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PHYSICS (Theory)

Hifaes faa= (A=)

Time allowed : 3 hours | [ Maximum marks : 70

fyifRea wwe : 3 go2] [31fmmera 3fF : 70

General Instructions :

(i) All questions are compulsory.

(it) There are 30 gquestions in total. Questions I to 8 are very short answer bpe
questions and carry one mark each.

(iti) Questions 9 to 18 carry two marks each, questions 19 to 27 carry three marks each
and questions 28 to 30 carry five marks each.

(iv) There is no overall choice. However, an internal choice has been provided in one -
question of two marks, one question of three marks and all three questions of five
marks each. You have to attempt only one of the given choices in such questions.

(v)  Use of calculators is not permitted. However, you may use log tables if necessary.
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(vi)  You may use the following physical constants wherever necessary :
c=3x10%m/s
h=6.63 x 10734 Js
e=1.6x10"17C
Mo = 47 X 1077 T mA™!
2

Nm
- 9
dme, 9x 10 2

m,=9.1 x 107" kg

| fdor

(i) T I ST E

(i) WW-;H#WMW%WJ#8%%%&%5@#%?‘@?@%@
HF hra |

(iii) F¥7 9 G 18 7% &7 §edih ¥v7 g1 3% 0, ¥ 19 T 27 T &7 5e455 F97 S 3F FHT
7T 77T 28 T 30 TF Heeieh 59 Ui 3H FE |

(iv) T¥-U7 4 GG7 W FHIE [GaheT Tg1 & | 7oy, gt S /i 37wl & gl 1 ge-ues aer g
3% 3 /il el 3 iR Ao 59 74 & 1 09 7el ° @ Sqh! et U eheq T
FWIE |

(v) SoTFEI & ITTNT F FELT AE & | T AT SFTIF &Y A ST TG TR FT
AT FGFAE |

(vi) BT HEvge gl 3T [rEaRae e & a1 F 39FT #Y g £
c=3x10%m/s
h=6.63 x 1034 Js
e=1.6%x10"19C
u0=47rx10_7TmA‘1

m,=9.1 x 10—3‘ kg

1. A point charge Q is placed at point O as shown in the figure. Is the potential
difference V , — V; positive, negative or zero, if Q is (i) positive (ii) negative ?

Q
0 A B

@ m am@ (faw) & v a5 amaw Q forelt forg O W fRgm e | Fovpaee v, - Vg %1 T
STeTE BT, SR BT, A1 3T 8T, 3% Q U (1) oFrar ¥ (i) Fomeer 2

Q
0 A B
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A plane electromagnetic wave travels in vacuum along z-direction. What can you say
about the direction of electric and magnetic field vectors ?

IS wh wHaet for graeg o e § 2R & sefvw e R @ g, A fep ek
TrIH &7 Wiew  faem = gt ?

A resistance R is connected across a cell of emf £ and internal resistance r. A
potentiometer now measures the potential difference between the terminals of the
cell as V. Write the expression for ‘r’ in terms of g, V and R.

U ity ‘R’ o Fo[d e ot ‘g7 SR AR Wiy ) % 96 % ot Rl & «ihg Sirgr mar
T | T fgyEmd g 39 ¥ & e & oY Avemr @ aE oV ym dar e 1, V SRR
F TR ‘v o o wers fafad |

The permeability of a magnetic material is 0.9983. Name the type of magnetic
materials it represents.

ol graenly ugTe @ TrEsie 0.9983 ¥ | g% ug fRW weR % ey el @
wiaffies (1 fefue) war g 2

Show graphically, the variation of the de-Broglie wavelength (L) with the potential
(V) through which an electron is accelerated from rest.

Tfe fedl weeem =, faumatr § favarar Vo gry @ita fear s, o favarsw v s ag g
Sl T () %GR @ 39 % ford T U (STTehE) STl |

In a transistor, doping level in base is increased slightly. How will it affect
(1) collector current and (ii) base current ?

- gfy T g § omuR % WET WR S il W a9y Ky 9, ot 9 (1) 9O 9w ae

(i) SR YRT W FAT FI 47T ?

Define the term ‘wattless current’.

‘ST BN =T @ ufvare fafigd

When monochromatic light travels from one medium to another its wavelength
changes but frequency remains the same. Explain.

