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(v)

c=3x108 m/s
h=6.63x 10734 Js
e=1.6x10"19C

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

1
——=9x 10° Nm?2 C2
4n£0

m,=9.1x 103! kg

= N 5=HH = 1.675 x 1027 kg
e & §eHH = 1.673 x 10727 kg
SMATTIST W& = 6.023 x 1023 ufd U Hiet

SIS e = 1.38 x 10723 JK!

General Instructions :

(i)
(ii)

(iii)

(iv)

(v)

55/1/1

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=3x10%m/s

h=6.63x107317s

e=16x10"1C

Hy=41tx 107 TmA™!

g,=8.854 x 10712C2 N~ m™?

1
——=9x 10° Nm?2 C2
4n£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 1023 per gram mole
Boltzmann constant = 1.38 x 10723 JK~!

2
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Section — A

1. UM ‘m’ 3 A ‘q° 1 Bl HUT V'’ o I Thdl UhTH TrIehl &1, ST H0T 3 77T b
T o oirad €, O ToieT hidl €, SHeh! TicsT Sl ohd Wb qeiferd Bidt € 2 1

A particle of mass ‘m’ and charge ‘q’ moving with velocity v’ enters the region of

uniform magnetic field at right angle to the direction of its motion. How does its
kinetic energy get affected ?

2. T o fordll aREmR! GRATCRT i 6 =ot o (A0R) i AR TMAHH G208 T | 9 H
TR 4T S feem sy | 1

()

Figure shows a current carrying solenoid moving towards a conducting loop. Find the

direction of the current induced in the loop.

() ¢

3. 9 fordt fare ot fondl 3taaet SUOT & £ 3T 2f o o9 W& ST €, a9 o= arelt Sfdte
I & — (i) iy 372 39l 3R (i) ®ier 3ree foa 2 1

When an object is placed between f and 2f of a concave mirror, would the image

formed be (i) real or virtual and (i1) diminished or magnified ?

4. AR B AT o & Bl b BT W THB S-Sl aUeed % [OeR0T B UE G

MR | 1
Draw a plot showing the variation of de Broglie wavelength of electron as a function
of its K. E.

5. HieTse BF | T gt 3R T faret 6 egtaat =T o gt € 0 1

Why is the frequency of outgoing and incoming signals different in a mobile phone ?
55/1/1 3 [P.T.O.
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Section — B

el aTeTes T 9T ST & AYATE AT hi STYURON 1 ITIN Hish 3G TTeTeh bl UfaIeehdl
3T 9T T & o9 oY a1 HINTT |

Using the concept of drift velocity of charge carriers in a conductor, deduce the
relationship between current density and resistivity of the conductor.

e TehIRT 3R gk giad TehTeT & S [aHgT BT | SR Sl TEal § Ju HireTT
T Toh g TIohTX IhIUT ST STYIfer MehreT {eh: g &1 ST & |

Distinguish between unpolarised and a linearly polarised light. Describe, with the help
of a diagram, how unpolarised light gets linearly polarised by scattering.

8. o eIl fohell e o S | TSR OX eI &1 ST € |
G TR G BT STFRT Heh I8 NS 1o ol 3T 7T &1 I ®ihd I 39 T ST
TR % 07 (L) TX 1T et € |
Why does white light disperse when passed through a glass prism ?

Using lens maker’s formula, show how the focal length of a given lens depends upon
the colour of light incident on it.

9. o § 3T U R fong 3R Wie @ S Sg o S W% T STAN Hh Tlih

o hd o ([ [aYaY
[FIATh GR[AT (ST |

1.8

1.4
1.23

V,, (Volts)

0.8

0.4

2 4 6 8 10
v (10 ¥ Hz)
Using the graph shown in the figure for stopping potential V/s the incident frequency
of photons, calculate Planck’s constant.

1.8

1.4
123 F=-=======—~

V,, (Volts)

0.8

041 5x10"Hz

2 4
v (10 ¥ Hz)
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10. = St A iy ttfRat Bt T it 2

10 1 4
(@ sB+mpn—— He+......

4 2
(b) ZzMo +H—> ZgTe S

YT

g fopelt TepiT SMTshaT | WieHT 3Tk =gt T ol T GheTd Tedl &, a9 v U
FHTH 1 TUROT Soll § (37278 T ZIhH) BiT & 7 Teh SATeX0T Qied AR HifsTy |

Complete the following nuclear reactions :

10 1 4
(a sB+ymn—— He+......

(b) ZgMo + %H — ZgTe S
OR

If both the number of protons and neutrons in a nuclear reaction is conserved, in what
way is mass converted into energy (or vice verse) ? Explain giving one example.

gus -q

Section - C

11. Toya ool P % et e Ty o fordl) wohe fomge & E o @& 0 € | 39 e g
3T fRT ST aTet 97 30T T & iU =iteh e iU | 5 =5Teh | ofraied Wigei o of
T I TEEY | 3

An electric dipole of dipole moment P is placed in a uniform electric field E. Obtain

the expression for the torque T experienced by the dipole. Identify two pairs of
perpendicular vectors in the expression.

