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GENERAL INSTRUCTIONS TO THE EXAMINEES:

et wdveM U wvH U R MR Afara: ford |

Candidates must write his / her Roll No. first on the question paper compulsorily.

| v BRe e E |

All the questions are compulsory.

T e BT SR & TS STR—gRaer A & ford |

Write the answer to each question in the given answer-book only.

7 y=At & anfave @ve €, S99 9 @ SN U 9 B fore |

For questions having more than one part, the answers to those parts are to be written together in
continuity.

7 73 @ R 7 el wurR § ) meR 9 FRe/erR/fRam B R <A W @ g oo @
|E AN |

If there is any error/difference/contradiction in Hindi & English versions of the question paper, the question
of Hindi version should be treated valid.

7e &1 SR fora | gd ueH &1 e Iaed ford |
Write down the serial number of each question before attempting it.

U3 PHIP 16,17, 18,199 20 ¥ IJafk® fdbeq & |

There are internal choices in Question Nos. 16, 17, 18, 19 & 20.



YUS—37 (SECTION — A)

(1) Choose the correct answer from multiple choice questions (i to xvi) and write in given answer book.
FEamed e (| A xvi) : 771 09l & IR $1 92 [Aded &1 799 IR @ S SR gRae H ey |

(i) The electric flux on a Gaussian spherical surface of radius 15cm, drawn with a point charge as the
centre, is '¢". If the radius of this surface is tripled then the electric flux passing through the surface will
be -
(A) Zero (B) Infinity (C) 3¢ (D) ¢
el g omae &1 @ 9aR i T 15cm o & el TREY Us R g weed &1 A ¢ B
I 59 g 1 B3 Ol 3% § @1 g0 9 Yo aren fIgd vedad &1 A B — ['2]
(&) ¥ (a) ¥ (¥) 3¢ (3) ¢

Ans. (D)¢

(i) The value of dielectric strength for air is -
(A)3 %108 V/m (B) 3 x 108 V/m (C) Zero (D) Infinity
g & oY wRIdgd A &1 9149 BIan 8 — [2]
(1) 3 x 108 V/m (¥) 3x 108 V/m () I (]) s

Ans. (A)3x108V/m

(iii) The Sl unit of resistivity is -

(A) Q/m (B) Q (C)Qm (D) 2m2
gioRIg®Hdr &1 SIAES & — [2]
(31) Q/m @) Q ®FQm (%) Om2

Ans. (C)QOm

(iv) In the given figure, if the Wheatstone bridge is in balanced condition, then the value of resistance 'S' will
be
B
30Q 10Q
G
A c
180 T S
D
(A)12Q (B)9 Q (C)3.0Q (D)6 Q
o o | aft Sewem |y dgfaa o@eRen § @ a1 gkRig 'S’ &1 A4 B — [2]
B
30Q 100
G
A c
180 ' S
D
(31) 120 F9Q (3 3.0Q ®6Q

Ans. (D)6 Q



(v)

Ans.

(vi)

Ans.

(vii)

Ans.

(viii)

Ans.

(ix)

Ans.

Ans.

When a charged particle moves in a uniform magnetic field in a direction perpendicular to the field, then

the path of the particle will be- ['2]
(A) Parabolic (B) Circular (C) Straight line (D) Helical
ST9 PIg AR DO THAA FaDbd &3 H &5 B cigae Q2 § T Bl 8 a1 Ho1 Bl gl gM—
(31) WaeraTHR (@) PR (H) WA @™ &) gsfer (AfteTeR)
(B) Circular <t R
The device is based on the principle of mutual induction is — [Vl
(A) ac generator (B) galvanometer (C) voltmeter (D) transformer
IR IR0 & FAGId R MeTRA IUHRT 2 —
(@7) yaTedt gRT SifFE (q) AeHHIeR (%) dreeHier () TrRBTR
(D) transformer STAHTHR
The formula for displacement current (Ia) is - ['a]
faeITas 9RT (1) &1 93 3—
doe doe. doe 1 dég
(A) 1o p (B) mogo pm (C) & ot (D) o dt
doe
(C) & p

If the magnification of a optical instrument is negative then the image will always be formed.

