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General Instructions :

Read the following instructions very carefully and follow them :

)
(1)
(iii)
()
(v
(vr)
(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.

Section A — Question number 1 to 16 are Multiple Choice (MCQ) type
questions. Each question carries 1 mark.

Section B - Question number 17 to 21 are Very Short Answer type
questions. Each question carries 2 mark.

Section C - Question number 22 to 28 are Short Answer type questions.
Each question carries 3 mark.

Section D : Question number 29 and 30 are Case-Based questions. Each
question carries 4 mark.

Section E — Question number 31 to 33 are Long Answer type questions.
Each question carries 5§ mark.

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

(ix)
(x)

2155/4/2

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 1s 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=16x10"19C
o = 47 x 10" Tm A1
gy = 8.854 X 1012 C2 N1 m2
1

e = 9% 109 N m2 C2
NSO

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 constant = 1.38 x 10723 JK~!

3 P.T.O.
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SECTION - A 16x 1=16

1. Three point charges, each of charge q are placed on vertices of a triangle
ABC, with AB = AC = 5L, BC = 6L. The electrostatic potential at midpoint

of side BC will be 1
11 ¢ 8q
@ 48 meyL ® 36mey L
5q 1l q
© 24meyL D) 16 meyL

2. The Coulomb force (F) versus (1/r?) graphs for two pairs of point charges (a4
and q,) and (q, and qg) are shown in figure. The charge q, is positive and

has least magnitude. Then 1
F N
+ (q]7 q2)
0 1
2
—Vv (q,, q,)
(A) q; > Q9 ~ Q3 (B) q; > d3~ 4y
©) q3~> Q9 > Qq; (D) 3 ~>d; > qy
3. The magnetic susceptibility for a diamagnetic material is 1
(A) small and negative (B) small and positive
(C) large and negative (D) large and positive

4. A circular loop A of radius R carries a current I. Another circular loop B of

radius r(: %) is placed concentrically in the plane of A. The magnetic

flux linked with loop B is proportional to 1
A R B) JR
3
(C) R? D) R2
5. A particle of mass m and charge q is moving with velocity vV =v R vy j.
il A
If it is subjected to a magnetic field B = B, i, it will move in a — 1
(A) straight line path (B) circular path
(C) helical path (D) parabolic path

2155/4/2 5 P.T.O.
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10.

11.

2155/4/2 7 P.T.O.

The quantum nature of light explains the observations on photoelectric

effect as —

(A) there is a minimum frequency of incident radiation below which no
electrons are emitted.

(B) the maximum kinetic energy of photoelectrons depends only on the
frequency of incident radiation.

(C) when the metal surface is illuminated, electrons are ejected from the
surface after sometime.

(D) the photoelectric current is independent of the intensity of incident
radiation.

— —
The phase difference between electric field E and magnetic field B in an

electromagnetic wave propagating along z-axis is —

(A) zero B) =«
T T
(©) B D) 1

The radius (r,) of nh orbit in Bohr model of hydrogen atom varies with n

as

A) r on ®) 1, o~
n

(©) rnocn2 (D) rnoci2
n

An ac source V = 282 sin (100 t) volt is connected across a 1 uF capacitor.

The rms value of current in the circuit will be (take J2 = 1.41)
(A) 10 mA (B) 20 mA
(C) 40 mA (D) 80 mA

A galvanometer of resistance 100 Q is converted into an ammeter of range
(0 — 1 A) using a resistance of 0.1 Q. The ammeter will show full scale
deflection for a current of about

(A) 0.1 mA (B) 1mA

(C) 10 mA (D) 01A

In Balmer series of hydrogen atom, as the wavelength of spectral lines
decreases, they appear

(A) equally spaced and equally intense.

(B) further apart and stronger in intensity.

(C) closer together and stronger in intensity.

(D) closer together and weaker in intensity.
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12. A coil of N turns is placed in a magnetic field B such that B
9

is perpendicular to the plane of the coil. B changes with time as

B = B, cos (2—{?’5) where T is time period. The magnitude of emf induced

in the coil will be maximum at 1
nT nT

A t=— B t=—

A) S B) 1

©) t=% D) t=nT

Here,n=1, 2, 3, 4, ...