12. (@) R, 3R, (R,>R,) Fr=msi % 2 Mot =mers ®i e 6 m@ s | 3 3% e
et AR d G 6T ST &, 1 g% Jsaig SMaeT Jeall b ST AT SHiteTT |

(b) Terdl STHHM SR e & wifcaeh TToTeh W g T YR Yellied &l @ € | 79 =els
% TR BH I T FEa ¥ : foRIe o, e s, e o, sTudTe et 3

(a) Two spherical conductors of radii R, and R, (R, > R) are charged. If they are

connected by a conducting wire, find out the ratio of the surface charge densities
on them.

(b) A steady current flows in a metallic conductor of non-uniform cross-section.
Which of these quantities is constant along the conductor : current, current
density, electric field, drift speed ?

55/1/1 5 [P.T.O.



13, Toot o qeT U 37 foee uRkuel 7 o7ee UHieY (A) 3i¥ STRYT dicewier (V) o uiedidh e
HIfT |

T o 39T T foregd Uiy § Wedsh MidRieess o Hefed &R 1 i |

4V 8V 100

0.5Q
l l
3.0Q
AMAMA A MWV B
45Q ‘

6.0Q
In the two electric circuits shown in the figure, determine the readings of ideal
ammeter (A) and the ideal voltmeter (V).

OR
In the circuit shown in the figure, find the current through each resistor.

4V 8V 100

—AVWA—
0.5Q
i i
3.0Q
A A AWV B
4.5Q ‘
6.0Q
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14, I9FHRT TG & FerFd ¥ (i) TR KHaa 3 (i) A swor ufenfug wifsw | afs e
FEHE G A (i) g, (i) e ga W 7@, O 9% [H e | Heha &t 2 3
Define the following using suitable diagrams : (i) magnetic declination and (ii) angle

of dip. In what direction will a compass needle point when kept at the (i) poles and (ii)
equator ?

15. Tt uRAIfeTent A hig Tl 4RT [ Vated & @l €, § Wi G So1l o o1l TRt
% TR & B, SAEA A TN TS [ & URT H HeTeh Fcd— HiT |

Ui Uehish ST 8 TEIDIT ol ol ot har THTR Ufgeht Genfia | dhed fer o Sl

g 9 {ohE UhIT bt STl & 2 3

Derive the expression for the magnetic energy stored in a solenoid in terms of
magnetic field B, area A and length [ of the solenoid carrying a steady current I.
How does this magnetic energy per unit volume compare with the electrostatic energy
density stored in a parallel plate capacitor ?

16. fodt aftwer § 80 mH & IR 31X 250 pF o Teia 1 240 V, 100 rad/s 39T 9 it
Toparm T & | Ufue o Uiy SUeTnE € |

(i) &R rms A W T |

(i) IRUe FRT TN et ST TR F ¢ 2 3
A circuit containing an 80 mH inductor and a 250 UF capacitor in series connected to a
240 V, 100 rad/s supply. The resistance of the circuit is negligible.

(i)  Obtain rms value of current.

(i) What is the total average power consumed by the circuit ?

17. = fSU 70 oAt & 3% ST 3
(i) HHAY AUSA % MY W 3T ol Gaell TWd HFe Dl SIS & [T FHoraes #91
£ 7 FI-TEHT WAH F 3T AN DI TgaM DT 5198 T8 fafeheor Gaifed & 1 &
fafeReott 1 Teh Fewaqul STanNT felfem |
(i)  ToRET A Bl S TG Fa T ST & 2 3 68 UehR 30— Bl & 2 U 8139 Tl
FRT Yeall <l U7 §A10 T B I 70T T Jfigehr et & 2

Answer the following questions :

(1)  Why is the thin ozone layer on top of the stratosphere crucial for human survival ?
Identify to which a part of electromagnetic spectrum does this radiation belong
and write one important application of the radiation.

(i)  Why are infrared waves referred to as heat waves ? How are they produced ?
What role do they play in maintaining the earth’s warmth through the
greenhouse effect ?

55/1/1 7 [P.T.O.



18.

19.

20.

21.
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Tt o ThHl et o ol Ug “shifdes hior” i G fefay |
15.0 cm From o T fafeuet @ deft & o5 T I Thavll a5 Aid ‘S’ W@ § | 39
fHfeTUeT & 7.0 cm ST T STt (3TTEcHTH 4/3) W & | UehieT {07 3G Eifew 3R] STeT
U T T &TheT UREHIoTd hiTST STE Wl o | {7 20 |

Define the term ‘critical angle’ for a pair of media.

A point source of monochromatic light ‘S’ is kept at the centre of the bottom of a
cylinder of radius 15.0 cm. The cylinder contains water (refractive index 4/3) to a
height of 7.0 cm. Draw the ray diagram and calculate the area of water surface through
which the light emerges in air.

