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This question paper contains 33 questions. All questions are compulsory.
This question paper is divided into five sections — Sections A, B, C, D and E.

In Section A — Questions no. 1 to 16 are Multiple Choice type questions. Each question
carries 1 mark.

In Section B — Questions no. 17 to 21 are Very Short Answer type questions. Each
question carries 2 marks.

In Section C — Questions no. 22 to 28 are Short Answer type questions. Each question
carries 3 marks.

In Section D — Questions no. 29 and 30 are case study-based questions. Each question
carries 4 marks.

In Section E — Questions no. 31 to 33 are Long Answer type questions. Each question
carries 5 marks.

There is no overall choice given in the question paper. However, an internal choice has
been provided in few questions in all the Sections except Section A.

Kindly note that there is a separate question paper for Visually Impaired candidates.
Use of calculators is not allowed.
You may use the following values of physical constants wherever necessary :
c=3x10%m/s
h= 663 x 1034 Js
e=16x10"17C
Up=4nx 107" TmA™!

g0=8854x 10712 C2 NI m™
1

47[80

Mass of electron (mg) = 9-1 x 103! kg

=9x10° Nm?C32

Mass of neutron = 1-675 x 1072/ kg

Mass of proton = 1-673 x 10727 kg

023

Avogadro’s number = 6-023 x 1 per gram mole

Boltzmann constant = 1-38 x 10_23 JK_1
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SECTION A
1. The electric field E associated with an electromagnetic wave is represented by
Ey =E sin (kx — ot)
Which of the following statements is correct ?
(A)  The wave is propagating along +x-axis.
(B)  The wave is propagating along +z-axis.

_)
(C)  The magnetic field B of the wave is acting along +y-axis.

_)
(D)  The magnetic field B of the wave is acting along —x-axis.

2. A capacitor of 5 pF is connected to an ac source of 200 V, — Hz through a

resistor of 100 Q. The phase difference between the voltage (V) applied and

current (I) is :

(A)  120° (B) 90° (C) 60° (D) 45°
3. m, m, and m, represents masses of ZX nucleus, a neutron and a proton,
respectively. Then :
(A) m<(A—Z)mn+Zmp (B) m=(A—Z)mn+Zmp
© m=(A—Z)mp+Zmn (D) m>(A—Z)mn+Zmp
4. A rod PQ of resistance R lies across frictionless conducting rails in a constant

uniform magnetic field B , as shown in the figure. Assuming that the rails have

negligible resistance, the force required to pull the rod to the right at constant
. T

velocity v is:

P
!
O 0 0 oo
L —> Vv
© O O Ol
|
X Q
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5. When a ferromagnetic substance is heated to a temperature above its Curie
temperature, it will :

(A)  behave like a diamagnetic material.
(B)  behave like a paramagnetic material.
(C)  permanently demagnetise.

(D)  remain a ferromagnetic.

6. A point object is placed in air at a distance of 4R on the principal axis of a convex

spherical surface of radius of curvature R separating two mediums, air and glass.

As the object is moved towards the surface, the image formed is :
(A) always real

(B)  always virtual

(C) first virtual and then real

(D) firstreal and then virtual

7. A current of 5 A is flowing in a wire of length 1.5 cm. A force of 7.5 mN acts on

it when it is placed in a uniform magnetic field of 0.2 T. The angle between the

magnetic field and the direction of current is :
(A) 30° (B) 45° (©) 60° (D) 90°

8. Two particles A and B of the same mass but having charges q and 4q respectively,

are accelerated from rest through different potential differences V 5, and Vg such

\Y%
that they attain same kinetic energies. The value of [V_Aj is :
B

1 1
GYR B - © 2 (D) 4
4 2
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Which of the following statements is correct for alpha particle scattering
experiment ?

(A)  For angle of scattering 0 ~ 0, the impact parameter is small.

(B)  For angle of scattering 0 = &, the impact parameter is large.

(C)  The number of alpha particles undergoing head-on collision is small.

(D)  The experiment provides an estimate of the upper limit to the size of target

atom.

Which one of the given graphs correctly represents the variation of photoelectric

current with the intensity of incident radiation, keeping other parameters fixed ?
Current Current

(A) (B)
| Intensity | > Intensity

Current Current

© (D)
| Intensity | Intensity

When intrinsic silicon semiconductor is doped with Al atom, then it :
(A)  decreases the number of holes in the conduction band.

(B)  increases the number of holes in the valence band.

(C)  increases the energy gap value.

(D) increases the number of electrons in the valence band.

Two cells of emf 2 V and 3 V, and internal resistance 1 Q2 and 2 Q, respectively

are connected in parallel. The effective emf and internal resistance of the

combination cell are respectively :

A) 3V,10 B) 5V,30Q
7 2 6 2
©) gV, 3 Q (D) gV, 3 @

9 P.T.O.
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Questions number 13 to 16 are Assertion (A) and Reason (R) type questions. Two
statements are given — one labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer from the codes (A), (B), (C) and (D) as given below.

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

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

(C)  Assertion (A) is true, but Reason (R) is false.
(D)  Both Assertion (A) and Reason (R) are false.
13.  Assertion (A) : Although the surfaces of a goggle lens are curved, it does not

have any power.

Reason (R) : In case of goggles, both the curved surfaces are curved on the

same side and have equal radii of curvature.
14.  Assertion (A) : The current density (J ) at a point in a conducting wire is in the

%
direction of electric field (E ) at that point.
Reason (R) : A conducting wire obeys Ohm’s law.

15.  Assertion (A) : Nuclear fission reactions are responsible for energy generation in

the Sun.

Reason (R) : Light nuclei fuse together in the nuclear fission reactions.

16.  Assertion (A) : The torque acting on a current carrying coil is maximum when it

is suspended in a radial magnetic field.

Reason (R) : The torque tends to rotate the coil on its own axis.

