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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™?

ﬁ%:w 10° N m? C2

m,=9.1x 103! kg

=2 T FFHH = 1.675 x 10727 kg
e & §e7HH = 1.673 x 1027 kg
Talrgl H& = 6.023 x 1023 ufd U9 diet

dieesTH i = 1.38 x 10723 JK-!

General Instructions :

(i)
(ii)

(iii)

(iv)

(v)

55/1/3/D

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

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=6.63x1073*Js
e=1.6x1019C

Hy=41tx 107 TmA™!
g,=8.854 x 10712C2 N~ m™?

1
—=9x 10° Nm?2 C2
4TC£0

m,=9.1x 103! kg
mass of neutron = 1.675 x 1027 kg
mass of proton = 1.673 x 10727 kg
Avogadro’s number = 6.023 x 103 per gram mole
Boltzmann constant = 1.38 x 1023 JK~!
2
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Section - A

1. Todl 3T o o URTY T STUEHI 1.5 § | 3 1.65 3TIacHIeh o [ohdl ATed § g W ofd
T TSI Hat BT 2 1

A concave lens of refractive index 1.5 is immersed in a medium of refractive index 1.65.
‘What is the nature of the lens ?

2. URE HE HY IO B © 2 1

How are side bands produced ?

3. 7@ U UG, GaAs % o1, dicedl o 9% 9RT & UNad i 39 & ol T W ()

()  RUTICHS Uiy & |
(i) 39 % 0 & e B § | 1

Graph showing the variation of current versus voltage for a material GaAs is shown in
the figure. Identify the region of

(1)  negative resistance

(i) where Ohm’s law is obeyed.

4. U - dfqera sl aRemT fAfEd | 39 T9.27E, (S.1.) A F91 § 2 1

Define capacitor reactance. Write its S.I. units.

5. 1 cm ST & 99 (F9) H UREE (@<) 64! [5ga & R0 398 79 ¥ oA aret foed v
T T T & 2 1

What is the electric flux through a cube of side 1 cm which encloses an electric dipole ?
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LCLUCIERE |

Section — B

6. ST OUT SUTHET THTABT H A< (WS) I | 2

Distinguish between ‘intrinsic’ and ‘extrinsic’ semiconductors.

7. JUOT G % UM FRT IR Toh, Tohall 3Tarcier SUUT o WA ST f (BT 3LN) qAT 2f (Tshar
ey o i e fopedt o o7 wifafena, 2f & o (2f @ SR o) S9ar ¢ | 2

Use the mirror equation to show that an object placed between f and 2f of a concave
mirror produces a real image beyond 2f.

3ar/OR

TP SR ieRigel o e § fohdl 37 TeiRIgS i ¥ (ART) I GAH T TR THIT i
el o fora =Ter U hits |

TG 3iie (AR) W e Teaf § IR Mot <Al clieiat tieehe™ &t 2

Find an expression for intensity of transmitted light when a polaroid sheet is rotated
between two crossed polaroids. In which position of the polaroid sheet will the
transmitted intensity be maximum ?

8. @ & I & S ¥ fopdlt ®iee  fot (Iq) ¥ 9o feafa & o wiqemyr (orch s
Hit | 2

Use Kirchhoff’s rules to obtain conditions for the balance condition in a Wheatstone
bridge.

9. TS WS IUT Uh TeH () VT T Helg SI-siedl aiieedt 1 JF THME €, df T hiferd —
(i) 7 R fawal s ST
(i) 3! T HT STUTT 2
A proton and an o-particle have the same de-Broglie wavelength. Determine the ratio
of (1) their accelerating potentials (ii) their speeds.

10. 3N fob STegISH WA &1 &l i Boar § n? & 3FER UNac &l & | STéf, n URHT] &
T T ¥ | 2
Show that the radius of the orbit in hydrogen atom varies as n?, where n is the
principal quantum number of the atom.

55/1/3/D 4
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T[S - T

Section - C

11. Troa e sl HRYTel & fag & 9o i |

T eoMIHIeY &1 WieRe G & | 36 ST § U Ui R, See 39 V diee W &
AiceHie § FAING fohal ST & | 3t oo imies & | Suiishd # R, Wiawrg Siret s o
dieeHiey V/2 diee T AT Wl € | R, T R, & W& H o WeRY T S, s
eeHHIEY 3l 2 V T & aleeriel H IR & @ | R, T4 R, % W&l H feaH e &
iRy ‘G’ 1 7 o T B | 3

State the principle of working of a galvanometer.

A galvanometer of resistance G is converted into a voltmeter to measure upto V volts
by connecting a resistance R, in series with the coil. If a resistance R, is connected in

series with it, then it can measure upto V/2 volts. Find the resistance, in terms of
R, and R,, required to be connected to convert it into a voltmeter that can read upto

2 V. Also find the resistance G of the galvanometer in terms of R; and R,.

12. WRISEE ®l G o Ufawell i & o T@ehT i STl & 2 Ueh SUFe 3E i Gerddr &
T HIATSTY T GO i |

Tt Uvaicies S99 % 4R Sl qorT W SR SEd h uRy s et €, e o
TS i UTHSRTeh STaE H YEfeld sl sl S0l o/ & 2 3

With what considerations in view, a photodiode is fabricated ? State its working with
the help of a suitable diagram.

Eventhough the current in the forward bias is known to be more than in the reverse
bias, yet the photodiode works in reverse bias. What is the reason ?

