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e Code number given on the right hand side of the question paper should be written on the
title page of the answer-book by the candidate.
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(v) & I §l, AT HEIRGT GHaes [Tl @ Il BT 3T F THTE
c=3x10%3m/s
h=6.63 x10734Js
e=16x1019C
u0=4n><10‘7TmA‘1
g,=8.854x 1012 C2 N m2

1
—=9x 10 Nm?2 C?2
4neo

T <1 SedWH (m,) = 9.1 x 10731 kg
LH 1 geTqH = 1.675 x 1027 kg
e 1 §e99H = 1.673 x 1027 kg
TG ST = 6.023 x 1023 fa 719 Aie
SiceeHH b = 1.38 x 10723 JK!

General Instructions :
(i) All questions are compulsory. There are 27 questions in all.
(ii) This question paper has four sections : Section A, Section B, Section C and Section D.
(iii)  Section A contains five questions of one mark each, Section B contains seven
questions of two marks each, Section C contains twelve questions of three marks

i each, and Section D contains three questions of five marks each.

(iv)  There is no overall choice. However, an internal choice(s) has been provided in two
questions of one mark, two questions of two marks, four questions of three marks
and three questions of five marks weightage. You have to attempt only one of the
choices in such questions.

v) You may use the following values of physical constants wherever necessary :
c=3x103m/s
h=6.63 x 1034 Js
e=16x10"1C
Yy = 41 x 107 TmA™!

g, = 8.854 x 10712 C2 N1 m2

1
—=9x 10 Nm?2 C?2
47‘580

Mass of electron (m_) = 9.1 x 103! kg

Mass of neutron = 1.675 x 1027 kg

Mass of proton = 1.673 x 1027 kg

Avogadro’s number = 6.023 x 1023 per gram mole
Boltzmann constant = 1.38 x 10-23 JK~!
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Tug - A
SECTION - A

1. Torelt STef =Tereh i o fene T ot formg TTeler — Q o Torerd & o Yed i qmmisy | 1

Draw the pattern of electric field lines, when a point charge — Q is kept near an

uncharged conducting plate.

(2.t foult =iTereh ohl STESITE 3T 3%k aTY i e T@d g SHh il W SigygeR fowara
1 < T KL e ST, i gotareii <l fasfierar fora yehr uftafda grft 2 1

How does the mobility of electrons in a conductor change, if the potential difference
applied across the conductor is doubled, keeping the length and temperature of the

conductor constant ?

3. T for e 6 e “eft st 61 v forfa | 1
4 HAYAT

ferepagrarehia fafertor o wicia famon & ue “disrar shi ity fafaw |

Define the term “threshold frequency”, in the context of photoelectric emission.

OR

Define the term “Intensity” in photon picture of electromagnetic radiation.

4. a7 30° < ToREl e ATe T SR 1 =T TR 7 1

What is the speed of light in a denser medium of polarising angle 30° ?

'S, EE s oA o e #, Swes Rt % S ofE 1 30 MHz & 6 9 st 99

fopaT ST 8 7 1
FeE

V]~ TR FE0T B SEROT & TTER T shieht W vt s 8 7

In sky wave mode of propagation, why is the frequency range of transmitting signals
restricted to less than 30 MHz ?

OR
On what factors does the range of coverage in ground wave propagation depend ?
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qus -

SECTION - B

6. @ISl o IIEAT (P, V) IR (P,, V) B | Afe 37 Seai o (i) Aoft TASH, (ii) qTed Siem
1 fereft aTafd v o R & s=nfoa foram o 2, @ P, 3R P, o Ui § 39 g1 SteE] § B
Tet ITfed & T IR | 2

Two bulbs are rated (P,, V) and (P,, V). If they are connected (i) in series and (ii) in

parallel across a supply V, find the power dissipated in the two combinations in terms
of P, and P,,.

715 YIIATER o 3T FHTEdA ol hl gkl s 3ra shifsre freeh) edn 1.4 3m9ad-ies
Mg H W@ I W -5D ? | 2

YT

i % Teh GHETg T 1 a1 | STUGAIH 1.6 7 | 4+/2/5 3T9ad-ieh o el A1ezm H W@
ST TR 39 e w1 =fan fore aitehiora ShifT |
Calculate the radius of curvature of an equi-concave lens of refractive index 1.5, when
it is kept in a medium of refractive index 1.4, to have a power of —5D ?

OR

An equilateral glass prism has a refractive index 1.6 in air. Calculate the angle of

minimum deviation of the prism, when kept in a medium of refractive index 4 \/E/ 5.

8.  HHM s FHeft o foret et ot 3T fordll Tielq sl g3ehl ifa Y fewm & stfvrerrsed

1 feret grareha & B 8 S~ & o e St 2 | 39h g1 =it T et weit <l
st 1 S1uTa itehfera hif | 2

An o-particle and a proton of the same kinetic energy are in turn allowed to pass

through a magnetic field §, acting normal to the direction of motion of the particles.
Calculate the ratio of radii of the circular paths described by them.
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9. SR 1 VT GamT T wicHt Tfoay feafau | ke St it srgam atreed ufewfera Hifg
3R oo it o a7 ferega greehia Tagy & fohe am @ wafa 2 | 2

JAYAT
BISGIST THTY] 1 TH I STTEAT H S ol H&TT JTTAhIeT THehiord hifTT |

State Bohr’s quantization condition of angular momentum. Calculate the shortest
wavelength of the Bracket series and state to which part of the electromagnetic

spectrum does it belong.
OR

Calculate the orbital period of the electron in the first excited state of hydrogen atom.

10, FeE TV ol @ S R @ feee v g @ i g W e e A e o
THAT 2 7 I TEHT 37T STTE T o il o 38aH grehd o forw =oteh foaflaw | 2

Why a signal transmitted from a TV tower cannot be received beyond a certain

distance ? Write the expression for the optimum separation between the receiving and

the transmitting antenna.

11, fagagresd fafetor o1 i g s fagga wva it e w9 T8 R gent ? 3™
U 1 GUTEH Bl o= g fohd TehR g1 2 2

Why is wave theory of electromagnetic radiation not able to explain photo electric

effect ? How does photon picture resolve this problem ?