SECTION B

17.  Explain the terms depletion layer and potential barrier for a junction diode and

their formation. 2

18.  An electron is passing through a region and experiences no force. Under what
condition is it possible when the region has (a) only the magnetic field, and

(b) both the electric and the magnetic fields ? Justify your answers. 2
55/S/3 11 P.T.O.
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(a) A cell is connected across an external resistance 12 Q and supplies 0.25 A

current. When the external resistance is increased by 4 Q, the current

reduces to 0.2 A. Calculate (i) the emf, and (i1) the internal resistance, of

the cell. 2

OR

(b) Two point charges of 3 uC and 4 puC are kept in air at (0-3 m, 0) and

(0, 0.3 m) in x-y plane. Find the magnitude and direction of the net electric

field produced at the origin (0, 0). 2
A point light source rests on the bottom of a bucket filled with a liquid of
refractive index p = 1.25 up to height of 10 cm. Calculate :

(a) the critical angle for liquid-air interface
(b)  radius of circular light patch formed on the surface by light emerging from
the source. 2

State Huygens principle. Using it draw a diagram showing the details of passage

of a plane wave from a denser into a rarer medium. 2

SECTION C

(a) The radius of a conducting wire AB uniformly decreases from its one end

A to another end B. It is connected across a battery. How will (i) electric
field, (ii) current density, and (iii) mobility of electrons change from end A

to end B ? Justify your answer in each case. 3
OR

(b)  Two large plane sheets P; and P, having charge densities + ¢ and -~ 3 o

respectively are arranged parallel to each other as shown in the figure. Find

%
the net electric field (E ) at points A, B and C. 3

13 P.T.O.
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Two point charges of 10 uC and 20 uC are located at points (— 4 cm, 0, 0) and

(5 cm, 0, 0) respectively, in a region with electric field E = EX where
r

A =2 x 106 NC*!' m2 and Tis the position vector of the point under

consideration. Calculate the electrostatic potential energy of the system.

Explain the following, giving proper reason :

(a) During charging of a capacitor, displacement current exists in the
capacitor. But there is no displacement current when it gets fully charged.

(b)  The frequency of microwaves in ovens matches with the resonant
frequency of water molecules.

(©) Infrared waves are also known as heat waves.

Radiations of frequency 3.0 x 1015 Hz are incident on a photosensitive surface of
threshold frequency 1.0 x 1015 Hz. Calculate

(a) work function of the surface

(b)  maximum kinetic energy of photoelectrons

2

. 6 : . . :
A small circular loop of area — cm< is placed inside a long solenoid at its centre

s

such that its axis makes an angle of 60° with the axis of the solenoid. The number
of turns per cm is 10 in the solenoid. The current in the solenoid changes

uniformly from 5 A to zero in 10 ms. Calculate the emf induced in the loop.

An ideal resistor R, an ideal inductor L and an ideal capacitor C are connected,

one by one, across the same source of ac voltage v = v, sin wt. It is observed that

the same current I flows in each case.

(a) What will be the instantaneous value of current that will flow through their
series combination when connected across the same source ?

(b)  How will the current in each case be affected if the frequency of the source
is increased ?

Justify your answers.

(a) Draw the shape of intensity distribution curve of the fringes due to
diffraction at a single slit.

(b)  Derive the relation for the power of combination of two lenses placed in
contact co-axially.

3

15 P.T.O.
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SECTION D

Questions number 29 and 30 are case study-based questions. Read the following paragraphs

and answer the questions that follow.

29.  The process of converting ac into dc is called rectification and the device used is
called a rectifier. When ac signal is fed to a junction diode during positive half
cycle, the diode is forward biased and current flows through it. During the
negative half cycle, the diode is reverse biased and it does not conduct. Thus the
ac signal is rectified. The p-n junction diodes can be used as half-wave and
full-wave rectifiers.

(1) Which bulb/bulbs will glow in the given circuit ? 1
A0 12
™= ™=
B, B,
(A) Bjonly (B) B, only
(C) Both B and B, (D) Neither B nor B,
(1) (a) A full-wave rectifier circuit is shown in the figure. The contribution
in output waveform from junction diode D is : 1
V.
1
D
N
L1
N\
Vv < ° t
S @ ©
N A%
I/ID R 0
2 o
(A) AD B) A,C
(©) B,D (D) B,C

OR
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30.
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(iii)

(iv)

(b) Tt erel-qi feweri T Frfa BT ©
(A) e 3ftfert o1 wanfefyrn (B) TRl IR Had
(C) 3t 3 ey wahfe i (D) T SR Faa

p-n €Y SRS H p-HeTeh W 3 n-FeTeh W TgEEd ST SHAR: Bld & ;

(A) SARM, TAFH (B) 3IAHH, BA
(C) =, Ed (D) &I, S

afe 37T femehrl T ST 50 Hz &, @ qoI-aT [GBehRT T ST g :
(A) 25Hz (B) 50 Hz

(C) 100 Hz (D) 200 Hz

feerat 1, =R 9 et & stoar grah, stfieneaores fasrvar s fEga st g
€, S wfesr afvwEt € | o ol g gufend &1 WA ST st e forega Ty =
mior d €, STeIfer i3 awETe! a1 reh fGyd 1 Wil Seer w ¢ | fowa
37 7o = ST ferega-art Iea1 had € | fonelt amey fergga-at # feor fopw ST W
Torea Toge S-3ATe0 o AV A ¢ |

(1)

31 weferm forgg et =y, omm wedren fagge gt d S qerfera 2 st - q ok
+ q ¥ S, x-y T H 38 Toh Fatbere fordm T € fob 379k Feorrert qet-forg
O T € T SHATaIST shHRT: forgat (d, 0) A (0, d) W fbor & | 5 Ty =1 et
%%334@%

(A)  —qd(i+]) B) qd(i+])

© qd(i-7) D) qd(j-1)

18



(b) The output in a half-wave rectifier is : 1
(A) unidirectional without ripple (B) steady and continuous

(C)  unidirectional with ripple (D) steady but discontinuous

(i) In a p-n junction diode, the majority charge carriers on p-side and on

n-side are, respectively : 1
(A) electrons, electrons (B) electrons, holes
(C)  holes, holes (D) holes, electrons

(iv)  If the frequency of the half-wave rectifier is 50 Hz, the frequency of

full-wave rectifier is : 1
(A) 25Hz (B) 50Hz
©) 100 Hz (D) 200 Hz

30. Dipoles, whether electric or magnetic, are characterised by their dipole moments,
which are vector quantities. Two equal and opposite charges separated by a small
distance constitute an electric dipole, while a current carrying loop behaves as a
magnetic dipole. Electric dipoles create electric fields around them. Electric

dipoles experience a torque when placed in an external electric field.