(A) Real and inverted (B) Virtual and erect
(C) Real and erect (D) Virtual and inverted
Il fol BTG IUHIOT &1 3Maei Foneid &1 o ufafew wqa grm— [2]

(@) arfde vd Seer  (d) 9 Ud e (W) arfde ga Mer (Q) IMHRN Td Ieler
(D) Virtual and inverted MRl Td Sefel

If the magnification of objective and eyepiece in a compound microscope is 'mo' and 'me' respectively,
then the total magnifying power (m) of the microscope will be -

(A) Mo + Me (B) Mo — Me (C) Mo * Me (D) Mo

me
e Fga Gereel § WG ead Td AST $1 3Mae HH: 'mo’ T 'me' B A1 GeAaRll Bl ol AL &

(m) 8t — [%]
(@) Mo + me @) mo—me (&) Mo - Me @) Mo

me
(C) mo-me

Natural light from the sun is

(A) polarised (B) unpolarised (C) partially polarised (D) linear polarised
I ¥ 9T UThHidd UHTe Bl 8 — [V2]
(&) gfaa @) sryfaa (W) s gfa () =i gfad

(B) unpolarised Jgfad



Ans.

Sol.

(xii)

Ans.

(xiii)

Ans.

(xiv)

Ans.

(xvi)

Ans.

The maximum kinetic energy of a photo electron emitted from a metal is 1.8 eV. The value of stopping
potential (cut-off voltage) will be -

(A)3.6V (B) 2.0V (C)1.8V (D) 0.9V
el a1g ¥ SR THIRe Soianid o AIffdan Tfas $oil 1.8 eV & FRIEN fava (3ids dieean) &1 A9
BT~ ["2]
(@) 3.6V @) 2.0V (&) 1.8V @ 09V
(C)1.8V
eVo = KE.
Vo= KE- 18V gy

e e

The moment (p) of photon is-

h A hC
A) — B) — C) — D) ha
(M) 5 ®) - (©) = (D)
®ISH B FAT (p) &Il & — [2]
h A hC
3) — 9 — q) — &) ha
@ 2 @ T @) = @)
h
A) —
(A) 5
The value of scattering angle of alpha particle for maximum value of impact, parameter is
(A) 90° (B) 60° (C) 45° (D) 0°
g Urad & AfHad 99 & AT YSBT—aH01 BT Yl HIvT el & — [V2]
(a1) 90° (@) 60° (@) 45° ) o0°
(D) 0°
The value of excitation energy required to bring an electron to the first excited state in hydrogen atom is-
(A)13.6 eV (B) 10.2 eV (C)10.2 eV (D)-3.4 eV
BSRIoM WA ¥ & golagi= &) ugell SR rawe # awyd Siod Soff &1 A Bl 82— [%]
(31) 13.6 eV @) 10.2 eV (@) 3.4eV (g) -3.4 eV
(B) 10.2 eV

Those atoms which have the same atomic number but different mass number are called -

(A) isobars (B) isotones (C) isotopes (D) isomers
I oA e URATY] SHHIe FEE difhd S@ME G@ i B 8, dEd o [2]
@) FIIIR® @) Fggite (@) TS (®) |weraId

(C) isotopes TR "dH

Example of inorganic semiconductor is -

(A) Ge (B) CdS (C) anthracene (D) polyaniline
BTG AT HT ISTERT B— ['2]
@) Ge @) cds GRS (@) dieife=

(A) Ge



()

Ans.

(ii)

Ans.

(iii)

Ans.

(iv)

Ans.

Ans.

(viii)

Ans.

(ix)

Ans.

Sol.

(x)

Ans.

Fill in the blanks: (i to x)
Raa i @t gfit ST (19 x)

The field lines of a single positive charge are radially.............

Udhel g% & HRO Igd &8F BIR—T e, Bl 8 | [V

Outward

The magnitude of drift velocity of electron per unit electric field is called...............

