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General Instructions :

Read the following instructions very carefully and follow them :

()
(1)
(iii)
(i)
(v)
(v)

This question paper contains 33 questions. All questions are
compulsory.

Question paper is divided into FIVE sections — Sections A, B, C, D
and E.

In Section A : Question numbers 1 to 16 are Multiple Choice (MCQ) type
questions. Each question carries 1 mark.

In Section B : Question numbers 17 to 21 are Very Short Answer (VSA)
type questions. Each question carries 2 marks.

In Section C : Question numbers 22 to 28 are Short Answer (SA) type
questions. Each question carries 3 marks.

In Section D : Question numbers 29 & 30 are Case Study-Based
questions. Each question carries 4 marks.

(vit) In Section E : Question numbers 31 to 33 are Long Answer (LA) type

questions. Each question carries 5§ marks.

(viit) There is no overall choice given in the question paper. However, an internal

(ix)
(x)
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choice has been prouvided 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=3x 108 m/s

h=6.63 x 10734 Js

e=1.6x10"1C

Ho=4n x 1077 Tm A~

gy = 8.854 x 10712 C2 N1 m~2

1
Te. =9x 109N m2C2

Mass of electron (m,) = 9.1 x 103! kg.

Mass of neutron = 1.675 x 1027 kg.

Mass of proton = 1.673 x 10727 kg.

Avogadro’s number = 6.023 x 1023 per gram mole
Boltzmann’s constant = 1.38 x 10723 JK~!
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SECTION - A

Figure shows variation of Coulomb force (F) acting between two point
A : :
charges Wlthﬁ, r being the separation between the two charges (q; q,)

and (q,, q3). If q, is positive and least in magnitude, then the magnitudes
of q;, q, and q4 are such that

F
(q,, 9,
A
2
(g, ay)
A) gy <dq3 <4 (B) q3<4q; <dy
©) q; <dqy,<dg (D) gy <dq; <dg

Two wires P and Q are made of the same material. The wire Q has twice
the diameter and half the length as that of wire P. If the resistance of wire
P is R, the resistance of the wire Q will be

@ R ® =
R
© o ©) 2R

A 1 cm segment of a wire lying along x-axis carries current of 0.5 A along

%
+x direction. A magnetic field B = (0.4 mT) j\ + (0.6 mT) k is switched on,
in the region. The force acting on the segment is

A) (2] + 3K) mN (B) (=3j + 2k) uN
(C) (6] + 4k) mN (D) (=4 + 6k) uN

A coil has 100 turns, each of area 0.05 m2 and total resistance 1.5 Q. It is
inserted at an instant in a magnetic field of 90 mT, with its axis parallel
to the field. The charge induced in the coil at that instant is :

(A) 3.0mC (B) 0.30C

(C) 0.45C D) 15C

You are required to design an air-filled solenoid of inductance 0.016 H
having a length 0.81 m and radius 0.02 m. The number of turns in the
solenoid should be

(A) 2592 (B) 2866

(C) 2976 (D) 3140
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o0
x ~
6. A voltage v = v, sin ot applied to a circuit drives a current i = i, sin (ot + ¢)
in the circuit. The average power consumed in the circuit over a cycle 1s 1
(A) Zero B) 1, v,ycosd
© 25" ®) % cos ¢

7. The given diagram exhibits the relationship between the wavelength of
the electromagnetic waves and the energy of photon associated with them.
The three points P, Q and R marked on the diagram may correspond

respectively to : 1
Energy4

Q

A Wavelength
(A) X-rays, microwaves, UV radiation
(B) X-rays, UV radiation, microwaves
(C) UV radiation, microwaves, X-rays
(D) Microwaves, UV radiation, X-rays

8. A beaker is filled with water (refractive index g) upto a height H. A coin is
placed at its bottom. The depth of the coin, when viewed along the near

normal direction, will be 1
H 3H
@ 5 ®
4H
(© H ® 5

9. The stopping potential V; measured in a photoelectric experiment for a

metal surface is plotted against frequency v of the incident radiation. Let
m be the slope of the straight line so obtained. Then the value of charge of

an electron is given by (h is the Planck’s constant.) 1
m
(A) mh ® 1
h 1
© 4 D Tn
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10. Let 2, Kp and A4 be the wavelengths associated with an electron, a proton
and a deuteron, all moving with the same speed. Then the correct relation

between them is 1
(A) Ag>2, >0, B) Le>h,>2y
(©) Ay >Ne>2g D) xr, = Ay =g
11. Which of the following figures correctly represent the shape of curve of
binding energy per nucleon as a function of mass number ? 1
BE. i B.E.
A ! A
) | (B)
: > A
56
BE| /N BE| /i
A i ;
(© ; (D) ;
I > A | > A
80 80
12. When a p-n junction diode is forward biased 1

(A) the barrier height and the depletion layer width both increase.
(B) the barrier height increases and the depletion layer width decreases.
(C) the barrier height and the depletion layer width both decrease.
(D) the barrier height decreases and the depletion layer width increases.