12, oM m % TR Srefi o & deg ¢ st s (1) 3R 1AJV % o fereror 61
 quiy % o s i, e V o e R w0 ) e e R | 7w 1w
0T o ST < TRATUT < fow & fohd TohR gford har & 2 2

Plot a graph showing variation of de Broglie wavelength (A) associated with a charged

particle of mass m, versus I/W , where V is the potential difference through which
the particle is accelerated. How does this graph give us the information regarding the

magnitude of the charge of the particle ?
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CLCR
SECTION - C
13. (a) Torefl Tohem™ grachia & o degedl 2-3181 H THfawd I8 it |
(b) Toreht Sera-faga 1 reff T & srfew foredt fog w o fov & forw =ioe
S HITT | 3

(a) Draw the equipotential surfaces corresponding to a uniform electric field in the
z-direction.

(b) Derive an expression for the electric potential at any point along the axial line of
an electric dipole.

14. T o w61 S ohtes i feu e gfmer 7 40 Q 317 20 Q & Ufcieehi & Janfaa

T IR foTd <hHITTT : 3
B M 20 0
A : AN B
40 Q
DpF——wvwWw C
g |
E mL= wa F
40V 10
FY

fopeft oot T & 1= Ffe o Bt 7 7 39 Tohe wep qnegd e it ® ¢ fopeft Hiex Aig
Tl Y13 | ShAY: R = 5 Q 3R S whatier & | 59 wfatier S w1 w9 wiodie gry wie (qred
qe) S [T ST &, 1 =1 T foreg 1.5 7, T I ST 8, A& [, ARFHH Jqor s
2 | S =1 A uftehfora HifT |

S I e

< (100 - 7,) cm ————»

1 { )
I \J

E K
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Using Kirchhoff’s rules, calculate the current through the 40 Q and 20 Q resistors in

the following circuit :

1+ 20 Q
A :l A, B
40 Q
DF——mmwWwwv C
E +II_ wa F
40V 10
OR

What is end error in a metre bridge ? How is it overcome ? The resistances in the two

arms of the metre bridge are R =5 Q and S respectively.

When the resistance S is shunted with an equal resistance, the new balance length

found to be 1.5 /;, where /; is the initial balancing length. Calculate the value of S.

S
R |~\N\/v—|
o | Le () o | e
Ale p /B Q olc
J——/ cm >I< (100 - 7;) cm —— "
1 { )
| g N

15, (a) YSR 3N A oA H AN B STl frgasreh ™ Tl o I i N T o
T HId 1 Ie01@ I, | Jeh! I T ferfay |

(b) Tag e 6 gremmE fogga & &1 37iEd ol o 3R ATRmH Jrehid & &
3Ed Sl T S TUM ¢ | 3

(a) Identify the part of the electromagnetic spectrum used in (i) radar and (ii) eye

surgery. Write their frequency range.

(b) Prove that the average energy density of the oscillating electric field is equal to

that of the oscillating magnetic field.
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16. U ‘T @ ufeam i | gri=a atn faga & fam 1 3w ek s o e
1 T HIT | 3
o
fopeft wreem & <SrwardHTR <6t uftary fafae | 3w feuf § stoadame & we % frm @
T SHITSTT ST ShI§ Tt TUTY To H1em | fortel Aresm | T R @1 3 |

Define the term wavefront. Using Huygen’s wave theory, verify the law of reflection.
OR

Define the term, “refractive index” of a medium. Verify Snell’s law of refraction when

a plane wavefront is propagating from a denser to a rarer medium.

17, (a) 3 S 1 ORATT 39 et ST AT fafa |
(b) IR H M ITER fohelt = orvarTs o Hie) =rereh, red Tl 9w 1, vefed &
8, 8 x T Y a 1 13 T (TH) T@T &, FEH 9 L, Jalrted & @ 2 |

39 T 9T R T ATel aReTH et o foTu istes s3ea= it | 3
i a
/\Il AR "12
a a
e— ¥ —>
a

(a) Define mutual inductance and write its S.I. unit.
(b) A square loop of side ‘a’ carrying a current I, is kept at distance x from an
infinitely long straight wire carrying a current I, as shown in the figure. Obtain

the expression for the resultant force acting on the loop.

a
af AR 1 I,
a a
e— X —>
a
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18. (a) forell grarchiy & o T fopelt amrael uTe W Rl i ATt siet 31Tl o fote et
ST <HITT |
(b) Toreft amaTE! Fuect @i foreht o’iw Fraehia &3 § T W 3R Tehid &3 o e
! ST HIT | 3

(a) Derive the expression for the torque acting on a current carrying loop placed in a
magnetic field.

(b) Explain the significance of a radial magnetic field when a current carrying coil is
kept in it.

19.  fiere fomg TmmieH feufa # foreft witelia qtefie (gieseh) o1 AmwifeRa 3@ i |

fepeft Seremmen W@ gE ITvEdl e & AfgyEs h wiwd gt 15 m 3R AfeR

 wwE gl 1.0 cm & | AR 9 g B SHE S A Ay % R R o g, @
AGTIH GRT & THT < Tl o1 AT 1A ShITSTT | TF5HT 1 SATH 3.48 x 100 m 3R
5T T AT H P38 x 108 m B | 3

Draw a labelled ray diagram of an astronomical telescope in the near point adjustment

position.

A giant refracting telescope at an observatory has an objective lens of focal length
15 m and an eyepiece of focal length 1.0 cm. If this telescope is used to view the
Moon, find the diameter of the image of the Moon formed by the objective lens. The

diameter of the Moon is 3.48 x 10° m, and the radius of lunar orbit is 3.8 x 108 m.

;20. (a) TEhed o foTu MY w1 Fom fotfau | 35eh Hawa i =men Hifv |
(b)) Teneh T gk B e S YEIsi % SR wewut 1 R | 3
HYET

T 1 Teh-Teh IGTa ¢d BU FATTaH A, Tiagrashi 3R g Fraeh™ qerelt & o
o fersremenTdt fareg forfia |

(a) State Gauss’s law for magnetism. Explain its significance.

(b) Write the four important properties of the magnetic field lines due to a bar
magnet.