SH1S AT & M W SAagl & fUATE I B URATT BT oo, FEd T | VA

Mobility

To convert a galvanometer into a voltmeter a resistance of................ value is connected in series to it.

T AedArIey Pl dreeHie’ § HUART R o IHD DA H oo, A H1 IRkRIg el S B |
[]

High

The resultant magnetic moment produced per unit volume of a substance is called..............
el ggrel & Ui S&1s oA H S UROTHl a3 Bl FEd B | [V2]

Intensity of magnetisation

The mean value of alternating current in a complete cycle is...............

TH Tl I § gAad gRT BT A A BT B | [v2]
Zero
The radius of curvature of a concave mirror is 24 cm. The value of its focal length will be......... cm.
T 3qael SUUT B Ihell A1 24 cm | ST BIHd X BT A ... cm BT | [V
—12cm.
f= R =—12cm.

2
Bending of waves from their path by the edges of an obstacle is called.................
Bl SRy @ BRI §RT A=A &1 39 AN & 48 M, .o, PEANI B | [2]
Diffraction

The formula for the de Broglie wavelength associated with an electron accelerated by a potential 'V' is

e, nm.
fova 'V g1 @RT el saasM & Hag T el dRed B g A = e nm Bl B | [4]
x=12'23A:1'223nm

Jv Jv

If the radius of first orbit of hydrogen atom is 0.5 x 10~ m, then the radius of its second orbit will

2x10"%m

n2
r=05x10"| —|m

Z
r=05x10"1"%x4=2x10""m.

.......................... types of extrinsic semiconductors are found.

UG AGATAD ... UYPR & Bd & | [V2]



©)

Sol.

(ii)

Sol.

(iii)

Sol.

Sol.

Sol.
(vii)
Sol.
(viii)

Sol.

Give the answer of the following questions in one line:

71 gedl & SR U ufdd | ARTw:

Draw an equipotential surface for a positive charge (q > 0).

&l Udhal g aw (q > 0) & oy w@fdva g 9918¢ | [1]

Line of
force

N Equipotentials
~ S
. v
\
D

Draw a graph between potential difference (V) and current (I) according to Ohm's law.

AWM & FRAER favaiaR (V) 92 ar1 (1) & 7= 9% 99184 | [1]
T

What is paramagnetic substance?

FIgIDIY yeref fHd Pped 87 (1]

Paramagnetic substances are those which develop feeble magnetisation in the direction of the
magnetising field. Such substances are feebly attracted by magnets and tend to move from weaker to
stronger parts of a magnetic field.

Examples : Manganese, aluminium, chromium, platinum, sodium, copper chloride, oxygen (at STP), etc.

Why self-inductance is called electrical inertia?

wWURDE P! Igd S Fi HEd 87 11
Self-induction of the coil is the property by virtue of which it tends to maintain the magnetic flux linked
with it and opposes any change in the flux by inducing a current in it. This property of a coil is analogous
to mechanical inertia. That is why self-induction is called the inertia of electricity.

Define Coherent source.

FHA—Ndg Fd Bl GRAINT PR | 1]
The source which emits a light wave with the same frequency, wavelength and phase or having a constant
phase difference is known as a coherent source.

Write the definition of threshold frequency of a substance.
forell gerel @1 <Eelt gl @ uRvmr faRag | 11

The threshold frequency is the lowest frequency below which the photoelectric effect does not occur.

What is ionization energy?

AT Hort’ fed FEd 87 11
lonization energy is defined as the amount of energy required to remove an electron from an isolated
atom or molecule.

Write Einstein's mass-energy equivalent relation.

SIS Bl THAH—S ol FAgedd da¢ forfay | 1]

E = mc?




Sol.

Sol.

Sol.

Sol.

Sol.

Sol.

WUs—4 (SECTION - B)

Three capacitors of capacitance 6uF are connected in parallel. Calculate the value of their
equivalent capacitance.

