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General Instructions :

Read the following instructions carefully and follow them :

(1) This question paper contains 33 questions. All questions are compulsory.

(it)  This question paper is divided into five sections — Sections A, B, C, D and E.

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

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

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

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

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

(viit) 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.

(ix)  Kindly note that there is a separate question paper for Visually Impaired
candidates.

(x) Use of calculators is not allowed.

You may use the following values of physical constants wherever necessary :
c=3x10%m/s
h = 6-63 x 1034 Js
e=16x10719C
o =4mx 107 Tm A™?
g9 = 8:854x 10712 C2 NI m2

1

47‘580

=9x 109N m? C2

Mass of electron (m,) = 9-1 x 10731 kg

Mass of neutron = 1-675 x 10727 kg
Mass of proton = 1-673 X 1027 kg
Avogadro’s number = 6-023 x 1023

Boltzmann constant = 1-38 x 10723 JK!

per gram mole
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SECTION A
1. The ratio of potential difference across AB in the circuit shown for the

case (i) when switch S is closed and (ii) when S is open is :

S
3R 5
A B
VWW 2
2R
4R 2R
I
A%
1 1
A — B -
(A) 1 (B) 2
© 1 D) 2
2. Two coherent waves, each of intensity I, produce interference pattern on

a screen. The average intensity of light on the screen is :

(A)  zero B I
©) 2l D) 41,
3. A particle of mass m and charge q moving with velocity v/i\ is subjected to

a uniform electric field E3\ . The particle will initially have a tendency to

move in a circle of radius :

2
(A) (EJ in x-y plane (B) mv2 in x-z plane
qE qE
mv? ). mv |.
©) in x-y plane (D) — |Iny-z plane
qE qE

I 55/6/3 Page 5 of 31 P.T.O. I



@ collegebatch con

[OkA0|
E%z? #

4.  Tordl T grae I FeATE TEd gy et afe o qor, S ST H ST 3TTHR e &,
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5. forelt ATfirek # e 3R WM, WIEH SR =M T <M 3R =AM o sfiel AR
SA A F,  F  3F, g qe:

pp’ * pn
(A)  Fpp>Foy>Fop
B)  Fpn>Fpp>Fyp

(C) Fyy>F,,>F

(D) F,,=F,,=Fn,

6.  FI3 ac 9id fordl ufalraes 3 ford) Stk & At GiieH @ GAfid @ | afodiess it
Uk o F0 W AicedT AT 8 V 3R 6 V & | Gid hl dieedT 2

(A) 10V (B) 12V
C) 14V (D) 16V
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4, A vertically held bar magnet is dropped along the axis of a copper ring
having a cut as shown in the diagram. The acceleration of the falling
magnet is :

S

(A)  zero (B) lessthang
< g (D) greaterthang

5. Inside a nucleus, the nuclear forces between proton and proton, proton
and neutron, neutron and neutron are Fp, F,, and F,, respectively.

Then :
(A) Fpp > Fpn >F,,

pp’

B)  Fppn>Fpn>Fpp

pn
(C)  Fun>Fpp>Fpy

(D)  Fpp=Fpn=Fup

6. An ac source is connected to a resistor and an inductor in series. The
voltage across the resistor and inductor are 8 V and 6 V respectively. The

voltage of the source is :
A 10V B) 12V
(C) 14V (D) 16V
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(A) (n EIJR (B) (n +1]R
n nZ-1
2 2

©) (n —IJR D) (n +21)R
n n

9. forelt wermmT Trerehia & § it o o o were g wftreprerehr gaTe g -
(A) & o 3T I LT &
(B) & o forudia i sk @
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(A) Sl (B) iU AT H
(C) I (D) IawmEamH
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7. A proton and an a-particle enter with the same velocity v in a uniform

- -
magnetic field B such that v L B. The ratio of the radii of their paths is :