13. YIS 3c@sish (CE) fo=amd | ZifsTey vayes ol Ush URuY 3G a1 |

(i) Freett uiady dar (i) R vade Ui i gRiiud HifsE | gedt faer qer e
SANTCATEITOTERT o STANT FRT AT A hdl e feham ST & 2 3

Draw a circuit diagram of a transistor amplifier in CE configuration.

Define the terms : (i) Input resistance and (ii) Current amplification factor. How are
these determined using typical input and output characteristics ?

55/1/3/D 5 [P.T.O.
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14. TT=iThd U= o1 ST i :

(a) Tordlt fofett v o vt TehteT Bt q8Teed 600 nm ¥ , SRR TRt U oR ot RSt
ot digrg 0.1° € 1 1, 31 fial & & 3ot (g4 T S |

(b) T H HEROT AT gT 5000 A TR T TR STt & Y2 F 39T Wafad eier & |
Y WA TN TSI FehTeT i TG TAT ST I T TS TS 2 3

Answer the following questions :

(a) In a double slit experiment using light of wavelength 600 nm, the angular width
of the fringe formed on a distant screen is 0.1°. Find the spacing between the two

slits.

(b) Light of wavelength 5000 A propagating in air gets partly reflected from the
surface of water. How will the wavelengths and frequencies of the reflected and

refracted light be affected ?

15. X, W % U W &I 0 aod B T1 TF THL. (ac) AT § SUMHA F ST T & | Foaf
I ST (THe) T T TS TS AT, (i) WXk W Tl ol ST b1 A Y 51 ST 2 (i) IR
o WITR e I T DS S &l ST 2 (iii) 39 9RO" § S H X, = X, U i gaie
Sirg feam wm 2

T T H 370 IR &l g & g SRoT feafad | 3

An inductor L of inductance X is connected in series with a bulb B and an ac source.

How would brightness of the bulb change when (i) number of turn in the inductor is
reduced, (ii) an iron rod is inserted in the inductor and (iii) a capacitor of reactance

X=X is inserted in series in the circuit. Justify your answer in each case.

55/1/3/D 6
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16. faga T WaeH & 39 9N 61 19 foied

(a) ST foAm Temer H Uger Y8R Hae % fordl Suge eiar € |

(b) ST ST URT fogpia (1) % SUUR H BT € |
(c) it fafehear & g & ol vger i € |
Gey # Ty for 7 T ol Sy Sca fopdn ST G € | 3

Name the parts of the electromagnetic spectrum which is
(a) suitable for radar systems used in aircraft navigation.
(b) used to treat muscular strain.

(c) used as a diagnostic tool in medicine.

Write in brief, how these waves can be produced.

17. (i) Tt foemeT (Jec) STa qREeis & SAIgeash oiF il ®ehd 3 15 m & | 3% 1.0 cm
IS T I AR T SUANT fohaT ST A SIGPIH T RO SAEA a1 BT 2

(i) 3 3T EIH FH ISTAN THAT B G & ford THar ST o, Afigvass o g1 a9
T 5T o iateie o1 oA Toha=T 8T 2 ST BT T 3.48 x 100 m T SHeh! R
FET3.8%x 108 m e | 3

(1) A giant refracting telescope has an objective lens of focal length 15 m. If an eye
piece of focal length 1.0 cm is used, what is the angular magnification of the

telescope ?

(i1)  If this telescope is used to view the moon, what is 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 103 m.

55/1/3/D 7 [P.T.O.
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18. 3ME=TET o WehTeT [ TR0 T feif@d | Sooi@ Hitd 1o ggehl Ferdar & UehreT foege
TTE % feheT HETEIqUT IRTUT o SATEAT Rl ST Wehell § |

el g (W) T AT THRT B AR H A, ¥ A, T ARacH en § W forgd
TOIFZA S AR Tt Soott &F AT &1 St & |

T, 1 T2 I et e ), T G & (o7 e Fea Hitod | 3

Write Einstein’s photoelectric equation and mention which important features in

photoelectric effect can be explained with the help of this equation.

The maximum kinetic energy of the photoelectrons gets doubled when the wavelength

of light incident on the surface changes from A, to A,. Derive the expressions for the

threshold wavelength A, and work function for the metal surface.

19. TR (o) fRR0T o | 1 Ol §RT Uehiv Tl METR-ARIST TN & 319 U, Ted-ATeh
% FHoid & H T (o) BT & VeIT-0¢ HT 9T | T&T H T i 6 39 37" |
Ty & ATeT % IR | G Hd Terdr & |
Fei, R = R, A3 9 geifed fop, Aifveptar verel ariedl A oX FiR el a6 | (T R, U ooy

& AT A T i 5eFHH G@I ¥ 1) 3

In the study of Geiger-Marsdon experiment on scattering of o particles by a thin foil of
gold, draw the trajectory of o-particles in the coulomb field of target nucleus. Explain

briefly how one gets the information on the size of the nucleus from this study.

From the relation R = R A3, where R, is constant and A is the mass number of the

nucleus, show that nuclear matter density is independent of A.

3ar/OR
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Ty foe qon AT Joae § 95 (3R) foafed | g9ied i 5 <A1 Wohdl | St )
mited gt (Feperd) € |

e T T FfeRAm-grEfean Tored Stula § Hifad e % AW MeV H R
I

%H + ?H — ;LHe +n
feam &, s
m((H) =2.014102 u
m((H) = 3.016049 u

m(3He) = 4.002603 u
m_ = 1.008665 u

lu=931.5 MeV/c?

Distinguish between nuclear fission and fusion. Show how in both these processes
energy is released.

