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(i) @4 o7 AAard & | 39 397-97 7 FT 26 T |

(i) 39 Y99-97 & Qie Y777 3 : @8 37, @V &, &S &, TS § 3N G T |

(iii) @US 37 H gier Y97 &, Yed% & Uk 3% & | @US & H giel J97 &, y 9% &
gT3F 3 | @S T H aNG F97 5, 9% & @7 b 5 | @IS ¢ § O 3% H
T% GeATETRT 397 & 37 G T 4 did F97 &, T3 & qier 375 & |/

(iv) ¥97-97 § GHT W HI3 [aheq 767 8 | T4, T 37! aic? Ok J97 7, T 37hl
gIct Uk J97 H 37K gier 31 qict diHl 3991 7 3Rk w97 YT 137 7 8 |

94 o1 G 37191 130 7T T § G S Uk J97 5 HET 8

() &l HFTIFE 7 T [AEfcf@d sifds [aarsl & gl &7 39917 #T G%d & -

c=3x10%m/s
h =663 x10%*Js
e=16x10"1°C

U, =41 x 107" Tm A~

g, =8-854 x 10712 C2N1 m>2

1

4re
o

=9x10° N m? C2

FAFL T goIqH = 9-1 x 1073 kg

¢ 1 GoIHH = 1-675 x 1027 kg

T ohl Ze3H = 1-673 x 10727 k

g
AT & = 6-023 x 1023 ufd uw wi
Siegad™ = = 1-38 x 10723 JK!
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General Instructions :
(1) All questions are compulsory. There are 26 questions in all.

(it)  This question paper has five sections : Section A, Section B, Section C,
Section D and Section E.

(iti) 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.

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

the choices in such questions.

(v) You may use the following values of physical constants wherever

necessary :
c=3x10%m/s
h =663 x 1072 Js
e=16x10"1°C
H,=4nx 107" Tm AL
g, =8-854 x 10712 C2N1m>2

1
4re
(o]

=9x10° N m? C2

Mass of electron = 9-1 x 10~3! kg

Mass of neutron = 1-675 x 102" kg

Mass of proton = 1-673 x 1072 kg

Avogadro’s number = 6-023 x 1023 per gram mole

Boltzmann constant = 1-38 x 10722 JK!
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Qs A
SECTION A

1. o1 Toreht gemestt i sTadq gar ST fohT T SRR o aui AR R 7 2
319 Il gfee Hf | 1

Does the magnifying power of a microscope depend on the colour of the

light used ? Justify your answer.

2. W@ 9U H TR AN BH W HI3 TRNI-GUTE I58 ThNI-foRd-serde
IcarTd T 3 | $EH I58 W Al U1 o TR I AU HUA T F AT 58

TehTY-ToRq-SeTergi+ ScHtoTd STl ? hIRTT ST, | 1

A photosensitive surface emits photoelectrons when red light falls on it.
Will the surface emit photoelectrons when blue light is incident on it ?

Give reason.

3. 5 OR Te =1 @Stk (aeh) Ui e o soeh! e arofi faRgn | 1
Draw logic symbol of an OR gate and write its truth table.

4. M@ H Y IHER Fret foarg ‘O W g forg oW Q @ & | 99 Q
(i) GTeH, 3R (i) SROUMcHe HAENRM 7, a1 941 fog B W fawa vy 1 qoamn 8
foag AW fawa v, s1fereh &, 1 8 3TeT se 2 2 1
O- A B-
A point charge Q is placed at point ‘O’ as shown in the figure. Is the
potential at point A, i.e. V, , greater, smaller or equal to potential, V, at
point B, when Q is (i) positive, and (ii) negative charge ?
O- A B-

5. dga fogasiiaan ¢ 3R greehsficrar o foet aream o forgq-grash a6
I o foTe = fefiau | 1

Write the expression for speed of electromagnetic waves in a medium of

electrical permittivity € and magnetic permeability p.

55/2/3 4
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Qs d
SECTION B

6. I I o AW edur HieRTur 1 39T hifvT fom foret aTadat <gur & £ 3T 2f
& o= feora forel) fora o1 gfafors of @ R s=a@r 2 2

HAAT

(a) 39 €A1 () I 3g@ iy rew forelt wrmefta giefa (Sefiespiv) o
TR (T&q) ATEEA U feRam ST Tekar 7 |

(b)  IA9adl GIEM (SETERIT) h1 qoHT H qUEd] gqree (Seh) i Mok
i few S <Rl s & faw @) s e | 2

Use the mirror equation to show that an object placed between f and 2f of

a concave mirror forms an image beyond 2f.

OR

(a)  State the condition under which a large magnification can be

achieved in an astronomical telescope.

(b)  Give two reasons to explain why a reflecting telescope is preferred

over a refracting telescope.

