Series SR5QP/5

Set-1
—TF IS
A 55/5/1

@A glemel JH-uF ®IS DI IA-YRAHT D
Roll No. JE-I8 T 31999 fod |
Candidates must write the Q.P. Code
=13 [=] on the title page of the answer-book.
=
Wi foe™ (dgrf=i)
PHYSICS (Theory)
fAgiRT & : 3 a7 HIEFTH HF - 70

Time allowed : 3 hours

Maximum Marks : 70

e NOTE
I S o b 3 TH-19 H (I) Please check that this question
T3 23 2 paper contains 23 printed pages.

(IT) o1 = L o Tob 39 TA-79 H 33 TH
7|

(II) Please check that this question
paper contains 33 questions.

(I11) I33-9=1 ¥ qrfe 81 i 311 feu 7w g9a-
9 I h! TIefefl IT-YfEaehl & g@-
T3 7 ford |

(IIT) Q.P. Code given on the right hand
side of the question paper should
be written on the title page of the
answer-book by the candidate.

(IV) 91 I 1 IR fTE1 Y& - ¥ 71,
IR -gf&TehT o e 1 HHTh v o |

(IV) Please write down the serial
number of the question in the
answer-book before attempting
it.

(V) 39 J9-9 i T4 & [ 15 fiFe =1
T fem e 2 | ye-ua 1 fodr gate
T 10.15 &1 fopam Sm@m | 10.15 s §
10.30 &t e qdEmeff hae Ye-9= I
Teil 3R 39 ST b GRIF o IT-GTeh
T HIE I AL fera |

2255/5/1 PALPAN 1

(V) 15 minute time has been allotted
to read this question paper. The
question paper will be distributed
at 10.15 a.m. From 10.15 a.m. to
10.30 a.m., the candidates will
read the question paper only and
will not write any answer on the
answer-book during this period.

P.T.O.



e

=T few
Traferfaa fgt =t siga araemt | ufey TR 3T UTeH it :
(i) 3FIT-97 533 F97 8 | ¥t 7w7 7farf & |

(it) Io7-97 9id el 7 [F91/577 8 — GUs-%, @, T, T aqT & |

(iii) @S —% 4 397 G847 1 & 16 7% TglashetiT IR & Uh-Tb 3% & Jo7 & |
(iv) GUE—TFH Yo7 GE 17 @21 7% 317 Tg-IT0T THR & G- 3% & Fo7 & |
(v) @UE—T 4 T G 22 @ 28 T G-I YhR & AT-AT 3H] & Fo7 8 |
(vi) GV — 9 ¥97 G729 TG 30 G75-IFT0T JHR & TR—-TR 375! & Fo7 & |
(vii) UG — & H J97 &I 31 & 33 HE-STTEIRT Grea-9id 3] & J97 8 /|
(viit) F57-99 § GHT [ao6eq 787 1597 737 & | Tefd, GUe-@ & 1 J97 4, GUs-T & 1 J97 7,
GUS-F & 2 Fo1 4 7T GUS-F & 3 Fe) § TR 97 BT e 1897 77 8 |

(ix) Fepcict BT ITINT TAT 8 /

c=3x 108 m/s

h=6.63 x 10734 Js

e=1.6x10"19C

Ho=4m x 107" Tm A1

gy = 8.854 x 10712 C2 N~1 m~2

1
1 =9 x 109 N m? C2
g

§I9gH 1 &AM (m,) = 9.1 x 1031 kg
g T geIAH = 1.675 x 10727 kg
e 1 g = 1.673 x 1027 kg
RIS G&AT = 6.023 x 1023 9fd 719 91

SieeemH frdie = 1.38 x 10723 JK-!

2255/5/1 2



e

General Instructions :

Read the following instructions very carefully and follow them :

(1)

(1)

(iii)

(iv)

)

(vi)

(vii)

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

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

In Section A : Question number 1 to 16 are Multiple Choice (MCQ) type
questions carrying 1 mark each.