(1) Two identical electric dipoles, each consisting of charges —q and +q
separated by distance d, are arranged in x-y plane such that their negative

charges lie at the origin O and positive charges lie at points (d, 0) and

(0, d) respectively. The net dipole moment of the system is : 1
A A ALA
(A)  —qd(i+]) B) qd(i+j)
A AA
©  qd(i-j) (D) qd(j-1)
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(ii)

(iii)

(iv)

2a 30 W quferd qoT — q AR + q A F 5 el gy & o g
r (>>a) % (1) Torelt foreg ST 3ueh 37e1 ot feerd €, T (2) Toreft forg it fergerclar
qa T a2, W forega-& & afemor s B, STRE, 8 | a9 (Ej g
E,

1

1
A - B) - ©) 2 (D) 4
4 2

5.0 x 1078 Cm fega st 1 i forera feger foreft Tt wrarwr o v 2 it forett
i T &7or vt Farre- 8 BT 9T 1.0 x 103 N/C % | 39 &0 W frgm-a E
1 fig oot P @ g 3002 | 99 v fg T i -t wfror
2

(A) 2.5x10 Nm (B) 5.0 x 10> Nm

(C) 1.0x10"*Nm (D) 2.0x 10~ °Nm

(a)  TTSSISH WA H IS soiag fohell T o =R ST =1l v & Bt
1 FATHTL HadT H TRGHHT L T8 8 | 30 SoIag o Frarehrd fgrer Tt

T URHTTR -
(A) 4devr (B) 2evr

1 1
(C) —evr (D) — evr

2 4

JrraT
(b) ST 5.0 cm % IHR UM & 2.0 A hiT 91T FaTfea & & & | 390 arer §

el Trershia fagga STt ot qiET 2
(A)  1.0x 1073 Am? (B) 5.0 x 1073 Am?
(C) 1.0x 102 Am? (D) 5.0 x 1072 Am?

20
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(ii)

(iii)

(iv)

E, and E, are magnitudes of electric field due to a dipole, consisting of

charges —q and +q separated by distance 2a, at points r (>> a) (1) on its

E
axis, and (2) on equatorial plane, respectively. Then E_l is
2

1 1
A - B) - ©) 2 (D) 4
4 2

An electric dipole of dipole moment 5.0 x 10~8 Cm is placed in a region
where an electric field of magnitude 1.0 x 103 N/C acts at a given instant.
At that instant the electric field E> is inclined at an angle of 30° to dipole
moment F) The magnitude of torque acting on the dipole, at that instant
is :

(A) 2.5x10° Nm (B) 5.0 x 10> Nm

(C) 1.0x10"4Nm (D) 2.0x10"9Nm

(a) An electron is revolving with speed v around the proton in a
hydrogen atom, in a circular orbit of radius r. The magnitude of
magnetic dipole moment of the electron is :

(A) 4devr (B) 2evr
1 1
(C) —evr (D) — evr
2 4
OR

(b) A square loop of side 5.0 cm carries a current of 2.0 A. The
magnitude of magnetic dipole moment associated with the loop is :

(A)  1.0x 1073 Am? (B) 5.0 x 1073 Am?

(C) 1.0x 1072 Am? (D) 5.0 x 1072 Am?
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3. (a)

(b)
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(ii)

(1)

(ii)

Qs

IR NG hl TE™dr ¥ Tl ac SIfFa i wrfafr i e
Fifor | forelt &1or «¢* W IfE o ar st (emf) & T =i ymw Hifsiw |

IS v, ©eT &fdst a X'X R Tar § q1 3699 3.0 A 9T Yared
D W | A § Wl STER 39 R X'X % U IS SRR 99
MNPS, el ofsit 2l walTg 10 cm & o7 fS&@ 1.0 A 9 Yerrfed &

W7, W@ 2 | 39 IR & HRU IR T A T 42 Jrehid ot
geaTor S e sma hifere |

% X
|
20 cm
I
b £ ‘1"-.,
5 3 P

TS o forgd-Srarehia SToT o Toemt o1 Soce HIT qem o &
T IYANT fTRaT | forelt puselt & T-Sehed o foTq 3ush! Samfdta
HTET QAT HTEHH i FIehTerdT o Yai H ssfeh Y16 shifelg |

forelt 220 v o1 R ST 6T ac AR % @rer Aoft § € 20 Q A
iR, 80 pF ST HETIG T 50 mH T ST S © | S SATfd Al
TR 3@ UREY fi g (THfoh) AN F T 2, @1 afehiad
EAIELE

(1) S S srofer st

()  uty Y gfqarer
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3. (a)

(b)
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(1)

(ii)

(ii)

SECTIONE

With the help of a labelled diagram, explain the working of an ac
generator. Obtain the expression for the emf induced at an instant
‘1.

A long, straight horizontal wire X'X is held stationary and carries a
current of 3.0 A. A square loop MNPS of side 10 cm, carrying a
current of 1.0 A is kept near the wire X'X as shown in the figure.
Find the magnitude and direction of the net magnetic force acting

on the loop due to the wire.

. IA
|
20 cm
I
M € N
g >
1 A P

OR

State Faraday’s law of electromagnetic induction and mention the
utility of Lenz’s law. Obtain an expression for self-inductance of a

coil in terms of its geometry and permeability of the medium.

