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General Instructions :

e @ forg arg Al
1. Candidate must write first his/her Roll No. on the question paper compulsorily
wRIeeff adued 3w YeE-uS W AHie Afardd: o |
2. All the question are compulsory.
Tt g3 R A B
3. Write the answer to all question in the given answer-book only.
it geAl 1 ITR—gRaE 7 & ford |
4, For questions having more than one part, the answers to those parts are to be written together in
continuity.
1 ool 9 omaR® @ve & 89 ¥4l @ SR IS 91 & ford |
5. If there is any error/ difference/ contradiction in Hindi & English versions of the questions paper, the

questions of Hindi version should be treated valid.
709 & 2 9 ol wurRel # fHll yBR @ Ffe e/ MR B W R A & ueE B &

& A |

6. Write down the serial number of the question before attempting it.
e H1 IR fol@ ¥ 4 YA Pl HAMD AdeT o |

7. There are internal choices in Questions Nos. 16 to 20.
3T e 16 ¥ 20 ¥ =R® fdded 2|

1. Choose the correct answer from multiple choice question 1 (i to ix) and write in given answer book.
Tgfaeadl U= 1 (i 9 ix) : 9 U & SR $1 He! fdhed =99 PR IR GRAPT H ferRay

(1) The Sl unit of electric flux is :
JeA FAed B S| AFD ©
(A*) NC-'m? (B) NC-'m (C) N-'C-'m-2 (D) N-'C'm?2
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(ii) The dependence of electric potential (V) on distance (r) inside a uniformly charged spherical shell is

THEAT AR T TMeird Wlie (H1e1) & Hiax Iga fava (V) @ 0 () ) frRar g §
(A) Vo r (B*) V = constant /@ (C) V oc 1/r (D) V oc 1/r2

(iii) In meter bridge experiment, the balance point is found to be at 20 cm distance from end A when
R = 3Q resistor applied between A and B, then the value of unknown resistance S will be

Ak A & T WA H AT B A& R = 3Q UfRIY ygadd &)+ .k AR A 20 cm 81 &R 3= fderg gred
BT &, A 1A URRIY S H1 A9 BRM

+| AR
1" Le
K
ﬁ‘v‘v‘v‘v‘v B MWW
® || ¢ ¢ o | | Py
Al, D Jc
| 5 | |
(A) 30 (B) 6Q (C*) 120 (D) 10Q

(iv) The correct relationship between the permittivity of free space (<o), the permeability of free space (uo)
and the velocity of light in vacuum (c) is :

qa gz o fgeiiadl (o), a0 ez & FHAd (uo) 9 fafq # w&rer &1 a7 (c) § 98

A T
1 2 2 1 2
(A) poeo = c? (=) =c (C) Yo € =¢ (D) Tt
Ho €o VHo €0
(v) A moving charge can produce —

(A) Only electric field
(C*) Both electric and magnetic field

AT I | S B DT —
A) B9 faggd &3
(C*) faggd wa g &9 i

(vi) Eddy currents are used in -

(B) Only magnetic field
(D) None of these

(A) Magnetic breaking in trains
(C) Electromagnetic damping

HoR YRR BT SYAT BT B8—
(A) Yermfsal § gEDHI 96 |

(C) fagra g SfaHe 4

(B) Induction furnace
(D) All of the above

(B) WRv1 Wedl |
(D*) SwRIad a4t
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(vii)

(viii)

If refractive index of denser medium 1 with respect to rarer medium 2 in n12 critical angle for this pair of
media is ic, then correct relation between n12 and ic is-

. (D) niz= ——
tan i, sin 1,

i o 7159 1 &1 fORe A1 2 & ATUe Udeiid ni2 T4 39 AIGAT & IS @ Hildd DIV ic &, Al Ni2
T ic® F WE gHEY -

(A) n12=sin ic (B) niz=tanic (C) ni2=

. : 1 1
(A) n12=sin ic (B) niz=tan ic (C) ni2= = (D*) ni2= ——
tan i, sin |,
In an experimental study of photoelectric effect, the correct graph between collector plate potential and
photoelectric current for different intensities of incident radiation is :

I .
ﬁh

Photoelectric
current
Photoelectric

current

(A%) (B)
I
L~ I3 /
I — —VoaI —Voz Vo —
Vo Collector Plate Potential Collector Plate Potential
ke) T Is L T
S O =
g8 i g8
O = Ie] =
C) 23 (D) 23 Is
o I e 12
I1
Collector Plate Potential > Collector Plate Potential >

YBIRI—Igd U9d & WIS 1eaas H afufcd fafdrer @1 faf=e daamsii & forw wurél ufees fawa qen
THRI—fagd gRT & dF A8 37 ® —

EOI I3
) : gl
o ; o EA7

P2l
I3 1/
1

: s — —VoaI Vo2 Vo1 —_—
Vo FuTEl ufeesn fawa e few frma

(C) it (D) I

T ufeed e T GuTEl ufeed fawg >
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(ix) Who first experimentally verified the wave nature of the electron ?