Calculate the energy release in MeV in the deuterium-tritium fusion reaction :
2.0 3 4
H+ H—— He +n

Using the data :

m((H) =2.014102 u
m((H) = 3.016049 u

m(3He) = 4.002603 u
m_ = 1.008665 u

lu=931.5 MeV/c?

55/1/3/D 9 [P.T.O.
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20. AW HEfd (AM) Fohdi & foTT U Ggah Sl Uh selich 3G 12 | STEvash Uehar el
TETET o SUANT FRT IR0 1o ot 3 oigherd (AM) T § Hol TR9T Gohel ol Tga
FHBAE | 3

Draw a block diagram of a detector for AM signal and show, using necessary
processes and the waveforms, how the original message signal is detected from the

input AM wave.

21. UF TS FI fOR[A 9RF I EUAUF) ‘B’ § R THH AANE WRY T ¥ | W R A
Ui & f | et T e | e sieedr V a9 (i) R 2R (i) 917 [ 3 5" 0% 183 |

TE U A EFTT R =4 Q & fo=g aRT &1 7 1 A € 3R R 7 A ST 9 Q T 3
T 9N 1 AF FH R 0.5 A @ ST & | 799 TR % 91 (STATE,) E a9 ik
UFeRT 1 T O 1 i | 3

A cell of emf ‘E’ and internal resistance ‘r’ is connected across a variable load resistor

R. Draw the plots of the terminal voltage V versus (i) R and (i1) the current I.

It is found that when R = 4 Q, the current is 1 A and when R is increased to 9 Q, the

current reduces to 0.5 A. Find the values of the emf E and internal resistance r.

22. A GIRAT % &1 GG C, T C,, i Teet S H iR R FHme areeisha # Stigr ST
T | T TS B TH-UE F 100 V B 92 % i Sier S € 1 A 37 3 gaem §
e ot BRI 0.045 J 41 0.25 J &1, af C, 1 C, 1 I 1 it | FHIR (A1) 60
T T WG IX 376 o | 31 IReher Sl it | 3

Two capacitors of unknown capacitances C; and C, are connected first in series and

then in parallel across a battery of 100 V. If the energy stored in the two combinations

is 0.045 J and 0.25 J respectively, determine the value of C,; and C,. Also calculate the
charge on each capacitor in parallel combination.

55/1/3/D 10
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Section - D

23. 3T foRIeTd © 3T §U 5 forRntaal + IR H Ueh foR[d U6 WO W U e (JR) o
=T 9 WX fof@r o “@ad H.T. 2200 V7 | & SaH! 329 diced! Sl ST ol THel 6l urdf
el 3 TRT § foreId Telg i dicedT shaet 220 V il & | SeH 3FTel &7 T8l we v
Toreter & =T | foreTeh 1 T Uk HEweqUl WY WA §U T TRY hETT i WA |

Teifend woeT % ST fotfas
() ac. (TE) foRgTaRT I fovedr & w7 HA & o [Hg gl 1 U oHar S &
31X g7 ot foh T TR b1 Xt € 2

(i) o7 T IfeRT BT IUANT, 3= diedl SLAT. (dc) i Aleeal Sl T HH o T ST T
T e B |

(iil) TeTeTeR T fomnteal RT WG Hodt I Soord Hived | 4

A group of students while coming from the school noticed a box marked “Danger H.T.
2200 V” at a substation in the main street. They did not understand the utility of a such
a high voltage, while they argued, the supply was only 220 V. They asked their teacher
this question the next day. The teacher thought it to be an important question and

therefore explained to the whole class.
Answer the following questions :

(1)  What device is used to bring the high voltage down to low voltage of a.c. current

and what is the principle of its working ?

(i1) Is it possible to use this device for bringing down the high dc voltage to the low

voltage ? Explain.
(i11)) Write the values displayed by the students and the teacher.

55/1/3/D 11 [P.T.O.
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U - T

Section - E

24. (a) U f5yd & 3 fog ewl +q TN —q @ o1 € o1k g 61 U 2a ¥ 1 29 Gya
fgea oMmept p ¥ | 29 f5ya o RO, THH! 3T el @1 W a4l 39 s 9 x T W
foreyt &5 E % fom 0o =ioeh, p b UR H W B | S g9 5, ¢ >> a w5 ffa

T E—2p/ (d4ne, ).

(b) foam ¥ o Fordlt oot o Foreg 891 E = 2d, o 39 597 () BT IR AT e fereg
ToToRT T T THH UReF (S) 3TTEST BT HH A1 Hivotd | 5

(a) An electric dipole of dipole moment E) consists of point charges +q and —
g q q

%
separated by a distance 2a apart. Deduce the expression for the electric field E
due to the dipole at a distance x from the centre of the dipole on its axial line in

terms of the dipole moment E) Hence show that in the limit x >> a, E — 23/
(4m gy x3).

(b) Given the electric field in the region E = 2x/'1\, find the net electric flux through
the cube and the charge enclosed by it.

ar/OR

55/1/3/D 12
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(a) SUgE AN & ITAN FRT T foR & b Surefd H Tl (i) @mers den
(i) TR TR & SRR H 3R I T Hior | fohdl WRIewd Ukt 3 Yaihior
TR HIfsT T2 GofedT (SR Fgd) § S9! 9oy farad |

(b) T T Hifearsh TMeATd 19T (WieT) i B R & 3R 39 I8 W Q 3TV & | 30 vy

CW@»‘%%’W%T@T% | b 31 STEY +2Q, 39 HI & 96T, T6H 5 9 x

QI W TET U T SFIER @I T | T B (1) P9 o g WA A fog w1 ferg
3TERT W% A (i) I H FIH ST AT Forf Fored | 5

(a) Explain, using suitable diagrams, the difference in the behaviour of a
(1) conductor and (ii) dielectric in the presence of external electric field. Define

the terms polarization of a dielectric and write its relation with susceptibility.