A resistance of 20 Q, a capacitance of 80 uF and an inductor of
50 mH are connected in series. This combination is connected
across a 220 V ac supply of variable frequency. When the
frequency of supply equals the natural frequency of the circuit,

calculate :
(1)  angular frequency of supply

(2) impedance of the circuit
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32. (a)

(b)
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(ii)

(1)

(ii)

Terell GTTefir gUelt o STMgyaeh qorm TR Al sl STfWehed T id
GH fohet &1 9 STl shi A1 | 1@ a1 8 2 fohelt el shi SAmeeiT
aaT o fore 30 feufa & =iste e Sifve Sie sifam gfdfors s=a ™
AT R |

TS TS Tortur forelt wreTg FrsiTenit frsH o Teh weteh TX 45° o whI00
T AT SRt & ST firsm & wmfiraa: Tor SiTeft 2 | uftewfora Aife
(1) TS0 50 Sea fermret ot

) o0 % ueref 1 "adais

HAYAT

Toh T3t o Toraa e o garor & foru foreft Tt forameherTd =1 9ot
T |

et o TTT ST W SR ATAR HiS TR ¥ (ST 1.50) Toreft
A JUT o sk O ToRE! SaT shT 0 o | e W 1T © | IS SISt 3
TSTaehT A1k o o e 3787 W 2, 31&T o SR FuL-A=l Tl U 39
YT FHTANSIA sht STt @ fo FS 6T 1ok o1 Ieer whiforr g3 st feuf
T E S | o § g ol gl /IO W 45.0 om TS ST © | SIS 5 R
ETHL T SRINT oh eI foaT ST €, 1 7% 38 30.0 cm TS ST & | 59
ST IR JTd hITSTT |

P —s

s
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32. (a) (1) What are the two main considerations for designing the objective
and eyepiece lenses of an astronomical telescope ? Obtain the
expression for magnifying power of the telescope when the final

image is formed at infinity.

(i1) A ray of light is incident at an angle of 45° at one face of an
equilateral triangular prism and passes symmetrically through the

prism. Calculate :

(1)  the angle of deviation produced by the prism

(2) the refractive index of the material of the prism 5
OR
(b) (1) Describe a simple activity to observe diffraction pattern due to a

single slit.

(i)  The figure below shows an equiconvex lens (of refractive index
1.50) in contact with a liquid layer on top of a plane mirror. A small
needle with its tip on the principal axis is moved along the axis
until its inverted image is found at the position of the needle. The
distance of the needle from the lens is measured to be 45.0 cm.
When the liquid is removed and the experiment is repeated, the new

distance is 30.0 cm. Find the refractive index of the liquid. 5

P —s

?ja?ﬁﬁffr;.... ..;:f#ﬂ
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33.
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(a)

(b)

(1)

(ii)

(1)

(ii)

5o T fohe hEd & 2 FoIWI m QT A q & fRET o St TRt
fovaTar v gr0 form @ oot fomam TR 2 | 39 0T § Helg @ St
qareed & fou =2isieh g iy |

3315 mW Fid Wik < forelt &1 510 5.0 x 1014 Hz oTdfd &
Teha Uil ThTST Scq—T fora 7T B | Iftenferd shifsra

(1) 39 TohIRT G- H WBIEH &l Sl

(2) G R Ifd TehUE ScafSid Wil shl T

AT

I o SR BT Seci@ hITSTT TAT BTFEISH AT o L o Higed §
nfl & % FAFLM 31 Holl oh A STk Feq= shioIg |

1 o i pfererai st St b1 (MeV ) e i |
ﬁ'EITTI'QT%:

m ( lgc) = 12.000000 u
(o)
()

(l)n 1.008665 u

m
m

—_ —

H|=1.007825u
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33.
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(a)

(b)

(ii)

(1)

(ii)

What are matter waves ? A particle of mass m and charge q is

accelerated from rest through a potential difference V. Obtain an

expression for de Broglie wavelength associated with the particle.

Monochromatic light of frequency 5.0 x 1014 Hz is produced by a

source of power output 3.315 mW. Calculate :
(1) energy of the photon in the beam

(2)  number of photons emitted per second by the source
OR

State Bohr’s postulates and derive an expression for the energy of

electron in nth orbit in Bohr’s model of hydrogen atom.
T . 12
Calculate binding energy per nucleon (in MeV) of 6C .

Given :

m ( lgC) =12.000000 u
=1.008665 u

1
m ( 1H) =1.007825u
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=6.63x10*[3.0x 10" —1.0x10"]
=13.26x10°J

=8.29¢eV

Yo
Yo

Yo
Yo
Yo

Yo

26.

qrer H R emf &1 IReEeleT 3

_d
dt

:%(,uonlAcose)

(BAcost)

dl
=| u,nNAcosd.—
le] ( L,NACO! dtj

|e| = 47 x107" x1000x © 410 cos60° x>
r 0?

=6x10" V

Yo

Yo




27.

(a) AN TITSTA H YRT &7 dlcaTOIh AT ATd el 1%
(b) URT TR TG T T AR IHebT Gioeahior 1Y%

(@) Current, I=—=

ac dloedl & TATT g & v da gaol & 9RT AT &
R=X, =X,

s L, Raarc Aoy & §Afaa § a9

Z=R

A/
o I_Esmcot

(b) afe @il T Mgy A gefer & STl § o ey TR aRuy
H ORI AT Wl § 30 HROT Ig ¢ T 3N gfaer @a $ir
3T R AR TE A ¥ |

el 3R Wi T IR A gef el W ey RRT gRuy &

URT TedY § Fifr LY
1

| oc=

3Ad: v
a1 IR F geft A W ey WO Ry F ORT F gefy

1
g & wifn ey

| ocv

Ye

Yo

Yo

Yo

Yo

Yo

28.

() radr faaror ask diger
(b) & oIET & HASTT HT &AA & AT JaY Fcoed HEGAT 2

@

R
——
—_—
—_—
——
.
i




(b)

Ug ol A GaRT Yidfess §efel & foT

TR

g o B cart gfafars eia & faw
1 1 1

———=— -———(2

v v, f,

HHOT (1) 3R (2) T TNT A W
11 1 1

—m—=—t— -———(3)

v u f f,

gie & Gl & fAhry & fhdl Tehel ol & Jed AT ST o 30
qed ol & Bihd gl f

111,

v u f

HHEOT (3)30X (4) @

1 1 1
R T —
f of f

P=
O_Q

s, P=RP

1
f

Yo

Yo

Yo

Yo

SECTION-D

29.

@
(b)

(i) (A) B4 only

(i) B)A, C
4T

(C) 3Fe & Ty s s

(iii) (D) 81ef, FolFelel

(iv) (C) 100 Hz

30.