Note : For questions number 13 to 16, two statements are given — one

labelled Assertion (A) and the other labelled Reason (R). Select the

correct answer to these questions from the codes (A), (B), (C) and (D) as

given below :

(A) If both Assertion (A) and Reason (R) are true and Reason (R) is the
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 and Reason (R) is false.

(D) If both Assertion (A) and Reason (R) are false.

13. Assertion (A) : In interference and diffraction of light, light energy
reduces in one region producing a dark fringe. It increases in another
region and produces a bright fringe.

Reason (R) : This happens because energy is not conserved in the
phenomena of interference and diffraction. 1

14. Assertion (A) : When electrons drift in a conductor, it does not mean that
all free electrons in the conductor are moving in the same direction.
Reason (R) : The drift velocity is superposed over large random velocities
of electrons. 1

15. Assertion (A) : Electrons are ejected from the surface of zinc when it is
irradiated by yellow light.
Reason (R) : Energy associated with a photon of yellow light is more
than the work function of zinc. 1

16. Assertion (A) : The temperature coefficient of resistance is positive for
metals and negative for p-type semiconductors.
Reason (R) : The charge carriers in metals are negatively charged,
whereas the majority charge carriers in p-type semiconductors are
positively charged. 1

2155/4/2 9 P.T.O.
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SECTION - B 5x2=10

17. (a) An air bubble is trapped at point B (CB = 20 ¢m) in a glass sphere of
radius 40 cm and refractive index 1.5 as shown in figure. Find the
nature and position of the image of the bubble as seen by an observer
at point P. 2

OR
(b) In normal adjustment, for a refracting telescope, the distance
between objective and eye piece lens is 1.00 m. If the magnifying
power of the telescope is 19, find the focal length of the objective and
the eyepiece lens. 2

18. What are matter waves ? A proton, an electron and an a-particle have the
same kinetic energy. Write the de Broglie wavelengths associated with
them in increasing order. 2

19. A ray of light is incident normally on one face of an equilateral glass
prism of refractive index pu. When the prism is completely immersed in a
transparent medium, it is observed that the emergent ray just grazes the
adjacent face. Find the refractive index of the medium. 2

20. Two wires A and B of different metals have their lengths in ratio 1: 2 and
their radii in ratio 2 : 1 respectively. I-V graphs for them is shown in the
figure. Find the ratio of their 2
(i) Resistances (R,/Rp) and
(1) Resistivities (c,/op)

I A

30°
>V

0

21. Draw the circuit diagram of a p-n junction diode in (1) forward biasing and
(11) reverse biasing. Also draw its I-V characteristics in the two cases. 2

2155/4/2 11 P.T.O.
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@ | XY qt § sxafedd o o fagga Tt #e ardi, {5 3 A 3t 5 A e yanfed
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SECTION - C 7x3=21

22. Draw the graph showing variation of scattered particles detected (N) with
the scattering angle (0) in Geiger-Marsden experiment. Write two
conclusions that you can draw from this graph. Obtain the expression for
the distance of closest approach in this experiment. 3

23. A thin spherical conducting shell of radius R has a charge q. A point
charge Q is placed at the centre of the shell. Find (1) The charge density
on the outer surface of the shell and (i1) the potential at a distance of (R/2)
from the centre of the shell. 3

24. (a) Differentiate between nuclear fission and fusion. 3

: : 239
(b) The fission properties of 4,Pu

are very similar to those of 92U235.
How much energy (in MeV), is released if all the atoms in 1 g of pure
9 4Pu239 undergo fission ? The average energy released per fission is

180 MeV.

25. Two long insulated straight wires carrying currents of 3 A and 5 A are
arranged in XY plane as shown in figure. Find the magnitude and
direction of the net magnetic fields at points P,(2m, 2m) and Py(~1m, 1m). 3

5 AA

26. What is meant by displacement current ? How is this current different
from the conduction current ? A capacitor is being charged by a source of
emf. Justify the continuity of current in the circuit. 3