Y THIOT WS OF A O FRdt ot ey # waen el 8, O SWeh! aiee | a) uikee
71 <Tren &, formg ol 9@ et ¥ | =t 7 Tt s i |
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9. Two uniformly large parallel thin plates having charge densities +c and —c are kept
in the X-Z plane at a distance ‘d’ apart. Sketch an equipotential surface due to
electric field between the plates. If a particle of mass m and charge ‘~q’ remains

stationary between the plates, what is the magnitude and direction of this field ?
OR

Two small identical electrical dipoles AB and CD, each of dipole moment ‘p’ are
kept at an angle of 120° as shown in the figure. What is the resultant dipole moment
of this combination ? If this system is subjected to electric field (1_3)) directed along

+ X direction, what will be the magnitude and direction of the torque acting on this ?
Y
D+ qe A

™ 120°

—-q

X

_qq;B
v
T ITEl THERR ST Wel ST STae 89ed FANL +o 3R —o € | TR X — Z TR § T
TR A’ T RI@TENE | 37 51 e & §rg Fageaeis & SR, aufaya g it geia & ol
T HE TR | TS m G 3R —q® STTE FT TS HUT 39 & W2 & g TR A7 Al 8,
o 39 &7 o1 RTT Y et e o’y @i 2 '

Ayl

s (fet) ¥ fe@rd T o17aR < fgyat AB 3R CD | vl & fgyd amgot ‘p’ @ 39k 3%
TS TR Y 120° W T T8 | 39 FIATT 1 ARt fgye st fean g ? afs 3w fer
o + X e % awfer o fae 87 (B) w0 o, 6 30 P W o o et (1)

1 uftHToT 3 3T fovm = e 2

Y

D iqéA
—q q

, —-qu ¢
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10. A magnetic needle free to rotate in a vertical plane parallel to the magnetic meridian
has its north tip down at 60° with the horizontal. The horizontal component of the
carth’s magnetic field at the place is known to be 0.4 G. Determine the magnitude of
the earth’s magnetic field at the place. 2

T b S, Trhig AR & WHRR Fealer Toael I 909 F ol o9 ¥ | 5l IR

YT il | 60° & 0T W A G ¥ | 9 T W W g F gy 8 # i sema
(42%) 0.4 G &, T 39 T W Yealt & Trashrg & 1 dierat 9d ST |

11.  Figure shows two identical capacitors, C, and C,, each of 1 uF capacitance

connected to a battery of 6 V. Initially switch ‘S’ is closed. After sometime ‘S’ is left
open and dielectric slabs of dielectric constant K = 3 are inserted to fill completely
the space between the plates of the two capacitors. How will the (i) charge and
(ii) potential difference between the plates of the capacitors be affected after the slabs
are inserted ? 2

A8

6V — j— —

1uF 1pF

@ (Fo) 9 C, 3R C, &1 ueh T 9l €; fem mdw it anian [ pF 8 132 6 V il T

I W e T E | URY ° a9 S’ a5 ¥ | F 99T uvEi S & @it fga s @ ek

W @ el & a9 % W B WeEae K = 3 % wEey g5 # fafeeal 9 g ew e

ST E | 3OQ WG @l el 3 (1) STae ae (i) Sk g [awarR o o were g 2
S

G| G |

6V —

12.  Two convex lenses of same focal length but of aperture A; and A, (A, < A)), are

used as the objective lenses in two astronomical telescopes having identical
eyepieces. What is the ratio of their resolving power ? Which telescope will you
prefer and why ? Give reason. 2

< el e (GTRR) i A e (FreY) € | 3% g Stiet eidl i hiend
T TR (FHH) 3, B 776 SR A 3R A, (A, <A|) T | 57 grexin! &t favie apanadt
T ST T BI7TT 2 3779 T gRaeieh ot adiare 371 3 3/t 2 ot fafed |
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13. Draw the output waveform at X, using the given inputs A and B for the logic circuit

shown below. Also, identify the logic operation performed by this circuit.

S ST i T

T T T i P

' i i
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A I i ¥ i

T T T i b
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14.  Name the semiconductor device that can be used to regulate an unregulated dc power
supply. With the help of I-V characteristics of this device, explain its working
principle.

39 s gfe w9 fafed fraenr swa sifvafae e wids werll & fafie o &
o fopar s werar ® | 7@ g & [V afiensivtenl S gem § 9% sEer! fagra #@
T HI |

i

15. How are infrared waves produced ? Why are these referred to as ‘heat waves’
Write their one important use.
TR 0T P IO B € 7 T S () o o T S @ 7 §H U HEveyul S
T ?
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16.  Draw the transfer characteristic curve of a base biased transistor in CE configuration.
Explain clearly how the active region of the V, versus V, curve in a transistor is used

as an amplifier. 2
el s st 2ifrRex % CE famme o, siowon sifirenfirs o aed | w7 #fm fe
foral zifsex , V| 3RV, % i a5 o Wi avaeen 86 1 yads % w3 Y g B

TATE |

17. (i) Define modulation index. 2

(i)  Why 1s the amplitude of modulating signal kept less than the amplitude of
carrier wave ?