1
A 2 B) =
2
1
o = (D) 4
8. If Rg and Rp are the equivalent resistances of n resistors, each of value R,

in series and parallel combinations respectively, then the value of

(Rs—Rp)is:
2 2

@ |2 R ® |Z*|R
n n“ -1
2 2

(©) (n = IJR o o +DR
n n

9. A piece of a diamagnetic material, free to move when placed in a uniform

magnetic field :

(A) moves along the field

(B) moves opposite to the field

(C)  moves perpendicular to the field

(D) does not move at all

10. The wavelength of a photon is equal to the wavelength associated with an

electron. Both will have the same value of : 1
(A) energy (B) angular momentum
(C)  velocity (D)  linear momentum
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(A)  2oft 5§ &g vy (B) A0t ¥ 3= afaQyr
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12.  3TER 6.0 x 101* Hz o et B8 o1 6 (kg m/s ) BT e -

(A)  663x1072

(B) 1.326 x 10727
(C) 2652 x1072°
(D) 3978 x 10724
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(C)  Afvehe (A) Wl 8, T N0l (R) TIeidl 2 |
(D)  ANEH (A) 3T FHRT (R) SHITTAT & |
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1 qaha & At X-Foreot 3= 2t & |
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11. A galvanometer can be converted into an ammeter of desired range by
connecting a :

(A) small resistance in series (B) large resistance in series

(C) small resistance in parallel (D) large resistance in parallel

12. The momentum (in kg m/s) of a photon of frequency 6-0 x 10 Hz is :
(A)  663x107%
(B) 1326 x 1072
(C) 2652 x 107

(D) 3978 x 10724

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) : X-rays are produced when slow moving electrons are

stopped by a metal target of high atomic number.

Reason (R): X-rays consist of low-energy photons.
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Assertion (A) : The binding energy per nucleon is practically constant for
mass number in the range (30 < A < 170).
Reason (R): Nuclear forces between the nucleons for mass numbers in
the range (30 < A < 170) are not short-range.
Assertion (A) : In a reflecting telescope, the image does not have
chromatic aberration.
Reason (R): Chromatic aberration occurs only due to refraction of light
through an optical medium.
Assertion (A) : A hole is an apparent free particle with effective positive
electronic charge.
Reason (R): A hole is not necessarily a vacancy left behind by an
electron in the valence band.
SECTION B
In an n-type semiconductor electron-hole combination is a continuous
process at room temperature. Yet the electron concentration is always
greater than the hole concentration in it. Explain. 2
(a) What is the difference between ‘velocity’ and ‘drift velocity’ of
electrons in a current-carrying conductor.
(b) A copper wire of uniform cross-sectional area carries a current of
3-4 A. The drift velocity of conduction electrons is 0-2 mm/s. If the
number density of electrons in copper is 85 x 1028 m_?’, find the
area of cross-section of the wire. 2
(a) Find the intensity at a point on the screen in Young’s double slit
experiment, at which the interfering waves of intensity I, each,
. o A oy A
have a path difference of (i) 3 and (i1) 5 2

OR
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(b) A point source of light in air is kept at a distance of 12 cm in front
of a convex spherical surface of glass of refractive index 1-5 and
radius of curvature 30 cm. Find the nature and position of the

image formed. 2

20. An alpha particle and a deuterium ion are accelerated through the same
potential difference. These are then directed towards a target nucleus to
make head-on collision. It is observed that their distance of closest

approach is the same. Justify it theoretically. 2

21. A tank is filled with a liquid of refractive index /2, up to a height of
30 cm. A tiny bulb is glowing at the bottom of the tank. Calculate the
diameter of an opaque disc floating symmetrically on the liquid surface
that can cut off completely the light from the bulb that comes out of the

liquid surface. 2

SECTION C

22, Name the electromagnetic wave used (i) in radar, (ii) in eye surgery and

(iii) as diagnostic tool in medicine. Write their wavelength range also. 3

23. (a) Differentiate between ‘nuclear fission’ and ‘nuclear fusion’. Briefly

discuss one example of each.