6uF gTRTT & A9 FeTRT URdsd d I B | 371 Jou gIRkal &1 a9 91d Hifory | [1%]
Cpr=C1+C2+C3=6uF+6 pF +6 yF =18 pF

Define:

(i) Electromotive force and (i) Internal resistance of a cell

el 4 &

(i) foga ar8s 9«1 o (ii) 3@ ufoRig 1 g IR | [1v2]

(i) The electromotive force of a source may be defined as the work done by the source in taking a unit
positive charge from +ve to —ve terminal in the external circuit and from —ve to +ve terminal inside the
cell.

(i) The resistance offered by the electrolyte of a cell to the flow of current between its electrodes is called
internal resistance of the cell.

Write any two properties of magnetic field lines.

GIDIY &3 Y@ b DIy &l U o | [1%2]
Properties of lines of force :

1. Magnetic lines of force are closed curves which start in air from the N-pole and end at the S-pole and
then return to the N-pole through the interior of the magnet.

2. The lines of force never cross each other. If they do, so, that would mean there are two directions of
the magnetic field and the point of intersection. Which is impossible.

3. The lines of force never cross each other. If they do so, that would mean there are two directions of
the magnetic field at the point of intersection, which is impossible.

Draw a clear and labeled diagram of an alternating current generator. [1'2]
JATEd R SIS & T Yd AHifdd o a1y |

Axis
’

Motion ¢
Ie) ’

D

Ficld magnet

A 5 m long straight horizontal conducting wire situated in the east to west direction is falling with a speed

of 2 m/s perpendicular to the horizontal component of the earth magnetic field of 0.3x10* T. Find the

instantaneous value of the emf induced between the ends of the wire.

gd & uf¥em fa=n 4 Rerd 5 m a1 Wen &S o aR 0.3 x 104 T & gedl & gaog &3 & &fda ucd

S A 2m/s B G A AR @ 81 dR @ RRI & 7o uRka faea aes a1 &1 e 91 91 S |
[17%2]

£e=Bn/iv=03x10*x5%x2=3x10*V

Write the names of any three waves (radiations) produced in the electromagnetic spectrum.
ITA FEOI WagH H IO sl a1 awn (fafeson) & 9w ey | [17]
(1) x-Ray, (2) UV-Rays  (3) y-Rays



10.

Sol.

11.

Sol.

The magnifying power of a small telescope is 9 and the length of the tube is 100 cm.
Find the focal lengths of the objective and eyepiece of the telescope.

frdll BIE AN @ S77aee gHar 9 e Tell(Sgd) B T8 100 cm T | XA b AWgTAD qAT A

B BIHd gRAT AT BT |

M:f_o
fe
_f -
9= = = fo = 9fe
fe
L="fo+fe
100 = 9fe + fe

fe =10 cm and fo=90cm

Derive Snell's law for refraction of light by Huygen's wave theory.
TS & TR RIEGId | THRT & IUac 3G T & 19 BT Fea= BHIfIg |

Laws of Refraction (Snell’s Law) at a Plane Surface
Let 1, 2, 3 be the incident rays and 1’, 2’,3’ be the corresponding refracted rays.
A

N
\mrgme

1

i Rarer medium
1 dodium 1 ( F c vk
Medium2 A L Denser medium
r r V2, B2
Refracted ¥
wavefront\ o

’
Laws of refraction by Huygens’ principle

If v,,v, are the speeds of light in the two media and t is the time taken by light to go from B to C or Ato D

orEto G
through F, then t=E+E
Vl VZ
In AAFE, sini:E
AF
In AFGC,  sinr=-C
FC
- t:AF51n|+FCsmr - t:ACsmr_‘_AF [inl_mj
Vl VZ v2 vl VZ

For rays of light from different parts on the incident wavefront, the values of AF are different. But light
from different points of the incident wavefront should take the same time to reach the corresponding

points on the refracted wavefront. So, t should not depend upon AF. This is possible only, if
sini  sinr

L )
Vl VZ
sini v,
= ——=—
sinr v,
sini _ y, Vo 1
sinr n

This is known as Snell’s law of refraction.



12.

Sol.

13.

Sol.

14.

Sol.

15.

Sol.

