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(v)

c=3x 108 m/s
h=6.63x1073*Js
e=1.6x1019C
Hy=41tx 107 TmA™!

g,=8.854 x 10712C2 N~ m™?

1
——=9x 10° Nm?2 C2
4TC£0

St o1 59 = 9.1 x 10731 kg
= I 5=HH = 1.675 x 1027 kg
e & §eHH = 1.673 x 10727 kg
Tl H&A = 6.023 x 1023 ufdq U diet

dieesTH i = 1.38 x 10723 JK-!

General Instructions :

(i)
(ii)

(iii)

(iv)

(v)

55/1/3/D

All questions are compulsory. There are 26 questions in all.

This question paper has five sections : Section A, Section B, Section C, Section D

and Section E.

Section A contains five questions of one mark each, Section B contains five
questions of two marks each, Section C contains twelve questions of three marks
each, Section D contains one value based question of four marks and Section E

contains three questions of five marks each.

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 the three questions of
five marks weightage. You have to attempt only one of the choices in such

questions.

You may use the following values of physical constants wherever necessary :

c=3x 108 m/s
h=6.63 x 10734 Js
e=1.6x10"19C
Hy=41tx 107 TmA™!

g,=8.854 x 10712C2 N m™?

1
——=9x 10° Nm?2 C2
4TC£0

Mass of electron = 9.1 x 10731 kg

Mass of neutron = 1.675 x 10727 kg

Mass of proton = 1.673 x 10727 kg

Avogadro’s number = 6.023 x 1023 per gram mole

Boltzmann constant = 1.38 x 10723 JK~!
2
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TqUE - F
SECTION - A

1. &t LCR URUY ¥ 3T &% “TOTdT SRk’ T GRATST fARGT | 5T SI W 1 & 2 1

Define ‘quality factor’ of resonance in series LCR circuit. What is its SI unit ?

2. o O IWT SR hig fSgfopd 2mawr +Q ol forg O W Tord & | Sooig witve i =

fenTaTeeR V , — V, SFITcHe, ROTIereh 372 9T & | 1
+QO- [ S —— (]
0] A B

A point charge +Q is placed at point O as shown in the figure. Is the potential

difference V, — Vy positive, negative or zero ?

+QO- [ S —— (]

O A B

3. A fdt et M g @l B W gy Y 31 S, o SO uRes ot fagied et o
HROT T & | 1 RacH R ? 1

How does the electric flux due to a point charge enclosed by a spherical Gaussian

surface get affected when its radius is increased ?

4.  fomm GETe TSR WUTe & foIT Ted o Sl SUeR 1 AT STt € 2 1

Why are micro waves considered suitable for radar systems used in aircraft

navigation ?

5. It FUSA TeoHHIeY Sl SR T ey | 1

Write the underlying principle of a moving coil galvanometer.

55/1/3/D 3 [P.T.O.
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TUg - g
SECTION - B
6. s o fafau |
fafir=t =it & UeheT % folT TRESit Hreas o ST ioT 1 A - el & | SRoT i | 2

State Brewster’s law.

The value of Brewster angle for a transparent medium is different for light of different

colours. Give reason.

7. TAR VT | SUANT @ Aot YRt (i) WehivH (&TIOT) (i) foTger st sme St | 2

Explain the terms (i) Attenuation and (i1)) Demodulation used in Communication
System.

1
v
TS T A % & foraRer i 9 & fAw o Eitaw | A Ve fava w e
AT &, A ST ST | H BiF DI TAHM ol W91 AT & 2 FHROT ST | 2

8. WWWWWﬁmI,%(mI>%)a§ﬁWﬁAGﬁTB¢\/—GﬁT

1
Plot a graph showing variation of de-Broglie wavelength A versus W, where V is

accelerating potential for two particles A and B carrying same charge but of masses

m, m, (m; > m,). Which one of the two represents a particle of smaller mass and

why ?

9. 3 e, e emf 1.5 V 3R 2.0 V T 3R AfeRig A 0.2 Q 747 0.3 Q €, ured |
TN & | 37h o Tel i emf 3R TN W< IRehlerd HireTT | 2

Two cells of emfs 1.5 V and 2.0 V having internal resistances 0.2 Q and 0.3 Q
respectively are connected in parallel. Calculate the emf and internal resistance of the

equivalent cell.

55/1/3/D 4
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10.  SEHM T A = 240 T7 T 3ol 4id Jroreraid BE/A = 7.6 MeV &l &lE A9 1 Zohet
¥ foafoed giar & S8 s & fofT A = 120 31X BE/A = 8.5 MeV & | Ho-31l IRehord

HIT |

YT

Hor R 2H + TH —— JHe + n, STifeh, 569 3= (BE) 2H %1 2.23 MeV @41 JHe %

7.73 MeV &, H Fsil IRenierd shifsT |

A nucleus with mass number A =240 and BE/A = 7.6 MeV breaks into two fragments

each of A = 120 with BE/A = 8.5 MeV. Calculate the released energy.

Calculate the energy in fusion reaction :

OR

fH + fH - gHe + 1, where BE of fH =2.23 MeV and of gHe =7.73 MeV.