(b) Draw a graph of potential energy between a pair of nucleons as a

function of their separation. 3
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N
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(i) OTRT O SHTRA S-S, T
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24. A rectangular loop carries a current of 1 A. A straight long wire carrying
2 A current is kept near the loop in the same plane as shown in the
figure.

<1 cm—>

Find : 3
) the torque acting on the loop, and

(i1)  the magnitude and direction of the net force on the loop.

25. (a) A concave mirror has radius of curvature 20 cm. Calculate the
distance of an object from the mirror so as to form an image of
magnification — 2. Also find the location of the image.

(b)  If the silver coating around the centre of a concave mirror is
removed, will the mirror still form the image of an object ? Justify
your answer. 3

26. State Kirchhoff’s laws. Apply these laws to find the values of current
flowing in the three branches of the given circuit. 3
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27. In Bohr model of hydrogen atom, an electron is revolving in second orbit.
Find the value of :

(i) angular momentum of electron,

(11) radius of the orbit, and

(iii) kinetic energy of electron.

Take radius of first orbit of hydrogen atom as 0-5 A. 3

28. (a) State Lenz’s law. A rod MN of length L is rotated about an axis
passing through its end M perpendicular to its length, with a
constant angular velocity © in a uniform magnetic field ﬁparallel
to the axis. Obtain an expression for emf induced between its ends. 3

OR

(b)  Define ‘self-inductance’ of a coil. Derive an expression for
self-inductance of a long solenoid of cross-sectional area A and

length /, having n turns per unit length. 3
SECTION D

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

29. A capacitor is a system of two conductors separated by an insulator.
In practice, the two conductors have charges Q and — Q with potential
difference V=V;-Vy between them. The ratio v is a constant,
denoted by C and is called the capacitance of the capacitor. It is
independent of Q or V. It depends only on the geometrical configuration
(shape, size, separation) of the two conductors and the medium
separating the conductors. When a parallel plate capacitor is charged, the
electric field E; is localised between the plates and is uniform
throughout. When a slab of a dielectric is inserted between the charged
plates (charge density o), the dielectric is polarised by the field.
Consequently opposite charges appear on the faces of the slab, near the

plates, with surface charge density of magnitude o,. For a linear

o
dielectric o}, is proportional to Ej. Introduction of a dielectric changes the
electric field, and hence, the capacitance of a capacitor, and hence, the

energy stored in the capacitor.
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Like resistors, capacitors can also be arranged in series or in parallel or

in a combination of series and parallel.

1) (a) Three capacitors A, B and M, each of capacitance C are
connected to a capacitor N of capacitance 2C and a battery
as shown in the figure. If the charges on A and N are Q and
Q’ respectively, then % is : 1

A
|1
I
—B -— M
N
[ |
I
[
I |
\Y%
1 1
A = B =
(A) 5 (B) 3
© 3 (D) 6
OR
(b) A slab (area A and thickness %) of dielectric constant K is
inserted in a parallel plate capacitor of plate area A and plate
separation d. If C and Cy are the capacitances of the
capacitors with and without the dielectric, then —is : 1
0
K+1 2K
@a = (B)
2K K+1
K K-1
C — D) ——
(C) K_1 (D) K
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(i) AR Q 3R — Q o a1 & WX fordll THT= Ulgsht G T Ufgehratl & =
13 forega-a E TTiUa foram T 8 | afganratl o sfter afiarg, S o1 AT V

2 | 38 gunfer § dfua sl © 1
(A) %eo E? (B) ¢ Q’E
(C) % eg B2V D) e EQV

(i)  Torelt TwTa ufgent dutfer [ufset ke A R afgeht g d (> dy)]
HTART TfgehTAT (ST B o) o sfte TEaish K ol s 1Raeh Taed
ufgehT (%t A 37T OIS dp) T & 7T 8 37T 36 ufgehT & Beteh! UL qimmor §

G ST Sfcdl o forsTTetar STeleT Tehe €1 71T & | Treiegdieh K ol 91 €1 : 1
@) I ® —°