OR
Write three points of differences between para-, dia- and ferro- magnetic materials,
giving one example for each.
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21. foreht Meufaea Ty % <arres’ st ufeamer forfau | fereft fou o deefdes afyres &
ferere <Y €T I BH % 20 TUS 3R 30 TUS S UTETd sHA: 10000 Terered afa Tepvs 3R
5,000 ferere wfa @ehvs & | t = 0 WX ATiiyeni <t TR T qen 31ary giekfera fifse | 3

Define the term ‘decay constant’ of a radioactive sample. The rate of disintegration of
a given radioactive nucleus is 10000 disintegrations/s and 5,000 disintegrations/s after
20 hr. and 30 hr. respectively from start. Calculate the half life and initial number of

nuclei att = 0.

22. (a) T WBIEEERE D, D, 3K D, U €=Tihi % o+ & Fieh SUS-3T=RIeT 3HA:
2.5eV,2 eV 3R 3 eV & | 90 A B T BIRISEAE 600 nm qUTCE o T 61
TE e B TR ?
(b) AT HITT foh BTSS! T T YT I3 SEH T HiAT FAT e 2 | 3

(a) Three photo diodes D, D, and D, are made of semiconductors having band gaps

of 2.5 eV, 2 eV and 3 eV respectively. Which of them will not be able to detect
light of wavelength 600 nm ?

(b)  Why photodiodes are required to operate in reverse bias ? Explain.

23. (a) n-p-nﬁﬁi@%?ﬁ?@“ﬁ%%ﬁﬂﬁﬁqﬁaﬂﬁzﬁml
(b) C-E fom=ma & n-p-n gifvre & foia stfiremerores =1 areram v & fore afy
ey Gitau | smen hHifs 56 ffa stfirenafires fha ger g fhan Smar 2 | 3
YT

ot o fewentt o1 ufuer sTE Wit sueh! SRIfafy St smen HIT | 39 fHesft 3t
Tt qtmewt w1 oft seifga Hife |

(a) Describe briefly the functions of the three segments of n-p-n transistor.

(b) Draw the circuit arrangement for studying the output characteristics of n-p-n
transistor in CE configuration. Explain how the output characteristics is
obtained.

OR

Draw the circuit diagram of a full wave rectifier and explain its working. Also, give

the input and output waveforms.

55/1/1 10 ECE
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24. (a) e forelt 3rmamy wrgfera atm o stfirean 3R freram smemmi i A 3 B gra frsfua
fopaT T B, 1 A, B % IS H HIGTH Goehich o [oTT Sieh [oT1@T |
(b) 2 MHz 3R 3R 15 V e aicear i el amgsh a1 H1 Aigem & % fae
20 kHz 3T 3R 10 V Rret dicear o fopet dex famer 1 ST fohat T 7 |
HIGEA I TR HITT, | FTHRIG: HIGAT — HhIh Teh & HH w1 TG Il
g7 3

(a) If A and B represent the maximum and minimum amplitudes of an amplitude

modulated wave, write the expression for the modulation index in terms of A & B.

(b) A message signal of frequency 20 kHz and peak voltage 10 V is used to
modulate a carrier of frequency 2 MHz and peak voltage of 15 V. Calculate the

modulation index. Why the modulation index is generally kept less than one ?

gug -

SECTION -D

125 (a) NS TGN o TRl ac B o foXi & AIa fopeft Soft LCR wftay <t wifsmen s
fote =iotes faflaw qen ac a1 smafa o wr ftamen & fo=won &1 gl & forg
T G |

(b) LCR ufter & 31A1e it ferfar & S 37t wenfer & fodi W aeednsti & st fohamr
HATH BT 8 7

(c) Teret 3T 1 200 V dc dieedl @ HAMTG T T 1A 91 JaTied Bl 2 | 5o gaft
T o 50 Hz 3T o 200 V % ac €A § S fohaT ST &, T hadt 0.5A 91T
& yaTfed Bl 3 | A HIRT foh qE TRt § O hE 1 ] | e T TS
ot afihferd sHT | 5
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(a) Torelt Tl Il o1 @ difau feept 3T 3= ac dieedt & = ac dieear |
uftafdd & & o fopam smar 8 3t Sueht wriswrt fagra fafaw | 3@ gfw o 31
T SHoll- & o =R | ferfay |

(b) oIS BT I Foreeht farega wifer At |1 220 V W 1200 kW 2, 440 V 9 31fa a1
U aTet Torgld 9 | 20 km G 2 | 1foR F=roT o foTq IR <hi S STt g1 and shi
AT 1 Ity 0.5 Q ufd foerfiex 8 | 718 wrex foega @7 & 4000-220 3o=mh
TEBIR & grept Jufertefter W foega wifdd Imed hdm B | ST o ®9 § ATeA
WIfeRT- &1 BT 3Tehei HITT |

(@) In a series LCR circuit connected across an ac source of variable frequency,
obtain the expression for its impedance and draw a plot showing its variation

with frequency of the ac source.

(b) What is the phase difference between the voltages across inductor and the

capacitor at resonance in the LCR circuit ?

: (c)  When an inductor is connected to a 200 V dc voltage, a current of 1A flows
through it. When the same inductor is connected to a 200 V, 50 Hz ac source,
only 0.5 A current flows. Explain, why ? Also, calculate the self inductance of

the inductor.
OR

(a) Draw the diagram of a device which is used to decrease high ac voltage into a
low ac voltage and state its working principle. Write four sources of energy loss

in this device.

(b) A small town with a demand of 1200 kW of electric power at 220 V is situated
20 km away from an electric plant generating power at 440 V. The resistance of
the two wire line carrying power is 0.5 Q per km. The town gets the power from
the line through a 4000-220 V step-down transformer at a sub-station in the

town. Estimate the line power loss in the form of heat.