2155/4/2 13 P.T.O.
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A
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3rerat
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29. I3 OE o IBI § ToRT UHT URGIIT SehIINeR HIEM i1 § ek QM1 981 H W & %H Th
et g1 =TT | foreft Tehet et g8 g Mid Stafers o fofe &3t 1 3uan forel oE
% 1 8T T 3hIHh &9 H hih Tdcl bl o (7T o8 §F 1 o Hent 93 371 39 TR A
o| g7 uTed TR Sran @ | foreft <f ) wied gt (st &) o < gl O81 6l
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-5 -5
A) ry D B) ry D

4 3
©) 3 D D) 5 D

2155/4/2 14
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27. Find the currents flowing through the branches AB and BC in the
network shown. 3

A

28. (a) (1) Define mutual inductance. Write its SI unit. 3

(1) Derive an expression for the mutual inductance of a system of
two long coaxial solenoids of same length /, having turns N, and

N, and of radii r; and r, (> ).

OR
(b) What are ferromagnetic materials ? Explain ferromagnetism with
the help of suitable diagrams, using the concept of magnetic domain. 3
SECTION -D 2x4=8

Note : Questions number 29 to 30 are Case Study based questions. Read
the following paragraph and answer the questions that follow.

29. A lens is a transparent optical medium bounded by two surfaces; at least
one of which should be spherical. Applying the formula of image formation
by a single spherical surface successively at the two surfaces of a thin
lens, a formula known as lens maker’s formula and hence the basic lens
formula can be obtained. The focal length (or power) of a lens depends on
the radii of its surfaces and the refractive index of its material with
respect to the surrounding medium. The refractive index of a material
depends on the wavelength of light used. Combination of lenses helps us
to obtain diverging or converging lenses of desired power and
magnification. 4x1=4
(1) A thin converging lens of focal length 20 cm and a thin diverging lens

of focal length 15 cm are placed coaxially in contact. The power of the
combination is

A) _?5D ® =°D

3
3p
5

4
©) 3 D D)

2155/4/2 15 P.T.O.
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(ii) Torell 3T <™ % §1 BT I ahal Brsn R 31 2R 2 | 3afg 58 o8 1 Bk gl

(ij%ﬁrﬁa%wﬁaﬂaﬂaﬁwﬁs%:

(A)

©

B)

DO|w W ot
=3 W

D)
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B)
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D)

) (a)

@) (b)
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it & g W g S 2 |

JATafad JehTe1 <hl aUTeed § St g W &g ST 2 |

3 IS8T 1 Tk o § HHt EH W §g ST # |
& 318 o e &1 gadd qAT 8 1 FTH W HE AT 2 |
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L M

k——40 cm —>|
(A) 10 cm, &9 & SRff 3R (B) 10 cm, &9 & SR AR

(C) 20 cm, &9 & aRff 3R (D) 20 cm, &9 & TR AR

AT
16 cm %ehE Gl % fohel 3T 18 L, T HIS FohT G, ST ¥l T 3
& HHTHN &, AT BT & | 78 L, o TH1& i3 3= It o L, Toeeh!
BIE gt 12 cm &, 40 cm gt W e & | 3faw wfdfers s wepfa 3 oi@
L, & gfl grfl s
(A) ST, 24 cm (B) AMEI, 12 cm
(C) daT=dfaeh, 32 cm (D) 3TH, 18 cm
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(11)

The radii of curvature of two surfaces of a convex lens are R and 2R.

If the focal length of this lens is (gj R, the refractive index of the
material of the lens is :

A) B)

©) D)

DD w|on
3 W

(111) The focal length of an equiconvex lens

(iv)

(A) 1increases when the lens is dipped in water.
(B) increases when the wavelength of incident light decreases.
(C) 1increases with decrease in radius of curvature of its surface.

(D) decreases when the lens is cut into two identical parts along its
principal axis.