(e} G—Gp
) ro ™ =

Cp Cp

(iv) 3T (a) W ST T AT § WX UTEHT &bt A TT Uigeht qorsh d o &Tiar C
o Tepdl FerTier o ferrr IS | aife afgshraat o siter sht gt ol sIgTeht 2d
oT ST oI 311 (b) # ST AR ok UigehT shi T ohL fom ST, ot

S U IR hY 9T 2t 1
% ..... } .......... J
d 2d
(a) (b)
C C
(A) 2 (B) 2
(C) 2C (D) 4C
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An electric field E is established between the plates of an air filled
parallel plate capacitor, with charges Q and — Q. V is the volume of
the space enclosed between the plates. The energy stored in the
capacitor is : 1

1
B e E? (B) ¢ Q’E

1 2
© §EOE \Y% D) ¢EQV

A slab (area A and thickness dy) of a linear dielectric of dielectric
constant K is inserted between charged plates (charge density o) of
a parallel plate capacitor [plate area A and plate separation
d (> dy)] and opposite charges with charge density of magnitude o,
appear on the faces of the slab. The dielectric constant K is given by : 1

@ 2t ® —°
(e} O — Gp
© 2T o =
Sp Op

Consider a capacitor of capacitance C, with plate area A and plate
separation d, filled with air [Fig. (a)]l. The distance between the

plates is increased to 2d and one of the plates is shifted as shown

in Fig. (b). The capacitance of the new system now is : 1
A e A [P e
d 2d
(a) (b)

C C
A — B —
(A) 1 (B) 5
) 2C (D) 4C
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30. Uzt STEfETCIoR! i Y& 7T AST ST I YT (g W AT Hleh ST
SITAT 2 | Si 3T Ge o1 UTfEd A o foTT &t TehT o HTGhT T SURINT fohaT STTaT & 3T
TTRT STANT hLeh p-TR 3 - o STeaTersh ITe fohT ST Wehdl & | p-n ©fY siga
it srdaTers kAt b1 g 18 © | forelt p-n w3 fomior 3 T a1 weearqt wisped
BT & — forewor qerm 319eg | 5o 1S 39 TehI ot Giir [fia gt 8, @t s g v
3T B ST & S (vaet 3TEA-3h1eT ¥ T 2T & | 8 fordl) wftr Qiftrent fonrar & ot
STt BT ¥ | BT T =TS qu Aftrewt forvrar it s witr & sramafi stean
TSI B W giEfdd 8 St @ | s Tt SRS SATUR Y9 ¥ 1§ p-n Wi
Bl 2 foraeh Rl W aTer dicedt AT i o [T 91q o €ueh Y [T ST & |
SRITET 3T ITANT Hieh TeATad aleedratl (ac voltages) i faseahd T ST HehaT & |

i) (&) p-n G F IR TEETH ; 1
(A) 37998 9T %D mA FHIfEH a2 |
(B)  SATerehisT TSR aileedT o1 UTd BT&T & o Rl W Erar 2 |
(C)  BTet & Y =TS et 2 |
(D) TSR AeedT H i o 61 9T H 1 8 2 |

AT
@) et AEhT % ®9 % 50 Hz o 919 qui-aar feseswrt it fria smafa
BT g : 1
(A) 25 Hz (B) 50 Hz
(C) 100 Hz (D) 200 Hz
(i) Tt p-n Efer & Fffa &ra oo 1

(A)  n-Felh T RUMSTT T ITd TAT p-Fetsh YT ST oht Td Tohe BIdl & |
(B) n-%cieh T AT S O TUT p-HeTeh W SRUMTSTT shl 9T Johe Bidl & |
(C) TRI%F p-TeTeh o SAFT ST | n-WheTeh hl AT T L & |

(D) ey O foraeor e e e a19eg oy S Bt R |
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30. Extrinsic semiconductors are made by doping pure or intrinsic
semiconductors with suitable impurity. There are two type of dopants
used in doping, Si or Ge, and using them p-type and n-type
semiconductors can be obtained. A p-n junction is the basic building block
of many semiconductor devices. Two important processes occur during
the formation of a p-n junction : diffusion and drift. When such a junction
is formed, a ‘depletion layer’ is created consisting of immobile ion-cores.
This is responsible for a junction potential barrier. The width of a
depletion layer and the height of potential barrier changes when a
junction is forward-biased or reverse-biased. A semiconductor diode is
basically a p-n junction with metallic contacts provided at the ends for
application of an external voltage. Using diodes, alternating voltages can
be rectified.