@

(b)

m@mmb

S S =

(ii) (C) 2

=

(iii) (A) 2.5x 10° Nm

1
(iv) () 2
OR

5.0x10°Am?
(B)

SECTION - E

8




3L (a)

(i)  ac TS AHRT NG
ac SifalFdhT Sy 3
emf & fOIT <ot UIcd e

(i) o 1 gR&Amor 3R e AT Far

N PR

AT el
O

a.c Sifay $r 7 [Bfer

ST fordlt sl fonely Tk TATT Jehry & 7 forelt T ol
Ul O Ui o STem § A 38 IoRe alel gaehld Folrd H
aREAeT giaT § Torsh Bela®d 3H Sl # &5 emf AR & &

mamtwi%ﬁrﬁww
p; = BAcosat
_n32e

dt
¢ = NBAwsSnwt

E =

_ Hollg
(i) 2ar
qrer T S MN W ol
E o 47 x107" x3x1x10x107°
! 27 x 201072
F = 3x10" N
Tg 9 aX F g H 3R TR ¥
arer T IS SP W Sl
Fo_ A7 x107" x3x1x10x1072
? 27 x30x1072
F, = 2x10° N

Yo

Yo

Yo

Yo




(b)

g g dR Fr 3T R+ §
F=F-F =10" N

qrer WX =i gl
a1 9 #AC Fof dX & g T 3N &R ¢ |
372qar

(i) Tega grehrd WRoT & fAFd7 &1 Fyd Y
oo & TogeT 1 39drer Yy
FIRFcd o [T cToteh UTed el 2

(if) (1) ofg 3mgfa aRepferd e 1
(2) IRTy Fr gfdsmer aR&fed e 1

o et aRuy & IRT emf &1 IRAOT ARG F TR Tl
YIhg Folrd # TR T &7 & SR gl ¢ |

. éa%ﬁ'aﬂwm—a?‘iﬁaemfﬁwﬁﬂﬁa
AT ¢ |

o 3YEY FIC &FABA A, oFSTS / TUT Y Tehich oFals
WRT arell Rt oy aRefeasr W faar fifed afe 5@
Aot & URT/ arfgd & W@ & ar IRt & ieX
qaehra &

B = ynl

AREATTART & T Fol IShIT Folehd
Ngg = (nl)(uonl )(A)

Npg = un°All

FIRFcT

L — NwB
|

L = yn’A

g aReford & iR 3mifars e dfaar ‘@ Fi5 gard
U C

L = /Jr,uonzAI
(i) (1) 3TAErT ol Mg
1
Wy ==
° JLC
w, = 1 = 500 rads™
\J50x10%x80x10°

(2) St 3mqfet T g a9y H HT IR F TR §, a9
gfdarer = gfaiy

Ye

Ye

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo
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32.(a)

(i) HIAGh TUT AT ofdl T HfAFoTAT Hid
Y AR ¥ A9y &) A& &1d 1
gqelleT I Tt &THAT & foIT Sdsfeh Ied ahiell 2
(i) IRl
(1) T9=H garT facled SI0T T Iikehelod 1
() Bs"7 & 9erd F1 39adis &1 IR 1

ar fearei fqeg ard
IffqeEw & fav

1. 3f¥had g

2. JfOhdH BIhE gl
Afywr AT oW & v

1. o =aH

2. oY WIhd

fre e & 3mads AT (m)fAfers garT A7 W aRkda
HI0T B AUT T9Fd GaRT aF WX ( YT ofH W ) IHdRE HITah
3dTel o SRR @il ¢ |

Lhh T
a f, h f,
(i) i+e=D+A
aa D=D, ,i=e
2 =D_+A

2x45=D,, +60°
D,, =30°

11




(b)

3dar

(i) T BT & FROT e fagda deeT Fr 9efor el &
fIT FRIeT F1 fFavor 2
(ECKIEEERGIED 3

(i) @ (R S8l T 3T YR Yhsd g I 3odh [hadR THTAR

gl 3R gt & g T ThIoT BB 99 | B fremdie &
THTR 8 THA IWHT B FT 3deilehed T & |

$O HAISH Hel W &ed R e Just &1 deat fewrs
&t & |

1 1 1
e et

R

30T O T W gy, 1o o0om
Loasafl L]

30 R (-R)

= 30cm

AT T Brhd g, f = 45cm

gd & HHAITGA ofF H Bhd gl .
1 1

Yo

Yo

Yo

Yo

Yo

Yo
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33.(a)

(b)

(i) eI hr GRHATIT 1
Ssael aIIEET & U Sholeh e el 2
(i) (1) TPRIYSTHBIC AR FATT N [T cTehlell 1

(2) 9 A5 3cTTod BIelAl S T&IT IRSfoT 1

(i) wrfaeher Rz @ TFecy aioT A gegaisT Fed B
GeIATT m A 1A q & FHUT SART IictsT Soll & & H
Folr &7 afey

%m\/2 =qV
(mv)? =29vm

mv = ,/2mgV
ST HEY & 3HTAR
h

A=—
nv

h

J2mqV

@ @
E=hv

=6.63x10* x5x10*
=3.315x107%°)

1=

2

n=

m| o

~ 3315x10°° 1082

© 3.315x10°°
3rear
(i) OR & e %X 3
(i)  BTSSIolel URAY & rdl &M H Felarcial & Foll &
foT STaged el 2
(iii) SUTFa Sldegfaerdisl 1 aRerele 1%

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo
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(1) SR F AP

(i)  Tondll o] & &I golarclel ARYT TR Hemsit 7 fafavor
ot 3catoid [T 9T IREHTT #T Gehar 1

(i)  Solagiel oAfAe o AR R Hdel 3o1 HEMIT H & TRHAHUT
Xl ¢ 5T & T ol Jdereht AT h/2 &1 quiieh a[oTst
gIaT § | ST8r h oolis faadis (= 6.6 x 103 Js) | 3
IReFHT FRcl §U golaeial 1 HIUNT FIT (L) Farfed ¢ |

(i) P Selacld 39 AT &7 T 3feafad rfafeeol war &
qaY et Foll arell &t H HHAUT F Hhl § | 519 Tg
THT AT & dl Uk Bicled 3cdiaid gl & Tordehl il IRTHAS
uq 3ifad IaeA3t fr ST F AW & R v Bl

el grsgioe TRy it TAT AT A geAFCT B FA FAl

e

R M

STEl r o, n¥ et fr e g
n’h’g,

T )

e
~8n’g,h?
(ii)

(g gify | AM=[6m(en) +6mGH) |-m(iC)
Am= (6x1.008665 + 6x1.007825) —12.000000
Am=0.0989%4u
B.E.= Amx931.5MeV
=92.16MeV

. y =Y

St Foft 9fd sgfFerdrs By = A
9216
T 12

=7.68MeV

Ye

Yo

Yo

Yo

Yo

Yo

Yo

Yo
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Marking Scheme
Strictly Confidential
(For Internal and Restricted use only)
Senior School Certificate Examination, 2024
SUBJECT NAME PHYSICS[PAPER CODE 55/5/3]

General Instructions: -

1

You are aware that evaluation is the most important process in the actual and correct
assessment of the candidates. A small mistake in evaluation may lead to serious problems
which may affect the future of the candidates, education system and teaching profession. To
avoid mistakes, it is requested that before starting evaluation, you must read and understand
the spot evaluation guidelines carefully.