(A) Wilhelm Hallwachs and Philipp Lenard (B*) C.J. Davission and L.H. Germer
(C) Albert Einstein (D) A.H. Compton
G B TR P BT GRS dR IR FaugE Fearad feaq faar 2
(A) Wilhelm Hallwachs and Philipp Lenard (B) C.J. Davission and L.H. Germer
(C) Albert Einstein (D) A.H. Compton
2. Fill in the blanks (i) to (iv):
Reaa i &1 gfd sIfsy () @
(i) The name of machine that accelerates charged particles or ions to high energies is 1
AT HUll Sferal A BT Sod Soliell TP @RT I Tl T BT A 21
(i) The ratio of flux linkage (N¢) associated with a coil having N turns to the current (l) flowing through it

()

Nfﬁﬁm?ﬁzgv@,@ﬁaﬁwéw(mmmwﬁuﬂﬁ%ﬁw(l)wm[ﬁ]%‘r?ﬂ%l

(iii) If of two particles are equal, then their de Broglie wavelength will be equal.
afe a1 BN B A B Al SA@l § Sl a’d <ed |A 86 |
(iv) The are majority charge carriers and are minority charge carriers in p-type
semiconductor.
P-UBR & IfgaTeld H TSI MY AEH qAT _ UG D A 8D B © |
Ans. (i) Cyclotron (i) Self Inductance (iii) Linear Momentum  (iv) Holes and electrons
3. Give the answer of the following questions (i to viii) in one line.
ot gl (199 viil) @ STR U@ ufdd # Q1w |
(i) In Milikan's experiment, the charge found on a charged droplet was —6.4x10-1° C then write the number

of electrons in that charged droplet.
fafores & UM 9 Ua SMaRK 8 W —6.4x10-1° G&Ad AT IR A1 Al S ARG ] H seragidl dI
a1 ey |

(i) Write the value of electric potential at a distance r from the middle point of the dipole on the axis of the
electric dipole of dipole moment p.

p faga amegel & 9@ foya @1 e R fgga & o= A r ¥ R Jga fava &1 99 foiag |
(iii) Write dependence of resistivity with temperature for semiconductors.

IFgATTd B gfeRIgdar & a9 wR ke foRau |
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(iv) If two cells of e.m.f. €1. g2 and internal resistance r1, r2 are connected in parallel combination, then write

the equivalent e.m.f. of this combination.

T Al D fAALTA 1. c2 T ATARD IR A r1, r B | ST Tl BT %G A GASIG fbar wm g, @
9 FAoH ®1 god fA.araa fofay |

(V) How can a galvanometer be converted into a voltmeter ?
U& Aed-HIer &1 diecHiey # f6d UeR wuraRa f&ar S A& 8 2
(vi) Draw a diagram of the magnetic field lines due to a current carrying circular loop.

el faga gRMETE] JUHR IR & SR HHII &3 H_ll Bl &3 97187 |
(vii) Write Faraday's law of electromagnetic induction.

BTS BT 4.7 WX &1 M fafag |

(viii) Draw a graph between angle of incidence (i) and angle of deviation (3) for a triangular prism.

fredl Bryomer fd & forg smaas ®1v7 (i) o fage S (5) & i UT% SISy |

Ans. (i) gq=1zxne
_ —6.4x107"
~1.6x107"

(i) V= r&;

(iii) TtoTpd

. 81I’2 +82I‘1

iv Epet = ————

( ) net f+0o

(V) A galvanometer can be converted into a voltmeter by connecting a high resistance in series with

it.
N
A

(vi)

S
(viy  Faraday’s laws of electromagnetic induction:
First law: Whenever the magnetic flux linked with a closed circuit changes, an emf (and hence a
current) is induced in it which lasts only so long as the changes in flux is taking place. This
phenomenon is called electromagnetic induction.
Second law: The magnitude of the induced emf is equal to the rate of change of magnetic flux
linked with the closed circuit. Mathematically,

_d

(vii)

Angle ot
deviation
o
It I
o
|

Y
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SECTION B
gus B

4, If the area of each conducting plate of parallel plate capacitor is A & d is the preparation between them,
then derive its capacitance formula.