(i) WTEE guwiw w g At |
(i) TTgEs favetl (Tardl) T ST, A - T o ST § 5 54 Tl S 8 2

18. A current is induced in coil C; due to the motion of current carrying coil C,.

(a) Write any two ways by which a large deflection can be obtained in the
galvanometer G. (b) Suggest an alternative device to demonstrate the induced current
in place of a galvanometer. 2

oo

TS YRTETEd FEel C ﬁﬁ%wrﬁ'&ﬁc ﬁfagaumﬁﬁﬁzﬁ%r
(a) QT (Tafn) fafig, mﬁﬁmﬁa(mﬁ)Gﬁmﬁmmﬁﬁ i

(b) ﬁﬁmﬁmw%ﬁmqﬁammﬁwmmmmﬁuﬁa%mm
T |

G

K
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19.

20.

22.

55/1/1

Define the terms (i) drift velocity, (ii) relaxation time.

A conductor of length L is connected to a dc source of emf €. If this conductor is
replaced by another conductor of same material and same area of cross-section but of
length 3L, how will the drift velocity change ?

ofvarer fefiad (i) s1oam 3 3 (i) fenifa et |
L oIS 1 U O, ¢ o aes o o el (o o) 6 @ weT € | AfS 39wt &

I W, T IR ST Tl SRR ST e 3L TETE & 9T i Sig fear s, ot
3qdTE 77§ T yRad g 2

Using Gauss’s law obtain the expression for the electric field due to a uniforfnly
charged thin spherical shell of radius R at a point outside the shell. Draw a graph
showing the variation of electric field withr, forr> R andr <R.

TR & T3 % 39 9, usaae @, R 559 &, U MensR v & SR, H & el
(feret farg W) Toregga &t & ford oot e it 1 o & = afteds (Fon) ¢ & @
g9 & ford, U ow (i) 99, el r > R @dTr < R.

An electron and a photon each have a wavelength 1.00 nm. Find
(i)  their momenta,

(i1) the energy of the photon and

(iii) the kinetic energy of electron.

T SR 3R T HEH, QA1 @l adiesd 1.00 nm € | & 7 i,
(i) ST "am

(i) 1A @ e au

(iil) ToFIA @I TSt F

Draw a schematic diagram showing the (i) ground wave (ii) sky wave and (iii) space
wave propagation modes for em waves.

Write the frequency range for each of the following :

(1)  Standard AM broadcast

(i1) Television

(iii) Satellite communication

fereg grehry AT & ERO1 S () YT (i) - T (i) STl fafeEt g
% forl FTTITTH NG Y |

ffefiaa & v & o smgfa-uiem fofied

(i) I AT ATGeRd (T.UR. ) TRt

(i) 2elifas=

(iii) SR HUR
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23. Describe Young’s double slit experiment to produce interference pattern due to a

monochromatic source of light. Deduce the expression for the fringe width.

OR

Use Huygen’s principle to verify the laws of refraction.

fordi wereoll werer Eid g0 sfasr ded Wi @ & fod, 9 & e v e aoe
HIfR | RS bt Siere & ford =istes we ifse |

S e

ERIT & FagT=a & 3uan 9§, 3aes o el & g S |

24. (a)
)
(a)

(b)

Describe briefly, with the help of suitable diagram, how the transverse nature
of light can be demonstrated by the phenomenon of polarization. 3

When unpolarized light passes from air to a transparent medium, under what
condition does the reflected light get polarized ?

T WXt NG H GerFar ¥ g § qui i fF yaor-aitge @ verer b s
T T H URTT T < T ¢ |

<1 SFyferd Wene, arg @ o uReRi Arer H wewr o § of foh e § wwrafte weerer
YT B S € 2

25. The energy levels of a hypothetical atom are shown below. Which of the shown

transitions will result in the emission of a photon of wavelength 275 nm ?

Which of these transitions correspond to emission of radiation of (i) maximum and
(i1) minimum wavelength ?