55/1/1 12 EEE
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26. (a) AT 3R fad aitereat % i fyves & aret formd <1 fafsre wreqoit w1 aviq
Hifor | 7 o ffer v § sferpror A <t dierar & for sioreh sgea= Hifsw |
(b) Tehet T3l T % Hror foad § T 1 gRek 3 mm 2 | Afe 3@ 7 W 620 nm
TUTCE T hIS Thavll JehTeT STRITE STTIA LT 8, a1 Te T Teh TR T2 Hife
fafere st gt wife 3fae & s gus Thesfora ifve | 7€ 3 forld & S H
T 15m7 | 5

YT

(a) T afcfeurfoat & qof swafte arad <t aftareat 61 Jeqor femern wmar @ 7 mmesm
R S S 5 e S 5 e e T |

(b) mﬁ@ﬁmwﬂo cm; —10 cm 3T +30 cmﬁ%ﬂ@%?ﬁ"—lﬁ'&lw?&
=yafeerd foru T # | 30 TS grRT o 3ifaw sfdfsra 6 feafa sma Hifse |

+10cm —10 cm +30 cm

L iy
== 1T

el

(a) Describe any two characteristic features which distinguish between interference
and diffraction phenomena. Derive the expression for the intensity at a point of

the interference pattern in Young’s double slit experiment.

(b) In the diffraction due to a single slit experiment, the aperture of the slit is 3 mm.
If monochromatic light of wavelength 620 nm is incident normally on the slit,
calculate the separation between the first order minima and the 3" order maxima

on one side of the screen. The distance between the slit and the screen is 1.5 m.

OR

55/1/1 13 %gﬁﬂ [P.T.O.
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(a) Under what conditions is the phenomenon of total internal reflection of light
observed ? Obtain the relation between the critical angle of incidence and the

refractive index of the medium.

(b) Three lenses of focal lengths +10 cm, —10 cm and +30 c¢m are arranged coaxially
as in the figure given below. Find the position of the final image formed by the

combination.

‘ +10cm —10 cm +30 cm
0

(.
== 1T

el

27. (a) Ueh ol A TS Torelt wHT=R ufgent Gunfer i afgehiatt & «ff= Ay T S
&1 sk w1 Gaw 4 auia Sifsre | foreft Ganfer § dfaa et & fofe 2o =

HIT |
(b) Terdlt oo ufgeht Genfa = favar® vV a9 AR fFn w8 | s Ea @
fornfora hteh T aican @ fopelt 3171 arTafa wenfa o @ wefera fekam T |
39 TN | Gied Sl 3R 3T § Tehel GETRA | |id Sl o1 79T qiehford

T | 5
T
(a) Toreht I fega 1 foqea W@ & freft fog W forpa & & foro =ts =g
IS |

(b) < TEEH forg, T q, ISV I H TH T Y 2m g W@ & | I uim 3
fog o1 18 i 3w Q37 e i e aTefl W1 W 39 YR W@ ® 6
TehTa Tt T e ® | 31maw Q i ey 3t fo sma hifse |
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(a) Describe briefly the process of transferring the charge between the two plates of
a parallel plate capacitor when connected to a battery. Derive an expression for

the energy stored in a capacitor.

(b) A parallel plate capacitor is charged by a battery to a potential difference V.
It is disconnected from battery and then connected to another uncharged
capacitor of the same capacitance. Calculate the ratio of the energy stored in the

combination to the initial energy on the single capacitor.
OR

(a) Derive an expression for the electric field at any point on the equatorial line of

an electric dipole.

(b) Two identical point charges, q each, are kept 2m apart in air. A third point
charge Q of unknown magnitude and sign is placed on the line joining the

charges such that the system remains in equilibrium. Find the position and nature

of Q.

55/1/1 15
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MARKING SCHEME - PHYSICS
55/1/1

Total

Value Points/ E t Mark
alue Points/ Expected answers arks | \rarks

[Note: i) Deduct ¥ mark, if arrows are not shown.
ii) do not deduct any mark, if charges on the plates are not shown]
2 | No Change 1 1

3 | Threshold frequency equals the minimum frequency of incident radiation (light)

that can cause photoemission from a given photosensitive surface.

(Alternatively)

The frequency below which the incident radiations cannot cause the 1

photoemission from photosensitive surface. 1
OR

Intensity of radiation is proportional to (/ equal to) the number of energy quanta

(photons) per unit area per unit time.

4 | du,=tan 30°= % (where du, is the retractive index of rarer Y2

medium w.r.t denser medium)
=
i MUd = A 3
B
V= 5 :ﬂ: *-,l"gx ].UE m/S
il 3
%
[Note- Also accept if a student solves it as follows)
n= tan ip

p=tan 30° =

|

V2 1

(1]

J
8

sv= 22 343 108 m/s

= %

(Note: Award this one mark if a student just writes the formula but does not solve it.)

5 | The waves beyond 30 MHz frequency penetrate through the lonosphere/ are not | 1
reflected back.
OR 1

Transmitted Power and Frequency Y+
SECTION - B

Calculation of Power dissipation in two combinations 1 +1

_v v %
Py ! 2 P,
_V: PP

Ps -

Rs P1+P,
1 1 1 %
—_=— 4 —
Ps Pl Pz

Ry

7

Y

Get More Learning Materials Here : & m &N www.studentbro.in



Y 2

7 ||Calculation of focal length
Lens maker’s formula

Y

Calculation of radius of curvature 1

A

)&=

== () (-3

R= ? cm (=2.86cm)

Uo= 1.5, W= 14, R1: -R
RZ =R

100
=—m=—5—cm =-20cm

OR

Formula
Substitution and calculation

Y
1%

W= sinay2

—ﬁ: 1.6 :i =
'u_ll1 i\/2_ w2 \/2_

5

60+ Dmy . (60+ Din)

\/Z—zsin( 2 )= 2

Sin 60/2 Sin 30

. 60+ Dy,
n—

= 45°

Dm = 30°

sin(%):\/i.% =+

2

= Sin 45°

Y

Y

Y

Y 2

%

%

%

%

8 Formula
Calculation of ratio of radii

1%

%

I
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. mv V2mk
radiusr=— =
qB qB

Mo =4 m, Y

rp - /2mpK %

m
P qa Y 2

Statement of Bohr’s quantization condition A
Calculation of shortest wavelength 1

Identification of part of electromagnetic spectrum %

Electron revolves around the nucleus only in those orbits for which the angular %
momentum is some integral of h/2m. (where h is planck’s constant)

. . . . h
(Also give full credit it a student write mathematically mvr = na )
21

1 1 1
=R (-7 ) %

njzc n

For Brackett Series,
Shortest wavelength is for the transition of electrons from
n;=ooton=4