IS T FAR wic AIIRT & TAS ATa0d i &1 89 AT T 39 919 Joradh d B, A1 39! aiRar
B A G~ B |

Ans. It consists of two large plane parallel conducting plates, separated by a small distance
Let A = area of each plate,
d = distance between the two plate
* o = uniform surface charge densities on the two plates
* Q = + ¢ A = total charge on each plate.

Area=A E=0
| - |
T + + -+ + + + Charge
E-S ensity + o
d - €
L = = — — = - Charge
I density - o
E=0

Parallel plate capacitor.
The direction of the electric field is from the positive to the negative plate and the field is uniform
throughout. For plates with finite area, the field lines bend at the edges. This effect is called fringing of
the field. But for large plates separated by small distance (A >> d?), the field is almost uniform in the
regions far from the edges. For a uniform electric field,
P.D. between the plates
= Electric field x distance between the plates

orV=Ed= e (Electric field between the plates)

€0
E.O0 , 0 _o
280 280 €p

Capacitance of the parallel plate capacitor is

C= 9 = oA or C= M
V  od/g d
5. If C1, C2, Cs, C4, Cs five capacitors are connected in an electrical circuit as shown in figure, then calculate

the equivalent capacitance of this mesh (network) between point A & point B.
A& C1, Cz, Cs, Ca, Cs Ul WETRA & ¥ SR AaR fagld uRue § GAIford &, @1 o5 A9 B& 7= 89
ST (ead) 1 Jed gTRaAT &1 UM BT |

A

Cs =20uF == Ca = 20uF

Ans. Cas =40 pf
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Ans.

Ans.

Ans.

Carbon resistors are widely used in electronic circuits. Why ? Write any two reasons.

godei-i gRu § B UfaRIgd e ®©T A ST § fIU oird 81 /&1 ? $1 a1 dRo fafey |

The big advantage of carbon composition resistors is their ability to withstand high energy pulses. When
current flows through the resistor, the entire carbon composition body conducts the energy. The wire
wound resistor, for example, has a much smaller volume of wire to conduct current.

If 12 resistors each of resistance 12Q are connected in a cubical network, then determine the equivalent
resistance of this network across the diagonally opposite corners of the cube.

I IS 12Q 9eRIg & 12 UfR1g® T a1 aRuey STl (Feds) H 9 8, O 99 & fadbvia: A=gg PIi
$ T 39 URUY T B FAG TR ST BT |

Lhd bl

e
Lk a
AR

¥y
WY

AR,
YYYY

ks,

Appling KVL

“IR-R _Riec0
2

azélR
2

e b
ST
i B

~ R=12Q

Req: %X12 =1OQ

If the focal length of a concave mirror is f and radius of curvature is R, then prove that radius of curvature
is twice the focal length.

e e 3rgael UV DI BIhd X f Td gshal BFroar R e, @1 g ST & asben Broan 1w 81 &1 gt
Bl B |

Consider a ray AB parallel to the principal axis, incident at point B of a spherical mirror (concave or
convex) of small aperture. After reflection from the mirror, this ray converges to point F (in case of a
concave mirror) appears to diverge from point F (in case of a convex mirror),

-

Fig. Relation between f and F of
a concave mirror
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Ans.

10.

Ans.

According to the law of reflection,
=

As AB is parallel to PC,
Zo = /i

In ABFC, 4r =Za

Hence CF = FB

For a mirror of small aperture,

FB=FP CF=FP
Hence CP = CF + FP =FP + FP = 2 FP

or R=2f or f=E
2

1 :
or Focal length =§ x Radius of curvature

If a concave lens 25 cm focal length is placed in contact with a convex lens of 20 cm focal length, then
calculate the power of the combined lens formed by this combination.

Ifs B 20 cm BIHd T & I o1 & TP H 25 cm BIHE Gl Pl e o d @1 Gl 7, Al 59
HASH A 99 §Ia o1 d DI AT Pl TOFT DI |

f1 =-25cm

=20cm

1=l+l; f=100cm ; P=@:m=1D
ff f f 100

By writing Einstein's photoelectric equation, explain any two observations related to photoelectric effect.
SIS B UHRI—(deld THIHRV foRgdR, A UPRI—Agd U9a | FHlEd dig a1 Y&l & AR

BT |

Energy of the incident photon = maximum K.E. of photoelectron + work function

or hv:1 v+ W,
2

or Kmax =1mviax =hV_W0 ................... (1)
Also, hv, =W,
Kax = %mvmax =hv—hv, =h(v—=vy)| e, (2)

Equation (1) & (2) are called Einstein’s photoelectric equations.

1. Explanation of effect of intensity :

The increase of intensity means the increase in the number of photons striking the metal surface per unit
time.