A g AR o Ly, L, 3R L, # ¥ 6 a1 1 3 warem w9 (i) SEe, (i) gaes

T o foe stfigeare iR Afe & o g 2
I I B Y & fIT HROT AT |

we W (P) AN (A)

L, 6D I cm

L, 3D 8 cm

L, 10D I cm

Which two of the following lenses L, L, and L, will you select as objective and

eyepiece for constructing best possible (i) telescope (ii) microscope ? Give reason to
support your answer.

Lens Power (P) Aperture (A)

L1 6D 1cm
L, 3D 8 cm
L3 10D 1cm

ST NG Weehy SARAT BT (6 Gt § AT 9o arad H, U BRI & e
fert foaci 1 TRVl & & | 39 SAfGHT Yo 3R UHAUT Hid ¥ WHIRIT Thel Rt |
fe@rE 3 oot Ut | forvis e arett &1 g fafereant fafaw |

Explain by drawing a suitable diagram that the interference pattern in a double slit is
actually a superposition of single slit diffraction from each slit.

Write two basic features which distinguish the interference pattern from those seen in
a coherently illuminated single slit.

-9 SRGT % SR T n-WhR 3T p-UbR o STHACAR & S e HIST | A I
AT 3R T AT U ZHD! ATCABATS D T DIy |
Distinguish between n-type and p-type semi-conductors on the basis of energy band

diagrams. Compare their conductivities at absolute zero temperature and at room
temperature.
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23.
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(a) Tordl =TUe GER SHe 1 =i1eh-3TRE A T ¢ |
el T viftre - LA T
ik} e x et N e Skl

R X 3R Y’ TgEIHT qAT Ik 1 feAfaw |
(b) fog @ o X “TAROT HAR % 39 31 @7 | fawsT HifT |

(a) Given a block diagram of a generalized communication system.

i Message Transmitted . Message
Information g X % Receiver g

Source Signal Signal Signal User

Identify the boxes ‘X’ and Y’ and write their functions.

(b) Distinguish between “Point to Point” and “Broadcast” modes of communication.

qgug -
Section - D

3HIF I TSl o 7EAT 9 foemer T & faegd o fooT foeT W@ & | 39 9N § 98 $9 o9
o | Uk o SHH 9 Aed, ST FaqE F ford T on, ST 2 AT | S 3T A
T fot o SR | Ufed 1 Samn, O SEF T8 U 6 oA & e § ol ot aeia o 3T
R R N TSR SYANT TR S @1 & | 9 AR W e off 3fed @ oar |
3T A " 1000 W — 220 V & M 909 o T T 28 W & CFL Joai 31 3UaiT i
Y TR ¥ 3T -reT R T R AT | 3EA SR ot 3 Ut gEne KU SR 3
TN T 7 Tl I el o7 3T fopa |

(i) 39 foar ¥ Afed § & 9 To7Ee geme § 2
(i) IR AU i b g § CFL 31 LED 3 sga] & 2

(iii) J-gweh & faga-foet fhq TR § 52 ST & 2

Ameen had been getting huge electricity bill for the past few months. He was upset
about this. One day his friend Rohit, an electrical engineer by profession, visited his
house. When he pointed out his anxiety about this to Rohit, his friend found that
Ameen was using traditional incandescent lamps and using old fashioned air
conditioner. In addition there was no proper earthing in the house. Rohit advised him
to use CFL bulbs of 28 W instead of 1000 W — 220 V and also advised him to get
proper earthing in the house. He made some useful suggestion and asked him to spread
this message to his friends also.

(1)  What qualities/values, in your opinion did Rohit possess ?
(i) Why CFLs and LEDs are better than traditional incandescent lamps ?

(11) In what way earthing reduces electricity bill ?
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(a)

(b)

(a)

(b)

(a)

(b)

TUE_q
Section - E

T IS 28 1 3UANT Feh 991 R 3R N Wi Sl IRTEeT gl FUSe! & HRUT
FUSA & 3T W FUSAAl & b ¥ 4’ T W Fod vt g I 3o grashid 8 o
fote =i o=t FNT | 39 Fueell & HROT I ThE & @rsli & SREd
FHIT |

= ¥ 39T 3 @R ‘R’ o & Tohdll Uham™ g o (U19T) § HiE o1 T fog M
T JoeT Fh N G a1 Feherdl § | o7 % o UX A JrIehid &35 I it |

Ig IS Toh ST WA a9 i Sohfeqeh €0 9 UER uRueia o & €9 J g whr
o TR ST Thal & | 9 (90 1 SUANT Yok oTlTE ) STURA-SIE &hA ‘A
FHUHT IG-I feaue N° Wi bl afeferenr, e w@m o) 7 venfed @ @ e %
I ST FrIhIT &7 & [oTT SsTeh U HitoTy |

forelt aRfea ufeaferen, SO arT T wafed &1 W@l &, & T & W@ R
HIT |

AEE 0.45 m 3R THIA 60 g i HIE el st et D TG JHT R X AT &
AT’ AR G Mefad § | AR 9 8o 39 58 9 5.0 A Sl T 9T Waed &l @l
T | 39 T &1 T IR ST 9 1 Hifee e Se= e W AR § a7 I
& ST |

Use Biot-Savart law to derive the expression for the magnetic field due to a

circular coil of radius R having N turns at a point on the axis at a distance ‘x’
from its centre.