) (a) Inreverse-biased p-n junction : 1
(A)  the drift current is of the order of few mA.
(B) the applied voltage mostly drops across the depletion
region.
(C)  the depletion region width decreases.
(D)  the current increases with increase in applied voltage.

OR
(b)  The output frequency of a full-wave rectifier with 50 Hz as
input frequency is : 1
(A) 25Hz (B) 50Hz
(C) 100 Hz (D) 200 Hz
(i1) During formation of a p-n junction : 1

(A) a layer of negative charge on n-side and a layer of positive
charge on p-side appear.

(B) a layer of positive charge on n-side and a layer of negative
charge on p-side appear.

(C) the electrons on p-side of the junction move to n-side
initially.

(D) initially diffusion current is small and drift current is large.
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(i) ST IS TeERATST WA Si o foreeetter Siteten # foreft wemmoy <6t feorf st crar @
Tl 36 TR SAFE A THADI o AR TSIHAT o T TEHITSIT TS 47 Ad &
STeffeh TT<ral ST Ufeh TRHTY] & ST T8dT & | 39 Seiarg i shl Jerd ahid o fofg

JATITIAH Sl & T 1
(A) 0-5eV (B) 0-1eV
(C) 0-05eV (D) 0-01eV
(iv) FrAfaRad & & SH-81 Ge o fAIg 2T 1l T & 2 1
(A) FRH (B) Ufrewt
€) vfufem (D) gfeTm
T T

3l. &) () TrE wewr A forpa-am 1 E = 40x | N/C g1 =5 o o 2 | Forety
Tehish ST 1 {175 (0, 3m) ¥ g (5m, 0) ok o W # fepa T
T 1 T |

(i) IS AQT Q, BT r IR (> r) F 3 Hheal TES MAl W 38 ThR
forafia 2 fop 316 st STraT o T € | 37 Ml % VAT e

Ul
() fom@-am, qem
(I forvre gra hifse | 5

GRE
@ @) foygasmEet p % et e % Fror s et awaa & e fog

o R E 3 R o e i s swet e e iR |
LS E RN

(D sEfEga s &5 (r = 0) W, qr

(ID) freifegr>>a™

forega-& =61 9 F1d HifSe, STet 2a foger s s 2 |
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31. (a)

(b)
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When a pentavalent atom occupies the position of an atom in the
crystal lattice of Si, four of its electrons form covalent bonds with
four silicon neighbours, while the fifth remains bound to the
parent atom. The energy required to set this electron free is about : 1
(A) 05eV (B) 0-1eV
(C) 0-05eV (D) 0-01eV
Which of the following is a donor impurity atom for Ge ? 1
(A) Boron (B) Antimony
(C)  Aluminium (D) Indium
SECTION E
—> A

(1) The electric field in a region is given by E = 40x i N/C. Find

the amount of work done in taking a unit positive charge

from a point (0, 3m) to the point (5m, 0).
(i1) A charge Q is distributed over two concentric hollow spheres

of radii r and R (> r) such that their surface charge densities

are equal. Find :