Note : Question numbers 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 Assertion (A).

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

(C) Assertion (A) is true, but Reason (R) is false.

(D) Assertion (A) is false and Reason (R) is also false.

13. Assertion (A) : It is difficult to move a magnet into a coil of large
number of turns when the circuit of the coil is closed. 1
Reason (R) : The direction of induced current in a coil with its circuit
closed, due to motion of a magnet, is such that it
opposes the cause.
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14. Assertion (A) : The deflection in a galvanometer 1s directly
proportional to the current passing through it. 1
Reason (R) : The coil of a galvanometer is suspended in a uniform
radial magnetic field.

15. Assertion (A) : We cannot form a p-n junction diode by taking a slab of
a p-type semiconductor and physically joining it to

another slab of a n-type semiconductor. 1
Reason (R) : In a p-type semiconductor 7, >> 7, while in a n-type

semiconductor 7, >> 7,.

16. Assertion (A) : The potential energy of an electron revolving in any
stationary orbit in a hydrogen atom is positive. 1
Reason (R) : The total energy of a charged particle is always
positive.

SECTION - B
17. A battery of emf E and internal resistance r is connected to a rheostat.
When a current of 2A is dawn from the battery, the potential difference
across the rheostat is 5V. The potential difference becomes 4V when a
current of 4A is drawn from the battery. Calculate the value of E and r. 2

18. (a) In a diffraction experiment, the slit is illuminated by light of
wavelength 600 nm. The first minimum of the pattern falls at
0 = 30°. Calculate the width of the slit. 2
OR

(b) In a Young’s double-slit experiment, two light waves, each of

. . : . : . A
intensity I | interfere at a point, having a path d1fference§ on the

07
screen. Find the intensity at this point.

2
19. A transparent solid cylindrical rod (refractive index%) is kept in air. A

ray of light incident on its face travels along the surface of the rod, as
shown in figure. Calculate the angle 0. 2

20. Prove that, in Bohr model of hydrogen atom, the time period of revolution
of an electron in nth orbit is proportional to n3. 2

I 55/1/1 Page 11 of 24 P.T.O. I
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21. A p-type Si semiconductor is made by doping an average of one dopant
atom per 5 X 107 silicon atoms. If the number density of silicon atoms in
the specimen is 5 x 1028 atoms m™3, find the number of holes created per
cubic centimetre in the specimen due to doping. Also give one example of
such dopants. 2

SECTION - C

22. (a) Two batteries of emfs 3V & 6V and internal resistances 0.2 Q & 0.4 Q
are connected in parallel. This combination is connected to a 4 Q
resistor. Find : 3
(1) the equivalent emf of the combination
(1) the equivalent internal resistance of the combination
(111) the current drawn from the combination
OR
(b) (@) A conductor of length [ is connected across an ideal cell of emf
E. Keeping the cell connected, the length of the conductor is
increased to 2/ by gradually stretching it. If R and R’ are initial

and final values of resistance and v4 and Vd' are initial and final

values of drift velocity, find the relation between (i) R and R
and (ii) v4 and vy.
(11) When electrons drift in a conductor from lower to higher

potential, does it mean that all the ‘free electrons’ of the
conductor are moving in the same direction ?

_)
23. Using Biot-Savart law, derive expression for the magnetic field (B) due to
a circular current carrying loop at a point on its axis and hence at its
centre. 3

24. (a) Show that the energy required to build up the current I in a coil of
!
inductance L is B LIZ. 3

(b) Considering the case of magnetic field produced by air-filled current
carrying solenoid, show that the magnetic energy density of a
. . B2
magnetic field B is R
Ho
25. (a) A parallel plate capacitor i1s charged by an ac source. Show that the
sum of conduction current (I ) and the displacement current (I,;) has

the same value at all points of the circuit. 3
(b) In case (a) above, is Kirchhoff’s first rule (junction rule) valid at each
plate of the capacitor ? Explain.
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26. Answer the following giving reason : 3
(a) All the photo electrons do not eject with the same kinetic energy
when monochromatic light is incident on a metal surface.
(b) The saturation current in case (a) is different for different intensity.
(¢) If one goes on increasing the wavelength of light incident on a metal
surface, keeping its intensity constant, emission of photo electrons
stop at a certain wavelength for this metal.