(b) A thin metallic spherical shell of radius R carries a charge Q on its surface. A
point charge % is placed at its centre C and an other charge +2Q is placed

outside the shell at a distance x from the centre as shown in the figure. Find (i)
the force on the charge at the centre of shell and at the point A, (i1) the electric

flux through the shell.

55/1/3/D 13 [P.T.O.

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



25. (a) UERR & 9Rueds a9 &t fafea | 59 a9 & Suam 4, 9 Sl daret 6t &g &
fioR Jrahig & & ford oteh U i, afg 39 Rige o ofed BSar o ¥, et
UfeT TohTE oIl § Yl ol TEAT ‘n’ € 9T 3HY Ush @R (STUiern) ¥rT ‘I’ vated & &l
g

(b) T URAICTRT | W1 oht TEAT ‘N’ &, T ThI ST 1S T ST ‘A’ & | 39 a1
3R e weh Utk el € T, 309 Uk Sufad! (31eR) 9T 1 SfRioTe o  venfed
B W@ § | 39 URATCTR % HRUT gaehid &5 Y@ & Faeuy it qer Rt
a1 1 foRIY ¥ ¥ Iooi@ SIS | 5¥gd o 7 aRAlcrs s 98 (38) T &

il TR el & TR FrTehiF 3MEOT, m = NIA. 5

(a) State Ampere’s circuital law. Use this law to obtain the expression for the
magnetic field inside an air cored toroid of average radius ‘r’, having ‘n’ turns

per unit length and carrying a steady current .

(b) An observer to the left of a solenoid of N turns each of cross section area ‘A’
observes that a steady current I in it flows in the clockwise direction. Depict the
magnetic field lines due to the solenoid specifying its polarity and show that it

acts as a bar magnet of magnetic moment m = NIA.

ar/OR

55/1/3/D 14
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(a) S U (mutual inductance) I AR IS T4 THHT S (QF.EHTQ.)
A fefad |

(b) TS ol TR % F AR AU H T 3 GRATAR &71E T8 & | 369 o TH
(TH &) =TE H I GEEd aRAGTRIS % I IR o (ol T Ssth I
Hi |

(c) TUH WANT # 31 Heferdl ¢, T ¢, H TH T % O W@ T & | Fsedt ¢, H valtea
T &mT % aRec ¥ ¢, H U o e 91 (SUA.U%,) & fofd U et ww
HiT | 5

(a) Define mutual inductance and write its S.I. units.

(b) Derive an expression for the mutual inductance of two long co-axial solenoids of

same length wound one over the other.
(c) Inan experiment, two coils ¢, and c, are placed close to each other. Find out the
expression for the emf induced in the coil ¢, due to a change in the current

through the coil c,.

26. (a) fgdias ihen & o e=ig i Gt & ST §R1 O hivt o, fordl adet ot
TR TSHAVT TR o o ST 8 ¥, T8 W e Uee o Sa ¢ |

(b) TV b v TaacH ThsT bl Il AIETE, Hsia ThoT bl TISTS i 3Tl &l € |

(c) W HEfF nd = § gy eH 4, e:(n+%)%qwm3%w%, &foT T B

T 5
(a) Using Huygens’s construction of secondary wavelets explain how a diffraction

pattern is obtained on a screen due to a narrow slit on which a monochromatic

beam of light is incident normally.

(b) Show that the angular width of the first diffraction fringe is half that of the
central fringe.
. . 1 .
(c) Explain why the maxima at 6 = (n+§) 2 become weaker and weaker with

increasing n.

a/OR
55/1/3/D 15 [P.T.O.
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(a) SIGT 7o FT 3N H SRIET 747 €, Ueh TeAld STeTIsS b ashdl (99T R © | 39 U 31X
% TR T U n, § X FE 3 % AT Hl SUEHF 0, & | 39 IqA I
% WA n, SIS % HEH H U fag fom (@) ‘0° W@l § | 36 Wi
ST TR o [ T foReoT T S1ed 31 ny, n, T97 R % ORI | %] B g qe
yfdfers t g o s oY A= i |

(b) ST n, eI & AT H FO a1 Wi 6t T ferdel I o ford Smr g
T T HA &, T g 3R & W H e 0, € (n, > n)) A, WIS EH
o oft I9ET (AT (a) & GHE) FHEHOT fAf@d | 398 A -0 g3 & ford st
T i | 5
(a) A point object ‘O’ is kept in a medium of refractive index n, in front of a convex
spherical surface of radius of curvature R which separates the second medium of

refractive index n, from the first one, as shown in the figure.

Draw the ray diagram showing the image formation and deduce the relationship
between the object distance and the image distance in terms of n, n, and R.

(b) When the image formed above acts as a virtual object for a concave spherical
surface separating the medium n, from n; (n, > n,), draw this ray diagram and

write the similar (similar to (a)) relation. Hence obtain the expression for the lens
maker’s formula.