7. I o T T 6 wRe % 39 forg W g s hifve et W sfoewn e
Tl T o ST 9T () /6, 3 (1) A/2 7 | 2

Find the intensity at a point on a screen in Young’s double slit
experiment where the interfering waves have a path difference of (i) /6,
and (ii) M/2.

8. UNUY M@ <l TERAT B YHW-Ahd SETS (Bierie) 6 fsmanfafa =
Tuig HIfT | 2

Describe, with the help of a circuit diagram, the working of a photodiode.
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9. TER <l JERU f9ur IR Ta-td g=10 faur & o9 faved fifve R 1w
1 Teh I ST | 2

Distinguish between broadcast mode and point-to-point mode of
communication and give one example for each.

10. dicedt o fhEl ac Gid ¥ his YhIX Sod IR hls THATGRT IUT § SFifd 8 |
=T hifve fop afEtferent o Hiqt g A 6l 98 F T W THI Scd
THeh fopd TR g Bt | 2

A light bulb and a solenoid are connected in series across an ac source of

voltage. Explain, how the glow of the light bulb will be affected when an

iron rod is inserted in the solenoid.

Qs g

SECTION C

11. TH T 3R T o-01 Forell grahia & & oireaq ™9 | 8 | $ g
=l T AR Ul ShY Breeedt w1 rurd Hra BT St g () % 9T gue F,
3 (ii) <1 TTfaS SHATd g9 B | 3

A proton and an a-particle move perpendicular to a magnetic field. Find
the ratio of radii of circular paths described by them when both have

(i) equal velocities, and (ii) equal kinetic energy.

12. (i) SAfdeRtor # 3 i, 3 (i) Tl 3@l & RO 399 foads sSvel &
e faawon =i e Eieet euisy | sgfaer 3t foade i afeest %
ste fadeTsr @ fomg farfau | 3

Draw the intensity distributions for (i) the fringes produced in

interference, and (ii) the diffraction bands produced due to single slit.
Write two points of difference between the phenomena of interference

and diffraction.

55/2/3 6
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13. Terfagfeh ° e M &1 T weh ThaHH AR 3 a9ad I
Fror fogga-a figar & fou e sgemm i | afe 5@ e & oo+
3= Taad e W@ @ A, @ T8 s {3 gl ISl o Hey o &F W hIg
faga-a= 21 gran | 3

Using Gauss’s law in electrostatics, deduce an expression for electric field
intensity due to a uniformly charged infinite plane sheet. If another
identical sheet is placed parallel to it, show that there is no electric field
in the region between the two sheets.

14. feu wu gfwy 4, worft g & @y, guiie o B ) fove a9 qen sa gfea

Y Yfehfera hIfSu | 3
4V
20
A | AN F
4Y ||10“F
C ll A D
8V 4Q

In the given circuit, with steady current, calculate the potential drop

across the capacitor and the charge stored in it.

4V
20
A | I AAAA F
4V 10 uF
B | — E
C | AAAA D
8V 40
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15. (a) faga-gr=ehi qUl fohd TR 3709 Il 8 ? ST hifT |

(b) HIZ AHAA ToR[Q-FraehE aUT fohelt Wiesm § geTeReh z-feum W STgfew
w2 | 39 foR[q-graehi aUT i S foq 3R Jraehia & 6l
faemal =1 gwtd g fafa Hifvm | 3

(a) How are electromagnetic waves produced ? Explain.

(b) A plane electromagnetic wave is travelling through a medium along
the +ve z-direction. Depict the electromagnetic wave showing the

directions of the oscillating electric and magnetic fields.

16. (a) fToreht Heamufaea uard & e 3 o1ed 31y & ofiw wey geua Hifr |

(b) s Ueaufaea o 1000 I§ H IR {94 TRIEIh CeqHqE hl 25% (&
ST B | gHeh! 37 1Y 7a HIC | 3

(a)  Derive the relation between the decay constant and half life of a

radioactive substance.

(b) A radioactive element reduces to 25% of its initial mass in
1000 years. Find its half life.

17. B R & foreht anfcass Mt & q58 W 19w Q THEHH €9 ¥ foafa 7 | T

fag 0 < x < RW forgd-&= (B) 3R forgrd fawa (V) % fofg saorep wred hifse |
% Eieeht x o 1Y, 61 0 < x < 2R B, E 3 V 1 fa=ror a9risy | 3

A charge Q is distributed uniformly over a metallic sphere of radius R.
Obtain the expressions for the electric field (E) and electric potential (V)

at a point 0 < x < R.

Show on a plot the variation of E and V with x for 0 < x < 2R.

55/2/3 8
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18. SR % ANl 1 ITAN Hhich, FHSMSH AT hl nal &l H A Feiag
&I et erafy & fow saete sgeaa il | 3

Using Bohr’s postulates, derive the expression for the orbital period of

the electron moving in the nt® orbit of hydrogen atom.