So, the number of ejected photoelectrons increases with the increase in intensity of incident radiation.
2. Explanation of threshold frequency :

If v < v, ie., the frequency of incident radiation is less than the threshold frequency, the kinetic energy
of photoelectrons becomes negative. This has no physical meaning. So photoelectric emission does not
occur below the threshold frequency.
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11. Calculate the de-Broglie wavelength associated with an electron, accelerated through a potential
difference of 100 V.

100 V& favarR gR1 @Rd fHell s 9 TWg < gFall aiieed &1 IRee HIfT |

Ans. X:E L —== —1.23A
W V100
12. What is meant by half-life of a radioactive nuclei ? Write the relation between half-life and mean life of a

radioactive nuclei.
et YfSAefaca Tfe o srdeng & Fn A @ 2 AT TE A gy vd T oy H T
feRag |

Ans. The time interval in which number of undecayed radioactive sample reduces to half of its initial value is
called half-life of the radioactive substance.
The half-life of a particular radioactive isotope is a characteristic constant of that isotope. It is denoted by

T1/2 -

Relation between half life and mean life :

We know that :% ............... (1)
7,-268 1 T )

A A 0.693
Put (2) in (1)

co Tz _ a4 T,
0.693
13. Write any three features of the nuclear force.

AP g B Dl I 31fAereror foRau |

Ans. Features of nuclear force:
1. Strongest interaction:
Nuclear force is the strongest interaction known in nature that holds the nucleons together despite the
strong electrostatic repulsion between the protons. The relative strength of gravitational, electrostatic and
nuclear forces is

Eigoating for bt tamor W - - 1078

2. Short-range force:
Unlike gravitational and electrostatic forces, nuclear force is a short-range force. It operates only up to a
very short distance of about 2-3 fm from a nucleon.
3. Charge independent character:
It is seen from experiments that the attractive force between two neutrons (nn-force) is nearly equal to
that between two protons (pp-force) or between a proton and a neutron (pn-force). Thus the nuclear force
does not depend on the charge of the particles.
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14.

Ans.

15.

Ans.

Write the working of a voltage regulator made by using a Zener diode.
Th SR SIS B SYA B §91¢ TV dleedl Faad B BRIV fofRay |

Zener Diode as a Voltage Regulator

Principle From the above V - | characteristic of zener diode, we can say that, zener voltage remains over
a wide range. If a Zener diode is joined in reverse bias to the fluctuating. DC input voltage through a
resistance R then, the constant output voltage is taken across a load resistance connected on parallel
with Zener diode.

I L
% Rs
Unreguiated | % .
volage ]
Iz 2 Load  Reguiated
$ AL wvollageVy
» &

Circuit diagram of Zener diode as voltage regulator
Working Here, when input DC voltage increases beyond a certain limit, the current through the circuit
rises sharply, causing a sufficient increase in the voltage drop across the resistor R, . Thus, the voltage
across the Zener diode remains constant and also the output voltage remains constant at V,. When the

input DC voltage decreases, the current through the circuit goes down sharply causing sufficient decrease
in the voltage drop across the residence. Thus, the voltage across the Zener diode remains constant and
also the output voltage across R, remains constant at V,. Hence, the output voltage remains constant in

both conditions.

A circuit is shown in the figure by combining two NOT gates and one NOR gate. The truth table for
this connected circuit.

A

B

a1 NOT € Ud T NOR e & FaIvd ¥ =i & ue gRuer guiar mar 8 | 39 Faiford W aogar aroft
9IS |

0 0 1 1 0
1 1 0 0 1
0 1 1 0 0
1 0 0 1 0
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SECTION C
g C

16. Write Gauss's law. Using this law, find the electric field due to a uniformly charged infinite plane sheet at
a point near the sheet.
e fw faRay | 59 | & Sy A T AR 3 J9dd 9e & BRI IeR b FH Rerd

el fag W fagd &3 &1 7 s A |
OR/ sfera

Write the definition of electric dipole. An electric dipole is placed in a uniform external electric field (TE)
as shown in the figure. Calculate the torque on this electric dipole.

—
0

. /Pq
a
- |K |

agd fega @1 aRv fafag | v qrer g &3 4§ REgaRr ve faga faga @ 51 59 gy feye
TR qA—3MEO] HI TOET B |

1
Ans.  Gauss theorem states that the total flux through a closed surface is — times the net charge enclosed
€

by the closed surface.
Mathematically, it can be expressed as

€
This theorem gives a relationship between the total flux passing through any closed surface and the net
charge enclosed within the surface.