27. (a) Define ‘Mass defect’ and ‘Binding energy’ of a nucleus. Describe
‘Fission process’ on the basis of binding energy per nucleon. 3

(b) A deuteron contains a proton and a neutron and has a mass of

2.013553 u. Calculate the mass defect for it in u and its energy

equivalence in MeV. (mp = 1.007277 u, m_ = 1.008665 u, 1u = 931.5

MeV/c2)

28. (a) Draw circuit arrangement for studying V-I characteristics of a p-n
junction diode. 3
(b) Show the shape of the characteristics of a diode.
(¢) Mention two information that you can get from these characteristics.
SECTION - D
Question numbers 29 and 30 are case study based questions. Read the
following paragraphs and answer the questions that follow.

29. A circuit consisting of a capacitor C, a resistor of resistance R and an ideal
battery of emf V, as shown in figure is known as RC series circuit. 4x1=4

1€
{1
S
e
s{x_‘
l_
\‘T

As soon as the circuit is completed by closing key S; (keeping S, open)

charges begin to flow between the capacitor plates and the battery
terminals. The charge on the capacitor increases and consequently
the potential difference V, (= q/C) across the capacitor also increases

with time. When this potential difference equals the potential difference
across the battery, the capacitor is fully charged (Q = VC). During this
process of charging, the charge q on the capacitor changes with time t as
q = Q[l - R

The charging current can be obtained by differentiating it and using
A (e™¥) = me™~,

Consider the case when R = 20 kQ, C =500 uF and V=10 V.
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() S S, I AU S, Gell 8 T [T T AfH o= 8 —
(A) 5uC (B) 5mC
(C) 25mC D) 0.1C

(ii) wRITH T o fC il S, 95 qUT S, Gell Wl § | 319 S, hl 5 7T S, I @A
T mn 2 | wenfer At sEw g 7

A I B) 5mC
(C) 2.5mC D) 5uC
(iii) RC o feru fofa gz g -
(A) [ML2T3 A2 (B) [MO LOT-1 A9
(C) [M-!L-2T4A2 (D) [MOLOT A9
(iv) Foll S, I AT S, Gell 8 | 5 HehUS o TR Nfckieeh ¥ JalTigd 9 &
u»-jﬁnm. B) /e mA
(C) émA (D) 2—1emA
T
(iv) Foll S, < T S, Gell 8 | Wickiees H TR 91 T HRFH 7H 2
(A) 5mA (B) 0.5 mA
(C) 2mA (D) 1mA

30. T 9aall ¥ o g1 § o1 UHT IRGR YehIfeh WL BT @ e hH § %A Th I8
T & A BFT MY, | Thed et I8 o fIQ dfers s+ o 1T 3 1 1gam
70 Tohedl <1 I8 & Fiemr T itk &9 & %6 Udct i@l oI oiF Heht T3 qUT 38
U o 3 TTH L Fehdl @ | [HHT 18 o Gl BihH fog Bld & [ “Tem iy foreg”
A T wishd forg) Fad & 3T S8 T ofF o U AR a1 GO o1 o gardl I &l
21 4x1=4
1) Screen

Convex
Lens

Plate on Hidden
Side of Box

Light Box
with Plate
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(i) The final charge on the capacitor, when key S, is closed and S, is

open, 18
A) 5uC B) 5mC
(C) 25mC (D) 0.1C

(i) For sufficient time the key S, is closed and S, is open. Now key S, is
closed and S, is open. What is the final charge on the capacitor ?