1 1 R
7R =1
%
16
A=—m
R

= 1458.5 nm on substitution of value of R

[Note: Don’t deduct any mark for this part, when a student does not substitute
the value of R, to calculate the numerical value of 1 ]

Infrared region iz
OR
Statement of the Formula for r, %
Statement of the formula for v, %
Obtaining formula for T, %
Getting expression for T> (n = 2) %
. thO 2
Radius r, = nmezn v

Get More Learning Materials Here : & m &N www.studentbro.in



2me? 1
4megh n 72

_ _ 2nr,  4edh3nd

Time period T, = = T
vy, me
For first excited state of hydrogen atom n=2
32¢3 h3
2 —

velocity v, =

V2

Y
me*

On calculationwe get T, ~ 1.22X 101 s.
(However, do not deduct the last %2 mark if a student does not calculate the
numerical value of T5)

Alternatively

7, = (0.53n2)4° =053 X100 n?

v = (

%
137 n) Y

2m(0.53
T, = 2m(0-93) 4 10-10 p2

(373)

@ X10"1°n3x137 s

2x3.14x0.53x1071%x 8 x 137 s
3 x 108 V2

=121597x10718 =(1.22x1071%)s
%
Alternatively

If the student writes directly T,, a n3

T, = 8 times of orbital period of the electron in the ground state (award one mark
only) 2

10.
Reason 1

Expression 1

Because of line of sight nature of propagation, direct waves get blocked at some
point by the curvature of earth. 1

[Alternatively : The transmitting antenna of height h, the distance to the horizon
equals

d=+/2hR (R = Radius of earth, which is upto a certain distance from the TV
tower]
The optimum separation between the receiving and transmitting antenna.

d=2h,R+ 2h;R 1 )
[Where hr = height of Transmitting antenna (hr = Height of Receiving antenna)]
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11 Reason for inability of e.m. theory 1

Resolution through photon picture 1

The explanation based on e.m theory does not agree with the experimental
observations ( instantaneous nature , max K.E of emitted photoelectron is

independent of intensity, existence of threshold frequency) on the photoelectric 1
effect.

[Note: Do not deduct any mark if the student does not mention the relevant
experimental observation or mentions any one or any two of these observation.]
The photon picture resolves this problem by saying that light, in interaction with
matter behaves as if it is made of quanta or packets of energy, each of energy hv
. This picture enables us to get a correct explanation of all the observed 1
experimental features of photoelectric effect.

[NOTE: Award the first mark if the student just writes “As per E.M. theory the free
electrons at the surface of the metal absorb the radiant energy continuously, this
leads us to conclusions which do not match with the experimental observations”]

Also award the second mark if the student just writes “The photon picture give us

the Einstein photoelectric equation 2
Kmax (=€Vo) =h V- @o

which provides a correct explanation of the observed features of the photoelectric

effect.

12.

1
Plot of the graph showing the variation of A Vs — 1

N

Information regarding magnitude of charge 1

fa

2~

J2maV

%
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A h
= =slope
1
&) * |
h2
9= ——"—
2m (slope)
SECTION C
13.
(a) Drawing of equipotential surfaces 1 1

(b) Derivation of the expression of electric potential 2

T~ T -

S

Equipotential Surfaces

[Note : Award % mark if the student just writes: The equipotential surfaces are
the equidistant planes perpendicular to the Z -axis and does not draw them or
“The equipotential surfaces are equidistant planes parallel to the X-Y Plane”.]

[NOTE: In this part the Hindi version requires the student to draw equipotential
surfaces for a uniform magnetic field.]

“Award this 1 mark if the student just writes that these cannot be drawn.”
(b)

——(~a0—->
B P

Q= o Kk a—>

o P S ——

o

o ommans
4‘————-&7««)— Eareees

Potential at point P

Vp = Vg + Vg

Y
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1 q 1 q
= 4ne, (rta) T 4ne, (r-a)

q 1 1
T 4ne, {(r-a)_(r+a)}
q r+a-r+a
T dne, {(r-a)(r+a)}
9 _2a ax2a
dne, X (r’-a®) ~ime(ri-a?

1 p
dne, (r’-a%)

(where P is the dipole moment)

V2

V2

Y

14.

Writing two loop equations 1+1
Calculation of currents through 402 and 20 Q resistors 1
- RV
A -, |+ 208 @
I
-
-2
N
Lo o
E WW—>>—— C
4
A L =
| 109
A = D
E A
In loop ABCFA

+80—-201,+401,=0
4:|2-2|1

In loop FCDEA

-40 |1'10(|1 + |2) +40=0
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-501,b-101,+40=0
5hL+1,=4 1

Solving these two equations

l1=0A %
& I, =4A % 3
OR
End error, overcoming Y
Formula for meter bridge %
Calculation of value of S 2

The end error, in a meter bridge, is the error arising due to
(i)Ends of the wire not coinciding with the 0 cm / 100 cm marks on the meter scale.

(ii)Presence of contact resistance at the joints of the meter bridge wire with the
metallic strips .

It can be reduced/overcome by finding balance length with two interchanged

positions of R and S and taking the average value of ‘S’ from two readings. iz

(Note: Award this % make even if student just writes only the point (i) or point (ii)
given above.)

For a meter bridge

R | 1

S 100-1

For the two given conditions

5. L

S~ 100 -I,

5 _ 18, %
S/2100- 151,

Dividing the two

__ 15l (100-1) %
(100 - 1.51,) ,

200-3 |, =150-1.51,
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100

l, = =—cm

Putting the value of |l in any one of the two given conditions.

S=10Q)

%

Y

15.

(a) ldentification Y +%
Frequency Range Yo+ Vs
(b)  Proof 1

Microwaves: Frequency range (~ 10 to 102 hz)
Ultraviolet rays:  Frequency range ( ~ 10%° to 10 hz)

Note: Award (%%) marks for frequency ranges even if the student just writes
the correct order of magnitude for them)

(b) Average energy density of the electric field = % €, E?
=% €, (cB)?

1
Hy o

BZ

1
:EEO

2

| w

1
2y,

= Average energy density of the magnetic field.