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

- Plane sheet,
+ T

+ + + o+ * charge density o
+ + +++

Cross-sectional
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.
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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,

q=ocA
According to Gauss's theorem,
¢E=ﬂ 2EA_ﬁorE_
& g, 2¢,

Clearly, E is independent of r, the distance from the plane sheet.

(i) If the sheet is positively charged (c > 0), the field is directed away from it.

(i) If the sheet is negatively charged (o > 0), the field is directed towards it.
E A

©) gy — — (7
Variation of electric field (E) due to a uniformly charged infinite plane sheet with distance (r)
OR
Dipole moment :
It measures the strength of an electric dipole. The dipole moment of an electric dipole is a vector whose
magnitude is the product of magnitude of either charge and the separation between the two opposite
charges and the direction is along the dipole axis from the negative to the positive charge.

—q 2a +q
F—
Dipole moment = Magnitude of either charge x separation distance between charges.

p=q(2a)
Thus the dipole moment p is a vector quantity. Its direction is along the dipole axis from —q to +q

The SI unit of dipole moment is coulomb-metre (Cm)
Force and torque on a dipole in a uniform electric field :
As shown in fig. consider an electric dipole consisting of charges +g and —q and of length 2a placed in a
uniform electric field E making an angle 6 with it. has dipole moment of magnitude,
p=qx2a
Force exerted on charge +q by field IE:qE (along E)
Force exerted on charge —q by field F= —qE (opposite to E )

Total +qE qE 0
Hence the net translating force on a dipole in a uniform electric field is zero.
But the two equal and opposite forces act at different points of the dipole. They form a couple which
exerts torque.
Torque = Either force x Perpendicular distance between the two forces
1 =qE x 2asin6 = (q x 2a) E sin6

T=pEsin9 (p:qxza)

+q > =
% + gE

o ECD -
2 L ;‘g——b—f

P P
—q;E? (&}_i_e____--———--————-‘r -
— ¢

Torque on a dipole in a uniform electric field
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17.

Ans.

If a metal rod of length ¢ is placed normal to a uniform magnetic field (B) and move with a velocity (v)
perpendicular to the magnetic field, the find the induced (motional emf) between its ends. Draw the
necessary diagram.

IS ¢ SaTs DY GIfcdd B Pl UHIA JREOH &7 (B)  I=aq IHIR 39 gEGI &F d=aq (V) T A
IS O s9d RRI & dra gk fgd arge a1 ﬂﬁiﬁﬁgﬂiﬂ%ﬂ?w ) S BITT | 3faegs = 98¢ |

OR (3rera)

In an ac generator, a rectangular coil of N turns and cross-section A is rotated in uniform magnetic field
(B) with a uniform angular speed w, then find the instantaneous value the induced emf in it. Draw the
necessary diagram.

ycITa] GRT S H N BRI doll A SURI—HIC dTell IRIATHR HISell bl ThAAT THDHII (B) H THaH
B =T wd gOF PRI ST 2, A 599 URG fIgld a8d 9@ &1 defie w1 9 SIS | A

o s |

The emf induced across the ends of a conductor due to its motion in a magnetic field is called motional
emf consider a conductor PQ of length [ free to move on U-shaped conducting rails situated in a uniform
and time independent magnetic field B, directed normally into the plane of paper. The conductor PQ is
moved inwards with a speed v. As the conductor slides towards left , the area of the rectangular loop
PQRS decreases. This decreases the magentic flux linked with the closed loop. Hence an emf is set up
across the ends of conductor PQ because of which an induced current flows in the circuit along the path
PQRS.

X X K X X x|

- -
»x
»

Induced current by changing area of the rectangular loop
Suppose a length x of the loop lies inside the magnetic field at any instant of time t. Then the magnetic
flux linked with the rectangular loop PQRS is

¢ =BA =B/x
According to Faraday’s law of electromagnetic induction, the induced emf is
8=—%=—£(B/X)—— B€d—x
dt dt dt
or e=B/v

where dx/dt = - v, because the velocity v is in the decreasing direction of x. The induced emf B/v is called
motional emf because this emf is induced due to the motion of a conductor in a magnetic field.