In Section B : Question number 17 to 21 are Very Short Answer (VSA)
type questions carrying 2 marks each.

In Section C : Question number 22 to 28 are Short Answer (SA) type
questions carrying 3 marks each.

In Section D : Question number 29 & 30 are Long Answer (LA) type
questions carrying 4 marks each.

In Section E : Question number 31 to 33 are Case-Based questions
carrying 5 marks each.

(viit) There is no overall choice. However, an internal choice has been provided in

(ix)

2255/5/1

1 question in Section-B, 1 question in Section—C, 2 questions in Section—D
and 3 questions in Section—E.
Use of calculators 1s NOT allowed.

c=3x 10% m/s

h =6.63 x 10734 Js
e=16x10"19C

o = 47 x 1077 Tm A1

gy = 8.854 x 10712 C2 N1 m~2

1
T =9 x 109 N m2 C2
7t80

Mass of electron (m,) = 9.1 x 10731 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 constant = 1.38 x 10723 JK!
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SECTION - A

1. A battery supplies 0.9 A current through a 2 Q resistor and 0.3 A current
through a 7 Q resistor when connected one by one. The internal resistance
of the battery is :

A 2Q B 120
€ 1Q D) 0.5Q

2. A particle of mass m and charge q describes a circular path of radius R in

a magnetic field. If its mass and charge were 2 m and ‘;1 respectively, the

radius of its path would be

R R
@& B) 5
(©) 2R (D) 4R

3.  Which of the following pairs is that of paramagnetic materials ?
(A) Copper and Aluminium (B) Sodium and Calcium
(C) Lead and Iron (D) Nickel and Cobalt

4. A galvanometer of resistance 50 Q is converted into a voltmeter of range
(0 — 2V) using a resistor of 1.0 kQ. If it is to be converted into a voltmeter
of range (0 — 10 V), the resistance required will be

A 4.8kQ (B) 5.0 kQ
(C) 5.2kQ (D) 5.4kQ

5. Two coils are placed near each other. When the current in one coil is
changed at the rate of 5 A/s, an emf of 2 mV is induced in the other. The
mutual inductance of the two coils 1s

(A) 0.4mH B) 2.5mH
() 10mH D) 25H

6. The electromagnetic waves used to purify water are
(A) Infrared rays (B) Ultraviolet rays
(C) X-rays (D) Gamma rays

2255/5/1 5 P.T.O.
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©) C D) D
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7. The focal lengths of the objective and the eyepiece of a compound
microscope are 1 cm and 2 cm respectively. If the tube length of the
microscope i1s 10 cm, the magnification obtained by the microscope for
most suitable viewing by relaxed eye is :

(A) 250 (B) 200
(C) 150 (D) 125

8.  The variation of the stopping potential (V) with the frequency (v) of the

incident radiation for four metals A, B, C and D is shown in the figure.
For the same frequency of incident radiation producing photo-electrons in
all metals, the kinetic energy of photo-electrons will be maximum for

metal

Vo4 ABCD
@A A (B) B
€ C (D) D

9. The energy of an electron in the ground state of hydrogen atom is
—13.6 eV. The kinetic and potential energy of the electron in the first
excited state will be

(A) -13.6¢eV, 27.2eV (B) —6.8eV, 13.6eV
(C) 3.4eV,—6.8¢eV (D) 6.8eV,-3.4eV

10. A Young’s double-slit experimental set up i1s kept in a medium of

refractive index (g) Which maximum in this case will coincide with the
6th maximum obtained if the medium is replaced by air ?
(A) A4th (B) otk
(C) 8th (D) 10th
2255/5/1 7 P.T.O.
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12.