[Note: Award 1 mark for this part if the student just writes the expressions for
the average energy density of the electric and magnetic fields.]

Yot Vs
Yot Vs

Y

Y

16.

Definition of the wavefront 1

Verification of the law of Reflection 2

The wave front is defined as a surface of constant phase
Alternatively: The wave front is a locus of points which oscillate in phase

Consider a plane wave AB incident at an angle ‘I’ on a reflecting surface MN
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Incident
wavelront

Reflected 1
wavefront

let t =time taken by the wave front to advance from B to C.
-~ BC=vt

Let CE represent the tangent plane drawn from the point C to the sphere of
radius ‘vt’ having A as its center.

then AE= BC= vt v

it follows that

A EAC = ABAC

] Y
Hence Al =/r

.". Angle of incidence = angle of reflection

3
OR
Definition of the refractive index 1
Verification of laws of refraction 2

The refractive index of medium 2, w.r.t medium 1 equals the ratio of the sine of
angle of incidence (in medium 1) to the sine of angle of refraction (in medium 2)

Alternatively:
Refractive index of radium 2 w.r.t medium 1

_sini

2 sinr

Alternatively : Refractive index of medium 2 w.r.t medium 1 1

_ Velcoity of light in medium 1

2" Velocity of light in medium 2
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Incident wavefront

Medium 1

Refracted wavefront

The figure drawn here shows the refracted wave front corresponding to the
given incident wave front.

It is seen that

.. BC_vr
SNl = —=——
AC AC
sinr:ﬁ:ﬂ
AC AC

sini _v,
— - = Ha

sinr v,

This is Snell’s law of refraction.

Y

Y

17.

(a) Definition of mutual inductance and S.| unit 1+%

(b) Obtaining the expression for resultant force on the loop 1%

(a) Mutual inductance equals the magnetic flux associated with a coil when unit
current flows in its neighbouring coil.

Alternatively: Mutual inductance equals the induced emf in a coil when the rate of

change of current in its neighbouring coil is one ampere/ second.
S.l unit : henry (H) or weber/ampere (or any other correct Sl unit)

(b) Force per unit length between two parallel straight conductors

I::h2|1|2
4o d

Force on the part of the loop which is parallel to infinte straight wire and at a

distance x from it.

Y
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Il a
F-Mo 1o ~ %
) =
2n X ( away from the infinte straight wire)

Force on the part of the loop which is at a distance (x + a) from it

_Hy I1I2 a

- iz
2 2n (X + @) (towards the infinte straight wire) ’

Net force F=F;-F;

tollpel1 1]

2n X X+a
2
B ﬁ |1|2 a 1%
2n x(x +a)  (away from the infinte straight wire) 3
18 (a) Derivation of the expression for torque 2
(b) Significance of radial magnetic field 1

(a) Consider the simple case when a rectangular loop is placed in a uniform
magnetic field B that is in the plane of the loop

<——a—>
Rotation axis

%

a/2 a/2
— <

Force onarm AB =F; =|bB ( directed into the plane of the loop) 72
Force onarm CD = F,= |bB (directed out of the plane of the loop)

Therefore the magnitude of the torque on the loop due to these pair of forces

a a
T:F]_E-'—FZE yA
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=1(ab)B
=1AB = mB 7
( A =ab=area of the loop)

Alternatively

Also accept if the student does calculations for the general case and obtains the
result

Torque = IAB sin ¢

1,
Alternatively &

. . ) >
Also accept if the student says that the euivalent magnetic moment

(m),associated
with a current carrying loop is
9 A
m=IA N (A= Area of loop)
The torque, on a magnetic dipole, in a magnetic field, is given by
- -> -
T = mxB

-

r=1A( fi xB)

Hence
Magnitude of torque is = |AB sin ¢

(b) When a current carrying coil is kept in a radial magnetic field the 1
corresponding moving coil galvanometer would have a linear scale

Alternatively " In a radial magnetic field two sides of the rectangular coil remain

parallel to the magnetic field lines while its other two sides remain perpendicular

to the magnetic field lines. This holds for all positions of the coil.” 3
Labelled ray diagram of an astronomical telescope 1%

19. Calculation of the diameter of the image of the moon. 1%
1%
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[Note: (i) Deduct ¥ mark If arrows are not shown.

normal Adjustment / relaxed eye.]

15
Angular magnification of the telescope = -~ = —— =1500

e

For objective lens, tan a =

3.48X 10°
3.8X108
. h; h;
For eyepiecetanff =— = ——
10
h;
Magnifying power =5 = 102
' gnitying p a  3.48X10°
3.8 X108
hiX3.8X108

= 3.48X106X10~2 =1500

h; =13.73 cm

Also accept angular magnification of the telescope

: %(1+ )= (14 220) = 1560
So, hi=14.29 cm

Alternatively

° Ll fo —
S e
Sy

From figure:

h,_h

x f

0

[Where h, and h; are the diameter of the moon and diameter of
the image of the moon respectively.]

_ 3.48x100

= X
3.8x108
=13.73cm

15

(i) Award one mark of this part if a student draws the ray diagram for

V2

Y

Y

%

Y

Y

%
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20.

(a)statement of Gauss’s law in magnetism %
Its significance %

(b)Four Important properties % x4

(a) Gauss’s law for magnetism states that “The total flux of the magnetic field,
through any closed surface, is always zero.

Alternatively
> >
= ff B.d.s=0
S

This law implies that magnetic monopoles do not exist” / magnetic field lines
form closed loops

[Note: Award this | mark if the student just attempts it]

(b) Four properties of magnetic field lines

(i) Magnetic field lines always form continuous closed loops.

(i) The tangent to the magnetic field line at a given point represents the

direction of the net magnetic field at that point.

(iii) The larger the number of field lines crossing per unit area, the stronger is the
magnitude of the magnetic field.

(iv) Magnetic field lines do not intersect.