SECTION - C

T[USTT

11. (a) T=&E &5 B ¥ o v ¥ Tad Hdl TR 07 W o aTel Jehid d61 o (o0

o7 [afay |

(b) TEM AT W AT HIE 2, Foige 3T TeH HUT fo | I9MT SFER UK % q &

FieR ST Tohelt T R & B WSl hed & | &1 H 9o Uo7 3TRIEd hiteTT 3

30 I I g HIFT |
X X
oL o—>»
X X
n e——
X X
c o—»
X X

X

X

X

X

X

X

X

X

(a) Write the expression for the magnetic force acting on a charged particle moving

with velocity Vv in the presence of magnetic field B.

55/1/3/D
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(b) A neutron, an electron and an alpha particle moving with equal velocities, enter
a uniform magnetic field going into the plane of the paper as shown. Trace their

paths in the field and justify your answer.

X X X X X X
oL o—>»

X X X X X X
n e——

X X X X X X
c o—»

X X X X X X

12. =9 ‘2’ & ol oo TR ST UhEHH ®9  fadRkd € | 39 goid % ST & [T fog T
fomge dierdT E % T =i5Teh I ShifST | 39 Wb 3 SRIeY 16 30 Iord & o7l gif o forgai
% foTu 7E fasfepd eTmaeT t wifq SRR AT & | 3

A charge is distributed uniformly over a ring of radius ‘a’. Obtain an expression for

the electric intensity E at a point on the axis of the ring. Hence show that for points at
large distances from the ring, it behaves like a point charge.

13.  UHRI-foRA TE & 39 i i STeTul 1 Seoid ShiteTu Seh! ST WehreT o ad gt
% GRT &1 ot ST Hehell, T harel SEE-HHIHIT o SUFRT §IT &l ol ST Gebell & | 3

Write three characteristic features in photoelectric effect which cannot be explained on

the basis of wave theory of light but can be explained only using Einstein’s equation.

14. 3t GO fgeht Gl X T41Y i ufgehiati o & T € 3R 396 aid gued ff 99 € |
X ol aigehat & e arg &, otk Y H e, = 4 1 IR 7

X1 | Y

I I

+ -
O O
15V

(i) 3 9IS i god T 4 uF &, df Tcies Qe st ST aReplerd it |
(i) X TATY S Uigehratl & aie e aNehieid iy |
(iii) X qEY ¥ Ghed ReR foed St & 1 &1 3FHH e | 3

55/1/3/D 6
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Two parallel plate capacitors X and Y have the same area of plates and same

separation between them. X has air between the plates while Y contains a dielectric

medium of € = 4.

()

(i)
(iii)

15. (1)

(i)

(1)
(i)

16. (a)

(b)
(a)

(b)

55/1/3/D

Calculate capacitance of each capacitor if equivalent capacitance of the

combination is 4 UF.
Calculate the potential difference between the plates of X and Y.

Estimate the ratio of electrostatic energy stored in X and Y.

ST RO i g feafaw |

TorT pueferdl & et el 1 31=1=1 90T 1.5 H & | Afg Uk uectt # 0.5 s § °RT
0| 20 A B Sl &, d 77 Fusell H Ferad- et T Uiar fohar e 2 3

Define mutual inductance.

A pair of adjacent coils has a mutual inductance of 1.5 H. If the current in one
coil changes from 0 to 20 A in 0.5 s, what is the change of flux linkage with the

other coil ?

e aTgfd o famTeT & Aiger & STevgehdl ol =ATIHTad ad ool [l a1 HReh]
1 AT DT | 3

3T Higer &l qoiT § g Hige™ & &1 oy felfay |

Explain any two factors which justify the need of modulating a low frequency

signal.

Write two advantages of frequency modulation over amplitude modulation.

7 [P.T.O.
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17. = o | R STerh] 9 R ORI 1 3R L vated 8 @ E 3 S ad gue d ¥
g T Aokl @ Welled gRIeT @S9 @A & a7 9 S9iey % e Uer uw H Sse
B & T T SHYT T S~ Il & | T UBR 9 FcT o [eIT =sTeh W Hito |

T TR 6t gieeT fefEm | 3

Two long straight parallel conductors carry steady current I, and I, separated by a

distance d. If the currents are flowing in the same direction, show how the magnetic
field set up in one produces an attractive force on the other. Obtain the expression for

this force. Hence define one ampere.

18. SIEHM TR §RT [ UehR SRId-TrIehid o Sca=T il & 2

Z-T30 | GaRd g ool IEehd: giad Sed-Tehid i T S Gty | SieayH o
TS T &5 1 SR 3 ST | 3

YT

iR & afudim 99 &1 de9aet Sl Ao fafan | I8 geiEn % fed dufe &
ST T UThAT H, TR ol Ulgehtel H Sca—~ &RT

e 20 s
1:80 dt |

T P, AN 1 T3 i AT Y THT I e[l Tl ¢ |

How are em waves produced by oscillating charges ?

Draw a sketch of linearly polarized em waves propagating in the Z-direction.