Draw the magnetic field lines due to this coil.

A current ‘I’ enters a uniform circular loop of radius ‘R’ at point M and flows
out at N as shown in the figure.

Obtain the net magnetic field at the centre of the loop.




(a) Show how Biot-Savart law can be alternatively expressed in the form of
Ampere’s circuital law. Use this law to obtain the expression for the magnetic
field inside a solenoid of length ‘I’, cross-sectional area ‘A’ having ‘N’ closely
wound turns and carrying a steady current ‘I’.

Draw the magnetic field lines of a finite solenoid carrying current I.

(b) A straight horizontal conducting rod of length 0.45 m and mass 60 g is
suspended by two vertical wires at its ends. A current of 5.0 A is set up in the
rod through the wires.

Find the magnitude and direction of the magnetic field which should be set up in
order that the tension in the wire is zero.

25. (a) WA B UFCT T FRT o HUN B THIUE IIH aTel MTR-ATGST Wbl JRT
FISHIg T 1 NG Wity | THT T & o STTehier o301 o=t & | et T
31T T TST AT & TS HIVN TR THI0T g 2
Tt TR % FATH-87 H -0 & U U Tira | Heg Tl T 1 Hew & 3%
T AT o QIES o o o a1 G ure & Gebel & 2

(b) 7.7 MeV 3 FHE! 0T Fl, AMHH (Z = 80) ¥ SN o foTq ToRTHE®em 5 7 e
fSom wfaeim = ¥ e qHIOe gU T SMher iy | 5
rerat
(a) TEIHS HiSA & 98 31 Hewgol WA Gy S REvey Weagd i vt fareredret
T ARAT F&l HL bl | TR o EIEGST UXA] o HISeA FRT SHh! AT [hE UhR b
T 9
Treent 91 %1 ST Xk H, 7157 & 0T o IeEwe i |

(R =1.1x 107 m™! =Aifsm)
(b) &R % SNTEIAT T SUANT Hoh BTG URATI Y nall FHolT ht 591 & T Heieh v
HIT |

(a) Draw a schematic arrangement of Geiger-Marsden experiment showing the
scattering of o-particles by a thin foil of gold. Why is it that most of the
a-particles go right through the foil and only a small fraction gets scattered at
large angles ?

Draw the trajectory of the o-particle in the coulomb field of a nucleus. What is
the significance of impact parameter and what information can be obtained
regarding the size of the nucleus ?

(b) Estimate the distance of closest approach to the nucleus (Z = 80) if a 7.7 MeV
a-particle before it comes momentarily to rest and reverses its direction.

OR

(a) Write two important limitations of Rutherford model which could not explain
the observed features of atomic spectra. How were these explained in Bohr’s
model of hydrogen atom ?

Use the Rydberg formula to calculate the wavelength of the H_ line.

(Take R = 1.1 x 10" m™).
(b) Using Bohr’s postulates, obtain the expression for the radius of the n'™ orbit in
hydrogen atom.

55/1/1 11 [P.T.O.



26. (a) Toa ¥ fopdlt glo X0 N7 Foel AOTEY & Fid a0y § SR giar 9T T
£ |1 T8 g 1 AW feafay SR Suged aRag §RT 39 B hi A HIST | 5!
FlezaTl Al SR AR ey o [T =isTeh SFeqw=T HioTT |

(b) CE fo=ard # 3MYR Sfdd e i 3eRoT Sl Wiy | T ®9 § T
SHITST foh G =15k ol I T &5 Yeldeh o & | IUFIT b1 ST € |

areraT
(a) URUY 3G i Ferdl ¥ fohdl gl aaT SRt & H1 i Tl | AT HifST | 79
et @R fria aimeT eeifad i |
(b) To= H IT T IR o qod I e Tedn-T | FemT A 3R B & T 9we HHT & fow
HH GRoT Gired |
A
v’
B

(a) Figure shows the input waveform which is converted by a device ‘X’ into an
output waveform. Name the device and explain its working using the proper
circuit. Derive the expression for its voltage gain and power gain.

Device m
X

(b) Draw the transfer characteristic of a base biased transistor in CE configuration.
Explain clearly which region of the curve is used in an amplifier.

OR

(a) Explain briefly, with the help of circuit diagram, the working of a full wave
rectifier. Draw its input and output waveforms.

(b) Identify the logic gate equivalent to the circuit shown in the figure.
Draw the truth table for all possible values of inputs A and B.