13.
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11. The potential energy between two nucleons inside a nucleus is minimum
at a distance of about

(A) 0.8fm B) 1.6fm
(C) 2.0fm (D) 2.8fm

12. A pure Si crystal having 5 x 1028 atoms m™ is dopped with 1 ppm
concentration of antimony. If the concentration of holes in the doped
crystal is found to be 4.5 x 109 m~3, the concentration (in m™3) of intrinsic

charge carriers in Si crystal is about
A) 1.2 x 1015 (B) 1.5x 1016
(C) 3.0x 1015 (D) 2.0 x 1016

For Questions 13 to 16, two statements are given — one labelled Assertion (A)
and other labelled Reason (R). Select the correct answer to these questions
from the options as given below.

(A) If both Assertion (A) and Reason (R) are true and Reason (R) is correct
explanation of Assertion (A).

(B) If both Assertion (A) and Reason (R) are true and Reason (R) is not the
correct explanation of Assertion (A).

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

(D) Ifboth Assertion (A) and Reason (R) are false.

13. Assertion (A) : Equal amount of positive and negative charges are
distributed uniformly on two halves of a thin circular
ring as shown in figure. The resultant electric field at
the centre O of the ring is along OC.

Reason (R) : It is so because the net potential at O is not zero.
+ A+

2255/5/1 9 P.T.O.
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14.

15.

16.

17.

17.

18.

19.
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14. Assertion (A) : The energy of a charged particle moving in a magnetic
field does not change.
Reason (R) : It is because the work done by the magnetic force on the
charge moving in a magnetic field is zero.

15. Assertion (A) : In a Young’s double-slit experiment, interference
pattern is not observed when two coherent sources are
infinitely close to each other.

Reason (R) : The fringe width is proportional to the separation
between the two sources.

16. Assertion (A) : An alpha particle is moving towards a gold nucleus. The
impact parameter is maximum for the scattering angle
of 180°.

Reason (R) : The impact parameter in an alpha particle scattering

experiment does not depend upon the atomic number of
the target nucleus.

SECTION - B

17. (a) Four point charges of 1 uC, =2 puC, 1 uC and —2 uC are placed at the
corners A, B, C and D respectively, of a square of side 30 cm. Find
the net force acting on a charge of 4 uC placed at the centre of the
square.

OR

17. (b) Three point charges, 1 pC each, are kept at the vertices of an
equilateral triangle of side 10 cm. Find the net electric field at the
centroid of triangle.

_)
18. Derive an expression for magnetic force F acting on a straight conductor
%
of length L carrying current I in an external magnetic field B. Is it valid

when the conductor is in zig-zag form ? Justify.

19. A telescope has an objective lens of focal length 150 ¢cm and an eyepiece of
focal length 5 cm. Calculate its magnifying power in normal adjustment
and the distance of the image formed by the objective.

2255/5/1 11 P.T.O.
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20. (a) Two energy levels of an electron in hydrogen atom are separated by
2.55 eV. Find the wavelength of radiation emitted when the electron
makes transition from the higher energy level to the lower energy
level.

(b) In which series of hydrogen spectrum this line shall fall ?

21. The earth revolves around the sun in an orbit of radius 1.5 x 101! m with
orbital speed 30 km/s. Find the quantum number that characterises its

revolution using Bohr’s model in this case (mass of earth = 6.0 x 1024 kg).

SECTION - C
22. (a) Write Einstein’s photoelectric equation. How did Millikan prove the
validity of this equation ?
(b) Explain the existence of threshold frequency of incident radiation for
photoelectric emission from a given surface.

23. (a) Define the term ‘electric flux’ and write its dimensions.
(b) A plane surface, in shape of a square of side 1 cm is placed in an electric

field E) = (100 %)? such that the unit vector normal to the surface is

given by n = 0.81 + 0.6k. Find the electric flux through the surface.

24. (a) (1) State Lenz's Law. In a closed circuit, the induced current
opposes the change in magnetic flux that produced it as per the
law of conservation of energy. Justify.

(1) A metal rod of length 2 m is rotated with a frequency 60 rev/s
about an axis passing through its centre and perpendicular to
its length. A uniform magnetic field of 2T perpendicular to its
plane of rotation is switched-on in the region. Calculate the
e.m.f. induced between the centre and the end of the rod.