OR

Three points of difference 3x %

One example of each 1%

Diamagnetic Paramagnetic Ferromagnetic
-1<y%(0 -0(x (e a1

2 0<ur(l 1<pr(1l+e) mryy 1

3 p( po 1) 1o 1Y) Ho

Where ¢ is any positive constant.
[Note: Give full credit of this part if student write any other three correct
difference]
Examples (Any one example of each type )
Diamagnetic materials: Bi,Cu, Pb,Si, water, NaCl, Nitrogen (at STP)
Paramagnetic materials: Al,Na,Ca, Oxygen(at STP), Copper chloride
Ferromagnetic materials: Fe,Ni,Co,AlniCo

Y

Y

Y

Y

Y

Y

Y
Y
Y

V2
V2
V2

21.

Definition of decay constant 1
Calculation of half life 1
Calculation of initial number of nuclei at t=0 1
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The decay constant (A ) of a radioactive nucleus equals the ratio of the

AN
instantaneous rate of decay (E) to the corresponding instantaneous

number of radioactive nuclei. 3

Alternatively:

The decay constant (1) of a radioactive nucleus is the constant of
proportionality in the relation between its rate of decay and number of its
nuclei at any given instant.

Alternatively:

AN\
At
At

The constant (L) is known as the decay constant

Alternatively:

The decay constant equals the reciprocal of the mean life of a given radioactive
nucleus .

=21
T

where

= mean life

Alternatively:

The decay constant equal the ratio of Ing2 to the half life of the given
radioactive element.
- In,2
T

12
Where Ty/; = Half life

Alternatively:

The decay constant of a radioactive element, is the reciprocal of the time in
which the number of its nuclei reduces to 1/e of its original number.
(Note: Do not deduct any mark of this definition, if a student does not write the
formula in support of the definition)
We have
R=AN

%
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R (20 hrs) =10000 = A Nao

R (30 hrs) =5000 = A N3

NZO — 2
N3O
This means that the number of nuclei, of the given radioactive nucleus, gets v

halved in a time of ( 30 - 20) hours = 10 hours

Half life = 10 hours v
This means that in 20 hours ( = 2 half lives), the original number of nuclei must
have gone down by a factor of 4.

Hence Rate of decayatt=0 y
2

AN, =41AN,,
=4X10000 = 40,000 disintegration per second

(Note : Award full marks of the last part of this question even if student does not
calculate initial number of nuclei and calculates correctly rate of disintegration at
t=0)

i.e Ro=40,000 disintegration per second

40000 40000
0 y) In_2

e

N x10x 60x 60

_ 144%10’

.= =2.08x10° nuclei
0.693

29 (a) Calculation of energy of a photon of light 1%

(b) Identification of photodiode 1%

Why photodiode are operated in reverse bias 1

We have

_hc %

A

| 6.63x107*x3x108
600x10 2

E=hv

%
J
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-26
_19.89x10 o

6><10_7 ><l.6><10_:|'9

1989

9.6
= 2.08eV

eV

The band gap energy of diode D, ( = 2eV) is less than the energy of the photon.
Hence diode D, will not be able to detect light of wavelength 600 nm.

[Note: Some student may take the energy of the photon as 2eV and say
that all the three diodes will be able is detect this right , Award them the %
mark for the last part of identification]

(b) A photodiode when operated in reverse bias, can measure the fractional
change in minority carrier dominated reverse bias current with greater ease
Alternatively: It is easier is observe the change in current with change in light
intensity , if a reverse bias is applied

V2

Y

23.

(@) Functions of the three segments % + % + %
(b) Circuit diagram for studying the output characteristics 1

obtaining output characteristics Iz

(i) Emitter : supplies the large number of majority carriers for current flow
through the transistor

(ii) Base: Allows most of the majority charge carriers to go over to the collector
Alternatively, It is the very thin lightly doped central segment of the transistor.
collects a major portion of the majority charge carriers supplied by

Collector :
the emitter.

(b)

C

-

The output characteristics are obtained by observing the variation of 1. when
Vce is varied keeping ls constant .

Y

%

%

%
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Note:Award the last ¥ mark even if the student just draws the graph for
output characteristics

2

Z 10 [ Base current (I)]

o)

= 8 60 ua
g 50uA
56 [ A0
o

5 4 30uA
i 20pA
= 2

2 —— 1014
O

0 2 4 6 8 10 12 14 16
Collector to emitter voltage (V) in volis

()
[Note: Do not deduct marks ot this part, tor not writing values on the axis]

OR

Circuit diagram of full wave rectifier
working

Input and output wave forms

Y

Y

Va2tV

The circuit diagram of a full wave rectifier is shown below.

Centre-Tap

Transformer

ro-ToTo 1 Diode 1(D,)
; — >

T | Centre & X

| i Tap B

| I - [J| }

T 4 Diode 2(D,) Ry Output
= v

4 (a)

Because of the center tap in the secondary of the transformer, diodes 1 and 2 get
forward biased in successive halves of the input ac cycle. However the current
through the load flows in the same direction in both the halves of he input ac cycle.
We therefore, get a unidirectional (rectified) current through the load for the full
cycle of the input ac.

The input and output wave forms are as shown below.

A

Waveform at A

. (]

%
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(L)

Due to Due Lo Due to Due to
D, D, D D
—r — - i

N P N | " ’ "

(across R, )

Output wavelorm

» (a)Obtaining the expression for modulation index in terms of A and B 1%

(b) calculation of p 1

Reason Y

We are given that
A=A+ An 1
and B=A.- An %
A.=(A+B)/2

Am=(A-B)/2 %

_A-B
A+B

%
(b) We have

_Am Y%
H= A

10
:E:%

1 is kept less than one to avoid distortion 1

%

SECTION D

25. (a) Derivation of the expression for impedance 2

plot of impedance with frequency 2

b) Phase difference between voltage across inductor and
capacitor %

. . . 1.1
(c) Reason and calculation of self induction E+15
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V=Y,
|VR | :VRm
AR

From the figure, the pythagorean theorem gives
sz = VRm2 + (VLm - ch)2

Vrm = imR, Vim= U X1, Vem= inXCc,

%
= (imZ)2= (ImR)Z"' (imXp-im Xc,)

z%= R2+((XL - Xc)z

»z= R?+ (X, — X.)?