(A) Zero B) 5mC
(C) 2.5mC D) 5uC
(111) The dimensional formula for RC is
(A) [ML2T3 A (B) [MOLOTLA0
(C) [M1L2T4AZ (D) [MOLOTA9

(iv) The key S; is closed and S, is open. The value of current in the
resistor after 5 seconds, is

(A) Z—\I/EmA B) /e mA
(C) émA (D) 2—1emA
OR

(iv) The key S, is closed and S, is open. The initial value of charging

current in the resistor, 1s
(A) 5mA B) 0.5mA
(C) 2mA (D) 1mA

30. A thin lens is a transparent optical medium bounded by two surfaces, at
least one of which should be spherical. Applying the formula for image
formation by a single spherical surface successively at the two surfaces of
a lens, one can obtain the ‘lens maker formula’ and then the ‘lens
formula’. A lens has two foci — called ‘first focal point’ and ‘second focal

point’ of the lens, one on each side. 4x1=4
@) Screen

Convex
Lens

Plate on Hidden
Side of Box

Light Box
with Plate
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(i1)

(iii)

(iii)

(iv)
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IE T gt e W faem FHif | ueh e SHeafer T’ a2 T Mo aref 91t
S @ IS o RI< R 2 | 9 fm A vifc s w1 2 | S 3@
I I YETH TR STAT 8 A1 U TR SHehT ARtk Sdfens sHaT 2 |

frefafaa @ @ ol ¢ W 9 gfafera 1 o fredo w27

byt A

(A) (B) (&) (D)
=1 feam T i | e e B 7

(A) 3T g1 & foT 3TTaE Tea FoMcHs BT 2 |

(B) Toret gt gry s weft 3wt widfena o fou e emTeres giar ? |

(C) Iradet o8 o foTT 3Tae Hed gTcH BiT 2 |

(D) daTEdfdeh 3TN 3c1e Tfaferal & oy 3mae Ted Fomare giar 2 |

BIRH Gl f o fehHl 3Tt <IH 1 IHeb T & o TTraeld oI GHI WITI H el T
2 | 58 T T hl BIhg gff Bt

N\ B) 2f
© 1 o)
3
Jfe IR T (i) H Torrel &8 € 20 cm Gl W q7 9&1 T § 50 cm 1 g W
2 1 ITANT 3R T o1H <6l wihd gl 8
(A) 10cm (B) 12 cm
(C) 16cm (D) 20 cm

Torell IvaIer 18 < WU Wiy foreg & fore ot gt X, e witdfors & o|
Toctar wishe fog 0 gll X, 2, A1 oi| 1 %ishe gl 2

@A) XX, B®) X, +X,

X2
© /X, X, (D) X,
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(iii)

(iii)

(iv)
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Consider the arrangement shown in figure. A black vertical arrow
and a horizontal thick line with a ball are painted on a glass plate. It
serves as the object. When the plate is illuminated, its real image is
formed on the screen.

Which of the following correctly represents the image formed on the
screen ?

et

(&) D)
Which of the following statements is incorrect ?
(A) For a convex mirror magnification is always negative.

(B) For all virtual images formed by a mirror magnification is
positive.

(C) For a concave lens magnification is always positive.
(D) For real and inverted images, magnification is always negative.

A convex lens of focal length f’ is cut into two equal parts
perpendicular to the principal axis. The focal length of each part will
be :

A f B) 2f
© 1 o *
OR
If an object in case (1) above is 20 cm from the lens and the screen is
50 cm away from the object, the focal length of the lens used is
(4) 10cm (B) 12cm
(C) 16cm (D) 20cm

The distance of an object from first focal point of a biconvex lens is X,
and distance of the image from second focal point is X,. The focal
length of the lens is

@A) XX, B®) X, +X,

X2
© /X, X, (D) X,
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31. (@) () 5 pC3HR -1 pC e g fog &Y FHAM: (=3 cm, 0, 0) 3K (3 cm, 0, 0)
fargatl e fRorm & | 58 wRw § Pl aTe R A B = 5 1 ) ST

I.2
ferem T B, Wief A = 3 x 10° Vm ® | 39 fagga & o srur feem 61 fer
Terega St & witerda uftepfera hifse | 5

(i) 9Ty H feora <1 ametent < fopeft fehr W 32 31masr + 80 C T — 80uC & 5
37 o1 16V T favaT= 3= LT § |

(1) Trepra <t anfiar sma Hifs |

(2) Ife denfe ¥ 9y & TN W IEdTS 3 1 i WIdEd Jredy o fen
T 1 2 =TeTohi b sie forea= =1 8T ?