19. (a) §HM dedn 9=q fafie sTghat o smafaa fafeon o fow dumees fawa
% 1Y YhTI-foeq a6 e 1 e % fow o Eife |

(b) 9 UTH U Y0 hl AT o foIU A1g=rerzd & gehrvl-feregq TfieRtor =
39 hifsr |

(¢c) ARG AGRT I FWH WA g MIa fafent shT digrar sl aiafda fepa
MU, 1 Y AT YR e 2 3

(a) Draw a plot showing the variation of photoelectric current with
collector potential for different frequencies but same intensity of

incident radiation.

(b)  Use Einstein’s photoelectric equation to explain the observations

from this graph.

(c) What change will you observe if intensity of incident radiation is

changed but the frequency remains the same ?

20. S-AEC I HT ITEN ek BSAT R o Tohell gRETE JATRR 9T 6 3787 <k
fopell Tomg (x) R Freehi & o fOT =9k gcad HiVY | 36 farg W grashi

g <t fesn form yepr fifea <t St 2 2 3
aTraT
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o § d9 o AT % WY THHRR gRETe! 9T 9T T R | STd ShIT

() =t 1 fod forg A W e grarehly &3 o1 qieTor qe feem |

(i) =T 2 T FrEHA & | 3
I > . 1
A
r
31 —< 2
2r
41 — ¥ 3

Using Biot-Savart law, deduce the expression for the magnetic field at a

point (x) on the axis of a circular current carrying loop of radius R. How is

the direction of the magnetic field determined at this point ?

OR

The figure shows three infinitely long straight parallel current carrying

conductors. Find the

1) magnitude and direction of the net magnetic field at point A lying

on conductor 1,

(i1))  magnetic force on conductor 2.

| . 1
A
r
31 < 2
2r
41 3
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21. ST qUT =0T 1 g 2 - GUR FIEAT SR qUM T ITANT hid]
8 ? S8 h o IO U1 1 e fafasr fopaen giar B 2 40 MHz & 31foes
gt < T STTehTeT qOT F=R0 R 9 BT & ? 3
What is space wave propagation ? Which systems of communication use
space waves ? What is ‘radio horizon’ of a transmitting antenna of

height h ? Why is space wave propagation suitable for frequencies above
40 MHz ?

22. ac dlcedl v = v, sin ot 1 HIs Gld Sehed L Tl g T o &l €
TR € | aiay § drcerlires g o fou sieeh ogcas <hify | I quise b
39 uftaer 4 ofted wfed & I 2 | 3

A source of ac voltage v = v, sin ot, is connected across a pure inductor of

inductance L. Derive the expressions for the instantaneous current in the

circuit. Show that average power dissipated in the circuit is zero.

Qug T
SECTION D

23. g 3TN 35k HIAI-UAT 10 SR F 379 a1 @ & | TEd H k! AT 4
ot wadl i Bdl W YW T % $Y WA & @ | I8H AT 8 3 Al
IR W g1 foR I w1 § | g 9 1o wrarsht 1 s fR 3w e € |

(a) G 3R 3IWeh! WA gRT USRI Jed &= 9 ? Y I Th-Uh oo
forfau |

(b)  TorT IepR A YAl 1 39T STcaferes IgATft fag g 2

(c) ER I9al H ITAM B dTelt AT I 1 AW faRaw | @ H
TR & G&Y | 39 o <hi Thafafeyr <t samean i | 4

Sunil and his parents were travelling to their village in their car. On the
way his mother noticed some grey coloured panels installed on the roof of
a low building. She enquired from Sunil what those panels were and
Sunil told his mother that those were solar panels.

(a) What were the values displayed by Sunil and his mother ? State
one value for each.

(b) In what way would the use of solar panels prove to be very useful ?

(c) Name the semiconductor device used in solar panels. Briefly
explain with the help of a diagram, how this device works.

55/2/3 11 P.T.O.
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Qus g
SECTION E

24, (a) WWR%WWWW,@IWnIan(n2>n1)
% q HILH] 1 A% K 2, b H&F & T g [ogfehd fore feoa g |
for@ ¥ 9o Wi=9 § 399 M I58 W IUEdd o oY TR sTR@
ST 3R foeel gt (u), Sifers g0 (v) qon gshar B (R) o st deie
RGERIEEY

(b) Toreht rfirart o &1 9y # wIHE g 20 om R | FE AE TSR
1-6 < a1l o1 &1 7 | e I Torelt ga freeht srwedae 143 7, ° g&
g, d1 38eh! i BIHE g0 F1d HINT | 5

AT

(a) Torell = & TT @ oA 9@ Yo & 3MUEdd % foiu foRtwr om@
i 3R 31a: 5| o uad-me u, 50 S iR =Fad faaea &
% St= a9y 9o shifeu |

(b) 3T YhW hi fwor & oW a1 gF [uifa e, s
YT 1y = V2 o LA § TR ST py, = 1 o HIE | 38
YR TTHH il & Toh I8 JUehd i a1t 53 &l S-Sl T w8 | 5

(a) A point object is placed on the principal axis of a convex spherical
surface of radius of curvature R, which separates the two media of
refractive indices n; and ny (ny > ny). Draw the ray diagram and
deduce the relation between the object distance (u), image
distance (v) and the radius of curvature (R) for refraction to take

place at the convex spherical surface from rarer to denser medium.