[note: award these two marks, If a student does it correctly for the other casei.e | 1

(VC> VL)]
ol . i
»’-_’7 L4
(b) Phase difference between voltage across inductor and the capacitor at %
resonance is 180°
( ¢) Inductor will offer an additional impedance to ac due to its self inductance. %
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Impedance of the inductor

_Vems _ 200 _
2= = 0= 4000) v

Since Z=,/R? + (X;)?
= (400)2- (200)? = (X,)?

X, = V600X200 = 346.4 02 %

%

Inductance (L) =X 3044 4 1H ’
w 2X3.14X 50

OR
(a) Diagram of the device 1
working Principle %
Four sources of energy loss % + % + % + %
(b) Estimation of Line power loss 1%

1
Working Principle : When the alternating voltage is applied to the primary , the
resulting current produces an alternating magnetic flux in secondary and induces
an emfin it./It works on the mutual induction. 1
Four sources of energy loss
(i) Flux leakage between primary and secondary windings
(ii) Resistance of the windings 1%
(iii)Production of eddy currents in the iron core. 1%
(iv)Magnetization of the core. 1%
’yz
(b) Total resistance of the line = length X resistance per unit length
=40 kmx 0.5 2/km
=20 0 v
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Current flowing in the line | =P/V

I= 1200 X 103
4000
= 300A
=~ Line power loss in the form of heat
P=I?R
=((300)% x 20
= 1800 kW

V2

Y

26.

(a) Fwo—characteristicTwo characteristic features of
distinction 2

DervatienDerivation of the expression for the intensity
1:
2

(b) Calculation of separation between the first order

(a)

(Any two of the following)

(i) Interference pattern has number of equally spaced bright and dark bands while
diffraction pattern has central bright maximum which is twice as wide as the other
maxima.

(i) Interference is obtained by the superposing two waves originating from two
narrow slits. The diffraction pattern is the superposition of the continuous family
of waves originating from each point on a single slit.

(iii) In interference pattern, the intensity of all bright fringes is same, while in
diffraction pattern intensity of bright fringes go on decreasing with the increasing
order of the maxima

A
(iv)In interference pattern , the first maximum falls at an angle of — . where a is
a

the separation between two narrow slits, while in diffraction pattern, at the
same angle first minimum occurs. (where ‘a’ is the width of single slit.)
Displacement produced by source s;
Y, =acoswt
Displacement produced by the other source ‘s’
Y,=a cos (wt + @)

Resultant displacement Y= Y, +Y,

= a [cos wt + cos (wt + @)
=2a cos (Q)/Z) cos (wt + ®/2)

Amplitude of resultant wave A= 2a cos (Q)/Z)
Intensity | a A?

I= KA%= K 4 a®cos? (g)

R

Yo+

%

Y

%
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(a) Distance of First order minima from centre of the central maxima =
AD
XD1=;
Distance of third order maxima from centre of the central maxima
XB3=E

~ Distance between first order minima and third order maxima= Xa3— Xq1

7DA AD
2a a

_5DA

- 2a

_5X620X107°X15

2X3X1073
=775X 10"®m
=7.75X 10™*m
OR
(a) Two conditions of total internal reflection 1+1
(b) Obtaining the relation 1

(c) Calculating of the position of the final image

(a) (i) Light travels from denser to rarer medium.
(ii) Angle of incidence is more than the critical angle

For the Grazing incidence
M sin i, =1 sin 90°

1

sini,

u:

(b)  For convex lens of focal Length 10 cm

1 1 1

fi V1 U

1 1 1
—= —-—=>p;=15cm
10 v -30

Object distance for concave lens u,=15-5 =10 cm

1 1 1
-10 v, 10
Uy =00

V2

Y

Y

%

%

%

Y

%
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For third lens
1 1 1

fz vy us
1 1

—=———=—=>v3=30cm
vz

V2

27.

a) Description of the process of transferring the charge.

N|RNIR

Derivation of the expression of the energy stored 2

N

b) Calculation of the ratio of energy stored

I

The electrons are transferred to the positive terminal of the battery from the
metallic plate connected to the positive terminal, leaving behind positive charge
on it. Similarly, the electrons move on to the second plate from negative
terminal, hence it gets negatively charged. Process continuous till the potential
difference between two plates equals the potential of the battery.

[Note: award this% mark, If the student writes, there will be no transfer of
charge between the plates]

Let ‘dw’ be the work done by the battery in increasing the charge on the
capacitor from q to ( g+ dq).

dW =V dgq
Where V = ﬂ
C
Sdw = 9dq
C

Total work done in changing up the capacitor

W=[dw=

O 3 O

2dg
c

QZ

s W=
2C

2
Hence energy stored = W= g—c (:% cv? = % Qv)

(b) Charge stored on the capacitor g=CV
When it is connected to the uncharged capacitor of same capacitance,
sharing of charge takes place between the two capacitor till the potential

of both the capacitor becomes ;

Y

Y

%

%

%

Y

%
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2 2 %
Y v cv?
Energy stored on the combination (u5) ==C|=| +2C|=]|=—
2 2 2 2 4
Energy stored on single capacitor before connecting %
Up== CV2
2

Ratio of energy stored in the combination to that in the single capacitor

U, _CV%/4 %
=1:2

U, Ccvi2

OR

(a) Derivation for the expression of the electric field on the
equatorial line 3
(b) Finding the position and nature of Q 1+1

(a)

PL—]

+E at P
AN
PR
i ] ALY
/ i \
A T RE,
I i 1
8l L1
I:"il P _{EI
" 2a i
The magnitude of the electric fields due to the two charges +q and -q are
1 q
= iz
M Are, (r2+a2) ’
1
Eq= 2 i 2 )
Ar e, (r +a ) %
5
The components normal to the dipole axis cancel away and the components
along the dipole axis add up
Hence total Electric field=- (E,, + E ;)cos® p v
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2ga "

E —_
Are, (r* +a° )3/2 P

v a ¥
et . A2~ =} "
2w d

System is in equilibrium therefore net force on each charge of system will be
zero.

For the total force on ‘Q’ to be zero

1 9Q 1 gQ

4r €, NG _47zeo (2_)()2 %
X=2-X

Y
2x=2
Xx=1m

(Give full credit of this part, if a students writes directly 1m by observing the
given condition)

For the equilibrium of charge “q” the nature of charge Q must be opposite to the

%
nature of charge q.
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