(a) A thin convex lens L of focal length 10 cm and a concave mirror
M of focal length 15 cm are placed coaxially 40 cm apart as
shown in figure. A beam of light coming parallel to the principal
axis 1is incident on the lens. The final image will be formed at a
distance of

L M

|<— 40 cm —>|
(A) 10 cm, left of lens (B) 10 cm, right of lens
(C) 20 cm, left of lens (D) 20 cm, right of lens
OR

(iv) (b) A beam of light coming parallel to the principal axis of a convex

2155/4/2

lens L, of focal length 16 cm is incident on it. Another convex
lens L, of focal length 12 cm is placed coaxially at a distance 40
cm from L;. The nature and distance of the final image from L,

will be
(A) real, 24 cm (B) wvirtual, 12 cm
(C) real, 32 cm (D) wvirtual, 18 cm

17 P.T.O.
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30. Ge 31 Si W Yg AATeThi o1 & fohelt Ifera TUge 61 3709 U1 | UTe foham SITaT 8
A 98 HUgS TS §H STd & | AT T H T et 31T fore |igel 31 JTe
STEeh] ! Tigdl & TaTed Bl & | 3fd 37uged & Wi i WG p-TehR HAYUET n-JhR
1 AATAS p-n G A uiafaa feram S oepar 2 | fopet p-n gt & fFmior 0 € afsremd
fereron 3t 319aTg Bt § | 1S LTS SIS U9 €9 8 SIS p-n |iY & g 8§ e o
Tl T sTRy dieedr & YA % foIT arg-Terst e fohu S 8 | 3 fefires amafea gm
W HTE p-n GRI G BT hael T &1 feon § yenfed B9 2t B | 56 o1 3 e fomeh
TS 1 ITAM Toqd €9 H, 319 qOT 7T 01 T ST S=ITE1 § =& (ac) deedrsti
% fegeptor o foru fepan ST 2 | 4x1=4
(i) 9 Ge 1 AIGH THHAISH TG 6 H1Y AT ST &, A1 SAUMF & gocA-59 &

SIS FFLT oh! o HU oh foTT ST Hall Bl § ST
(A) 0.001eV (B) 0.01eV
(C) 0.72eV D) 1.1eV
(i) Tordht feu am w foreht Sreiaretss o A9 ST 8! 6l T&1 2.0 x 1010 cm=3 2 |
THHT TG TTEIISTh 3Tgefl TRuTupsti | foram T 8 | geh aiomee®y say foaadi
(BTAT) <1 H&AT 8 x 103 cm™> B Il 8 | 39 ATt H SIei1 oh! TE&AT 2
A) 2x 1024 m3 (B) 4 x 1023 m3
(C) 1x10*2m3 D) 5x10*2m™3
(i) (a) ToRelt p-n | b SFd T
(A) SFRIAT BT p-8F U n-8F 1 3R g Brar 8 a1 Bl &l n-87
p-& <Y 3R foreror B 2 |

(B) Sci@e{ 3TN &I QI o1 &1 n-&F 8 p-&1 sh1 3R fI&mur Bram 2 |

(C) SOl T n-8F ¥ p-& <1 AR Forwor grar & qm gl 1 p-aF
n-&3 <hl 3TN fraur Ban 2 |

(D) SFeI 3TR BIcT 1 b1 & p-&1F © n-&F 1 3TR four g & |
AT

(i) (b) TFHEl p-n GfY & o9 T I T
(A) T v 98q qe 319dTE 9T g B R |
(B) Toremor g1 &g q 3T9aTg 9 98 Bl ¢ |
(C) TorEoT gm0 qen ST9aTE 9T SHI & 98d Bt & |
(D) Torawor e qT STUETE 9T QT 2 o7 B & |

2155/4/2 18
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30. A pure semiconductor like Ge or Si, when doped with a small amount of
suitable impurity, becomes an extrinsic semiconductor. In thermal
equilibrium, the electron and hole concentration in it are related to the
concentration of intrinsic charge carriers. A p-type or n-type
semiconductor can be converted into a p-n junction by doping it with
suitable 1impurity. Two processes, diffusion and drift take place during
formation of a p-n junction. A semiconductor diode is basically a p-n
junction with metallic contacts provided at the ends for the application of
an external voltage. A p-n junction diode allows currents to pass only in
one direction when it is forward biased. Due to this property, a diode is
widely used to rectify alternating voltages, in half-wave or full wave
configuration. 4x1=4