55/1/3/D 16
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MARKING SCHEME

SET 55/1/1/D

Q. No. Expected Answer / Value Points Marks | Total
Marks
Set1 Q1 | Itis defined as the opposition to the flow of current in ac circuits offered by a
Set2 Q5 | capacitor.
Set3 Q4 | Alternatively:
-1 72
Xe= wC
) Ya 1
S.1 Unit : ohm
Setl Q2 | Zero 1 1
Set2 Q1
Set3 Q5
Setl Q3 | Converging (Convex Lens),(Also accept if a student writes it as a diverging | 1 1
Set2Q2 | Lens or Concave lens (Since hindi translation does not match with English
Set3 QL | version)
Setl Q4 | Side bands are produced due to the superposition of carrier waves of
Set2 Q3 | frequency w, over modulating / audio signal of frequency w,,,. 1
Set3 Q2
Alternatively:
(Credit may be given if a student mentions the side bands as w, + w,,) 1
Setl Q5 DE : Negative resistance region Yo
Set2 Q4 AB : Where Ohm’s law is obeyed.(Also accept BC) Yo 1
Set3 Q3
Setl Q6 .. . - :
Set2 Q10 | | Determination of ratio (i) accelerating potential 1
Set3 Q9 (i) speed 1
. _ h _  h?
M A= 2mqV = V= 2mqA? 7
my =4my, , qq = 29,
|74 m
_> »_Ta P
Vo mMpqp
_ 4mpX2qy
- Mpdp
=8:1 1
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SET 55/1/1/D

. h
= — => —
(i) A v=-— Yo
|74 m
Vo my
Yo 2
Setl Q7
Set2 Q6 Showing that the radius of orbit varies as n?
Set3 Q10
mv? 1 e?
r 41 Egr? 2
2, _ _1 2 :
Or mv“r = yr= B (1)
myr = 22 Y2
2T
2..2..2 lehz ..
MIVTT = (i1)
Yo
Divide (ii) by (i)
mr = n?h? _ 4meE,
 an? e?
n2h?
= 41 €
r 4’ me? 0
Y
ST X n2 2
(Give full credit to any other correct alternative method)
Set1 Q8
Set2 Q7 || Distinction between intrinsic & extrinsic semiconductor
Set3 Q6
Intrinsic Semiconductor Extrinsic Semiconductor
Q) Without any impurity (i) Doped with trivalent/ 1
atoms. pentavalent impurity atoms.
(i) n,=ny, (i) 1
(Any other correct distinguishing features.)
2
Setl Q9 .. . o
setz Qg || Derivation of the required condition
Set3 Q7
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For concave mirror f <0Oand u<0
As object lies between f and 2f

() Atu=-f
1_ 1.1
v ff
=>\V=-
At u=-2f
=> —:—l+i:_i

=>v=-2f

Alternative Method
1 1 1

f v u
For Concave mirror
f<0,u<o

w2f <u<f

1 1.1
=>_ f— [—
2f u f

1 1 1 1 1

1
2f f"u ff f

> v<0

=> Hence, image distance v>-2 f

Since v is negative therefore the image is real.

~ image is real

Also v > 2f image is formed beyond 2f.
(Any alternative correct method should be given full credit.)

Y2

Y2

Yo

Yo

Yo

Yo

Ya

Ya
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SET 55/1/1/D

OR

Position of polaroid sheet for maximum intensity Yo

Finding the expression for intensity 1%

Let the rotating Polaroid sheet makes an angle 8 with the first Polaroid
=~ angle with the other Polaroid will be (90 - 8)

Incident :
Intensity ]

Applying Malus’s law between P,and P
I' = Iycos?6

Between P; and P,

1" = (I,cos%0)cos?(90 — )

I"=2 sin?20

T

Y2

Yo

~Transmitted intensity will be maximum when 6 = - 2 2
Setl Q10
Set2 Q9 Obtaining condition for the balance Wheatstone bridge 2
Set3 Q8
L
T f%,%
TR R %
Y@ >
Ay
N 7 2
I
|
Applying Kirchoff’s loop rule to closed loop ADBA
LRy + 0+ 1R, =0 (I, = 0) () A
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SET 55/1/1/D

For loop CBDC
-ILbR,+ 0+ ;R;=0 ....(i1)
=> from equation (i)
L R
I, R,
From equation (ii)
Iy R,
I, R &
Ri Ry
o — = — 1
R, R & 2
Setl Q11
Set2 Q19 | | Name of the parts of e.m. spectrum for a,b,c Yot Yo+ Y2
Set3 Q16 | | Production Yot Yo+ Yo
(a) Microwave Yo
Production : Klystron/magnetron/Gunn diode (any one) Yo
(b) Infrared Radiation Yo
Production : Hot bodies / vibrations of atoms and molecules (any one) | %
(c) X-Rays Yo
Production : Bombarding high energy electrons on metal target/ x-ray | %2 3
tube/inner shell electrons(any one).
Setl Q12
2:::23 8?3 Q) Calculation of angular magnification 1%
(i) Calculation of image of diameter of Moon 1%
Angular Magnification
ot 1
fe
=25 = 1500 7
10
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A

Y,
U

Yo

3.48 x10° 3.48 _ .
) = =—x 10" ?radian
3.8 x108 3.8 1

~ Angular size of the image = (% x 1072 x 1500 ) = radian

Angular size of the moon = (

Diameter of the image = % X 15 X focal length of eye piece
_ 348

=—xX15 X 1cm
3.8

=13.7cm
(Also accept alternative correct method.)

