30
sin 2

Or,p=——=s
Sln?

or, u=v2 0.5M

e 1
Ans.28- (I)Gauss’stheorem: The flux of electric field through any closed surface is — times the total
€o

charge enclosed by the closed surface.

o=J ()

By definition, the total electric flux through the closed surface is given by
¢=¢E.ds .. (2)



~ From (1) and (2), Gauss’s theorem may be expressed as follows
p=¢$Eds=2

€o
. . . 1 .
-~ The surface integral of electric field over a closed surface is equal to — times the total charge enclosed
€9
by the surface. M

Application of Gauss’s theorem

To find electric field due to a line charge let us consider an infinitely long line charge placed along XX’ axis
with linear charge density A. Our aim is to find electric field intensity at a point P distantr from the line
charge. We draw a cylindrical surface of radius r and length | coaxial with the line charge. The net flux
through the cylindrical gaussian surface i.e.

E
E4 pIds

- i :
ds < H Er H _
X!+ H+i+++ + + + H

I+ + + ¥ °X
H —->
\ ;

E 0.5M
¢=¢Eds=[ . Eds+[ Eds+][,,FE ds0O.5M
= fLCFEdscos90° +fCSEdSCOSO° +fRCFEds cos 9 0°0.5M
¢ = J . Edscos0° = E.2nrl (1)

The charge enclosed by the gaussian surface is g = Al... (2)
Using Gauss’s theorem from equations(1) and (2)

<

E(2nrl)= SE= > _o5Mm
€ 2me,r
OR
(1) (a) Definition of electric flux and its SI unit 1M

(b)Electric field due to an infinite plane sheet of charge.

Let us consider an infinite thin plane sheet of positive charge having a uniform surface charge density .
Let P be the point where electric field E is to be found. Let us imagine a cylindrical gaussian surface
of length 2r and containing P as shown. The net flux through the cylindrical gaussian surface.

ﬁ

dA
4>

+ 4+ + + + E

=

=l

dA
P

A [~ aeae

A —g
1€ »
»

7

0.5M



¢ =¢E-dA
=

A
E-dA+ J E-dA + j E-dA0.5M

RCF LCF Cs
= I EdA cos0° + I EdA cos0° + J' EdA cos90° 0.5M
RCF LCF Cs
=EA+EA+0
6 =2EA ()

Here A is the area of cross-section of each circular facei.e. LCF and RCF.
The total charge enclosed by the gaussian cylinder

= oA ...(2)0.5M
Using Gauss’s theorem, from (1) and (2),

2EA= oA

€0

E= -2

280
Ans.29 -1(B) [1(C) 1(B) IV (C)OR IV (D) (4X1=4)
Ans.30 - I(D) l1(C) [ (A) IV(B) ORIV (A) (4X1=4)

(5 Marks)
Ans.31—(l) (a) Kirchhoff's | Law :The algebraic sum of all the currents meeting at a point in an electrical
circuit is always equal to zero.1M

[+|1] + [+|2] + [—|3] +[—|4] + [— |5] =0
Orli+la=ls+1s+1s

Kirchhoff’'s Il Law :The algebraic sum of the changes in potential around any closed resistor loop must be
zero.1M

! I 1
B AAAAA ; i

\AAAAS ~ I: A

+ - Ij R2
C——F——<—wWwW——F

E,
D 7= AVAVAV;VAV E

I+,
For closed mesh ABCFA

[+E1] [- I1R1] + [-E2] + [+I2R] =0 (1)

For closed mesh FCDEF
[+E2] + [-(I1+1»]Rs + [-12R2] =0 ... (2)



(b).I = ﬁ Where R, is resistance at room temperature 20°
0

=>RO=§-1

OR R,= 2.1 = R,=90Q

= -
Now Final temperature is 320°C

So, R

Ry (1 + aAT)
= 9((1+3.7 x10™* x 300)
= 10 Ohm

Power Consumed by cell (P) = i?r

(:Er)z xr Watt

100

()2 = 82.64W

OR

(IN(a) The Wheatstone bridgeis as shown in the figure

oV
p
~

0.5M
Applying Kirchhoff’s Il law to mesh ABDA
WP +1,G-1LR=0 ....(1)

For the mesh BCDB

(lh—1)Q + [-(l2 + 1g)S] + [-1eCG] =0 (2)
balanced, no current flows through the galvanometer

Yo

Yo
Yo
Yo

Yo
Yo

1M

0.5M

0.5M When the bridge is



ie.lg=0@)

~From equations (1) and (2) and (3)

1P =1:R ... (4)

1Q =125 ... (5
From equations (4)and (5), P/Q = R/S. 0.5M

(b).

A é 100 B
i
8V
As it is balanced wheatston bridge ,so circuit will be as below 1

40 C 40

AARA AR
vl

A 100 B
20D 20
8V
Vp = 8V, hence Current through ADB = ; =24 1

(for V.1. Candidates)

(I (&) question is same
(b) The sensitivity of a Wheatstone bridge is the amount of deflection in the attached galvanometer for every

unit change in the unknown resistance 1M



A Wheatstone bridge is most sensitive when its four arms have resistances that are of the same order of
magnitude. This means that all four resistors provide the same output resistance. A Wheatstone bridge is in
a balanced state when its galvanomater shows zero deflection 1M

Ans.32 - (1) AC Generator (5 Marks)
It is a device used to convert mechanical energy into electrical energy

Principle: It is based on the principle of electromagnetic induction. When a closed coil is rotated
rapidly in a strong magnetic field, the magnetic flux linked with the coil changes continuously.
Hence an emf is induced in the coil and a current flows in it. In fact, the mechanical energy
expended in rotating the coil appears as electrical energy in the coil.

iM
Construction: Main Parts M

Armature: It is a rectangular coil ABCD having a large number of turns of insulated copper wire
wound on a soft-iron core. The use of soft-iron core increases the magnetic flux linked with the
armature.