(1) When Ge is doped with pentavalent impurity, the energy required to
free the weakly bound electron from the dopant is about

(A) 0.001eV (B) 0.01eV
(C) 0.72eV D) 1.1eV

(11) At a given temperature, the number of intrinsic charge carriers in a
semiconductor is 2.0 x 1019 ecm™3. It is doped with pentavalent
impurity atoms. As a result, the number of holes in it becomes
8 x 103 cm™3. The number of electrons in the semiconductor is

A) 2x10*#m3 (B) 4x10% m3
(C) 1x10*2m=3 D) 5x10*2m3
(111) (a) During the formation of a p-n junction —

(A) electrons diffuse from p-region into n-region and holes
diffuse from n-region into p-region.

(B) Dboth electrons and holes diffuse from n-region into p-region.

(C) electrons diffuse from n-region into p-region and holes
diffuse from p-region into n-region.

(D) both electrons and holes diffuse from p-region into n-region.
OR
(111) (b) Imitially during the formation of a p-n junction —
(A) diffusion current is large and drift current is small.
(B) diffusion current is small and drift current is large.
(C) both the diffusion and the drift currents are large.
(D) both the diffusion and the drift currents are small.

2155/4/2 19 P.T.O.
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(iv) TEt ac Teedar V = 0.5 sin (100 wt) diee 1 s -1 ¥ forft 3¢l qun feward

AT Ul q@T fwehi o TRl & Taifa foham T ® | $eh ToX WX FRa et

T ShEST: BRI
(A) 25 Hz, 50 Hz (B) 25 Hz, 100 Hz
(C) 50 Hz, 50 Hz (D) 50 Hz, 100 Hz

glg—-¢ 3x5=15

31. (a) (i) 3R hI Ieci@ Hitwe o W fopeft LCR #oft uftay st 373HTE A1 31
¥ STt @ | ST ac |1 sl TR o |12 LCR vt aftay st whamen
T foreror <1 e o fore o i |

(i) IUFERT TG hl TR H Tohell IR Z-Ah IR shi Shrifafe <t =xmen Hife |
(iii) Toret aTfeeh TTEIHT T Ioll- 813 o &1 RV fIRgT | 5

YA
(Bb) () 3G TR ¥ ot ac S Y TEFT 3T SR 6h S8 1 =me hifvu |

(i) hIE Soieg Terell Tt hl aferm BT r A FAM A AT v A R @S | 36
Solagia & Hag Jrachid ST < foTu 2seh I shifT | 5

32. (a) (i) Toreht TR ufgent TuTiey FSEeh! afgantati o &= 9 d T 9igehist &1
&AHA A &, 1 Ufgeh1aTl o s Wragdiss ‘K’ 3T HICTS ‘" ST IS TeehT W
T | 38 TG St emiiar o g s5eteh e Hife |
(i) o fafe= enftansty & qenfer 1 uger (1) Soft 3 3iR bt (2) aree § fopeft 100 V
% dc HId ¥ A Toham T2 2 | =S 37 QM1 SeRtull | ESHT H |ied $e ol
AT 40 md 3R 250 md g, A1 57 GEniE 6 enfiand sma Hifs | 5

CIE]
2155/4/2 20
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(iv) An ac voltage V = 0.5 sin (100 =t) volt is applied, in turn, across a
half-wave rectifier and a full-wave rectifier. The frequency of the
output voltage across them respectively will be

(A) 25 Hz, 50 Hz (B) 25 Hz, 100 Hz
(C) 50 Hz, 50 Hz (D) 50 Hz, 100 Hz
SECTION - E 3x5=15

31. (a) (1) Mention the factors on which the resonant frequency of a series
LCR circuit depends. Plot a graph showing variation of
impedance of a series LCR circuit with the frequency of the

applied a.c. source.