(I)  the electric field, and

(II) the potential

at their common centre. 5

OR
(1) Obtain an expression for the electric field }_E]> due to a dipole
of dipole moment ﬁ) at a point on its equatorial plane and
specify its direction. Hence, find the value of electric field :
(I)  at the centre of the dipole (r = 0), and
(II) atapointr>>a,

where 2a is the length of the dipole.
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(i)  foret wawr @, S 9T L o1 S B 3TR@ H S A9 fbord 8 ig
a7 E= (10x + 5)1 N/CRemm 2, oefx st L e % 1 5@

o Y TSR ST ¢ Sl Tiehford shifs | 5
Y
B C
A D
A
\i - X
0 6~
A D,
Z

32. &) () T ac I it FEFRT *1 fugia e | suswr Tmifra 3w
it 3okt it fofau |

(i) TRt ac @G v = 140 sin (1007)t V & it & 400 Q T Slcirem,
(éjH?ﬂWW (@)pFwﬁmﬁalﬁﬁﬁ%lﬁaﬁw

I T

JFIIET o BRI W rms deedd J1d hIST | 39 dieedarsl & st
W@ﬁaﬁrmsmﬁﬂmﬁmélwﬁﬁﬁ?l 5

HAAAT

@) () T orEwni i it @ fagia ey | amifea o i errm
T Toreht STameft gL ot shraifafer sht s hifere |
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(ii)  An electric field E= (10x + 5)/i\ N/C exists in a region in
which a cube of side L is kept as shown in the figure. Here x

and L. are in metres. Calculate the net flux through the

cube. 5
X

N

32. (a) (@) Write the principle of working of an ac generator. Draw its

labelled diagram and explain its working.

(i1) A resistor of 400 Q, an inductor of (éjH and a capacitor
T

50 .. . .
of |— |uF are joined in series across an ac source
T

v = 140 sin (100n)t V. Find the rms voltages across these
three circuit elements. The algebraic sum of these voltages is
more than the rms voltage of source. Explain. 5

OR

b) @ Write the principle of working of a transformer. With the
help of a labelled diagram, explain the working of a step-up
transformer.
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(i)  foret U@ smrest e Y 31fieheuHT 50 V @t 250 V 8 ufEfda e
% fIq <t T2 B | I- TEBI 3T ac @9 & 200 W Ik oiar & et

dTeahTiereh aeedl v; = 20 sin (100m)t V& |

ﬂﬁﬁﬁﬂ'{:

D Frasft e &7 rms 9 |

(II)  dTcohTieTeh fTid SleedT & folu =isten |

(IIT) dTchTiersh ffa & o foTw =eieh | 5

33. (@) () Tt Wy gewenli g widfors fmior ey & fog fomor sm@
EifT | 38 geHeRll & FA A % g =Sy Hifse e
sifem wfafers s=g WeaT ? |

(i) el ¥ge gemaell & 125 cm Wih® g % 3G ¥ 1.5 cm gl
T T3 forre R & | et 1 wehe g 5 em # | Sifow widforar s
QST & | SAgersh ST et o sfter ot gl ufishierd shifer | 5

v
@) () = S s ST ek A I Hid o e o qHd SAUhh

T AT H EERT L TRt THaT T o e i AT shifsg | 36
TohR TS o =0 T Geamu il |

(i)  UOT & T IUANT Fleh T8 HHA shifSTg fop forelt Seret dor o wm
Terelt forwer sh gUoT g Wael BT ATHTET Ticfsral ST € | 5
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33. (a) (@)

(i1)

() @

(i1)
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An ideal transformer is designed to convert 50 V into
250V. It draws 200 W power from an ac source whose
instantaneous voltage is given by v; = 20 sin (1007)t V.

Find :

)] rms value of input current.

(I) expression for instantaneous output voltage.

(IIT) expression for instantaneous output current. 5

Draw a ray diagram to show the image formation by a
compound microscope. Obtain the expression for the total
magnification of the microscope when the final image is
formed at infinity.

In a compound microscope, an object is placed at a distance
of 1.5 cm from the objective of focal length 1.25 cm. The
eyepiece has a focal length of 5 cm. The final image is formed
at infinity. Calculate the distance between the objective and
the eyepiece. 5

OR

Using Huygens’ principle, explain the refraction of a plane
wavefront, propagating in air, at a plane interface between
air and glass. Hence verify Snell’s law.

Use mirror formula to deduce that a convex mirror always
produces a virtual image of an object kept in front of it. 5
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