OR
A generator or dynamo is a device which converts mechanical energy into electrical energy.
Principle: The working of an a.c. generator is based on the principle of electromagnetic induction. When
a closed coil is rotated in a uniform magnetic field with its axis perpendicular to the magnetic, field, the
magnetic flux linked with the coil changes and an induced emf and hence a current is set up in it.
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Axis

’
Motion .
Armature, Q

FiC'd magnet

D

% B Load R
A.C. Generator.
Working: Suppose initially the coil PQRS be in the vertical position and it is rotated in the clockwise
direction. The side PQ moves downward and SR moves upward. According to Fleming’s right hard rule,
the induced current flows from Q to P and from S to R. So during the first half rotation of the coil, the
induced current flows in the direction SRQP, with brush B, acting as positive terminal and brush B, as
negative terminal. During the second half - rotation, the side PQ moves upward and SR moves downward.
The direction of induced current is reversed, i.e., it flows along PQRS, so that the brush
B, now functions as the positive terminal and brush B, as the negative terminal. Thus the direction of
current in the external circuit is reversed after every half cycle.
Expression for induced emf:
Let
N = number of turns in the coil
A = face area of each turn
B = magnitude of the magnetic field
0 = angle which normal to the coil makes with field B at any instant t
o = the angular velocity with which coil rotates. Then the magnetic flux linked with the coil at any instant
t will be
¢ = NBA cos6 = NBA cos ot
By Faraday'’s flux rule, the induced emf is given by
a:—%z—% (NBA cos ot) = NBA o sin ot or g =¢g,sinot
where ¢, = NBA ®. When a load of resistance R is connected across the terminals, a current | flows in
the external circuit.
& _ g;sinot

R R

= =, sin ot

where |, = %0 . Both current and voltage vary sinusoidally with time. The power dissipated in the load is
supplied by the agent in rotating the coil in the magnetic field.
18. What is meant by mass defect and nuclear binding energy ? Draw a graph between mass number and

binding energy per nucleon.
T & gd WD 4899 Holl 4 R/ IR0 87 G 981 U9 Ul sl 989 ol 98 IRE

ERIENS

OR (37ra)
Explain the following in a nuclear reactor based on thermal neutron fission :
(i) The moderator
(i) The coolant
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Draw a block diagram of this reactor.
a KA fagved w anerRa fed i Ryaer § fFeifea @ @mren $ifg |
(i) 75D
(ii) s
39 Ruder &1 <ifd NG 9157 |
Ans. Mass defect (Am):
It is found that the mass of a stable nucleus is always less than the sum of the masses of its constituent
protons and neutrons (nucleons) in their free state.

The difference between the sum of the rest masses of its constituent nucleons and the rest mass of a
nucleus is called its mass defect.

Consider the nucleus 5 X . It has Z protons and (A — Z) neutrons. Therefore, its mass defect (Am) will be
Am=Zm_ +(A-Z) m, —mN|

Here m_ = mass of each proton

m,, = mass of nucleus

m_ = mass of each neutron

Cause of mass defect :

To overcome electrostatic forces of repulsion between protons, energy is required (called binding energy)
which is provided by mass defect.

Binding energy :

The binding energy (E,) of a nucleus may be defined as the energy required to break up a nucleus into
its constituent protons and neutrons and to separate them to such a large distance that they may not
interact with each other.

E, =Amxc® = [Zmp +(A-Z)m, —mN]c2

Graph between mass number and binding energy per nucleon.

T 10 : . |
= 161325 26Fe 1000 [ 127
2 slce e t I TR_gAn |y |
= 4]—[e 18 Most stable nuclei
(=1
R @ iN /
5 6
= 67 2 .
E Li Nuclei prone
L to fission
2 4
= Nuclei prone
5 ®3H _1— to fusion
g ° o
- 2
I
= 0
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Mass number A —

OR
Nuclear reactor:

Coolant
(cold}  pump

-
) ﬂmiml : Turbine
i [ Moderator | l o .
—+ Steam Electric power

Fission —
chamber / =
[}{]ﬂ-ﬂ Generator
1 -

«— Cold water
Pump E- —+ Hot
= water
Uramum \ C_‘__J) Heat  Water Condenser
rod exchanger
Coolant
L] rhot) [] L]
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(i) Moderator:
By the use of a moderator, the fast neutrons are slowed to thermal velocities (2200 m/s).
Usually, heavy water (D,0), graphite, beryllium and beryllium oxide are used as moderators.

(i) Coolant:

It is the material used to cool the fuel rods and the moderator and is capable of carrying away large
amount of heat produced in the fission process.

The coolant must have high boiling point and high specific heat.

SECTION D
gve D

19. What is meant by compound microscope? Draw a ray diagram of the formation of an image by a
compound microscope. Briefly describe its working and derive the formula for its total magnification.

Yo geIeEl W 1 dud 7 9gad geAeell gR1 U™ a9 @1 fdRUl @ §9isy | s
PHRIYTCA 1 Far § IoiF R 9 Fol MaET BT G Gd~ DIy |

OR/3ferar

What is meant by Telescope? Draw a ray diagram of image formation by a refracting telescope. Briefly
describe its working and derive the formula for a its magnifying power.