(i1) With the help of a suitable diagram, explain the working of a
step-up transformer.

(i11) Write two causes of energy loss in a real transformer. 5
OR
(b) (@) With the help of a diagram, briefly explain the construction and

working of ac generator.

(11) An electron is revolving around a proton in an orbit of radius r with
a speed v. Obtain expression for magnetic moment associated with

the electron. 5

32. (a) (1) A dielectric slab of dielectric constant ‘K and thickness ‘t’ 1is
inserted between plates of a parallel plate capacitor of plate
separation d and plate area A. Obtain an expression for its
capacitance.

(11) Two capacitors of different capacitances are connected first (1) in
series and then (2) in parallel across a dc source of 100 V. If the
total energy stored in the combination in the two cases are 40 md
and 250 md respectively, find the capacitance of the capacitors. 5

OR

2155/4/2 21 P.T.O.
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(b)

33. (a)

(b)

2155/4/2

@

(i1)

®

(i1)

(iii)

@
(i1)

(iii)

T3E T 1 ITAF Hieh I8 CUTST b TRl ThTHH STER =1 FHaA
TTEL % R Tehel foig W forqa A E = —n n ¥ SR Bl | Tl et
%aﬁmaﬁi%‘l

ﬁo‘aﬁmﬁﬁgﬁ%ﬁE %1 39 TehR o fohalT T B

= (5x? + 2)1
aﬁEaﬁN/CWxaﬁﬁzﬁﬁwﬁmw% |

39 ¢ ¥ ST 10 cm < Torell o9 &1 3@ H g 3179 feua fopen e & |
Tiehfera T |

¥

=

o
2 4

(1) wmﬁgaéwﬁgﬁww,w
(2) 39 U9 g UREg = a9 |

fortt a1 <duwr gra fordY forar o1 wfafers o9 <oie 5 T fomor o
iferw 31 8@ gUuT FefieRTr ITed ST |
Teh1T3Teh FH1 % JAfirgvaes 3R fimm | (AfreT) Sl & fore sgees i
T ST 47 TR ST & 2
Toneht T Gewesn g fonelt o1 foat T STEEA 200 @ | BT <l ks Gl 2
cm & @ 3ifon wfdfera s W sHar 3 | 3TMgRes g 3= EEH T
I |

AT

fopeft e 3R fereft fertor & ofer fardem Fifdr |

T g fIRau qe Suert 31T ShT 39T Shich TIGH <b AT ShT ST
i |

7 % fferd wam & fafei S, 3t S, % & 1 gft 3 mm 2 @ 9
fafei A gl 1.0 m & | =1 Sregor fomam e 2 fop <eft =rwebieht bt gl reh
f3peot & 5 mm 61 gl TR | SUAT fohT ST aTet SehTer <6t dTeEs i i |

22
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(b)

33. (a)

(b)

2155/4/2

@

(i1)

Using Gauss’s law, show that the electric field ]_E) at a point due to
a uniformly charged infinite plane sheet is given by E = % n
where symbols have their usual meanings.

Electric field E In a region is given by

]_E) = (5x% + 2)?

where E is in N/C and x is in meters.

A cube of side 10 cm is placed in the region as shown in figure.
y

%
E

o
2 4

Z
Calculate (1) the electric flux through the cube, and (2) the net
charge enclosed by the cube.

@)
(11)
(iii)

®
(11)

(iii)

Draw a ray diagram for the formation of the image of an object
by a convex mirror. Hence, obtain the mirror equation.
Why are multi-component lenses used for both the objective and
the eyepiece in optical instruments ?
The magnification of a small object produced by a compound
microscope 1s 200. The focal length of the eyepiece is 2 cm and
the final image is formed at infinity. Find the magnification
produced by the objective.

OR
Differentiate between a wavefront and a ray.
State Huygen’s principle and verify laws of reflection using
suitable diagram.
In Young’s double slit experiment, the slits S; and S, are 3 mm
apart and the screen is placed 1.0 m away from the slits. It is

observed that the fourth bright fringe is at a distance of 5 mm
from the second dark fringe. Find the wavelength of light used.
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