Field Magnet: It a strong electromagnet having concave pole pieces N and S. The armature is
rotated between these pole pieces about an axis perpendicular to the magnetic field.

Slip Rings: The leads from the armature coil ABCD are connected to two copper rings R; and R;
called the ‘slip rings’. These rings are concentric with the axis of the armature coil and rotate with it.

Brushes:These are two carbon pieces B: and B- called brushes which remain stationary pressing
against the slip rings R1 and Rz respectively. The brushes are connected to an external circuit.

Working Theory : When the coil ABCD is rotated inside the field, an emf is induced between its two
ends. Let the plane of the coil be at right angles to the magnetic field at t = 0 and angular speed of
the rotation of the coil be w. Then at time t, 8 = wt. The magnetic flux linked with the coil at time t is

¢ = n BA coswt
—dd)

Induced emf e=—— = ﬂ[nBAcoswt]
dt dt

=e = n BA w sinwt

e = ggsinwt Where eo = nBAw is the peak value of emf.
The current in the external load is given by
- g, Sinwt
RL
i = iosinwtHere o is the peak value of the current 1M
¢ i 5
™N S

M



M
In an ac generator the source of electrical energy is the mechanical energy.

OR

(1
(a)TRANSFORMER

Use: It is a device which converts low ac voltage at high current into high ac voltage at low current
and vice — versa.

Principle: It consists of two coils P and S wound on a closed soft iron core. The coil which is fed
from the ac supply is called primary coil (P) and the other connected to the load is called secondary
coil (S). The core of the transformer is made of soft -iron toreduce hysteresis loss and is laminated
to reduce eddy current losses.1M

Working: When an alternating emf e, is impressed on the primary winding it sends an ac current
through it which sets up an alternating magnetic flux in the core. This induces an alternating emf es
in the secondary. If Np and Ns are the number of turns in primary and secondary coil, their linkages
with the flux are

¢r = NpBA B — Magnetic induction
¢s =NsBA A — Area of cross section0.5 M
The magnitude of the emf induced in the secondary

_dos 08

e =N,A— .. (1
*dt ¢t M
The changing flux also induces an emf in the primary, whose magnitude
do, dB
ep = =N, A— .. (2
T ot @

From equations (1) and (2)

emflnduceq in secor_ldary _ e_szﬁ . (3)0.5M
voltage applied to primary e, N,

& = turns ratio or transformation ratio.
B
If Ns> Np, es>ep — Such a transformer is called step-up transformer
If Ns< Np, es<ep — Such a transformer is called step-down transformer
In an ideal transformer

Instantaneous output power = instantaneous input power



esis = ePiP (4)
From equations (3) and (4)

=L __ 0.5M

In a step- up transformer Ns> Np, es>ep but is<i,
In a step-down transformer Ns< N,, es<e but is>ip

At the generating station a step-up transformer is used for stepping up the voltage and at the
various receiving substations a step-down transformer is used

N
(%) P g S
\ —_—
— Laminated Soft-iron core 0.5M
(b) The two sources of energy losses are eddy current losses and flux leakage losses. 1M

(c)There is no violation of the principle of the conservation of energy in a stepup transformer. When
output voltage increases the output current decreases automatically keeping the power the
same.1M

(5 Marks)

Ans.33—(l) Givenf,=15m, f,=1cm=0.01m
. L fo_ 15
® Angular magnification of the telescope M =f——m=1500 1M

2 0.

(i) Let d be thediameter ofmoon’simage formed by the objective lens.

Therefore, Angle subtended by the moon at the objective lens

diameter of the moon _ 3.48x10°
- = ( ) 1.5M

cx_Radius of lunar orbit 3.8x108
Similarly, the angle subtended by moon’s image (formed by the objective) at the objective

diameter of moon's image_ d
a= =—(2) 1.5M
fo 15

Comparing equations (1) and (2) we have

d _3.48x10°
15 3.8x108

_3.48%x10°

= axios X 15=0.137m=13.7cm M

OR
(1N (a) For eyepiece,v,=-25cm,f,=6.25cm, u,=?
1.1 1

Using ?:;-_u



1_1 1_1 1 -1

—= = = 0.5M
Ue Ve fe —25 625 5

u,=-5cm 0.5M
Therefore the image formed by the objective is formed at a distance of 10 cm towards the eyepiece.

Hence for the objective,v,=+10 cm,fy=2cm, v,="?

—=——=— 0.5M
Ug Vg fo 10 2
ug=-2.5cm 0.5M
o Vo 4 ,Dy_10,, 25
=0 (142)=—(14+4—2)=
Therefore the magnifying power M Iuol(l fe) 2_5(1 6_25) 20 0.5M

(b) When the final image is formed at infinity the object for the eyepiece must lie at its principal
focus.Thereforethe distance of the image formed by the objective from its optical center,

v7=15-6.25=8.75cm 0.5M

1_1 1_1 1_6.75

111 = 0.5M

Ug Vo fO 8.75 2 17.50

Ug=———=-2.6cM 0.5M
6.75
vy D_8.75_ 25

=2 —=——"X—=135 1M

Tluol’ fe 2.6 6.25