Indicate the directions of the oscillating electric and magnetic fields.

OR

55/1/3/D 8
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Write Maxwell’s generalization of Ampere’s Circuital Law. Show that in the process

of charging a capacitor, the current produced within the plates of the capacitor is

where @, is the electric flux produced during charging of the capacitor plates.

19. (a) 20 cm Il B o fopdt STaret SUUT o | h HaTE & fohdt fowar o6t gUoT ¥ o/ 3
qieRfeTd ifeTT {519 OX faver shl Ta 9T 3Mee 2 o1 arkdftaeh Uiates ured &l | Ufdfees
%! fedfa off 7 ST | 3

(b)  TUUT YA T YANT T §U SARAT DY, ST TYUT G & oIy i ST Hiciforeer i
A E |
(a) Calculate the distance of an object of height h from a concave mirror of radius of

curvature 20 cm, so as to obtain a real image of magnification 2. Find the

location of image also.

(b) Using mirror formula, explain why does a convex mirror always produce a

virtual image.

20. (i) g & A9 @UST Sl &Y | U Hifg |

(i) SIS ST =T | n-p-n TR & FTd 31X FemT SyeTeiioren & 31eaq &
T uimer oM@ difeT | 3@ URUY & SUAN gRT SAWE $iee 6 HaeT, g
AT e TR U fohT ST € | 3

(1)  Write the functions of three segments of a transistor.

(i) Draw the circuit diagram for studying the input and output characteristics of
n-p-n transistor in common emitter configuration. Using the circuit, explain how

input, output characteristics are obtained.

55/1/3/D 9 [P.T.O.
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21. ¥ T gU, o forelt g forvar & o1 aredt weret fehRot foh MepR ARTeRT 3T T80T ot I <,
TR G HT FAT [T 3G TIaT | STl GXG9IhT ! ol § $9h 3T Hewayul
o fafaT | 3

Draw a schematic ray diagram of reflecting telescope showing how rays coming from
a distant object are received at the eye-piece. Write its two important advantages over

a refracting telescope.

22. (i) T RS I URHN Y aTel SR Sl FECHUT Bl I HI Seoid DI |
SIS It RIS T T fohd Teh T € 7 3

(i) i SRIE T SoTl-T A H AT TR A, A,y 3 A, T FEe T BT |

C

7\’2
A \ 4 A

(i) State Bohr’s quantization condition for defining stationary orbits. How does

de Broglie hypothesis explain the stationary orbits ?

(i) Find the relation between the three wavelengths A, A, and A, from the energy

level diagram shown below.

C
» Ay
3 B
7‘2
A v A
55/1/3/D 10
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gug - g

SECTION -D

23. Hiar &% T S SHS WA of ST W@ 9 | b foaet W Hier 3 ag 3@ o e o |
%A TH & Tod T &, R ITH DN Fgd W e o & | S Wiy ¥ 3 fyarst d
T TN H U IO, T I ST HRUT T R |

ST STHHRT o SR T Hefefad gt & 3o 30

(i)  Hiar 3R 39 Toarstt = 1 goai 1 U9 6 2

(i)  HYaT % TS 3 =/ 3 A 2

(iii) 2fthek Ferrett o ol &7 SISt TTgel ol S S8 & 2 TR TeiTer (b UehIY &Il € 2 4

Meeta’s father was driving her to the school. At the traffic signal she noticed that each
traffic light was made of many tiny lights instead of a single bulb. When Meeta asked

this question to her father, he explained the reason for this.
Answer the following questions based on above information :
(1)  What were the values displayed by Meeta and her father ?
(i)  What answer did Meeta’s father give ?

(1) What are the tiny lights in traffic signals called and how do these operate ?

GUS -
SECTION -E
24. (i) 3TYATE ST i GRS fA@y |

(i) TFRIA-3TUAE % YN U G SolaeHT bl B W& 3R fasitd-shret & usi o fohat
T ol TRl o o0 &sTeh a1 BT | ohdt =Tete st UfdRieehar foh et
T R At € 2

(iii) T UfRTeT o FHOT | R SR S S MHenqet &1 Suan = fFar S g2 5

HYAT

55/1/3/D 11 [P.T.O.
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() ORIREHRR 1 FEER! [Fe HfEy |
(i) A KT T gRefeEHieT 9y § AB $IE THEHH AR €, [T o ETg 1 m 99 ufday
10 Q¥ | AR % ST faed Jeordr q9r Gqem-om=re AO ( = /) TR ST |

2V 1590
I AW
A O B
120
—A\W—]|
G
1.5V
LA
039

(1)  Define the term drift velocity.

(i1)  On the basis of electron drift, derive an expression for resistivity of a conductor
in terms of number density of free electrons and relaxation time. On what factors

does resistivity of a conductor depend ?
(1i1) Why alloys like constantan and manganin are used for making standard resistors ?
OR
(1)  State the principle of working of a potentiometer.
(1)) In the following potentiometer circuit AB is a uniform wire of length 1 m and
resistance 10 Q. Calculate the potential gradient along the wire and balance
length AO (=1).