(b) A converging lens has a focal length of 20 cm in air. It is made of a
material of refractive index 1-6. If it is immersed in a liquid of

refractive index 1-3, find its new focal length.

OR

55/2/3 12
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(a) Draw the ray diagram showing refraction of light through a glass
prism and hence obtain the relation between the refractive index p
of the prism, angle of prism and angle of minimum deviation.

(b)  Determine the value of the angle of incidence for a ray of light
travelling from a medium of refractive index p; = V2 into the
medium of refractive index py = 1, so that it just grazes along the
surface of separation.

25. (a) () UM w1 wEer fuga fafge | feft e mm
TIfRRIHIE 1 3R 31fees guTel fope TohR SR ST Weha & 2

(i) = g R % fau o genie U E | SR i 3g@
ST for 31 & IRREHel A 1¥er B § ¥ SH-AT 3

YUl 2 |
T

V (dree) B

y A

[

(b) EAM e AR WM @S %k Ql °9ig o drR Py 3K P, fk
TEI-FIE & &TFA A; 3 A, 2, Thge 8 Jg 3 3R o.ansd *
forelt |1d & T & | 39 Q1 Rl § Had SoideHl o 3T9dTg ol ol
ITUTA AT ShITSTT Selfeh I AR (i) Hvfishy ¥, 7 (ii) v (| 30) H
AR & | 5

rerat

(a) Tordlt gl i afiar i witarar difse | fafa o et smmar afgem
gy 6 aiiiar & foe, 9fgepist & &aha A 997 dfgehsti & o™
9 d % &I H ASTeh ogcdd ehilT |

(b) WA K % Uqd o et wie 1 I & e 7, foran feredt
wi dfE g B oafEei wod weg s wed 50 R
A % Ty giiar 3 fodT wdgaee o oTidr 1 U A
T | 5
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(a) (1) State the principle on which a potentiometer works. How

can a given potentiometer be made more sensitive ?

(i1)  In the graph shown below for two potentiometers, state with
reason which of the two potentiometers, A or B, is more

sensitive.

T

V (volts) B

(b)  Two metallic wires, P; and P, of the same material and same

length but different cross-sectional areas, A; and A, are joined
together and connected to a source of emf. Find the ratio of the
drift velocities of free electrons in the two wires when they are
connected (i) in series, and (ii) in parallel.

OR

(a)  Define the capacitance of a capacitor. Obtain the expression for the
capacitance of a parallel plate capacitor in vacuum in terms of

plate area A and separation d between the plates.

(b) A slab of material of dielectric constant K has the same area as the

plates of a parallel plate capacitor but has a thickness % Find

the ratio of the capacitance with dielectric inside it to its

capacitance without the dielectric.

55/2/3 14
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26. (a)

(b)

(c)

(a)

(b)

55/2/3

Hre o forega-srerehia Sor o frem fafigu |

o= © qiT 3R 12 em B9 3R 8-5 Q Uiy & forelt gamhr arer 4§
TR AT Fraeh & § 909 o |1y qiad g1 8 | JEehi & T
% A & reed 8 | 9 H UG 9 iehfaa e iR wma %
Held & &9 § 3H IeIRad i |

N I N ;
B(T)
1 _______ 1 N jI
0 2 4 6 t(s)
Ig T foh AW o1 g St geeqor 1 freehd 2 | 5
STaT

IIYFd 3G hI TeEd ¥ Foreft seemht grEwii W wEwr fag w
guia IR | Tt AR fgdaes puefordi § wi i dean o frosft 9
fria uftwen 9 gt & Ul § et oft fria dicedteti & o= g9y
T T |

90% <T&al o ferdll Ieamlt TEwT & forw frasht amr 15 A iR fFasf
leear 100 V & = 8 | Tfe Fria arr 3 A 8, @ fFeia wiferq et feefiaes
T dieedr [1d il | 5
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(a)
(b)

(c)

(a)

(b)

55/2/3

State Faraday’s law of electromagnetic induction.

The magnetic field through a circular loop of wire 12 cm in radius
and 85 Q resistance, changes with time as shown in the figure.
The magnetic field is perpendicular to the plane of the loop.
Calculate the induced current in the loop and plot it as a function

of time.

B(T)

0 2 4 6 t(s)
Show that Lenz’s law is a consequence of conservation of energy.

OR

Describe, with the help of a suitable diagram, the working
principle of a step-up transformer. Obtain the relation between
input and output voltages in terms of the number of turns of
primary and secondary windings and the currents in the input and

output circuits.