Setl Q13 A . . .
Set2 Q21 (1) Einstein’s Photoelectric equation Yo

Set3 Q18 (ii)  Important features Yy + 1
(iii)  Derivation of expressions for Aq and work function 1Y%

hv = @, + Kmax

or hv = hvg+ %mv,znax 2
Important features Y,
(1) kmax depends linearly on frequency v "
(i) Existence of threshold frequency for the metal surface.
(Any other two correct features.)

hv = @, + Kmax

hc _ hc

A Z+ kmax """"""" (i)

hc _ hc

A_Z_Z-'— kaax ______________ (ii) 1/2

From (i) and (ii)

2hc hc _ hc

M A Ao
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ENPEI
Ao A2
Y
A
Aoe 172
22‘2 - 2‘1
Yo 3
- _E — hC(Z/‘lz—ﬂl)
Work function ¢, % am
Setl Q14 (i) Drawing of trajectory 1
Set2 Q22 (ii)  Explanation of information on the size of nucleus Y
Set3 Q19 (iii)  Proving that nuclear density is independent of A 1%
1
4
e — —
KD @ Target nucleus
Only a small fraction of the incident a — particles rebound. This shows that
the mass of the atom is concentrated in a small volume in the form of nucleus ”
and gives an idea of the size of nucleus. 2
Radius of nucleus
1
R= R, A3
Density = —— &
volume
mA
=z where, m: mass of one nucleon
ETL'R3
A: Mass number
_ mA
= —
—1(RyA3)3
3 1/2
_ 3m
T 4mR,3
- TR Yo 3
=> Nuclear matter density is independent of A
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OR
Distinction between nuclear fission and nuclear fusion Yo+
Showing release of energy in both processes Yo
Calculation of release of energy 1%

The breaking of heavy nucleus into smaller fragments is called nuclear
fission; the joining of lighter nuclei to form a heavy nucleus is called nuclear
fusion. Yot Vs

Binding energy per nucleon, of the daughter nuclei, in both processes, is more

than that of the parent nuclei. The difference in binding energy is released in
the form of energy. In both processes some mass gets converted into energy. | %

Alternativey:
In both processes, some mass gets converted into energy.

Energy Released

Q=[ m(3H)+m (3H) — m(3He) — m(n)] x 931.5 MeV Y
=[2.014102 + 3.016049 — 4.002603 — 1.008665] x 931.5 MeV Yo
=0.018883 x 931.5 MeV
Yo 3
=17.59 MeV
Setl Q15 : :
Set2 Q11 || Drawing Block diagram of detector 1
Set3 Q20 || Showing detection of Message signal from Input AM Wave 2
AN Wave mft)
——— | RECTIFIER T E%ggﬁ —]I QUTPUT 1
Y. ‘ - ~
N g N 141
time | time
AM input wave Rectified wave Ouiput (without RF component) 1
[Note: Award these 3 marks irrespective of the way the student attempts the 3
question.]
Setl Q16
Set2 Q12 || brawing of Plots of Part (i) & (ii) s +
Set3 Q21 Finding the values of emf and internal resistance 1+1
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ﬁ.{:

*

0 [ —

(If the student just writes the relations V=¢ — IR and V= ;—iﬂ but does not

draw the plots, award %2 mark.)

=>E=4+r  ..(3)

Also
05=-—2

9+r

E=45+05r ....(i)
From equation (i) & (ii)

4+r=45+05r
~r=1Q

Using this value of r, we get
E=5V

Y2

Yo

Yo

Ya

Yo

Yo

Setl Q17
Set2 Q13
Set3 Q22

Determination of C; and C,

Determination of Charae on each canacitor in narallel combination %2 + %

2
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SET 55/1/1/D

Energy stored in a capacitor
E=-CV?
2

In series combination

0.045 = = -2 (100)?
2C1+Cy
= 4% —go9x 10 ... (i)
Ci1+Cy

In Parallel combination
0.25 = >(Cy+ C;) (100)°

~C,+C,=05x10" ... (ii)

On simplifying (i) & (ii)
C, C, =0.045 x 10°®
(C1— Cp)? = (C1+ C)? - 4C,C,
= (0.5x10%?_4x0.045x 10°®
=0.25x10®-0.180 x 10
(C,— C,)? =0.07x 107
(C;—C,) =2.6x10°=0.26x 10™ .....(iii)
From (ii) and (iii) we have
=>(,=038x10*F& C,=012x10*F
Charges on capacitor C; and C, in Parallel combination
Q,=C,V =(0.38 x 10™*x 100) = 0.38 x 102C
Q,= C,V = (0.12 x 10 x 100) = 0.12 x 10°C

[Note: If the student writes the relations/ equations
E=- CV?

Y2

Yo

Y2

Ya

Yo

Yo
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SET 55/1/1/D

And 0.045 = %(i) (100)2

C1+Cy

0.25 = 2 (C1+C,)(100)?

But is unable to calculate C;and C,, award him/her full 2 marks.
Also if the student just writes

Q, = C,V = (,(100) and Q, = C,V = C,(100) 3
Award him/her one mark for this part of the question.]

Working Principle 1
Finding the required resistance
Finding the resistance G of the Galvanometer 1

Set1 Q18
Set2 Q14
Set3 Q11

[EEN

Working Principle: A current carrying coil experiences a torque when placed
in a magnetic field which tends to rotate the coil and produces an angular
deflection. 1

V=1(G+Ry)

2=1(G+ Ry) G
G+R,
G+Ry

= 2=

=>G=R;-2R, Yo

Let Rs be the resistance required for conversion into voltmeter of range 2V
=2V = lg (G +R3)
AlsoV = Iy (G +Ry)

— G+R3 1/2
G+ R,

“R3= G+2R; = R1-2R,+2R1 =3 R;1-2R, 1 3

Set1 Q19
Set2 Q15 Fabrication of photodiode Ya
Set3 Q12 Working with suitable diagram 1%
Reason 1

It is fabricated with a transparent window to allow light to fall on diode. 2

When the photodiode is illuminated with photons of energy (hv >E;) greater
than the energy gap of the semiconductor, electron — holes pairs are

generated. These gets separated due to the Junction electric field (before they | 1
recombine) which produces an emf.
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1]

A

: %)
H uA

p-side n-side

Reason: It is easier to observe the change in the current, with change in light
intensity, if a reverse bias is applied.