2V 150
I AW

1.2Q

1.5V

0.3Q

55/1/3/D 12
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25. () A% FEfert v | ug % Rt fog WX (a) TUTSY, (b) fomett s@fqenon & forw 91 o=t
FT | g W fEfq x’ R Afaeor G § diedr § fa=ror @ 39 % fau ww
ity |

(i) i forvigTepr oTeToTt &t 3T Fehel hid gT AT o TEfeRt WaNT & safaentor ted sl et
fardt & faare 9e | o I |

AYAT
(i) To°T  oRA a6 THRT % T ST 0T & o o & [aeer T 7 faeRer s
T o eI 7k itaw | fosw shior iR =Aaw foet o1 & usl | fUew & sTdedHis
% TeTT =isTeh = FlT |
(i) oo feredoT =T & 2 foredooT T ST SR 2

(iii) forelt HHfGaTE HHRIOT TISH o T Toteh UX ThIRT hi his [hI0T SAToTad STaa Fieh
oot o TeMT SR Qo7 WRafad eIt & | i o Tacidh 1 FAaH T kA g
MET ? WERTEH INehAT o HIT | 5

|

A 4

(1) In Young’s double slit experiment, deduce the condition for (a) constructive, and
(b) destructive interference at a point on the screen. Draw a graph showing
variation of intensity in the interference pattern against position ‘X’ on the

screen.

(1) Compare the interference pattern observed in Young’s double slit experiment

with single slit diffraction pattern, pointing out three distinguishing features.

OR

55/1/3/D 13 [P.T.O.
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(1)  Plot a graph to show variation of the angle of deviation as a function of angle of
incidence for light passing through a prism. Derive an expression for refractive

index of the prism in terms of angle of minimum deviation and angle of prism.
(1) What is dispersion of light ? What is its cause ?

(11) A ray of light incident normally on one face of a right isosceles prism is totally
reflected as shown in fig. What must be the minimum value of refractive index

of glass ? Give relevant calculations.

|

A 4

26. (i) dEV =V, sin ot F HE ac G, L, C AR R & o 2ol Taiem & Faitea € |
T TG T SUGNT ek URTY i W T dioedT o €RT 3 S shell HivT o fofd
STk U ST | a8 Tt S hitTe 51w 8RR sieedl U & ®ell § eid € | 39
Teafer o ufkaer st o e ST € 2

(i) TR LR %ot aRwer ®, X, = R T GR9e 1 3R O P, & | 79 39 9a" 7 C
& ST He A0 36 o 36 WehR oI ST €, 6 X = X B, A Wit 1ot P, &

ST E | Py /P, T HINT |

YT

(i) TFERER H HE GEU | HR FRHRT (G SUge 3T §RT THeiey | 39 g |
B aTet T Stl-&7a 1 Seord ST |

55/1/3/D 14
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(i) e STIRRT oA ZRAHER St WS FUsel H 100 % & TT SThT IRUET ST off

100 ¥ | FereT sieedr 3 WiferRt shHeT: 220 V 3R 1100 W & | UReHTerd it :

(a) Tadae Foee | Wi ol ge

(b) WA FUGEA H GRT

(c) Taclioes Foeet & ol W diced

(d)  faeires poeet # oy

() Tl poee # wifem 5
()  Ana.c. source of voltage V = V,, sin ot is connected to a series combination of

L, C and R. Use the phasor diagram to obtain expressions for impedance of the
circuit and phase angle between voltage and current. Find the condition when
current will be in phase with the voltage. What is the circuit in this condition
called ?

(i) In a series LR circuit X; = R and power factor of the circuit is P;. When
capacitor with capacitance C such that X; = X is put in series, the power factor

becomes P,. Calculate PI/P2.

OR

(1)  Write the function of a transformer. State its principle of working with the help

of a diagram. Mention various energy losses in this device.

(i) The primary coil of an ideal step up transformer has 100 turns and
transformation ratio is also 100. The input voltage and power are respectively
220 V and 1100 W. Calculate

(a) number of turns in secondary
(b) current in primary

(c) voltage across secondary

(d) current in secondary

(e) power in secondary

55/1/3/D 15
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SET 55/1/1/D

MARKING SCHEME

Q. No. Expected Answer / Value Points Marks | Total
Marks
SECTION (A)
Set1,Q1
Set2,Q4 | positive 1 1
Set3,Q2
Setl,Q2 | Electric flux remains unaffected.
Set2,Q5 | [NOTE: (As per the Hindi translation), change in Electric field is being
Set3,Q3 | asked, hence give credit if student writes answer as decreases] 1 1
Set1,Q3 | A current carrying coil, in the presence of magnetic field, experiences a | 1 1
Set2,Q1 | torque, which produces proportionate deflection.
Set3,Q5 | [Alternatively
( deflection) 6 a.t ( Torque)]
Set1,Q4 | Due to their short wavelengths, (they are suitable for radar system used in
Set2,Q2 | aircraft navigation). 1 1
Set3,04
Set1,Q5 . - %o 1
Set2 03 Quality factor Q Y
Set3,Q1
[Alternatively
. L . .
Quality factor Q = w};’ , Alternatively, It gives the sharpness of the
resonance circuit.]
It has no unit. & 1
Set1,Q6 SECTION (B)
Set2,Q9
Set3,Q7 Explanation of the terms
(1) Attenuation 1
(i) Demodulation 1
@) The loss of strength of a signal while propagating through a medium. 1
@iy The process of retrieval of information, from the carrier wave, at the
receiver. 1 2
Set1,Q7
Set2,Q10 | | Plotting of graph Yo+ Vs
Set3,Q8 Identification of line representing lower mass Yo
Reason Ya
Page 1 of 19 Final Draft 11/03/16 11:30a.m.
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SET 55/1/1/D