A

55/1/1 12



MARKING SCHEME
SET 55/1/1 (Compartment)

Q. No. Expected Answer / Value Points Marks | Total
Marks
Section A
Set1,Q1 Kinetic energy will not be affected. 1
Set2,Q4 1
Set3,Q3
Set1,Q2 Clockwise on the side of the observer. 1
Set2,Q5 [Alternatively :The candidate who draws diagram with arrow indicating the
Set3,Q4 direction correctly, may also be given full credit.] 1
Set1,Q3 Q) Real (ii) magnified Yo +1
Set2,Q1
Set3,Q5 1
Setl,Q4 1
Set2,Q2
Set3,Q1 1
A
KE—>
Set1,Q5 To avoid overlapping of the two signals 1
Set2,Q3
Set3,Q2 1
Section B
Set1,Q6 .. .. : o
Set2,Q10 Derivation of Relationship between current density and resistivity 2
Set3,Q8
Drift velocity v, = L (tr = relaxation time)
m 1/2
The current I = neA vy (n = number of charge carriers per unit volume.) "
=[jIA
2
j=" g %
j= 1p Y 2
p
Set1,Q7 —— : —
Set2,Q6 Unpolarised light and linearly polarized light Yot Ye
Set3,Q9 Diagram & description Yo+

For unpolarised light electric vector associated with light, is oscillating
randomly in all directions in a plane perpendicular to the direction of
propagation of light.

In linearly polarised light oscillating electric vector gets aligned along one
direction perpendicular to the direction of propagation of light.

Yo

Yo

Page 1 of 15 final draft 19/07/15 03:00 p.m.




) . . Incident Sanlight 1/2 + 1/2
[Under the influence of the electric field of the Oupobtacd
incident wave, the electrons ( of the scattering (o
molecules), accelerated parallel to the double

arrows, do not radiate energy towards the observer.

Scattered Light

Hence, the scattered light gets polarized.] Palarised) 2

To Ohserver

Set1,Q8 _ _
Set2,Q7 Reason for dispersion 1

Set3,Q10 Dependence of focal length of the lens on colour 1

The refractive index of the glass of the prism is different for different
wavelengths(colours). Hence, different colours get bent along different
directions. 1
Using lens maker’s formula

na

1 1
i (”21—1)( _),n21_n_1 1
As the refractive index of the medium with respect to air (medium 1) depends

1

Ry Ry
on the wavelength or colour of light, focal length of the lens would change 2
with colour.

Set1,Q9
Set2,Q8 Calculation of the value of Plank’s constant 2
Set3,Q6

According to Einstein’s photoelectric equation
I/O = E v —_— ﬁ

e e
In the given graph:
Stopping potential 1, =1.23 V
Change in frequency Av = 3 x 10'Hz 1,
(Alternatively : slope of the line = S)
h _ Vo _ 123 Ya

Yo

e Av 3 x 1014
1.23x 1.6 x 10~1°

s~ h = J-s

3 x 1014

=6.6 X 1073% J-s 1 2

Set1,Q10 . _
Set2,Q9 Completion of nuclear reaction (a) 1

Set3,Q7 Completion of nuclear reaction (b) 1

-

(@ "B+ n- jHe+ iLi
(b) 2AMO + 2H - 3Te + in 1

[Note: For reaction (a) even if the candidate writes 2X, award 1 mark]
OR
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Explanation of conversion of mass into energy (vice versa) 1
Example 1

Since proton number and neutron number are conserved, the total rest mass of
neutron and protons is the same on either side of the nuclear reaction. But
total binding energy of nuclei on the left side need not be the same as that on
the right hand side. The difference in binding energy causes a release of
energy in the reaction. 1
Example :

2H + 2H - 3He + { n + energy

Or 1
(33U + In-> ¥Ba+ 8 Kr+33n+ energy)

(Give full credit for any other one correct example.) 2

Section C

Set1,Q11
Set2,Q20 (1) Figure 1
Set3,Q17 (ii) Derivation of torque 1%
(iii) Identification of two pairs Yo+ Yo

gE

q

“E t_____-a.--',féﬁ},.-- -
—qélj’”_-.-_. Pi ~

— qE

The force on charge +q is +q§ and on charge —q is —qﬁ. These, two parallel | 1,

forces, acting in the opposite direction, constitute a couple resulting in the

torque t.

Magnitude of torque= gE X 2asin 6 1

=2qa Esinf

Therefore, 7 = § X E Yy

where p = 2qd

(i) Two pairs of perpendicular vectors:
(i)7 is perpendicular to p Yy
(ii) 7 is perpendicular to E Yo 3