Alternatively,
The fractional change in the minority carrier current, obtained under reverse

bias, is much more than the corresponding fractional change in majority

carrier current obtained under forward bias. 3
Set1 Q20 || Circuit diagram of Transistor amplifier in CE-configuration 1%
Set2 Q16 || Definition and determination of
Set3 Q13 || (i) Input resistance 1%
(i)  Current amplification factor

< |
I(:
Ry C R.
Bl +
ANAN—>
L Mg @Yo 1%
lI VCC
E
Vi T Vi
Input reisistance
AVBE 1/2
Ri= |—
: ( Alg )VCE
Current amplification factor
— (Al Ya
Bac (AIB)VCE
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The value of input resistance is determined from the slope of Ig verses Vge
plot at constant Vce.
The value of current amplification factor is obtained from the slope of
collector Ic verses Ve plot using different values of Ig. Yo
(If a student uses typical charateristics to determine these values, full credit of 3
one mark should be given)
Setl Q21
Set2 Q17 || Finding the spacing between two slits 1
Set3 Q14 || Etfect on wavelength and frequency of reflected and refracted light 2
(a) Angular width of fringes
6 = A/, Yo
where d = separation between two slits
Here 6 = 0.1° = 0.1 x — radian
180
_ 600x1079x180
- 0.1XT
=3.43x10"m "
=0.34m
(b)
For Reflected light: Y,
" 2
Wavelength remains same 1,
Frequency remains same
For Refracted light: »
2
Wavelength decreases " 3
Frequency remains same
Setl Q22
Set2 Q18 || Change in the Brightness of the bulb in cases (i), (i) & (iii) Y% +%+%
Set3 Q15 || Justification Yo+ Y2+ Y5
Q) Increases
X|_ = wlL %
As number of turns decreases, L decreases, hence current through | Y2
bulb increases. / Voltage across bulb increases. Yo
(i) Decreases
Iron rod increases the inductance which increases X, hence | %
current through the bulb decreases./ VVoltage across bulb decreases. | %2
(iii)  Increases
Under this condition (Xc = X.) the current through the bulb will | % 3
become maximum / increase.
Setl Q23 - - . -
Set2 Q23 (i)  Name of device and Principle of working Yo+l
Set3 Q23 (i)  Possibility and explanation Y
(i)  Values displaved by students and teachers 1+1
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SET 55/1/1/D

Q) Transformer Yo
Working Principle: Mutual induction
Whenever an alternative voltage is applied in the primary windings,
an emf is induced in the secondary windings. 1
(i) No, There is no induced emf for a dc voltage in the primary Ya
(iti)  Inquisitive nature/ Scientific temperament (any one) 1
Conceren for students / Helpfulness / Professional honesty(any one) 1 4
(Any other relevant values)
Set1 Q24
Set2 Q26 (@) Statement of Ampere’s circuital law 1
Set3 Q25 Expression for the magnetic field 1%
(b) Depiction of magnetic field lines and specifying polarity %2 + %
Showing the solenoid as bar magnet 1%
(@) Line integral of magnetic field over a closed loop is equal to the po times
the total current passing through the surface enlosed by the loop .
Alternatively
Yo
)
Let the current flowing through each turn of the toroid be I. The total number
of turns equals n.(27zr) where n is the number of turns per unit length.
Applying Ampere’s circuital law, for the Amperian loop, for interior points.
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fﬁﬁ = uo(n2nrl)

ngdZCOSO = pon 2mrl 1,

=>B X 2nr = pon 2nrl
B = ugnl Ya

(b)

Yo+ Y2

The solenoid contains N loops, each carrying a current I. Therefore, each | %2
loop acts as a magnetic dipole. The magnetic moment for a current I,
flowing in loop of area (vector) A is given by m = IA )

The magnetic moments of all loops are aligned along the same direction.

Hence, net magnetic moment equals N1A. Yo 5
OR
(@) Definition of mutual inductance and S.1. unit 1%
(b) Derivation of expression for the mutual inductance of
two long coaxial solenoids 2

(c) Finding out the expression for the induced emf 1
(@) ¢=MI
Mutual inductance of two coils is equal to the magnetic flux linked with one
coil when a unit current is passed in the other coil. 1

Alternatively,
e=-MZ
dt

Mutual inductance is equal to the induced emf set up in one coil when the rate
of change of current flowing through the other coil is unity.