OR

24. (b) (1) State and explain Ampere’s circuital law.

(11) Two long straight parallel wires separated by 20 cm, carry 5 A
and 10 A current respectively, in the same direction. Find the
magnitude and direction of the net magnetic field at a point
midway between them.

2255/5/1 13 P.T.O.
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25.
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25. An electron moving with a velocity v = (1.0 x 107 m/s)g + (0.5 x 107 m/s)?

enters a region of uniform magnetic field _B) =(0.5 mT)f. Find the radius of
the circular path described by it. While rotating; does the electron trace a
linear path too ? If so, calculate the linear distance covered by it during
the period of one revolution.

26. (a) Name the parts of the electromagnetic spectrum which are (i) also
known as ‘heat waves’ and (i1) absorbed by ozone layer in the
atmosphere.

(b) Write briefly one method each, of the production and detection of
these radiations.

27. (a) Explain the characteristics of a p-n junction diode that makes it
suitable for its use as a rectifier.

(b) With the help of a circuit diagram, explain the working of a full wave
rectifier.

28. Explain the following, giving reasons :
(a) A doped semiconductor is electrically neutral.
(b) In a p-njunction under equilibrium, there is no net current.

(¢) In a diode, the reverse current is practically not dependent on the
applied voltage.

SECTION -D

29. Dielectrics play an important role in design of capacitors. The molecules of
a dielectric may be polar or non-polar. When a dielectric slab is placed in
an external electric field, opposite charges appear on the two surfaces of
the slab perpendicular to electric field. Due to this an electric field is
established inside the dielectric.

The capacitance of a capacitor is determined by the dielectric constant of
the material that fills the space between the plates. Consequently, the
energy storage capacity of a capacitor is also affected. Like resistors,
capacitors can also be arranged in series and/or parallel.

(1) Which of the following is a polar molecule ?
@ 0, ® H,
(C©) N, (D) HCI

2255/5/1 15 P.T.O.
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(11)

(iif)

(iv)

(iv)

2255/5/1

Which of the following statements about dielectrics i1s correct ?

(A) A polar dielectric has a net dipole moment in absence of an
external electric field which gets modified due to the induced
dipoles.

(B) The net dipole moments of induced dipoles is along the direction
of the applied electric field.

(C) Daelectrics contain free charges.

(D) The electric field produced due to induced surface charges
inside a dielectric is along the external electric field.

When a dielectric slab is inserted between the plates of an isolated
charged capacitor, the energy stored in it :

(A) 1increases and the electric field inside it also increases.
(B) decreases and the electric field also decreases.

(C) decreases and the electric field increases.

(D) 1increases and the electric field decreases.

(a) An air-filled capacitor with plate area A and plate separation d
has capacitance C,. A slab of dielectric constant K, area A and

: d). . i
thickness (gj is inserted between the plates. The capacitance of

the capacitor will become

@ |5Ra1l ® 55
© [4}?5 1}00 (D) [K5JIF§4}C°

OR

(b) Two capacitors of capacitances 2 C, and 6 C,, are first connected

in series and then in parallel across the same battery. The ratio
of energies stored in series combination to that in parallel is

@ 5 ®
© = O 15

17 P.T.O.



I —
30. 15 5w 1 THae ST9ade g81 | For 18 Tehifws wreem 2t & | w8 1o areft

15 TR TRl 31 I8 | SHATTA 3T9ad 2leht 310 o 99 § fopeft shio W fer=rfera &
1t B | TS50 o ered w1 SAuerdHies e feu T Hee gy exed T San @
u=sin(A+%)/ sin%
afg firsw = o I8 W 3TTaaH shivr, Tereft shivr & shifes <hIvT shad &, 9 31feres & 2,
@ 7 o0 g I8 W STvafd &1 Bidl 2 TR YU HATaeh quetad af Sl & |
(i) A IR A % [TT T HIT FAI;: O, 3T 0, § | HiA-TA I=AIE & fAQ
Shifcreh 10T BTN (L = 1.5, p = 1.33)