“Evaluation policy is a confidential policy as it is related to the confidentiality of the
examinations conducted, Evaluation done and several other aspects. Its’ leakage to
publicin any manner could lead to derailment of the examination system and affect the
life and future of millions of candidates. Sharing this policy/document to anyone,
publishing in any magazine and printing in News Paper/Website etc may invite action
under various rules of the Board and IPC.”

Evaluation is to be done as per instructions provided in the Marking Scheme. It should not
be done according to one’s own interpretation or any other consideration. Marking Scheme
should be strictly adhered to and religiously followed. However, while evaluating, answers
which arebased on latest information or knowledge and/or areinnovative, they may be
assessed for their correctness otherwise and due marks be awarded to them. In class-
X, while evaluating two competency-based questions, please try to understand given
answer and even if reply is not from marking scheme but correct competency is
enumer ated by the candidate, due marks should be awarded.

The Marking scheme carries only suggested value points for the answers

These are in the nature of Guidelines only and do not constitute the complete answer. The
students can have their own expression and if the expression is correct, the due marks should
be awarded accordingly.

The Head-Examiner must go through the first five answer books evaluated by each evaluator
on the first day, to ensure that evaluation has been carried out as per the instructions given
in the Marking Scheme. If there is any variation, the same should be zero after delibration
and discussion. The remaining answer books meant for evaluation shall be given only after
ensuring that there is no significant variation in the marking of individual evaluators.

Evaluators will mark( V' ) wherever answer is correct. For wrong answer CROSS X” be
marked. Evaluators will not put right (v')while evaluating which gives an impression that
answer is correct and no marks are awarded. This is most common mistake which
evaluator s are committing.

If a question has parts, please award marks on the right-hand side for each part. Marks
awarded for different parts of the question should then be totaled up and written in the left-
hand margin and encircled. This may be followed strictly.

If a question does not have any parts, marks must be awarded in the left-hand margin and
encircled. This may aso be followed strictly.

If a student has attempted an extra question, answer of the question deserving more marks
should be retained and the other answer scored out with a note “Extra Question”.

10

No marks to be deducted for the cumulative effect of an error. It should be penalized only
once.

11

A full scale of marks 0-70 (example O to 80/70/60/50/40/30 marks as given in Question
Paper) hasto be used. Please do not hesitate to award full marksif the answer deservesit.

12

Every examiner has to necessarily do evaluation work for full working hours i.e., 8 hours
every day and evaluate 20 answer books per day in main subjects and 25 answer books per




day in other subjects (Details are given in Spot Guidelines).Thisis in view of the reduced
syllabus and number of questionsin question paper.

13 Ensure that you do not make the following common types of errors committed by the
Examiner in the past:-

e Leaving answer or part thereof unassessed in an answer book.

e Giving more marks for an answer than assigned to it.

e Wrong totaling of marks awarded on an answer.

e Wrong transfer of marks from the inside pages of the answer book to the title page.

e \Wrong question wise totaling on the title page.

e \Wrong totaling of marks of the two columns on the title page.

e Wrong grand total.

e Marksinwordsand figures not tallying/not same.

e Wrong transfer of marks from the answer book to online award list.

e Answers marked as correct, but marks not awarded. (Ensure that the right tick mark is
correctly and clearly indicated. It should merely be a line. Same is with the X for
incorrect answer.)

e Half or apart of answer marked correct and the rest as wrong, but no marks awarded.

14 | While evaluating the answer booksiif the answer isfound to be totally incorrect, it should be
marked as cross (X) and awarded zero (O)Marks.

15 Any un assessed portion, non-carrying over of marks to the title page, or totaling error
detected by the candidate shall damage the prestige of al the personnel engaged in the
evaluation work as also of the Board. Hence, in order to uphold the prestige of all concerned,
it isagain reiterated that the instructions be followed meticulously and judiciously.

16 The Examiners should acquaint themselves with the guidelines given in the “Guidelinesfor
gpot Evaluation” before starting the actual evaluation.

17 Every Examiner shall also ensure that al the answers are evaluated, marks carried over to
the title page, correctly totaled and written in figures and words.

18 The candidates are entitled to obtain photocopy of the Answer Book on request on payment

of the prescribed processing fee. All Examiners/Additional Head Examiners/Head
Examiners are once again reminded that they must ensure that evaluation is carried out
strictly as per value points for each answer as given in the Marking Scheme.




MARKING SCHEME: PHY SICS(042)

Code: 55/5/3

Q. No. VALUE POINTS/IEXPECTED ANSWERS Marks| Total
Marks
SECTION A
(A) The wave is propagating along +x-axis.
(D) 45°
(A) M <(A-Z)m_+2Zm,
B%%v
4, - 1 1
D) R
5. (B) Behave like a paramagnetic material 1 1
6. (D) first real and then virtual. 1 1
7. (A) 30° 1 1
8. (D) 4 1 1
0. (C) The number of apha particles undergoing head on collision is small. 1 1
(C) Current
10. 1 1
Intensity
11. (B) increase the number of holes in the valence bond. 1 1
7., 2
12. =V,=Q 1 1
©3 '3
13 (A) Both Assertion (A) and Reason (R) are true and Reason (R) isthe 1 1
' correct explanation of the Assertion(A).
14 (B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the 1 1
' correct explanation of the Assertion(A).
15. (D) Both Assertion (A) and Reason (R) are false. 1 1
(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
16 1 1
' correct explanation of the Assertion(A).
SECTION B
17.
Explanation and formation of terms
Depletion layers 1
Potential barrier 1
During the formation of p-n junction due to the concentration gradient
holes diffuse from p- side to n-side leaving behind an immobile ionized
acceptor (negative charge), hence forming alayer of negative charge
(negative space-charge region) on p- side.
Similarly, alayer of positive charge is developed on the n-side of the 1
junction (positive space-charge region). This space — charge region on
either side of the junction together is known as depletion layer.
Due to the positive space- charge region on the n-side of the junction &
negative space — charge region on the p- side of the junction a potential 1
difference is devel oped across the junction of the two regions, whichis 5

called potential barrier.