Given the input current 15 A and the input voltage of 100 V for a
step-up transformer having 90% efficiency, find the output power
and the voltage in the secondary if the output current is 3 A.

16
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SET 55/2/3

MARKING SCHEME

Q. No. Expected Answer/ Value Points Marks Total
Marks
Q1 For writing yes Y2
Justification Yo
Yes &
Justification: m «
fOfe
And focal length depends on colour/p. Y2 1
Q2 —
Writing Yes Y2
Reason Ya
Yes Y
Reason - Vpye > Vred 1,
[Alternatively:
Energy of blue light photon is greater than energy of red
light photon.] 1
Q3 Logic Symbol Yo
Truth Table Y%
— 1] i 0 1/2
f N o |1 1
| ) 1 0 1
B L --—'"/ 1 1 1
(a) (k) 1/2 1
Q4 i) Vy>Vp Vs
i) Vy < Vp Yo 1
Q5 Formula 1
c = 1
N 1 1
[Alternatively,
1
C = —/———
VHOUTEQEY ]
Q6 Formula Y2
Image distance for |u| < |f + x| Yo
Image distance where |x| < |f] 1
1,1_1 i - Y
—+-= 7 ( f is negative) 2
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SET 55/2/3

U:-f=>%=0=> V=00
U:-2f=>1:;—;:>v:—2f

v

Hence if -2f<u<-f= -2f <v <o

[Alternatively

2f <V <ux ]
OR

(&) Formula for magnification
Conditions for large magnification
(b) Anv two reasons

Yo
Y2
Yo+ Yo

Y2

Yo
Yo 2

Yo

Yo

Yo
Yo 2

_fo
f.

By increasing f; / decreasing f,

(a) Any two
0] No chromatic aberration.
(i) No spherical aberration.

(iii) ~ Mechanical advantage — low weight, easier to

support.
(iv) Mirrors are easy to prepare.
(v) More economical

Yo

Yo

Y2+ %

Q7

Formulae
Finding Intensity

Yot+Y2
Yo+ Y2

Phase difference= 27” X Path diffrence
Vs

Path difference % = phase difference = 3

Path difference % = phase difference=n

@
I = 4lycos? (—)
0COS >

i. 11:41())(%:310

|| IZ=4‘10X0=O

Yo
Yo

Yo

Yo 2
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SET 55/2/3

Q8

Circuit Diagram 1
Working 1

N

p-side n-side

| I AAA

When photodiode is illuminated with light (photons), with
energy (hv > E,), electron-hole pairs are generated near the
depletion region of the diode. The direction of electric field is
such that electrons reach n-side and holes reach p-side and
give current( in reverse direction)

Q9

Distinguishing the two nodes (Y2 + %)
One example of each (Y2 + )

In point-to-point communication mode, communication takes
place over a link between a single transmitter and a single
receiver.

In the broadcast mode, there are a large number of receivers
corresponding to a single transmitter.

Example: Point-to-point:  telephone (any other)

Broadcast: T.V., Radio (any other)

Yo

Yo

Ya

Ya 2

Q10

Effect on brightness 1
Explanation 1

Brightness decreases

Explanation:- Self inductance of solenoid increases; this increases
the impedance of the circuit and hence current decreases .

(Even if student just writes self inductance increases, award this 1
mark.)
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Section: C
11 :
Q I. Formula Yo
Finding ratio 1
ii. Formula Ya
Findina ratio 1
i. r=2 Ya
qB
_ mpv
For proton r,, = 5
. MgV
For a particler, = =
o _Mp e _ 1 1
o qp My 2
i __V2mK 1
. _— qB
J2m,K
Tp = 4
1B
_ J2myK
T Tq.B
T, Qg M, 1 1 3
T Gy Mg 1
Q12
Intensity distribution graph for interference 1
Intensity distribution graph for diffraction 1
Any two differences Yo+ Y
[
Imax
1 Lyt Lol L 1 1
302410 O 12 21 34
— Path differnce
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1
Any two differences
S.No | Interference Diffraction
1 All fringes are equal | Central bright maxima is
in width twice as wide as the other
maxima.
2 Intensity of all bright | Intensity falls as we go to
fringes is same. successive maxima away
from centre.
3 Conditions for Condition for maxima
maxima and minima | and minima are opposite
are opposite to to interference pattern.
diffraction pattern.
4 Pattern is formed by | Diffraction pattern is a
superposing two superposition of wavelets
waves originating originating from different
from two narrow slits. | parts of a single LCREC
wavefront. 3
Q13
Derivation of expression for electric field 2

Proving that there is no electric field between plates 1

z

Surface
charge density o

/

/y
=g

———X———— Mt X ———»

By Gauss’s law § E. ds = -

€0

“2EA= &

€0

Ya

Ya

Ya
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2E=ZorE=-—4
260 260

Electric field between two identical charged sheets

+ ++ +++ A+ o+

++ + ++F o+

-+ Both the sheets have same charge density, their electric
fields will be equal and opposite in the region between the
two sheets.