Define the following:

(a) Interference of light (b) Polarization of light
=1 @1 aRwifa FHIfTg: [1%2]
(a) BT HT ARTHIO (b) T BT gaor

(a) When two light waves from different coherent sources meet together, then the distribution of
energy due to one wave is disturbed by the other, is called "Interference of light".

(b) Polarization of light is a property shown by transverse waves. The light waves which travel only in a
single plane are known as polarized light waves. The process of transforming unpolarized light waves to
polarized light waves is called the polarization of light.

A 20 Watt bulb emits 5 x 10° photons per second. Find the energy of each photon.

20dfc @ ged ¥ 5 x 10° B Uy APbvs B & | YD B B SHoll s BIvIY | [1%]
Pl 20 0y
n 5x10°

Explain Bohr's second postulate of quantisation by de Broglie hypothesis.

< gl IR I IR & FEIEIPRI & fgeiig SIS b1 e BIf | [1%]

A standing wave is shown on a circular orbit

According to de - Broglie, a stationary orbit is that which contains an integral number of de - Broglie
standing waves associated with the revolving electron. For an electron revolving in nth circular orbit of
radius r_, total distance covered = circumference of the orbit = 2nr, .

. For the permissible orbit, 2xnr, =ni

According to de - Broglie wavelength, A = h

n

where, v, is speed of electron revolving in nth orbit.

2nr, _nh or mv,r, =@:n(h/21r)
mv, 2n
i.e. angular momentum of electron revolving in nth orbit must be an integral multiple of h/2x, which is

the quantum condition proposed by Bohr in his second postulate.

Define —

(a) Nuclear fission (b) Nuclear fusion

gRATYT I [17]
(a) TADHIT faErsA (b) XD Hera

(a) Nuclear fission refers to the splitting of an atomic nucleus into two or lighter nuclei.

(b) Nuclear fusion is the process by which two light atomic nuclei combine to form a single heavier one
while releasing massive amounts of energy.



16.

Sol.

¥Us— (SECTION - C)

Derive formula for the electric field due to electric dipole at any point on the equatorial plane. Draw
necessary diagram.

Igd faga & dRU RAgada aa w® Reua ol g W fag@ a3 &1 g3 o= $if5g | mawgs s

IR | [2+1=3]
OR / 3@t

Obtain an expression for the electric field at any point due to a uniformly charged infinite plane sheet with

the help of Gauss's law. Draw necessary diagram. [2+1=3]

TS W gRT UHaA AR oFd 99dd a1k & SRV 6 g &3 &1 9 ura I | 31awasd
o 18 |

Electric field at Equatorial point of a dipole :

As shown in figure. consider an electric dipole consisting of charges —q and +q, separated by distance
2a and placed in vacuum. Let P be a point on the equatorial line of the dipole at distance r from it.
OP=r

Electric field at an equatorial point of a dipole.

Electric field at point P due to + q charge is
=l 1 y
" 4ne, r’+a
Electric field at point P due to —q charge is
E = x4

— = >< b
 4ng, r’+a’

directed along BP

2’

directed along PA

Thus the magnitudes of E_, and E, are equal i.e.,
1 q

X
4ng, r’+a’

E,=E,=

q

Clearly, the components of E_q and Eq normal to the dipole axis will cancel out. The components parallel

to the dipole axis add up. The total electric field E._is opposite to p .

equa

Eqq =—(E_,COS0+E_ cos0)p =—2E cosOp [ E, =E.]
1 9 a . a
=—2 " C0S0=—8=—
><41t80 r2+aszr2+a2p [ r2+az:|
g ___ p . —kp .
equa 47‘[80 (r2 +az)3/2 p - (rz +az)3/2 p

where p = 2qa, is the electric dipole moment. If the point P is located far away from the dipole, r >> a,
then
= 1 p. —kpa
E =— X—=pP =

M Amg, r° P r? P
Clearly, the direction of electric field at any point on the equatorial line of the dipole will be antiparallel to
the dipole moment p .