m,

<l

>

As\ =
2mqV

As the charge of two particles is same , therefore

y) 1. 1
— & — ie. Slope a—
& vm vm

Hence, particle with lower mass (m,) will have greater slope.

1/2 +1/2

Ya

Ya 2

Set1,Q8
Set2,Q6
Set3,Q10

Calculation of Energy released 2

Binding energy of nucleus with mass number 240,
Ep, =240 x 7.6 MeV

Binding energy of two fragments
=2 x 120 x 8.5 MeV

Energy released = 240 (8.5 — 7.6) MeV
=240 x0.9
=216 MeV
OR

Calculation of Energy in the fusion Reaction

Total Binding energy of Initial System

ie.  2H+ 2H =(2.23 +2.23) MeV
= 4.46 MeV

Binding energy of Final System i.e. 3He
=7.73 MeV

Hence energy released = 7.73 MeV- 4.46 MeV
= 3.27 MeV

Ya

Yo

Yo

Yo 2

Yo

Yo

Page 2 of 19 Final Draft
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SET 55/1/1/D

Set1,Q9
Set2,Q7
Set3,Q9

Calculation of emf 1
Calculation of internal resistance 1

E1r2 +E2T1
emf = ———
Tty

1.5 x0.3 +2 x0.2
- 0.2 +0.3

_ 0.45 +0.40
0.5

V=17V

r = s
0.2x0.3
T 0.2+0.3

_0.06

~ 05

=012 Q

Y2

Ya

Ya

Ya 2

Set1,Q10
Set2,Q8
Set3,Q6

Statement of Brewster’s Law 1
Reason of different value

When unpolarised light is incident on the surface separating two media, the
reflected light gets (completely) polarized only when the reflected light and
refracted light become perpendicular to each other.

[ Alternatively

If the student draws the diagram, as shown, and

writes i,, as the polarizing angle, award this 1 mark.

If the student just writes = tan i,,, award half mark ;
only.] w0 @
®

The refractive index of denser medium, with respect to rarer medium, is
given by p = tani,

Since Refractive index (u) of a transparent medium is different for different
colours, hence Brewster angle is different for different colours.

Yo

Yo 2

Page 3 0f 19 Final Draft 11/03/16 11:30a.m.
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SECTION (C)

Set1,Q11 Obtaining an expression for Electric field intensity 2

Set2,Q14 Showing behavior at large distance 1
Set3,Q12

AESwm Y

ﬁj -
o= /t; AE 8 @ +dELes D 1
< . A

P ok NS
dESm B

Net Electric Field at point P = [ dEcos6

dE = Electric field due to a small element having charge dq
1 dq
4mE, T2
Let 1 = Linear charge density
-4

Ya

dl
dg = Adl
2ma 1 Adl

X
Hence E = [ .— X =, where cosg ==
0  4me, 12 T r

Yo

A
4mTe, T3

(2ma)

1
= Lg , Where total charge Q = Ax2ra Yo

4o (x2+a?)2

At large distance i.e. x>>a

~_1 Q Y
" 4me, " x? %
This is the Electric field due to a point charge at distance x.

(NOTE: Award two marks for this question, if a student attempts this
question but does not give the complete answer)

Set1,Q12
Set2,Q15 | | Three Characteristic features 1+1+1
Set3,Q13

The three characteristic features which can’t be explained by wave theory
are:

i.  Kinetic energy of emitted electrons are found to be independent of | 1

intensity of incident light.
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ii.  Below a certain frequency (threshold) there is no photo-emission. 1
iii.  Spontaneous emission of photo-electrons. 1 3
Set1,Q13 : _
Set2,Q16 a) Expression for the magnetic force 1
Set3,Q11 b) Trace of paths Yot Yo+
Justification Yo
F=q@xB) 1
(Give Full credit of this part even if a student writes:
F= qvB Sin6 and
Force (F) acts perpendicular to the plane containing v and §)
b)
a X X X
R ————x X X
X X X X
e—I
X - X X X 1;2-:-
2
Ys
Justification: Direction of force experienced by the particle will be according
to the Fleming’s Left hand rule / (any other alternative correct rule.) Ya 3
Set1,Q14 ) . .
Set2,Q11 (1) Definition of mutual inductance 1
Set3,Q15 (ii) Calculation of change of flux linkage 2
(1) Magnetic flux, linked with the secondary coil due to the unit current
flowing in the primary coil, ¢, = MI,
[Alternatively
Induced emf associated with the secondary coil, for a unit rate of
: : : dl
change of current in the primary coil. e, = —M d—tl 1
[Also accept the Definition of Mutual Induction, as per the
Hindi translation of the question]
[i.e. the phenomenon of production of induced emf in one coil
due to change in current in neighbouring coil ]
(ii) Change of flux linkage
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dp =M dI 1
= 1.5 x (20-0)W Vs
= 30 weber Yo 3
Set1,Q15
Set2,Q12 (i) Calculation of capacitance of each capacitor % + %
Set3,Q14 (ii) Calculation of potential difference Yo+ Y
(iii)Estimation of ratio of electrostatic energy 1
i) LetCy =C
Cy = 4C (as it has a dielectric medium of ¢, = 4
For series combination of two capacitors
1_ 1 1
—_— + J—
C Cx Cy
1 1 1
4uF  C  4C
13
4uF  4C
= C=5uF
Hence Cy = 5uF Yo
Cy = 20uF Yy
ii) Total charge Q@ =CV
= 4pF x 15 V= 60pC
Q 60uC
Vy = —= ——=12V
X7 ¢y, SuF &
v Q 60uC
[ 1
YT G, T 20uF 2
QZ
= 1
E 2C c 20
i) == —"fK=X==4:1
2Cy
(Also accept any other correct alternative method) 3
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Set1,Q16
Set2,Q13 || Diagram showing attractive force on other wire. 1
Set3, Q17 Obtaining an expression for force. 1
Definition of one ampere. 1
Ya
As shown in Figure, the direction of force on conductor b is attractive Yo
[Alternatively: .
B at a point on wire 2, is along - &
- F,onwire 2, due to the B, isalong -1, i.e. |, L
towards wirel. Hence the force is attractive. d / x
,

Magnetic field, due to current in conductor a,
_ Mol
V7 2nd

Yo

The magnitude of force on a length L of conductor b, .

F, = LLB, /2

FZ — Holil5L
2md

One ampere is that steady current which, when maintained in each of the
two very long, straight, parallel conductors, placed one meter apart in 1 3
vacuum, would produce on each of these conductors a force equal to
2 x 10~7newton per meter of their length.

Set1,Q17
Set2,Q20 | | Production of em waves 1
Set3,Q18 | | Drawing of sketch of linearly polarized em waves 1
Indication of directions of oscillating electric and magnetic fields % + %
A charge oscillating with some frequency, produces an oscillating
electric field in space, which in turn produces an oscillating magnetic
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field perpendicular to the electric field, this process goes on repeating , 1
producing em waves in space perpendicular to both the fields.

L - - . Yo +%
Directions of E and B are perpendicular to each other and also

perpendicular to direction of propagation of em waves.

OR

Maxwell’s generalization of Ampere’s Circuital law 1
Showing that current produced, within the plates of a

. .. d
capacitoris i = €, :f 2

Ampere’s circuital law is given by as ¢§ dl = uyi, 1

But for a circuit containing capacitor, during its charging / discharging
the current within the plates of the capacitor varies, (producing

displacement current i ;). Therefore, the above equation, as generalized
by Maxwell, is given as ¢§.dl = Upl. + Uolg

During the process of charging of capacitor, electric flux (¢.) between
the plates of capacitor changes with time, which produces the current

within the plates of capacitor. This current, being proportional to dtze,
have

we

izeodt 1 3

Set1,Q18
Set2,Q21 a) Explanation of any two factors justifying the need of
Set3,Q16 modulation 1+1
b) Two advantages of FM over AM Yo+ Y

a) A low frequency signal is modulated for the following purposes:
(N It reduces the wavelength of transmitted signal, and the minimum

height of antenna for effective communication is /1/ 4- Therefore 1
height of antenna becomes practically achievable.
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(1) Power radiated into the space by an antenna is inversely
proportional to A2. Therefore, the power radiated into the space
increases and signal can travel larger distance. 1
(Give full credit of this part for any other correct answer)
b)
(1) High efficiency
(i1) Less noise Yo+ Y5
(iif) Maximum use of transmitted power (any two) 3
Set1,Q19
Set2,Q22 (i) Function of three segments Vot Yo+ Vs
Set3, Q20 (i) Circuit diagram 1
Input and output characteristics Yo
i) Emitter : Supplies the large number of majority charge carriers for | 1,
the flow of current through the transistor.
Base : Controls the movement of charge carriers coming from 1,
emitter region
Collector: Collects a major portion of the majority carriers 1,
supplied by the emitter.
(NOTE: Also accept the following explanation of these parts of the transistor
as asked in Hindi translation)
Emitter: Heavily doped and of moderate size.
Base: Central region, thin and lightly doped.
Collector: Moderately doped and large sized.
i) L
.‘_
- |
I m]t. : R
—nb B C + <,
R S
R, uA E Ve v
- o
v, JT‘ v, @ ll“'
B BE
1
Input characteristics are obtained by recording the values of base current I,
for different values of Vg at constant Vg
Output characteristics are obtained by recording the values of I for different
values of V. at constant I %
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[Alternatively
Also accept input/output characteristic curves for this part of the question.] 3