(3) a2 g9 =TeToh! T TSN 1 giEfdd ek + 160 uC 3 — 160 uC
o fean se a1 =1 e bt anfiar # 1S gfieds 2 ? 3 Ik
fore s i |

YT

(b) () " uferes Mefld @ A, B 31 C W o= Shifse faw g 61 freen
R | T @idl § B39 R/10 <t Tehgt &1 <l 7 & | 3 el @icti i
A +6q,—4q TUT 14q TS fedm T ] | 39k Hia 1 Tiel ol off sHA:
—2q, +8q 3R —10q &Y T T 2 | 9 @l A, B 31k C % %l § 3R
T R S @Al o RV Icd foregld &= <Al qorT ShIfT |

(i) 3@ ¥ TUT IFAR 5 cm B 3 foreht 378iga & 5 B WHE — 6 uC
e ferd 8 | fog B 10 cm Gl W TR forg D W 18 31=1 aieTor & 5/ H
T TorsTel e atrerT ferd 2 | 39 3ede <Al aiify & Ifest #iE +5 uC ITes
forg CH forg A o1 TR TR @ | STeiRT O fefart 711 sl witehferd shifsTg |

D

C B A
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SECTION - E

Two point charges 5 nC and —1 uC are placed at points (-3 cm,

0, 0) and (3 cm, 0, 0) respectively. An external electric field

E) =% ¢ where A = 3 x 10° Vm is switched on in the region.

Calculate the change in electrostatic energy of the system due

to the electric field.

A system of two conductors is placed in air and they have net

charge of +80uC and —80uC which causes a potential difference

of 16 V between them.

(1) Find the capacitance of the system.

(2) If the air between the capacitor is replaced by a dielectric
medium of dielectric constant 3, what will be the potential
difference between the two conductors ?

(3) If the charges on two conductors are changed to +160 uC
and —160 uC, will the capacitance of the system change ?
Give reason for your answer.

OR

Consider three metal spherical shells A, B and C, each of radius

R. Each shell is having a concentric metal ball of radius R/10.

The spherical shells A, B and C are given charges +6q, —4q, and

14q respectively. Their inner metal balls are also given charges

—2q, +8q and —10q respectively. Compare the magnitude of the

electric fields due to shells A, B and C at a distance 3R from

their centres.

A charge —6 puC is placed at the centre B of a semicircle of

radius 5 cm, as shown in the figure. An equal and opposite

charge is placed at point D at a distance of 10 cm from B. A

charge +5 pC is moved from point ‘C’ to point ‘A’ along the

circumference. Calculate the work done on the charge.

+6q —6q
D 3
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32. (a)

(b)

33. (a)

(b)
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(1) HAHEE HId T EId & ? Hld SATThI0T e bl Y01 ohid o [T 3TehT
BT e T 8 7

(2) Sl T HIdl % YehTSl helidisg T8l 8ld 8 | SAedT shifv |
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32. (a) (1) A proton moving with velocity V in a non-uniform magnetic
field traces a path as shown in t%e figure. 5

5 Q
v
P
The path followed by the proton is always in the plane of the
paper. What is the direction of the magnetic field in the region
near points P, Q and R ? What can you say about relative
magnitude of magnetic fields at these points ?
(1) A current carrying circular loop of area A produces a magnetic

field B at its centre. Show that the magnetic moment of the loop

. 2BA \/A

1S .

Ho T
OR

(b) (1) Derive an expression for the torque acting on a rectangular
current loop suspended in a uniform magnetic field.

_)
(11) A charged particle is moving in a circular path with velocity V in a

N
uniform magnetic field B. It is made to pass through a sheet of
lead and as a consequence, it looses one half of its kinetic energy
without change in its direction. How will (1) the radius of its path
(2) its time period of revolution change ?

33. (a) (1) (1) What are coherent sources ? Why are they necessary for
observing a sustained interference pattern ? 5
(2) Lights from two independent sources are not coherent. Explain.
(1) Two slits 0.1 mm apart are arranged 1.20 m from a screen. Light of
wavelength 600 nm from a distant source is incident on the slits.
(1) How far apart will adjacent bright interference fringes be
on the screen ?
(2) Find the angular width (in degree) of the first bright fringe.
OR
(b) (1) Define a wavefront. An incident plane wave falls on a convex
lens and gets refracted through it. Draw a diagram to show the
incident and refracted wavefront.
(1) A beam of light coming from a distant source is refracted by a
spherical glass ball (refractive index 1.5) of radius 15 cm. Draw
the ray diagram and obtain the position of the final image formed.
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