OR
Sol. Electric field due to a uniformly charged infinite plane sheet :
Consider a thin, infinite plane sheet of charge with uniform surface charge density o. We wish to calculate
its electric field at a point P at distance r from it.

— Plane sheet,
+ :
+ *, - charge density o
+ + “'+",. + + .
+ + +
4+ ~

(‘:
Rals
DL /
~epe”’
Pt
A
Q
(?
~ ‘_4
k]

my

A
+ + * ,‘ Nuna | r
. + T
Cross-sectional LE_»,‘J—J
area A

Gaussian surface for a uniformly charged infinite plane sheet.

By symmetry, electric field E points outwards normal to the sheet. Also, it must have same magnitude
and opposite direction at two points P and P’ equidistant from the sheet and on opposite sides. We
choose cylindrical Gaussian surface of cross-sectional area A and length 2r with its axis perpendicular to
the sheet.
As the lines of force are parallel to the curved surface of the cylinder, the flux through the curved surface
is zero. The flux through the plane-end faces of the cylinder is

¢ =EA+EA=2EA (A= cross sectional area of plane-end faces)
Charge enclosed by the Gaussian surface,

g=ocA
According to Gauss's theorem,

17. Derive expression of magnetic field at any point on the axis for a current carrying circular loop by
Biot-Savart's law. Draw necessary diagram. [2+1=3]
T Hrae g9 A B armErE) e & se R Red B fig R gea &3 31 d9d G DI |
Jaegd o 918y |

OR / 31ar

Derive formula for the force per unit length acting on the two straight parallel current carrying conductors.
Draw necessary diagram. [2+1=3]
31 WY TR URMETE! Iad IRI & Heg Ul Yl odls IR BRI de1 bl g3 o= DIIg | Fagad
ICEERIENd

Sol. Magnetic field on the axis of a circular current loop:
Consider a circular loop of wire of radius (a) and carrying current (I), as shown in figure. Let the plane of
the loop be perpendicular to the plane of paper. We wish to find magnetic field () at an axial point P at a
distance (r) from the centre C.

d/
4\? dB cos ¢ g Q
Of ™ . d
- §~\
a i T
P T P ¢
I c i r L » ».dB sin ¢
" N uB sin &
41
aB ,
T® dB cos ¢" Q

Magnetic field on the axis of a circular current loop



Consider a current element d/ at top of the loop. It has an outward coming current.

If s be the position vector of point P relative to the element di , then from Biot-Savart law, the field at
point P due to the current element is :
Id!

dB:h-—zsinG
4n s

Since d/ 1§ i.e., 8 = 90°, therefore
1d/

dB=to . =0
4 s

The field dB lies in the plane of paper and is perpendicular to s, as shown by PQ. Let ¢ be the angle
between OP and CP. Then dB can be resolved into two rectangular components.

1. dB sin ¢ along the axis

2. dB cos ¢ perpendicular to the axis.

For any two diametrically opposite elements of the loop, the components perpendicular to the axis of the
loop will be equal and opposite and will cancel out. Their axial components will be in the same direction,
i.e., along CP and get added up.

.. Total magnetic field at the point P in the direction CP is :

B=[dBsin¢
Butsing = 2 and dB = Ho 19/
S 4r s
B= “_O.g.i
4n s° s

Since i, and I are constant, and s and a are same for all points on the circular loop, we have

2
B= Lol [ /- ol g - HolT
4rs 4ns 2s

[ _[ d/ = circumference = 2na]

i i B et

As the direction of the field is along +ve X-direction, so we can write

pola” i

B__ Hla
2% +a?)”

If the coil consists of N turns, then

u,NIa?

g—_ HN@
2(r2 +a2)3/2




Sol.

18.

OR

Expression for the force between two parallel current-carrying wires :
Consider two long parallel wires AB and CD carrying currents I, and I,. Let r be the separation between

them.