18.

Condition for experiencing no force on electron in
(&) Only magnetic field and justification Yo +15
(b) In electric and magnetic field both and justification Yo+

(a) Force on an electron in magnetic field is zero when it moves paralel/
antiparallel to the direction of magnetic field.
F =qvBsing

Hence F =0,whend =0, =180°

(b) Force is zero when electron moves in a crossed field of electric and
magnetic fields with condition.

Ye

Yo

Yo

Ye

19 (8

(b)

F.+F,=0
E
V=—
B
(i) Caculating em.f of cell 1
(i) Calculating internal resistance of cell 1
| . &
R+r
&
025=—"o  ————- 1
12+r @
&
02=—"—  ——————-— 2
16+r (@)
On solving eq (1) and (2)
r =4Q
=4V
OR
Finding the magnitude of electric field 1%
Finding the direction of electric field Yo

(0,0.3m) [4,=4 uC

5 (o0 4, =3I

1

TR0 (0.3m ,0)
AN

| /-

1 'J> T

¢} —6
E = () - 24030 1y _3a0i(-H)NC?

r, (0.3
— qu ~ 9)(109 X4X 1076 a~ 5 2 1
E, r22( ) 03 (=)) =4x10°(-))

Yo

Yo

Yo

Yo

Yo
Yo




E=E +E,

E =JE +E2
E =5x10° NC*
ta\n¢9=il

— -1 4
g=tan (5 inclination with respect to the x-axis (in 11 quadrant).

Yo

Yo

20.

@ Calculation of critical angle 1
(b) Calculation of radius of circular light patch 1

sni_ = (-.-y=1.25=i—51)

25r2 =161 +16h° h=lo¢
9r? =1600

40
r=—cm
3

Ye

Yo

Yo

Yo

21,

e Stating Huygens Principle 1
e Diagram 1

HuygensPrinciple:

Each point of the wavefront is the source of a secondary disturbance and
the wavel ets emanating from these points spread out in all directions with
the speed of the wave. These wavel ets emanating from the wavefront are
usually referred to as secondary wavelets and if we draw acommon
tangent to all these spheres, we obtain the new position of the wavefront
at alater time.




SECTION-C

22.

@

(b)

(i) Variation of electric field and justification
(if) Variation of current density and justification
(iii) Variation of mobility of electrons and justification

Yot Yo
Yo+ Y
Yot Yo

Vith the decrease In area of Cross-section.

|
E= A", dectricfield increases

(i) A
o

W Ta , current density increases

er

m

He = , mobility remains same

OR

(iii)

Finding the net electric field (E) at pointsA,B & C

1+1+1

Electric field at A( )
EA = E.I. +E2

(o) 2 3o -
_2_50(_I)+2_50(|)
E, == ()
&o

Electricfidd at B (°#)
E, = E +E,

Electric field at C (5¢)
E.=E +E

Yo+l

Yot/

Yot/

Yo

Yo

Yo

Yo

Yo

Yo

23.

Calculating electrostatic potential energy of the system

3

Electrostatic potentia energy of the system :

U — kq1q2
12

K9, _ 9x10° x10x107°x 20x10™° 203

9x107?

+ oﬂ\/l + q2V2

r12

Yo




A 10x10°x2x10°

Yo

T =h r, 4x102
A  20x10°x2x10° 1/
=q,— = =800J 2
@2 =% r, 5x10°2
U = (20+500+800) J
U =1320J &
24. Explanation of (a),(b) and (c) with reason 1+1+1
. d
@ ey
Displacement current is due to changing electric flux.
During charging of capacitor, thereis change in electric flux.
When fully charged the electric field does not change hence electric 1
flux also does not change. Hence no displacement current.

(b) The frequency of the microwavesis selected to match the resonant
frequency of water molecules so that energy from the wavesis 1
transferred efficiently to the kinetic energy of the molecules.

(c) Infrared waves are also known as heat waves, because water

molecules present in most materials readily absorbs infrared waves and 1
their thermal motion increases and heat up.
25.
Calculating
(a) Work Function 1%
(b) maximum Kinetic energy 1Y%

(a) ¢o = hVo )
=6.63x10 ¥ x1.0x10" &
—6.63x10™J
=4.14eV Ya

(b) KE. . =h(V-V,) 1/2

=6.63x10 *[3.0x 10* —1.0x10"] 2
=13.26x 10" J
=8.29¢eV 7]
26.
Cdculation of em.f induced in the loop 3
E.m.f induced in the circular loop: axis
‘ %
o= . :
dt [,
d \
=—(BAcosd) Y1
dt W, .
:g(,uOnIAcose)
dt 1




di
= ACOSH. —
o = ranacoss. & |

|€| = 47 x107" x1000x ExlO_4 x c0s60° x

T 0
=6x10° V ¥
27.
(a) Finding instantaneous value of current in series combination 1%
(b) Effect of frequency on current and justification 1%
V,sin
(a) Current, | v oSinot
Z JR+(X —X.)?
For the same source of ac voltage and current is samein all the three cases.
R=X =X, Y
When L, Rand C arejoined in series
Z=R Yo
Vv, .
Hence , Instantaneouscurrent, | :ES n ot 1
(b) If frequency of the source is increased, current in pure resistive circuit
will remain same as ohmic resistance is independent of frequency. y
2
Current in pure inductive circuit will decrease as
X, ocv
S0, | oc1 7]
v
Current in pure capacitive circuit will increase as
| ccv R
28.
(a) Draw theintensity distributions current 1

(b) Deriving the relative for power of combination of two lenses 2

(@
e
—
—
T
(b)

For the image formed by first lens A, we get

Yo

6




11 1

——C=2 0

v, u f

For the image formed by the second lens B, we get
1 1 1

e R

v v, f,

Adding egs (1) and (2) we get

11 1 1

e )

v u f f,
If the two lens system is regarded as equivalent to a single lens of focal
length f, we have

111

TG,

v u f

From egs (3) & (4)
1 1 1

=+ —
f f f
As, le

f

Hence, P=B+P,

Yo

Yo

Yo

SECTION-D

29.