Set1,Q12 - —
Set2,Q21 (a) Ratio of surface charge densities 2

Set3,Q18 (b) Identifying the constant quantity 1

We have, V = 2 = %2 1,
G G
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G __ % _Dh_% Ys
4re, R,  4me, R, R, R,
o1 ¢ 4me, R,* Ya
()} - 47T80R12 q->
_ T R,
=—X—
92 R
Ry % R,? Ry Y2
R, " R* Ry
(b) Current 1 3
2:&822 Readings of ideal ammeter and ideal voltmeter in fig (a) and (b) 1 %2+ 1 %
Set3,Q19
In circuit (a)
Total emf=15 V
Total Resistance = 2Q)
Current i= (15/2) A=75A Ya
Potential Difference between the terminals of 6 V battery
V=E-IiR Y
=[6-(7.5x1)]V
=15V 1
In circuit (b)
Effective emf=(9-6) V
=3V
Current i=(3/2)A=15 A Yo
Potential Difference across 6V cell
V=E+iR
=6+1.5x1 Yo
=75V
1
OR
Finding current through each resistor
Total emf in the circuit = 8V — 4V =4V Yo
Total resistance of the circuit = 8Q Yo
Hence current flowing in the circuit
.V 4 1
1 = E = g A=05A
Current flowing through the resistors: A
Current throgh 0.5Q, 1.0Q and 4.5Q is 0.5 A
Current through 3.0Q is éA Yo
.1 Ya
Current through 6.0Q is - A 3
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Definition of
geg’Qﬁ (1) Magnetic declination and diagram Yo+
Set3,Q20 (i1) Angle of dip and diagram Yo+ Ya
et3Q Direction of compass needle at the
(1) Poles Yo
(i) Equator Yo
Magnetic declination : Angle between the magnetic axis and geographical 1
axis.
Alternatively: Angle between magnetic meridian and geographical meridian.
\‘ é True North
\‘S
Angle of dip: It is the angle which the magnetic needle makes with the y
horizontal in the magnetic meridian. 2
Alternatively: The angle which the total magnetic field of the earth makes
with the surface of the earth.
Yo
Direction of compass needle is vertical to the earth’s surface at poles and is Yo+
parallel to the earth’s surface at equator. 3
Set1,Q15 — :
Set2,Q12 Derivation of magnetic energy 2
Set3,Q21 Comparison of magnetic energy per unit volume with
Electrostatic energy density 1
Rate of work done
aw el
T
- (u%)
dt Y%
dW = LIidI
Total amount of work done
f dw = f Lidl
W= %L[2 A
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For the solenoid :
Inductance, L = pon?Al; also B = yynl
1 Y
W= Up = E[,12
1 B \?
— ZAf ( )
> (pon®Af) o
_B%a¢
T 2u, Y
. _ B?
= Magnetic energy per unt volume = " Y,
Also, Electrostatic energy stored per unit volume = %EOEZ
Y 3
Setl,Q16
Set2,Q13 (1) Calculation of rms value of current 2
Set3,Q22 (i) Calculation of total average power consumed. 1
() X,=wL=100 x80 x103=8Q s
Xe=—= :
C ™ wC ™ 100x250x10-¢
=40Q
Y5
Total Impedence (Z2) = X, — X,
=320Q
L =2 A= 7.5A Y
32
(i)  Average power consumed =0 72
(As there is no ohmic resistance in the current.) 1 3
Set1,Q17 ; »
Set2,Q14 Answers of part (i) and (ii) 1%+1%
Set3,Q11
Q) It absorbs ultraviolet radiations from sun and prevents them from Yo
reaching on the earth’s surface causing damage to life.
Identification : ultraviolet radiations Yo
one correct application (=sanitization, forensics) Yo
(i)  Water molecules present in most materials readily absorbs Yo
infra red waves. Hence, their thermal motion increases. Therefore,
they heat their surroundings.
They are produced by hot bodies and molecules. Yo
Incoming visible light is absorbed by earth’s surface and radiated as
infra red radiations. These radiation are trapped by green house gases. | % 3
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Set1,Q18 — —
Set2,Q15 Definition of critical angle Yo
Set3,Q12 Drawing of Ray diagram 1
Calculation of area of water surface. 1%
For an incident ray, travelling from an optically denser medium to optically
rarer medium, the angle of incidence, for which the angle of refraction is 90°,
is called the critical angle.
Alternatively: pu = Sni
. . 11
i, =sin7! (;) 1,
1
1
K= Sin i
.. _3
sinic =~
. _V7
cosic =~
., _ 3
tani, = 7 Ya
From figure,
=X 3 =% = =
tani, =2 =>—= =>7 =>X 3v7cm "
Area = mx? = 631 cm? 1, 3
Set1,Q19
Set2,Q16 Selection of lens for objective and eyepiece of
Set3,013 () Telescope 1%
(i) Microscope 1%
(1 Telescope
L, : objective Y
L : eyepiece Yy
Reason Ya
: Light gathering power and magnifying power will be larger.
(i) Microscope Yy
L : objective Ya
L, : eyepiece Ya
Reason : Angular magnification is more for short focal
length of objective and eyepiece. 3
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Explanation by drawing a suitable diagram 1
Set1,Q20 _ ing a suitable
Set2,Q17 Two basic features distinguishing interference pattern from 1+1
Set3,Q14 diffraction pattern

Y2

0

The diagram, given here, shows several fringes, due to double slit
interference, ‘contained’ in a broad diffraction peak. When the seperation
between the slits is large compared to their width, the diffraction pattern | 1,
becomes very flat and we observe the two slit interference pattern.
[Note: The students may be awarded 1 mark even if they just draw the
diagram.]