A C
I1 I?
©B, 1 3 B,®
B r D
The magnetic field produced by current I, at any point on wire CD is
B1 — “011
2mr

This field acts perpendicular to the wire CD and point into the plane of paper. It exerts a force on current
carrying wire CD will be :

F, = 1,/B, sin90° 1,7, kol _ Holilz

2nr 2nr
Force per unit length,
£ i _ HoliL,
l 2mnr

According Fleming’s left hand rule, this force acts at right angles to CD, towards AB in the plane of the
paper. Similarly, an equal force is exerted on the wire AB by the field of wire CD. Thus when the currents
in the two wires are in the same direction, the forces between them are attractive. It can be easily seen
that

F=-F,

As shown in Figure when the current in the two parallel wires flow in opposite directions (anti-parallel),
the forces between the two wires are repulsive.

(a) On the basis of energy band theory, write the difference between conductor, insulator and semiconductor.
(b) Draw energy band diagram of n-types semiconductor. [2+1=3]
(a) STl ve RIgTd & MR W ATeld, AR Td sgdrad & A R forfad |
(b) N UPR & AGATAD BT Holl 98 ARG §15T |

OR / 3ar

Write the name of device "Y' in the following given diagram. Explain its working making with circuit
diagram. [1+1+1=3]
=1 & e R | g Y @1 9 faRaw | saer aRuy i arex $rifaf sy |

N\ AV AV
NN

Input Signal

N\ AV AV
NN

el o frfa doa

Output




Sol.

(a) The points of differences between metals, insulators, and semiconductors are as follows:

Metal

Insulator

Semiconductor

Metals are the substances that
are naturally found below the
earth.

Insulators are poor conductor of
heat and electricity.

A substance that holds the
property of both conductor and
insulators are known as
semiconductors.

The conduction band in metals is
either filled or partially filled while
the valence band is partially
empty.

The valence band is completely
filled while the conduction band is
partially filled.

The valence band is completely
filled while the conduction band is
empty in the case of
semiconductors.

There is no forbidden gap in the
case of metals.

As a result there is large energy
gap.

This results in low gap in energy
bands.

Conduction band

i Conduction band ¢

Conduction
band

Band gap E!lr E' E, ﬂ
T Valence band f
— kT=E, Vatenge
[—]
(b) Energy band diagram for n-types semiconductor

Sol. 'Y' is full wave rectifier.

In the full wave rectifier, two p - n junction diodes, D, and D, are used. This arrangement is shown in the

diagram below.
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Circuit diagram of full wave rectifier
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Working
During the positive half cycle of the input AC, the diode D, is forward biased and the diode D, is reverse

biased. The forward current flows through diode D,. During the negative half cycle of the input AC, the
diode D, is reverse biased and diode D, is forward biased. Hence, current flows through diode D, Hence,
we find that during both the halves, current flows in the same direction.
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Input and output waveforms

YUS—g (SECTION - D)

(a) Prove that the peak value (Im) of an alternating current is v2 times of its root mean square
(rms) value.
(b) If alternating current I = 4 sin ot and voltage V = 200sin (wt + %j then calculate the average

power dissipated in the circuit.

(31) g I @ yeIadt aRT &1 RRER A (In) 9@ 91 9169 o (rms) A9 &1 2 A1 BT 2|
€)) Ifg gaamad! I = 4sin ot T deedr V = 200sin (mt+§j€raﬁuﬁquﬁ&1ﬁﬁsﬁw3ﬁﬁaﬁ

IAOET BT | [2+2=4]
3erEr / OR

(a) Prove that the average power supplied to an inductor over one complete cycle is zero.
(b) If in LCR alternating current circuit R = 24Q, XL = 11Q and X. = 110Q then find the impedance
of the circuit.