TB F R AR 57 A e gRI U q7 &1 IR0 IRW JFEY | §HS! BRI Yol &
W& § I PR D! AL &AAT BT G Fed DI |

Ans. Compound Microscope: It consists of a long cylindrical tube, containing at one end a convex

lens of small aperture and small focal length. This is called the objective lens (O). At the other
end of the tube another co-axial smaller and wide tube is fitted, which carries a convex lens
(E) at its outer end. This lens is towards the eye and is called the eye-piece. The focal length
and aperture of eyepiece are somewhat larger than those of objective lens. Cross-wires are
mounted at a definite distance before the eyepiece. The entire tube can be moved forward
and backward by the rack and pinion arrangement.
Adjustment: First of all the eyepiece is displaced backward and forward to focus it on cross wires. Now
the object is placed just in front of the objective lens and the entire tube is moved
by rack and pinion arrangement until there is no parallax between image of object and cross
wire. In this position the image of the object appears quite distinct.

Eyepiece
—te——} -

e
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Working: Suppose a small object AB is placed slightly away from the first focus Fo' of the
objective lens. The objective lens forms the real, inverted and magnified image A B' which
acts as an object for eyepiece. The eyepiece is so adjusted that the image A" B' lies between
the first focus Fe' and the eyepiece E. The eyepiece forms its image A" B" which is virtual,
erect and magnified. Thus the final image A" B" formed by the microscope is inverted and
magnified and its position is outside the objective and eyepiece towards objective lens.

Magnifying power of a microscope is defined as the ratio of angle (B) subtended by final
image on the eye to the angle (a) subtended by the object on eye, when the object is placed
at the least distance of distinct vision, i.e.,

B

.u'I(
E
[&———D—» Eye

Magnifying power M = B (i)
a

As object is very small, angles a and 3 are very small and so tan a = a and tan 8 = 3. By
definition the object AB is placed at the least distance of distinct vision.

AB
=fana =
EA
By sign convention EA = -D, == A—S
A'B'
and from figure p=tanp=——
gure B X

If ue is distance of image A' B' from eye-piece E, then by sign convention, EA" = - ue
A'B'

and so, B = Cu)

Hence magnifying power M= B = AB/(=u,) = A|B'.E
AB /(-D) AB ug
By sign conventions, magnification of objective lens
A'B' _ Ug
AB (—Uo)
Vg D

M=--0 —
Ug Ue

. 1 1 1 . .
Using lens formula e for eye-lens, (i.e., using f=fs, Ve, U =— Ug), we get
10)

1 1 1 1
— = - or —=—4—
u

1:e — Ve (_ue) fe Ug

Magnifying power M = U—OD[l + l)
UO fe l_)e
or M= _U_O[E i R]
UO fe l)e
When final image is formed at the distance of distinct vision, ve = D

Magnification, M = _0_0(1 + RJ
Ug fq
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For greater magnification of a compound microscope, fo should be small. As fp < fo, sO fp is
small. Hence, for greater magnification both f, and fs should be small with f, to be smaller of
the two.

OR
Astronomical (Refracting) Telescope:
Construction: It consists of two co-axial cylindrical tubes, out of which one tube is long and wide,
while the other tube is small and narrow. The narrow tube may be moved in and out of the wide
tube by rack and pinion arrangement. At one end of wide tube an achromatic convex lens Li
is placed, which faces the object and is so called objective (lens). The focal length and aperture
of this lens are kept large. The large aperture of objective is taken that it may collect sufficient
light to form a bright image of a distant object. The narrow tube is towards eye and carries an
achromatic convex lens L2 of small focal length and small aperture on its outer end. This is called
eye-lens or eyepiece. The small aperture of eye-lens is taken so that the whole light refracted by
it may reach the eye. Cross-wires are fitted at a definite distance from the eye-lens.
Due to large focal length of objective lens and small focal length of eye lens, the final image
subtends a large angle at the eye and hence the object appears large. The distance between the
two lenses may be arranged by displacing narrow tube in or out of wide tube by means of rack
and pinion arrangement.
Adjustment: First of all the eyepiece is moved backward and forward in the narrow tube and
focused on the cross-wires. Then the objective lens is directed towards the object and narrow
tube is displaced in or out of wide tube until the image of object is formed on cross-wires and
there is no parallax between the image and cross-wires. In this position a clear image of the
object is seen. As the image is formed by refraction of light through both the lenses, this telescope
is called the refracting telescope

B3 == f | e fe—
i R " Objective Evye piece
o == -_T'E.‘.‘_
5 | A —
@ (8 y
o 0 / P v

Working: Suppose AB is an object whose end A is on the axis of telescope. The objective lens (L1)
forms the image A’ B’ of the object AB at its second principal focus Fo This image is real, inverted
and diminished. This image A' B’ acts as an object for the eye-piece L2 and lies between first focus
F

e and optical centre C2 of lens L2. Therefore eye-piece forms its image A' ' B' ' which is virtual,
erect and magnified.