Hence the net field is zero.

g

[ Alternatively E; =

Y2

Y2

Yo

260
g —_ 9
2= 260
Resultant electric field between the plates= E; + E,
-2 _ %2
- 260 260
:0] 3
Q14
Value of current 1
Value of voltage 1
Value of charge 1
A 4‘:,I i
B—uilf———{_ '_iOuF E
/|
£ s 40 ?
In loop ACDFA
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1
I = A=
2
Var = Vpg Y
>4-2X==4-V,
4
> V= 3 \Y Y
Charge, Q=CV,
Q=(10yF x 3)
=13.33 uC 1 3
Q15 ) :
(a) Explanation of production of em waves 1%
(b) Depiction of em waves 1Y%
(@) An oscillating charge produces an oscillating electric field
in space, which produces an oscillating magnetic field, which
in turn, is a source of oscillating electric field and so on.
Thus, oscillating electric and magnetic fields generate each 1%
other, they then propagate in space.
[Alternatively, if a student writes
Electromagnetic waves are produced by oscillating electric
and magnetic fields / oscillating charges produce em waves.
Award 1 mark ]
AN
T E Electric field OR Bfield
\ EM waves
>7
Magnetic field or E field 1]/2 3
16 .
Q (a) Derivation 2
(b) Formula Yo
Calculation Y
(@  N(t)=Nye™™ Y
1
When t=T1/2 - N(t) = NTO 72
Ny _
- = Noe Ty
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~ Number of half lives= 2

1000
=2

Ty,

1000
=T = — = 500 years
2

=

[ Alternatively
1000 years = 2 half lives
~ Half life = 500 years]

Yo

Y2

Yo

Y2

Q17

Expression for electric field
Expression for potential
Plot of graph (E V,r)

Plot of graph (V V. 1)

1Y%
Y2
Y2
Y2

_— Gaussian
Surface charge “gurface

density o

By Gauss theorem
—_ _)_i
$E .ds—E0
g =0 in interval 0<x<R

Yo
Yo

Ya
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= - ¥
dr
74 tant 1 ¢
e = = —
constan 47'[E0 R
E i
i
i
I
i
i
I I
O R 2R
r —

r —

[Even if a student draws E and V for 0<r<R award %2 + %2
mark.]

Y2

Y2

Yo

Q18

Get More Learning Materials Here : &

Bohr quantum condition Ya
Expression for Time period 2Y5
nh
mvr = — ---- Bohr postulate
2 1 2
Also, ™ = L ¢
r 4meg T
2 e’
& mvtr =
477.'60
e? 2 e?
SV = —_—=
4mey nh 2e€ynh

ucnrene €9
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27Tr 2mmuvr

muv?

_on5e)

17
21
(260nh>

_ 4n3h3€(2)
me# o
(Also accept if the student calculates T by obtaining
expressions for both v andr.)

Yo

Y2

Q19

a) Graph of photo current vs collector potential for
different frequencies 1

b) Einstein’s photo electric equation Y2
Explanation of graph Ya

c) Graph of photocurrent with collector potential for
different intensities 1

(@)

FPholoeleclric
current —

L
y_:j_-;. }'1 =y
Saluralion current
¥y ~ -
M

“Wa Ma  Mm U Collector plate polential —+
+— Retarding potential

(b) According to Einstein’s photoelectric equation
Kmax =hv — (DO
If Vyis stopping potential then
eVo=hv—0
Thus for different value of frequency(v) there will be a
different value of cut off potential V.

(©)

FPhotocurrent—s

Stopping potential

-V,
+— Retarding 'puttnl:ial Collector plate —s
potential

Ya

Ya
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Q20

R
dB,= ﬂZIdl .
" (x2+R2)Z
B_ 2 Horpr2 A
B=[dB, = G2 tRT

OR

Biot Savart’s Law % mark
Deduction of Expression 2 marks
Direction of magnetic field % mark
Y
S dB,
T M _,-qldB
= s X
Here 2= x2+R?
_ Mo I1dl
dB= 4 x2 +R2
>.dB,=0
R
dB,=dBcos & where cos0 = ———~
(x2+R2) /2

Direction- Can be determined by right hand thumb rule.
[Alternatively: By using vector form of Biot Savart law]

Yo

Yo

Ya

Yo

Yo

Yo 3
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(i) Magnitude of magnetic field at A 1
Direction of magnetic field at A Ya
Magnitude of magnetic force on conductor 2 1
Direction of magnitude force on conductor 2 %

(i) B,=12CD_ K (ﬂ) into the plane of the
4Tt r 4 \r

paper/(Q).

2(41 81
3 = o 204D _ #o (—)out of the plane of the
4w 3r 4m \3

r
paper/(©).
B, = B, — Bj into the paper.