Set1,Q20
Set2,Q17 (1) Calculation of distance of an object and location of image 2
Set3,Q19 (ii) Reason for virtual image, through convex mirror 1

a) Given R =-20 cm, and magnification m= -2

Focal length of the mirror f = g =—10cm

Magnification (m) = - 5

Yo

Using mirror formula
1 1 1

_:_+_ 1
f v u 72
1 1 1
2 == —4=
10 2Uu u
=

u=-15cm

1
~v=2 X-15cm=-30cm &

b)
1 1 1

f v u

Using sign convention, for convex mirror, we have
£>0, u<0 Vs

From the formula

1 1

f u
« fis positive and u is negative, 1
= v is always positive, hence image is always virtual. 3

|-

Set1,Q21
Set2,Q18 (i) Statement of Bohr’s quantization condition Yo
Set3,Q22 de- Broglie explanation of stationary orbits 1
(i) Relation between A,, 1,, A3 1%

(N Only those orbits are stable for which the angular momentum, of

. . . . h
revolving electron, is an integral multiple of g
T
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[Alternatively
nh . .. . .
L= g angular momentum of orbiting electron is quantised. ]

According to de Broglie hypothesis
Linear momentum (p) = %

And for circular orbit L = r,,p where ‘r;,” is the radius of quantized
orbits.

nh
Also L=—

2T
_rh _nh
1T 2m
= 2nr, = ni
= Circumference of permitted orbits are integral multiples of the wavelength
A

ii) EC - EB = 1_1 ....... (l)
Ep— Ey = ’;— oo (i)
E.— E, = Z—: ........ (iii)
Adding (i) & (ii)
hc hc .
EC — EA :l—l /1_2 ......... (lV)

Using equation (iii) and (iv)

Y2

Y2

Ya

Ya

Yo

Yo

hc _ hc hc 1 1 1
—=—+4+— =>—=—+—
/13 /11 /12 13 11 /12
Set1,Q22 : : _
Set2 819 Drawing of Schematic ray diagram 2
Set3.021 | | Two advantages 1y + 1
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0] Large gathering power
(i) Large magnifying power
(i)~ No chromatic aberration

(v) Easy mechanical support
(vi)  Large resolving power
(Any Two)

(iv)  Spherical aberration is also removed

1/2 +1/2

SECTION (D)

Set1,Q23 A Pr—
Set2,Q23 nswers of part (i) ,(ii), (iii)

1+1+2

Set3,Q23 | (i) Values displayed by Meeta:

Values displayed by Father:

called light emitting diodes (LED)

(iii)Light emitting diode

Inquisitive/ Keen Observer/ Scientific temperament/ (Any other value.) 1

Encouraging/ Supportive /(Any other value)
(if) Meeta’s father explained that the traffic light is made up of tiny bulbs

(Also accept other relevant answers)

These diodes (LED’s) operate under forward bias, due to which the
majority charge carriers are sent from these majority zones to

minority zones. Hence recombination occur near the junction 1
boundary, which releases energy in the form of photons of light. 4

SECTION (E)

Set3,Q26 Naming of circuit condition
(i)  Calculation of © p,

Set1,Q24 Q) Obtaining expression for impedence & phase angle
Set2,025 Condition of current being in phase with voltage

1%+1
Yo
Yo

1%

-
| !
& [
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:T;II Loy - ..f'}"
g

TRy .,

From Figure
V="V +V+V
where |Vz| = i), R
W: + V;l =Vem = Vim
=i (X — XL)
= Vn% = VRzm + (Vem — VLm)Z

l,?nZz = l?nRz + lrzn(XC - XL)Z

= Z=\R?+ (X; — X,)?
From Figure

tan ¢ = Vem—Vim _ im(Xc—X1)
Vem imR

Xc—XL

¢ = tan™ (=)
Condition for current and voltage are in phase :

VL=VC or XL=XC

Circuit is called Resonant circuit.

. R R 1
i)  Power factor P; = I TEmE T
(asX, =R)

series in the circuit

Power factor when capacitor C of Reactance X, = X, is put in

Y2

Ya

Yo

Yo

Yo

Yo

Yo

Yo
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p,=2=%=1 Y
Z R
as Z=R at resonance
1
P. 1
h_v2_1 ” 5
P, 1 2
OR
(1 Function of transformer Yo
Working principle and diagram Yo+ s
Various energy losses (two) Yo+ Y
(i) Calculation of part (a) , (b), (c), (d) & (e) 2Y>
Q) Conversion of ac of low voltage into ac of high voltage & vice v,

Versa

Mutual induction: When alternating voltage is applied to primary windings, v,
emf is induced in the secondary windings.