@

(b)

(A) Bionly

(i) B)A, C
OR

(C) unidirectional with ripple

(iii) (D) holes, electrons

(iv) (C) 100 Hz

30.

@

(b)

i) (B) qd(i+j)

e S =

(ii) (C) 2

=

(iii) (A) 2.5% 10° Nm

1
(iv) () 2
OR

5.0x10°Am?
(B)

SECTION - E

31. (a)

0] Labelled diagram of ac generator
Working of ac generator
Obtaining expression for e.m.f

(i)  Finding magnitude of force and direction

N R BP R




(b)

Working of ac generator

When coil is rotated in a uniform magnetic field with a constant angular
speed o, magnetic flux through it changes. As aresult, an em.f isinduced
in the coil.

Flux linked with the coil at any instant ‘t’ is

@, = BAcosaot
£ =—N%
at

e = NBAwsnwt

AP
M 7 2w
force on arm MN of the loop
E o Arx107" x3x1x10x107
! 27 % 20x107
F = 3x107 N

Force is directed away from the wire
Force on arm SP of the loop

Fo_ A7 x107" x3x1x10x1072
2 27 x30x1072
F, = 2x 107 N

Force directed towards the wire
Net force on the loop
F=F-F =10" N
Net force on the loop is away from the wire.

OR

(i) Statement of Faraday’s law of electromagnetic induction %%
Utility of Lenz’s law
Obtaining expression for self inductance
(i) (1) calculating angular frequency
(2) calculating impedance of the circuit

PERNY

(i) The magnitude of induced em.f in acircuit is equa to the time rate of
change of magnetic flux through the circuit
Utility of Lenz’s law
It give polarity of theinduced em.f .

Yo

Yo

Yo

Yo

Yo
Yo

Yo

Yo

8




Expression for self inductance

Consider along solenoid of cross-sectional area A and length |, having

n turns per unit length. If | isthe current flowing in the solenoid,
magnetic field inside the solenoids is
B = gnl
Total magnetic flux linked with the solenoid is
Neg = (nl)(zon)(A)

Npg = un°All
Self inductance
L — N¢B
I
L = ynAl
If solenoid isfilled with amaterial of relative permeability “ , then
L = /ur/uOnZAI
(i) (1) Resonant angular frequency is
1
Oy =
° JLc
w, = 1 = 500 rads™
J50x10°x80x10°°

(2) When frequency of supply isequal to natural frequency of the
circuit

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo

32. (a)

Z =R
Z =200
(i) Two main considerations for designing objective and eye piece 1
Obtaining expression for magnifying power of telescope 2
(i) Calculating
(2) Angle of deviation 1
(2) Refractive index 1

Two main considerations
Objective should have
1. Larger diameter
2. Larger focal length
Eye piece should have
1. Smaller diameter
2. Smaller focal length

=

Magnifying power of telescope

Magnifying power is the ratio of the angle  subtended at the eye by the

final images to the angle o which the object subtends at the lens or eye

Yo

Yo




(b)

a f. h f
(i) i+e =D+A
aa D=D, ,i=e
2i=Dm+A
2><4-5:Dm-i-600
Dm=300
(A+ij
[n
_ 2
e
sn| —
2
60° +30°
3 2
w7
an| —
2
2

OR

(i) Describing activity to observe diffraction pattern
dueto asingle dlit
(if) Finding refractive index of the liquid

[SIN\V]

(i) Wehold two razor blades in such away that their edges are parallel
and with a narrow dlit in between. Keep the dit parale to the
filament of electric bulb, right in front of the eye.

A diffraction is seen with its bright and dark bands.

1 1 1
o TR R

Focal length of convex lens,
i=(1.5—1) i 1
30 R (-R)

R = 30cm

focal length of combination, f = 45 cm
focal length of plane concave lens of liquid.

f,=30cm

1 1 1
f, ot
1 1 1
f, 45 30
f, =-90cm

Using lens maker’s formula

1]
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Ye

33.(3)

(b)

(i) Defining matter waves
Obtaining expression for de- Broglie wavelength
(i) (1) Calculating energy of photon
(2) Caculating number of photons per second

PR NP

(i) Wave associated with amassin motion is called matter wave.
Particle of mass m and charge q gains energy in the form of kinetic
energy.
Lo qv
2

(mv)? = 2gVm

mv=~/2mqv

Accordingly to de-Broglie relation

a=n

(i) (1)
E=hv
=6.63x10* x5x10"
=3.315x107%°J

)
P
n=—
E

_ 3.315x10° _ 10
3.315x10°"

OR

(i) Bohr’s postulates Yox 3
Deriving expression for energy of eectron in n' orbit of
hydrogen atom 2

(it) Cdculating Binding Energy per nucleon 1%

(i)

Bohr’s Postulates

(a) Bohr’s first postulate was that an electron in an atom could revolve
in certain stable orbits without the emission of radiant energy,

(b) Bohr’s second postulate defines these stable orbits. This postulate
states that the electron revolves around the nucleus only in those
orbits for which the angular momentum is some integral multiple of
h/2 = where h is the Planck’s constant.
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(c) Bohr’s third postulate states that an electron might make atransition
from one of its specified non-radiating orbits to another of lower energy.
When it does so, a photon is emitted having energy equal to the energy
difference between the initial and final states.

Derivation
Total energy of electron in the stationary state of hydrogen
atomsis
eZ
- (727 (R D
Where r, is radius of n'" orbit
o n’h’g,
" ame? mreeemeeeeeees 2

Substituting eq (2) ineq (1)

E, =

- 8n’e,’h°
(ii)
Mass defect, AM=|6M(sn) +6m(iH) |-m(C)
Am= (6x1.008665 + 6x1.007825) —12.000000
Am=0.09894u
B.E.= Amx931.5MeV
=92.16MeV

. E, =2
Binding energy per nucleon, A
9216
12
=7.68MeV
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