Thus the final image A" B" of object AB formed by the telescope is magnified, inverted and lies
between objective and eyepiece.

Magnifying Power: The magnifying power of a telescope is measured by the ratio of angle (B)
subtended by final image on the eye to the angle (a) subtended by object on the eye, i.e.,

Magnifying power M = B
o

As a and 3 are very small angles, therefore, from figure.
The angle subtended by final image A" B" on eye
B = angle subtended by image A’ B' on eye
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20.

A'B'
C,oA
As the object is very far (at infinity) from the telescope, the angle subtended by object at eye is
same as the angle subtended by object on objective lens.
A'B'
C,A'
B _AB'/C,A" CA
"o AB/CA CA
If the focal lengths of objective and eye-piece be f,, and f. , distance of image A" B' from eye-piece
be ue, then by sign convention

tanp =

a=tanoa =

CiA'=+fy CoA'=-U, ; M:—:i
What is meant by forward bias and reverse ebias of p-n junction diode? Draw an experimental
electric circuit diagram to study the V-l characteristics in the forward bias and reverse bias of a p-n
junction diode. Draw forward & reverse bias V-l characteristics curves for p-n junction diode and
explain the following in brief :

(i) Threshold or cut in voltage (i) Breakdown voltage

p-n Y ST & rUffRIed 9199 vd uwafeflRie 9o | 1 arcud 8? p-n 9 SRS & nifel¥e e
T qeAfaiie 9 § V-1 JAfAEOd & eadd & foly URife g aRuel s §918T | p-n |fY SRS
% Ui 999 T yeafelRie I V-1 iffenafie as a91sy iR 1 @1 dféra $iforg -

(i) STl A1 He 39 dleed (ii) ¥ dreear

OR / arerar

What is meant by rectification? Draw an electric circuit diagram of a half wave rectifier. Write a brief
description of its working. Draw input and output voltage waveforms for this rectifier circuit.

feedvo | a1 aead 27 SRy faedr) g uRue &1 o 9918y | s9a SR &1 Sier faavo
faRaw | 39 fiedr) uRuy & forg s dieear den i dicedt & TRwU &1 o 99157 |

Ans. Forward Biasing

A junction diode is said to be forward biased when the positive terminal of the external battery is
connected to the p - side and negative terminal to the n - side of the diode.

Flow if Current in Forward Biasing

Reverse Biasing

A junction diode is said to be reverse biased when the positive terminal of the external battery is
connected to the n - side and negative terminal to the p - side of the diode.

Forward Biased Characteristics

Battery ] 0.1 0.2 03 03 05
[ (by —Fomward voitags (V)
Forward biased characteristic of a diode
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Reverse Biased Characteristics

P i
—” Reverse voltage
10 8 -6 —4 Eg o
_f"'\ 4+ s 4 i 0
’ & S z %
L5 SN, i ‘3
Breakdown g 8
voltage %
_BﬂltﬂfY+ 8
1HHF o
{a) (b)

Reverse biased characteristic of a diode
(i) Threshold voltage is the voltage above which current increases very rapidly with applied voltage.
Beyond threshold voltage, the resistance offered by the potential barrier is overcome by forward bias
voltage, therefore, it is easy for charge carriers to cross the barrier.
(i) Breakdown voltage of a zener-diode is the reverse-bias voltage across the diode at which current

(from n-side to p-side) suddenly increases across it. This phenomenon results in a practically constant
voltage equal to the breakdown voltage across zener-diode.

OR
The process of converting alternating voltage / current into direct voltage / current is called rectification.
Diode as a Half - Wave Rectifier

In this, the AC voltage to be rectified is connected to the primary coil of a step - down transformer and
secondary coil is connected to the diode through resistor R, across which , output is obtained.

X

ot !

B ¥
Circuit diagram of half - wave rectifier
Working

Input AC

D,

---g_---.
g
4 T

Vollaga across A, Voliage atA

t

During positive half cycle of the input AC, the p - n junction is forward biased. Thus, the resistance in p -
n junction becomes low and current flows. hence, we get output in the load. During negative half cycle of
the input AC, the p - n junction is reverse biased. Thus, the resistance of p - n junction is high and current
does not flow. Hence, no output is in the load.
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