Two basic features:

Q) The interference pattern has a number of equally spaced bright and
dark bands while differaction pattern has a central bright | 1
maximum which is twice as wide as the other maxima.

(i) Interference pattern is the superimposition of two waves slits
originating from two narrow sects. The differaction pattern is a
superposition of a continuous family of waves originating from
each point on a single slit. 1

(iii)  For a single slit of width ‘a’ the first null of differaction pattern

occurs at an angle of % At the same angle of 1/a, we get a

maxima for two narrow slits seperated by a distance a.
[ Any two of the above distinguishing features.] 3

Setl,Q21 S : :
Set2,Q18 Distinction between n — type and p-type semi conductors on the basis of

Set3,Q15 Energy band diagrams 2
Comparison of conductivities 1

?r:#i.:,fjp E. = [!. .
. " A

=0.01eV
E

a

E,

Electron energy

|
E!'l
E,

i

(&) T= 0K
o thermally generated electron-hole () T= DK

pair + 9 electrons from donor atoms

Q) In n - type semi conductors an extra energy level (called donor energy
level) is produced just below the bottom of the conduction band, while
in the p-type ssemiconductor, this extra energy band (called acceptor
energy level) is just above the top of the balance band.

(i) In n — type semiconductors, most of the electrons come from the
donor impurity while in p-type semi conductor, the density of holes in

Py
=001 - 005 eV

Yo
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the valence band is predominantlly due to the impurity in the extrinsic
semiconductors.
[Any one of the above, or any one, other, correct distinguishing feature.]
At absolute zero temperature conductivities of both type of semi-conductors
will be zero. Ya
For equal doping, an n-type semi conductor will have more conductivity than
a p-type semiconductor, at room temperature. Ys 3

Set1,Q22 —
Set2,Q19 @ Identification of X and Y Yo + Y

Set3,Q16 Their functions Yo + Y
’ (b) Distinction between point to point and broadcast mode. 1

@ X : Transmitter Yo

Y: Channel Ya

Their functions:
Transmitter : To convert the message signal into suitables form for | %
transmission through channel.
Channel : It sends the signal to the reciever. Yo
(b) In point to point mode, communication takes place between a
single transmitter and receiver. In broadcast mode, large number | 1 3

of receivers are connected to a single transmitter.

Section D

Set1,Q23 : — -
Set2,023 0] Qualities / values of Rohit. 1

Set3,Q23 (i) Advantage of CFLs/ LEDs over traditional
incandescent lamps. 1
(iii)  Role of earthing in reduction of electricity bills 1

Q) Co-operative attitude and scientific temperament. 1+ 1
(or any other two correct values.)

(i) a) Low operational voltage and less power. 1
b) fast action and no warm up time required.

(Any one) 1

(iii)  Inthe absence of proper earthing, the consumer can get (extra)
charges for the electrical energy NOT consumed by the devices in her/his 4
premises.

Section E

Set1,Q24 — _
Set2,Q26 (a) Derivation of the expression 2

Set3,026 (b) Magnetic field lines due to the coil
(c) Magnetic field at the center of the loop 2

-

(a)

e -
~_ L“ A
--EP
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According to Biot- Savart law,
L p I(dl X )

dB =
4T 713
gt 1dl o |dl x 7| = rdl;
N A1 (XZ + RZ) r = (xz + RZ)%
From figure
R
cosf = ——
(x? + R?)2

= Net contribution along x-direction
B :decose = decosB

Ry Idl R
|

3
4 (x2 + Rz
HolR?

el

3
2 (R? + x2)2

\ |
//*\ %
N\ /, A\

by \\

(b) Let current | be divided at point M into two parts I; and I, ; in bigger and
smaller parts of the loop respectively.
Magnetic field of current I at point O

_ Hol1
B, ><
1= 50 ®

Magnetic f|eId of current I, at point O

#012
B, = X
2= C)

Net magnetlc field B = B_f + B_2>
- I I
|B| _ Hol1  Hol>

~ 8R S8R
But 1,=3I, (As resistance of bigger part is three times that of the smaller part

of the loop.)
Substituting 1,=3l, in equation (1)
= |B|=0

OR

Y2

Y2

Ya

Yo

Yo

Yo

Yo
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(a) Derivation of expression of magnetic field inside solenoid 3
(b) Finding the magnitude and direction of Magnetic field 2

Any surface carrying current can be divided into small line elements, each of
length ‘dl’. Considering the tangential components of the magnetic field and
finding B.dl, sum of all elements tends to the integral, which can be

expressed in the following form. : ﬁ.a’ = U,i, This form is known as
Ampers’s circuital law.