Saft fron-core

Yo

Arennid
A

LI WA A
ADRTEILE]

(a) )

(Any one of the above diagram)
Energy losses:

a. Leakage of magnetic flux
b. Eddy currents
c. Hysterisis loss o
d. Copper loss 72+
(Any two)
i)
N, =100
Transformation ratio= 100
a) Number of turns in secondary coil
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N, = 100 x 100 = 10000

b) Input Power = Input voltage x current in primary
1100 = 220 x I,
= [, =5A
Vp  Np

N

220 1004
=V, =2.2x10" volts

d 2= 1

Is NP

> _ 100
I,
= [,=— =0.05A

T100

e) Power in secondary = Power in Primary

Y2

Y2

Y2

Ya

=1100 W Yo 5
Set1,Q25
gggggg ) Deduce the conditions for a) constructive and b)
' destructive interference 2%
Graph showing the variation of intensity 1
i) Three distinguishing features 1%
i)
5
" Yo
“1‘
3,
D
G
From figure
Path difference = (S,P — S; P)
2 2 _p2 a2 2 d\2
(5:P)? = (5iP)? = [D? + (x + 92| = [D? + (x = 9?]
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2xd %)
S,P+S, P

52P_51P:
Forx,d<< D
S,P+S,P =2D

2xd d
Szp_Slp:L —xa Yo
2D D

For constructive interference S,P — S;P = ni,n=0,1,2.....

xd
=>—=nd
D
naiD Y2
>X =—

d

For destructive interference S,P — S;P = (2n + 1)%l

n=0,1,2 ..
2= @2n+1)3
s

=>x = (2n+1)’21—2

1 max

MANL

3121 14 0 11 22 31

E——
Path Difference

ii)

(a) The Interference pattern has number of equally spaced bright and
dark bands, while in the diffraction pattern the width of the central 2
maximum is twice the width of other maxima.

(b) In Interference all bright fringes are of equal intensity, whereas in the
diffraction pattern the intensity falls as order of maxima increases. 2

. A .
(c) In Interference pattern, maxima occurs at an angle - where a is the ”
2

slit width, whereas in diffraction pattern, at the same angle, first 5
minimum occurs. (Here ‘@’ is the size of the slit)

(Any other distinguishing feature)
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OR
) Plot showing the variation of the angle of deviation as a
function of angle of incidence 1
Derivation of expression of refractive index 1%
i) Definition of Dispersion and its cause Yo+ Y5
i) Calculation of minimum value of refractive index 1%

S

.g e -

k]

»

= 1

‘SDIH_‘ ............................ r

2

oL

=

< ' J J J

Angle of Incidence (i)
From figure 6 = D,,,, i = e which implies r; =1,
2r=A, orr:A/2 1,
Usingd =i+e—4A
D,=2i—A
. _A+Dp s
T2
. A+D
sini  sin( 2 =) 1
sinr sin A/Z
(i)  The phenomenon of splitting of white light into its constituent Ya

colours.

Cause: Refractive index of the material is different for different colours
According to the equation, § £ (¢ — 1)A, where A is the angle of prism, Yo
different colours will deviate through different amount.
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1=45°

Y

For total internal reflection,
2i > i, (critical angle)

=45° > i, ,ie.,zi, < 45°
sin i, < sin 45°

1
<

Sl

1
>2

sini,
=>u=>vV2

Hence, the minimum value of refractive index must be v2

Y2

Ya

Ya

Set1,Q26
Set2,Q24
Set3,Q24

) Definition of drift velocity

i) Derivation of expression of resistivity
Factors affecting resistivity

iii) Reason of using constantan and manganin

R RN

i) Average velocity acquired by the electrons in the conductor in the
presence of external electric field.
[Alternatively:

—eET . . .
Vg=—— where 7 is the relaxation time.]

—eET

i) v,=
%4
We have E = — 7 where V is potential difference across the length ‘£’of

the conductor
eVt

Vg=—"—
mf .
Current flowing | = neAvy,

eVt _ ne?Avt
| =neAvy — =

me mfe
1 ne?Ar _ 1

== e (i)

|4 mt R

Yo
Yo

Yo
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£ .
Also,R=p . (i)
Comparing (i) and (ii)

P= nezt
Resistivity of the material of a conductor depends on the relaxation time, i.e.,
temperature and the number density of electrons.
iii) Because constantan and manganin show very weak dependence of
resistivity on temperature

Y2

15+ 145

OR

i) Working Principle of potentiometer 2
i) Calculation of potential gradient and balance length 3

i) When constant current flows through a conductor of uniform area
of cross section, the potential difference, across a length | of the
wire, is directly proportional to that length of the wire.

[V « [ (Provided current and area are constant]

i) Current flowing in the potentiometer wire

__EFE _ 20 2

" Rt 15+10 25

= Potential difference across the two ends of the wire

Ya

i

v —2><10V—20—08 It Ya
48 = 35 5 oV

i i —Vap _08 _ gV
Hence potential gradient K= s —10° 0.8V/m VA

Current flowing in the circuit containing experimental cell,
1.5
=1A

= 1.2+0.3
Hence, potential difference across length AO of the wire

=03x1V =0.3V 1
= 0-3 == K X lAO
== 0.8 X lAO

Yo

l,o, =—m = 0.375
= ‘a0 0.8m m i 5
=37.5cm
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