—Ho E) -
o ( ™ into the plane of the paper.(Q)

(i) B =42 2LGD away from wirel (/towards 3)

Fy3 = Z—g 2(3%(41) away from wire 3 (towards 1)

Foet = Fo3 — Fyq towards wirel

Yo

Yo

Yo

Yo

Yo

6(1)? .
:Z—g iU towards wire 1 Yo 3
Q21 - :

Definition of space wave propagation 1

Naming system of communication Yo

Definition of radio horizon Ya

Explanation 1

Propagation of waves, along a straight path from the
transmitting antenna to receiving antenna, using line of sight

(LOC) communication is called space wave propagation. 1
Relevant system of communication:
Television broadcast, microwave links and satellite Ya
communication (any one)

‘Radio horizon’ equals the distance between the transmitting Ya
antenna and the point on the earth where the direct waves get

blocked due to the curvature of the earth.

[ Also accept d =+v2hR ; h = height of transmitting antenna,

R = Radius of the earth.]

At frequencies above 40 MHz, relatively smaller antennas are

1

needed and communication is essentially limited to line of
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sight paths.
[ Alternatively,
At frequencies (more than 40 MHz), e.m. waves do not get
bent or reflected by ionosphere. Therefore space wave 1
propagation has to be used for frequencies above 40 MHz.] 3
Q22 Derivation of instantaneous current 2
Derivation of average power dissipated 1
GivenV =V, sinwt
V=L i di v dt &
= —_—— —_——
a " TL
L
OO0
vuve
© ~
UV = Vo SINW
~di = VL—Osin wt dt ’ &
. . \'%
Integrating i = \—/ —Lcoswt 9
. 0 . : Ya
Si= —ﬂsm(”/z —wt) =, sm(”/z — wt)
where I, = 2%
wL
Average power
T
1
P, = f vidt &
) 0
=Y (T
=—" [, sinwt coswt dt
= Jy sin(2wt)dt
=0 Ya
3
Q23 Values displayed 1+1
Usefulness of solar panels Y2
Name of semiconductor device Y
Diagram of the device Yo
Working of device Y2
a) Value displayed by mother:
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Inquisitive / scientific temperament / wants to
learn / any other.

Value displayed by Sunil:
Knowledgeable / helpful/ considerate

b) Provide clean / green energy
Reduces dependence on fossil fuels,
Environment friendly energy source.

c) Solar Cell

1 1 1
7\ NI L
£ :\
rd q
Top - Melallised

surface finger electrode
WA
Q g PR
——
[ P ]

¥ Backcontact
(a) (b)

(full marks for any one figure out of a &b)

Working: When light falls on the device the solar cell
generates an emf.

Yo

Yo

Yo

Y2 4

Q24

a) Diagram 1
Derivation of the relation 2

b) Lens Maker’s formula — Y2
Calculation of f in water — 1%,

For small angles

MN

MN
tan ZNOM =— :tan «ZNCM = —
oM NC

Get More Learning Materials Here : & m

@E www.studentbro.in



SET 55/2/3

MN

and tan ZNIM = —
MI

For ANOC, i is exterior angle, therefore
Y

. MN MN
1=2NOM + ZzNCM = — +—
oM MC
. MN MN 1
Similarly r = — - — 2
MC Ml

For small angles Snells law can be written as

nmi = nyr
. N1 + np _npz—njg 2
oM MI McC

~ OM=-u, Ml =+v MC=+R (using sign conversion)

L2 nq — np—nq 1

v u R

(b) Lens Maker’s formula is

N

1

1 1
3= 6= DG =)

Y2

‘(1 1)_ 11 Vs
“\R, R,/ 20x06 12

Let f be the focal length of the lens in water

.1_1.6—1.3(1 1)_ 0.3 1
“f 13 \R, R,y 12x13
120x1.3 % 5
Or f'=—=——=52cm 2
OR
(a) Diagram Yo
Obtaining the relation 3
(b) Numerical 1Y%
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(a)

From fig £A + 2QNR = 180°------- (1)
From triangle AQNR 1,1, + 2QNR = 180°
Hence from equ (1) &(2)
SLA=T T
The angle of deviation
6 = (i —mrp)t(e-ry)=i+e-A
At minimum deviation i=e and ry=r,

A
R >
. A4+6m
And i=
Hence refractive index
. (A+dm
_ sini _sm( 7 )
k= sinr  sinA/2

(b) From Snell’s law y4 sini = p, sinr
Given p; = /2, uy=1and r=90° (just grazing)
~ 2 sini=15sin90° = sini —

-(2)

Yo

Yo

Y2

Yo

Y2

Y2

Ya

Yo

V2 Yo

or i = 45° Yo 5
Q25 a) (i) Principle of potentiometer 1
How to increase sensitivity Y2
(if) Name of potentiometer Y2
Reason Y
b) Formula Ya
(1) Ratio of drift velocities in series 1
(i) Ratio of drift velocities in parallel 1

a) (i) The potential difference across any length of wire is
directly proportional to the length provided current and

Get More Learning Materials Here : & m

@E www.studentbro.in



SET 55/2/3

area of cross section are constant i.e., E(1) = ¢l where 1
¢ is the potential drop per unit length.