A) 6,9 B) 0,30, =

aug

(C) 0,d 3Altrh D) 6,49%H

(i) & qICE A 3R AR v 1 s TehTw1 o fopsll Ho= A1 | ST9alad il &
ar

(A) A 3TRvQH ARG B 2 |
(B) A TG I g g v IR Bl 2 |
(C) A ¥l Bl 8 g v HAINETd &t 2 |
(D) A 3R v AT H HH B 2 |
(i) (a) i T I T I areft foreht enTer Y foptor & foru shifaes wmior fraw &ra

2
(A) < 9l o fefg (B) oy aui s e
(C) et 3t o ferw (D) ST 9 o fore

YT

(i) (b) Toreht firem & Tum Sremenati § aft-ar @ a1, died 3R St i yehTer O
TSR TR | 579 w7 fomem 1 feufa o @ 99 g I8 & S7uacH i
ERE I'p, rY3ﬁ'{rV§, GEI

(A) ry<ry<rp B) ry<rg<ry
(C) rp<ry<ry D) rp=ry=ry
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30. A prism is an optical medium bounded by three refracting plane surfaces.
A ray of light suffers successive refractions on passing through its
two surfaces and deviates by a certain angle from its original path.
The refractive index of the material of the prism is given by

A+ A
= sin(%) [ sin - If the angle of incidence on the second surface is

greater than an angle called critical angle, the ray will not be refracted
from the second surface and is totally internally reflected.

(i) The critical angle for glass is 6, and that for water is 0,. The critical

angle for glass-water surface would be (given alg = 1.5, g = 1.33)
(A) lessthan 6, (B) between 6, and 6,

(C) greater than 0, (D) lessthan 9,

(11) When a ray of light of wavelength A and frequency v is refracted into
a denser medium

(A) A and v both increase.
(B) A increases but v is unchanged.
(C) A\ decreases but v is unchanged.
(D) X and v both decrease.

(111) (a) The critical angle for a ray of light passing from glass to water
1s minimum for

(A) red colour (B) Dblue colour
(C) yellow colour (D) wviolet colour

OR

(111) (b) Three beams of red, yellow and violet colours are passed
through a prism, one by one under the same condition. When
the prism is in the position of minimum deviation, the angles of
refraction from the second surface are rp, ry and ry, respectively.

Then
(A) ry<ry<rp B) ry<rg<ry
(C) rp<ry<ry D) rp=ry=ry

2255/5/1 19 P.T.O.
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31. (a)

31. (b)

2255/5/1

(A)
B)
©)
D)

®
(i1)

(iii)

®

(i1)

A

1 60°

-
B C

for forafora gu wieft o w6t |

%ot AC o 3T Sieh w9 Hafl |
rqafda grft 3R e & sret e |
Ut AT TEfd R |

Qe -T
fereft ferega fega & fore wmfave g8 smfiga Hifve |

31 farg 3T, 37 q, Frelt aTer forga & E 3w 2, 3 2, R
2 | 38 frepra <Y feufast oot o fote =xeieh wmea <hifsa |

fepet 3707 1 fa st 10730 Cm ¥ | 7% fga 105 V/m % Rrgass E #
39 Yo e 2 Foh goeht 31t forega & & safew 7 | faga & Y fem =
Tereft aror e 60° o 1o W uiafad foram St 8 | 3 o W fgga Fi
fafas St § uftada 3ma ST |

YA
= R & foreft gaet iefl @it 1 ThaHH gER ST1e B9 o 7 | Ted
T 61 3T ik 3 @I (1) STe 3R (1) i foega & % fore
SSTeh A~ T |
T o Y Uael a0 AB 3R CD o g A6 89ed sha: 10 pC/m 3R
—20 pC/m & | ¥ TR Ush oL < TR 1 m ¢t W @ & | 37 ari & wed
forrg W e ferga &= o1 aiwTon ST femm 311 <Ay |
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(1v) A ray of light is incident normally on a prism ABC of refractive index
\/5, as shown in figure. After it strikes face AC, it will
A

g 60°

H
B C

(A) go straight undeviated

(B) just graze along the face AC
(C) refract and go out of the prism

(D) undergo total internal reflection

SECTION - E

31. (a) (1) Draw equipotential surfaces for an electric dipole.