@) g PR & e R T9% F Re B A A ufh g e B
@) I fHHl LCR gaamadt er1 uRuy § R=240Q, X, =110Q T X, =110Q & a1 aRuy &
EPINCICIESIGECIINIY [2+2=4]



| fo
Sol. (a)l, =l = /? ! P dt

T T
Now  [I? dt=1}sin’ o dt
0 0

5|:t— sin2® dt}T

2 20 |,
2 T
b (T—O)—L sin4—wt
2 2m T 1,
= I—‘_)[T—L(sin%)—sin 0)}
2 20
I; 13T
=2[T-0]=-"
2 [ ] 2
2
Ieff or Irms = lu
\AT 2
or It OF Log =% l, =0.707 1,
Thus the effective or rms value of an a.c. is % times its peak value.
(b) P = Vims lms cOs ¢
= 4 ,20006™ = 200w.
v2 2 3
OR
Sol. (a) Instantaneous power in the inductive circuit is given by, P = VI
P = (Vosinot) (—locosmt)
V .
= —LIO(Zsm otcos ot)
= Voo sin2wt
2
The average power for one time period is
Pav = —% <sin2mt>

Pav = 0

(b) Z = (R% +(X_ - Xc)?
Z = J(24)2 + (110 —=110)?
Z=+24x24 =24 Q




20.

Sol.

Define total internal reflection. Establish relation between u, v and f for a spherical mirror. Draw

necessary ray diagram.

qui 37ARE TRTac B aRWING SIfTg | fadt Tl gdor & forg u, v @en f & Hdy wrfia aifrg |

IS foxor fom =T | [1+2+1=4]
3dar / OR

1 1 1
Define lateral shift. Derive the lens maker's formula ? = (n21 - 1)[R_ - R_) . Draw necessary ray
1 2

diagram. (where symbols carry usual meaning).

qiid® faRem &1 gRWIfYa Sy | o9 wax g3 %:(nm —1)[Ri—Rija§qa PITY | 3TaTTH

1 2
fvor fm qargy (GTef daal @ A eed B) [1+2+1=4]
When the angle of the incident in the dense medium exceeds the critical angle, then get reflected back
in the denser medium and this phenomenon is called total internal reflection.
Derivation of mirror formula for a concave mirror when it forms a real image. Consider an object AB
placed on the principal axis beyond the centre of curvature C of a concave mirror of small aperture, as

Object distance, BP =—u
image distance, B'P=-v
Focal length, FP =

Radius of curvature, CP=-R=-2f
Now A A'B'C~A ABC
_A'B' CB' CP-B'P -R+v
" AB BC BP-CP -u+R
As Z/A'PB'=_/ABP, therefore,
AA'B'P ~ AABP
Consequently,
A'B' B'P -v v
—=——=—=— e, (2)
AB BP -u wu
From equation (i) and (2), we get

-R+u _Vv

-u+R u
or —UuR +uv=uv+VvR or VR + uR = 2uv
Dividing both sides by uvR, we get

11 2

—_t —=—

u v R

But R = 2f .'.1+—=%



Sol.

OR
The perpendicular distance between the incident ray and the emergent ray is defined as lateral shift.

Assumptions made in the derivation of lens maker’s formula :

(i) The lens used is thin so that the distances measured from its optical centre.

(ii) The object is a point object placed on the principal axis.

(iii) The aperture of the lens is small.

(iv) All the rays are paraxial, i.e., they make very small angles with the normal to the lens faces and with
the principal axis.

Refraction through a double convex lens.

Suppose a point object O is placed on the principal axis in the rarer medium of refractive index p,. The

ray OM is incident on the first surface ABC. It is refracted along MN, bending towards the normal at this
surface. If the second surface ADC were absent, the ray MN would have met the principal axis at |,. So

we can treat |, as the real image formed by first surface ABC in the medium of refractive index p,
For refraction at surface ABC, we can write the relation between the object distance u, image distance v,
and radius of curvature R, as

ﬁ_h HZ_M1 (1)

v, u R,

For refraction at second surface, |, acts as a virtual object placed in the medium of refractive index and |

is the real image formed in the medium of refractive index. Therefore, the relation between the object
distance v,, image distance v and radius of curvature R, can be written as

B Mz _MiZH2l ()
VooV, R,

Adding equation (1) and (2), we get
AR I St T 3)
V.o u Hy R, R,

If the object is placed at infinity (u = o0 ), the image will be formed at the focus, i.e. v = f. Therefore,

1 1 1
—= ) ———
f (H21 {R1 RJ