0eV
-2eV

A

—-4.5eV

D

¢ - 10eV

ferddt shreufes TE] & ST W 1 A frar e R e @ 275 nm
TR & RIS ol SIS BT 2 ‘ '
WW@@)‘WW@)W,W%WWWW?
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26. State the law of radioactive decay.
Plot a graph showing the number (N) of undecayed nuclei as a function of time (t)
for a given radioactive sample having half life T, .
Depict in the plot the number of undecayed nuclei at (i) t=3 T, and (i) t=35T,,
Heanifees s 1 fram ffigd | oo Weaifaes freet (Imer) =t o o T, 71 355 fog,
ST YT Y He (N)aﬁ T (t) & FAT (FFR) & = qa & o ww (3TTehE)
T |
WS (@F) W () t=3T, R3>)t=5T, « il i o de=n = o
FAN |
27.  In the circuit shown, R} =4 Q, R, =R; =15 Q, R, =30 Q and E = 10 V. Calculate
the equivalent resistance of the circuit and the current in each resistor.
I
E —=
R;
R T OReT H, R, =4 Q, R, =R; = 15Q, R, =30 Q#RE =10V ¥ | 78 ufwer =
e WieRY o ek WieRiYeh § vafed ferg et % W %1 aiveer #ad |
28. State Biot-Savart law, giving the mathematical expression for it.
Use this law to derive the expressmn for the magnetic field due to a c1rcular coil
carrying current at a point along its axis.
How does a circular loop carrying current behave as a magnet ?
OR
With the help of a labelled diagram, state the underlying principle of a cyclotron
Explain clearly how it works to accelerate the charged particles.
Show that cyclotron frequency is independent of energy of the particle. Is there an
upper limit on the energy acquired by the particle ? Give reason.
55/1/1 10
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ara-arae S aen g ford nitrdty =T fefad |
3 1w % 39 9, f gareRr deel § vaka form um & Hrn, Su 3 % IR,
fordlt oy W, et &1 3 o1 soisteh =qeq =1 (W) i |
TRI-FIET FIE JTHR O[T (T9) Grayeh bl Wil i TR Far & ?
FFerar

weh At R (fe) @ warar 9 59 fogma & fofed e w anwiee smafa §
FEY H i iR o g7 smafera o @ iy weR afd ware |

Tg quiTed T wgesig =t angfh, Hot @ I W ik @ @t | wEeeie 3 ot
IR ST o1 Sl g Fe WIAT &Il & 2 379 39 o ford hmon fafigd |

29. (a) Draw aray diagram to show refraction of a ray of monochromatic light passing
through a glass prism. 5
Deduce the expression for the refractive index of glass in terms of angle of
prism and angle of minimum deviation.

(b) Explain briefly how the phenomenon of total internal reflection is used in fibre
optics.
OR
(a) Obtain lens makers formula using the expression
n, n,_ (m,-n)
v u R ,
Here the ray of light propagating from a rarer medium of refractive index (n,)
to a denser medium of refractive index (n,) is incident on the convex side of
spherical refracting surface of radius of curvature R. '
(b) Draw aray diagram to show the image formation by a concave mirror when the
object is kept between its focus and the pole. Using this diagram, derive the
magnification formula for the image formed.

(a) g F T QT T e, @mﬁwaﬁ%ﬁm%mﬁqaﬁﬁ@ﬁ%%&
T ToRe0T 3Tg T |
HY % FUGTE & [o1d, T & o) aur Heaas g o % uel |, T
=iwrer famfae () g |
(b) YO SN WA T GREAT H1 TN T=]-THIernl B FI fopar orar & 2 weiw |
T FHISY |
Srerar
—_ )
(@) &F - =""p l/wwmgﬁﬁﬁwwwwﬁm(w)aﬁﬁﬁl

Vv
F&, (n,) A F R W Q, (n,) SIS % HET QA F A g8, THA
I T foptor, R ashar e & MieAld 3rqades I8 (Wae) & 39 91T W) St & @t
g
(b) Terl 3tarae 39U & Hig 3R ya & o G o awq % wiafer a9 & g9 & ol
U fotur e Tl | g9 IR % SYANT § Widfer & STaEe & ot g =g
Ciokasel
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30.

(1)  With the help of a labelled diagram, describe briefly the underlying principle
and working of a step up transformer.

(i) Write any two sources of energy loss in a transformer.

(iii) A step up transformer converts a low input voltage into a high output voltage.
Does it violate law of conservation of energy ? Explain.

OR

Derive an expression for the impedance of a series LCR circuit connected to an AC’
supply of variable frequency. '

Plot a graph showing variation of current with the frequency of the applied voltage.

Explain briefly how the phenomenon of resonance in the circuit can be used in the
tuning mechanism of a radio or a TV set.

() e AR aTvE (R o weE @ SearE g b faar ol SR gy o
ol S |

(i) Tordt SawiR | St 819 & §1 8 fofed |
(iii) S ZRARER T sieear & e &t 359 steear & i (Friw) & oftafaa o 3
T | T T SA-ET I o SeeA Ble € 7 310 IR S e RIS |
Jroran

forett oftardt gt & vt @ @ SR, gvit g dher, (L.C.R.) aRaer =t ufcamen & fem,
Tk ST S (WTST) Sl |

IR Sieedl Sl ST % W (W) Fomge o ° uREds it e % fod T e
(3TTet@) ST |

T&IT # quiq ity fop oRvae § swrs ) afveres = sug, Weat a1 e, s aeRe

(eafi) Tt , 0 A wEE |
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