Sl unit : henry / (Weber ampere™) / (volt second ampere™)
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(Any one) Y
(b) .
-\ Ya
N, turns] S,
N, turns
Let a current I, flow through S,.This sets up a magnetic flux ¢; through
each turn of the coil S1.
Total flux linked with Sy
N1 ¢p1 = Mizlz (D) 1
o
where Mj-is the mutual inductance between the two solenoids
Magnetic field due to the current /zin Sy is pyn, /. ”
2
Therefore, resulting flux linked with S;.
N1 1= [(nif)mr!](on,lz) (1) 1
Comparing (i) & (ii),we get
Mizlz = (nif)mre (gonzls)
~M1z = pronyny mri-£
Yo
(c) Let a magnetic flux be (¢;) linked with coil C1 due to current (I,)in
coil Cy;
We have :
P11z
=> ¢p1 =Ml
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. 301 2 Yo
dt dt
=> e=- &
dt
Y
5
Setl Q25
Set2 Q24 (a) Explanation of diffraction pattern using Huygen’s construction 2
Set3 Q26 (b) Showing the angular width of first diffraction fringe as half of
the central fringe 2
(c) Explanation of decrease in intensity with increasing n 1
(a).
1
We can regard the total contribution of the wavefront LN at some point P on
the screen, as the resultant effect of the superposition of its wavelets like LM,
MM,, M,N. These have to be superposed taking into account their proper
phase differences .We, therefore,get maxima and minima ,i.e a diffraction | 1
pattern, on the screen.
(b)
Y
Condition for first minimum on the screen
asSingd= 1 1
=> 0= A/a 2
-~ angular widthof the central fringe on the screen (from figure)
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Y2

=20=2]/a
Angular width of first diffraction fringe (From fig) = A/a Y2
Hence angular width of central fringe is twice the angular width of first
fringe.
Maxima become weaker and weaker with increasing n. This is because the
effective part of the wavefront, contributing to the maxima, becomes smaller | 1 S5
and smaller, with increasing n .
OR
a) Drawing the ray diagram showing the image formation 1
Derivation of relationship 2
b) Ray diagram )
Similar relation Yo
Derivation of lens maker’s formula 1
(a)
n, rﬁ:__-_'.- s S T,
A T
- | e
o~ e — 1
" _l l
I :-llL\ Lh) ‘.'-I
(Deduct ¥ mark for not showing direction of propagation of ray)
For small angles
(NOM = tan zNOM =22
oM
Yo
(NCM =tan zNCM =22
MC
ZNIM ~tan «NIM =&
MI
In ANOC, i £LNOM + £NCM
. MN ZMN )
L= —t— ...(1) Yo
oM MC
Similarly
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Lr=«NCM — «NIM

MN  MN

YN _MN ...(ii)

MC MI

Using Snell’s Law
n,sini = n, sinr

For small angles
n i =n,r

Substituting for i and r, we get

+ _ Npny
oM MI ~  MC

Here, OM =-u, Ml =+ v, MC = +R

Substituting these ,we get

Mg M _ Mpmy

v u R

b)

NY
e

(Alternatively accept this Ray diagram)

o

Similarly relation for the surface ADC.

Yo

Yo

Yo
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—-n, ﬂ: Nnp_nq (1)
DI; DI DG,

Refraction at the first surface ABC of the lens.

N M2 _Na-My (ii)
OB  BI; BC,

Adding (i)and (ii), and taking Bl; = DI, ,we get

Mo M (L L)
o5 T o1~ =™ gg T g,

Yo

Yo

Here, OB =-u
DI=+v
BCi=+R,
DC,= —R,
:>n1+n1—( )( +1>
-u v 2 =M R, R,
N 1 4 ) _ < 1 1
™ (v =0 —n) (g, R2>
R 1 (nz )( 1 1 ) » 2
- ny Ry R, ?
Setl Q26
Set2 Q25
Set3 Q24 a) Derivation of the expression for the Electric field E and its
limiting value 3
b) Finding the net electric flux 2
a)
-q 0 +q E, Eq
. I @-----------—- —F
< 23 > Ya
< X >
Electric field intensity at point p due to charge —q
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- 1 ~
E_, = 1 (%)

ame, (x+a)?

Due to charge +q

E+q= €9)

ame, (x—a)?

Net Electric field at point p

E=E,+E.,

_q 1 _ 1 A
- 4TTE, X [(x—a)2 (x+a)2] (x)
_q 4aqx ~
T 4me, [(xz—az)z] (X)

1 X2a)2x , o
- (gx2a) (®)
4me, (x%2—a?)?

= 1 2px ~

= . X
4me, (x2%2—a?)2

For x>> a

b) Only the faces perpendicular to the direction of x-axis, contribute
to the Electric flux. The remaining faces of the cube give zero
contribution.

v

'
Total flux ¢ = ¢; + ¢;;

= Ed_§+4§” E.ds

Y2

Y2

Yo

Y2

Yo

Ya

Ya
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Y2

=0+ 2(a).a?
~ ¢ = 2a3 Y 5
OR

a) Explanation of difference in behavior of
(i) conductor (ii) dielectric 1+1
Definition of polarization and its relation
with susceptibility Yo+ Y5

b) (i) Finding the force on the charge at centre

and the charge at point A Yo +Y5

(i) Finding Electric flux through the shell 1

R
E, - D-frce Ein 1
E— E,+E_=0
Conductor
> _ B
E, “ETn i
E— E.+E_£0
Dieclectric

In the presence of Electric field, the free charge carriers, in a
conductor, move the charge distribution in the conductor readjusts .
itself so that the net Electric field within the conductor becomes zero. | 2
In a dielectric, the external Electric field induces a net dipole moment,
by stretching /reorienting the molecules. The Electric field, due to this
induced dipole moment,opposes ,but does not exactly cancel, the
external Electric field.

Ya

Polarisation: Induced Dipole moment, per unit volume, is called the
polarization.For Linear isotropic dielectrics having a susceptibility
X.,we have

Yo
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P =X,E Vs
B (i) Net Force on the charge % ,placed at the centre of the shell,

Yo
Is zero.
Force on charge ‘2Q’ kept at point A

1(¥)ZQ _ (K )3Q? Yy

4TTE (T2 r2

F=Ex2Q=

Electric flux through the shell

o=

- 2¢&g
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