(i) Two point charges q; and q, are located at T ; and T 9

_)
respectively in an external electric field E. Obtain an expression
for the potential energy of the system.

(iii) The dipole moment of a molecule is 1073 Cm. It is placed in an
%
electric field E of 10° V/m such that its axis is along the electric

%
field. The direction of E is suddenly changed by 60° at an
instant. Find the change in the potential energy of the dipole, at
that instant.

OR

31. (b) (1) A thin spherical shell of radius R has a uniform surface charge
density o. Using Gauss’ law, deduce an expression for electric
field (1) outside and (i1) inside the shell.

(11) Two long straight thin wires AB and CD have linear charge
densities 10 uC/m and —20 uC/m, respectively. They are kept
parallel to each other at a distance 1 m. Find magnitude and
direction of the net electric field at a point midway between
them.

2255/5/1 21 P.T.O.
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32. (a)

32. (b)

33. (a)

33. (b)

2255/5/1

@

(i1)

(ii1)

@

(i1)

(i1)

(11)

3rIeh! i afy e X, Y 3tk Z fgu e 2 | 39 sragal & a9 |
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%QVﬁIIWWﬁ%,WY%mIQV@M%WW
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Y 3R Z ac @@ & Juft § §AINA & | SIIIH ac FId hl SR o 91
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foret LCR #ioft after o fofu a1 o e shifste, fore (i) afcaer st wfeamen
freran Bt & 9 (i) aRwy § Sed g/ erfed B R |

31T
ferelt TR 1 Tt 9un SRty w1 guia Hifle 3R 33 veR Tufies
ﬁmwﬁ%ﬁaﬁm%qﬁﬁﬁ%mwmw|

b
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forer e & gEe TTeIm W T il IS THAA YhTST OUT Il HTEIH] oh
Y7k T dTel I8 TR ToREt ShIvT i T 3TTIaE S T 7 | BT e T 3w
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HIT |
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32. (a)
32. (b)
33. (a)
33. (b)

2255/5/1

@

(i1)

(iii)

@

(i1)

(i1)

(i1)

You are given three circuit elements X, Y and Z. They are
connected one by one across a given ac source. It is found that V

and I are in phase for element X. V leads I by &j for element Y

while I leads V by &j for element Z. Identify elements X, Y and Z.

Establish the expression for impedance of circuit when
elements X, Y and Z are connected In series to an ac source.
Show the variation of current in the circuit with the frequency
of the applied ac source.

In a series LCR circuit, obtain the conditions under which
(1) impedance is minimum and (i1) wattless current flows in the
circuit.

OR
Describe the construction and working of a transformer and

s

hence obtain the relation for [v j in terms of number of turns of
P
primary and secondary.

Discuss four main causes of energy loss in a real transformer.

A plane light wave propagating from a rarer into a denser
medium, is incident at an angle 1 on the surface separating two
media. Using Huygen’s principle, draw the refracted wave and
hence verify Snell’s law of refraction.

In a Young’s double slit experiment, the slits are separated by
0.30 mm and the screen is kept 1.5 m away. The wavelength of
light used 1s 600 nm. Calculate the distance between the central
bright fringe and the 4th dark fringe.

OR

Discuss briefly diffraction of light from a single slit and draw
the shape of the diffraction pattern.

An object 1s placed between the pole and the focus of a concave
mirror. Using mirror formula, prove mathematically that it
produces a virtual and an enlarged image.
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