+Q

-~ h— &

i D [
__/=- '\\m
[, 4 = |
[ a-- > '
t
\

v

-
. P j
> T 'f
Z e, O I A O T I A T T I I I |

Let ‘n’ be the number of turns per unit length. Then total number of turns in
the length ‘h’ is nh.

Hence, total enclosed current = nhl
Using Ampere’s circuital law

o~

5L B.di = Uonhl
Bh = p,nhl
B =p,nl
.Q //
S =2 S

Y2

Y2

Yo

Yo

(b) IS S
T A A e AT
S e Sem— }----
7
mg
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As per the given figure, magnetic field must be vertically inwards, to make

tension zero, (If a student shows current in opposite direction the magnetic Yo
field should be set up vertically upwards.
IIB = mg
For tension to be zero Yo
B =" _ 60x1073x9.8 Yo
T Il 5.0%0.45
=026T Ya 5
22&832 (a) Schematic arrangement of Greiger-Marsden Experiment 1
Set31 Q25 Reason 1
' Trajectory of a-particles and significance of Impact Parameter %2 + %
(b) Estimation of the distance of closest approach 2
(a)
T Gold foil targel .

about 107 m thick .

Lead bricks .
[ [ + Most pass
Beam of I
. o-particles ; —
a-particles I —
. N l
rd EnS Sereen
/ Sotme are ,
About 1 iz 8000 Geriated through - %
iz reflected hack EF Ang ‘ Dttectmrpc]
For most of the a-particles, impact parameter is large, hence they suffer very 1
small repulsion due to nucleus and go right through the foil.
, ‘ /S,
Yo
4 - a
_'I'E = = _;."I‘argel: nucleus
It gives an estimate of the size of nucleus. Yy
(b) K.E of the a-particle = potential energy possesed by beam at distance of
closest approach.
1 2 - 1 . (2e)(Ze)
2 4me, To Yo
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9x%x10°x 2x256x 10738 x 80

7.7 X 1.6 X 10712 = - "

_9X 10° X 2 x 2.56 x 10738 x 80
To = 77 % 1.6 X 10-13

m

=299 x 107 m

— 299 % 10~5m ~ 30 x 10~ 15m 2 5

OR

(a) Two important limitations of Rutherford model Yo+
Explanation of these limitations in Bohr’s model Yo+ Y
Calculation of wavelength of the H,, line 1
(b) Derivation of the expression for the radius of the n™ orbit. 2

(@) (i) Electron moving in a circular orbit around the nucleus would get )
? N . . o
accelerated, therefore it would spiral into the nucleus, as it looses its energy.

(i) It must emit a continuous spectrum. y
2

According to Bohr’s model of hydrogen atom,

(1) Electron in an atom can revolve in certain stable orbits without the

1
emission of radiant energy. £

(i) Energy is released /absorbed only, when an electron jumps from one
stable orbit to another stable orbit. This results in a discrete spectrum.

1—R(1 1)
A \22 32

1 1
= 1.1 x 107 (———)
4 9

Yo

Yo

A =656.3
nm ”

—~
O
~
5
>
QD
<
D
#|§
N
Il

S o —— (D) g

From Bohr’s Postulates:

mv,r, = %
nh

- 2mmry,
Substituting for v, ,in equation (1), we get
gon*h?

T, =

Yo

Un

mme?
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Set1,Q26
Set2,Q25
Set3,Q24

(a) Naming the device and working with proper circuit 2
Derivation of expression for voltage gain and power gain 1%
(b) Drawing of transfer characteristics 1
Region used for amplifier Yo
(a) Common emitter amplifier Yo
'}(‘ ‘;%, 1T
R, pl—C < Re
|—_qﬁﬁv—>—|\/& @vﬂ
I E v
o
v e lIE
m;;.z"
1
When the sinusoidal voltage is applied on the emitter base circuit, it gets
amplified and its phase is reversed.
Input sinusoidal voltage:
Ui :AIB(RB+TL) :AIBT 1/2
Al
Also By = o = Al, = BoAlg
AVep = =R Ale = =R, BoAlg = v, 1
» Voltage gain 4, = Z—" = —Bac %
Power gain A, = f,.A,
Ry
= :Bc%c T LY
(b) y
Cut off 2
V. a2 region
o e
; Saturation
! region
1
) > ‘,':
Transistor acts as an amplifier in the Active Region Y 5
OR
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(a) Brief explanation of working of full wave rectifier 2
Drawing of input and output wave forms 1
(b) Identification of Logic gate 1
Truth table
a)
1
X
R output
¥y
For half cycle of input ac, one diode out of the two, will get forward biased 1
and will conduct, while the other diode, being reverse biased, will not
conduct. For other cycle of input signal, the diode, which was reverse biased,
will get forward biased and will conduct, and the other diode will get reverse
biased and will stop conducting. Hence we obtain a unidirectional output
voltage for the positive as well as for negative half cycles.
Yo
Yo
(b) Identification: AND Gate 1
Truth Table:
Input | Output
A|B Y
00 0
01 0
1[0] 0 ! ;
1 1
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