It can be made more sensitive by decreasing current in

the main circuit /decreasing potential gradient / Ya
Increasing resistance put in series with the potentiometer
wire.
i) Potentiometer B Ya
Has smaller value of V/; (slope / potential gradient). e
b) In series, the current remains the same. 7
P Pl I PZ
\Y
I = TLBAlle = neAszz o
Va_4s ,
Ve A ’
In parallel potential difference is same but currents are
different.
l
V= 11R1 = neA1Vd1 j_ = neQlel 1
1
Similarly, V = LR, = negV,l
IRy = R, Y 5
lﬁﬁzl
Vaz
OR
(@) Definition of capacitance 1
Obtaining capacitance 2
(b) Ratio of capacitances 2

a) Capacitance equals the magnitude of the charge on each
plate needed to raise the potential difference between
the plates by unity.

OR
[The capacitance is defined as
c= g]
%4
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Surlace
Area A
charge densily o / e

| 4
D 1 ﬁ

M 4+ + + + o+ o+ 4+

IR

B
¢ v
\ 2
g
Surface I

charge density — o
Consider parallel plates of area A

Plate separation d, the potential difference applied
across it is V. The electric field

4 q
E = —= —
€p €A
Electric field = potential gradient 1
£ vV
) _Vd 1
Hence, — = L 72
d 0A
— 9 _ &4 Vs
C=v=
: : . - Yo
b) The capacitance without dielectric is
EoA
CO - -
The capacitance of the capacitor, partially filled with 1,
dielectric constant K, thickness t is
€y A
c=7—""7""-—
(d —t+ t/k)
- 3d EoA 1/2
Givent =— . c=—
4 d_T
o ( 4k )EOA
T \k+3)7d
¢ 4k .
"y k+3 %
[Alternatively, Y,

The capacitance, with dielectric, can be treated as a series
combination of two capacitors.
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E()A
=K
(39)
4
, €A 1y
(39)
4
EoA EoA o
"G9)\G9)
_ GG 4 4
S €A T4
., i l3k+e
e 60_ = 1/2
B+k) d  (3+k) Co
C —
co - k+3
Y2 5
Q26 a) Statement of Faraday’s Law 1
b) Calculation of current 2
Graph of current 1
C) Lenz’s Law 1
(a) Faraday’s law: The magnitude of the induced emf'in a
circuit is equal to the time rate of change of magnetic 1

flux through the circuit.
[Alternately: e = —% ]
(b) Area=R? = m X 1.44 X 10™%m?

= 4.5 X 10"2m?

For O<t<2

_ 4% _ _ ,dB
Emf61 = i = Adt

45X 10—2)(%

P 225X107% —

1= Rr ™ 8.5 = Tesm
For 2<t<4
L=2=0
2 = R -
For 4<t<6
L=-2=4127ma
3 = R = ./ m

Yo

Ya

Ya

Yo

Get More Learning Materials Here : &

@E www.studentbro.in



SET 55/2/3

I(mA)
i ; :
: ! i
2.7mA : :_:
1
o
I 1 :
2 4 16
. . v —
2.7mA —: : : t
: | !
1 1 :
I ! .
1
(c)
~ B ‘""x
.-’/ \\.\ -
I'-.r_._ s & | ;II.
A S

If a north pole of the bar magnet moves towards the coil
the magnetic flux through the coil increases. Hence
induced current is counter clockwise (to oppose the
increase in flux, by producing a north pole.)

In this situation the bar magnet experiences a repulsive
force, therefore work has to be done to move the magnet
towards the coil. It is this work that gets converted into
electrical energy.

OR
a) Diagram Ya
Principle Y2
Relation between voltage, number of turns, and
Currents 2%
(b) Input power Yo
Output power Ya
Output voltage Yo
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Soft iron-core

Yo

Lrewrrig

Arepuoosag
Arewrig
ATepuodag

(@) (b)

Working principle

- Whenever current in one coil changes an emf gets
induced in the neighboring coil /Principle of mutual
induction

Y
Voltage across secondary.

d¢
Vs =€ = — Ns E
Voltage across primary A
d¢
V=€ = =Ny—-
Vs _ Ns
n S, (here Ny > N,)) 1,
In an Ideal transformer v,
Power Input= Power Input
L% =LV,
il %
b
N b
v N, I
Yo
(b) Input power,P; = [;,.V; = 15 x 100
=1500 W
Power output, Py = P; X % = 1350 W Y2
1350 Y2

Output voltage, V, = TV =450V
Y 5
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