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c=3x10%3m/s

h=6.63x107347Js

e=1.6x1019C

Yy = 41 x 107 TmA™!

g, = 8.854 x 10712 C2 NI m2

1
—=9x 10 Nm?2 C?2
4n80

TAHH I G8IHH (m) = 9.1 x 10> kg
¢ 1 GFHH = 1.675 x 10727 kg
et o1 g0 = 1.673 x 1027 kg
JATANTIGT & = 6.023 x 1023 Ui 719 A
SiegemH s = 1.38 x 10723 JK-!

General Instructions :

55/3

()
(i)

(iii)

(iv)

)

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=3x103m/s

h=6.63 x 10734 Js

e=16x10"1C

Yy = 41 x 107 TmA™!

g, = 8.854 x 10712 C2 N1 m2

1
—=9x 10 Nm?2 C?2
4n80

Mass of electron (m,) =9.1 x 103! kg

Mass of neutron = 1.675 x 1027 kg

Mass of proton = 1.673 x 1027 kg

Avogadro’s number = 6.023 x 1023 per gram mole
Boltzmann constant = 1.38 x 10723 JK~!
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SECTION — A
o9 <ht &dT bl it ST 3T 38Rt SI AT faifau |

Define the power of a lens. Write its S.I. unit.

et T3t g0 ferad o fore fopesit =1 fsran forawon o1sk difem |

Draw a graph showing the intensity distribution of fringes due to diffraction at single

slit.

T TS St o & Wi foref thude greeshid & § YAy od § | UEaT &9 %
SATHETSEd qT GEU & i TG & 30° 9T ot AT B | $eh g =t T F&9 9 6 W
fetfaT |

Two protons of equal kinetic energies enter a region of uniform magnetic field. The
first proton enters normal to the field direction while the second enters at 30° to the

field direction. Name the trajectories followed by them.

fordt sotargia ot fawemr v a6 i Tk | e a7 ey O form o o ot gEeh
3t a1 o foru =ieres faRam |

An electron is accelerated through a potential difference V. Write the expression for its

final speed, if it was initially at rest.

ST T H=T < 7T ITAT g ATelt Sgd—Fraehid aai shi g Tier fafau |

Write the range of frequencies of electromagnetic waves which propagate through sky

wave mode.
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SECTION - B

6. (a) TR foreredi 0 wTed farega -grareh faferton =1 ush 3w i |
(b) Tr=faRea feufan St smen & fore v e g dfe
(i) Toremm g ], W] I8 =TeH 9T el | adn
(ii) IS T U &, T I3 [T G 2 & |

(a) Give one use of electromagnetic radiations obtained in nuclear disintegrations.

(b) Give one example each to illustrate the situation where there is (i) displacement
current but no conduction current and (ii) only conduction current but no
displacement current.

7. Torelt gTEET W] O (i) Todtr S0 ol WX | YW TR AT (i) =AY 3HT el &R
¥ Tt arHa TR o forelt soiagia & Hehu & RV Il fafeRwor &t maf
JTITA TR {Td I |

Calculate the ratio of the frequencies of the radiation emitted due to transition of the
electron in a hydrogen atom from its (i) second permitted energy level to the first level
and (ii) highest permitted energy level to the second permitted level.

8. 3T k¥ <l IR F1a HifoTe St foreft arg <6 I8 § soree Scafdiad At e v 33 v
e fava g quid: Ue feam mam g 1 afg 8 x 1014 Hz 3mafa W 39 a1g 9 v faega
IS IR Bl SITT 7, @ 39 91q o foT¢ S %o (eV H) itepfora Hifs |

JAYCT
fopell T 1T 6.0 x 10'* Hz STRT o1 THavl Feprel Icd=1 fohdl TR B | Ieds &Hal
2.0 x 103 W B | uftehet shIfST (1) weprer foeor 4ot & fereft wie sl et o1 (ii) Hid gra
3THEd R T T HeRUS IHSTd 2 1ot B! hl HE&AT T |

Find the frequency of light which ejects electrons from a metal surface, fully stopped
by a retarding potential of 3.3 V. If photo electric emission begins in this metal at a
frequency of 8 x 10!4 Hz, calculate the work function (in eV) for this metal.

OR
Monochromatic light of frequency 6.0 x 10'# Hz is produced by a laser. The power
emitted is 2.0 x 1073 W. Calculate the (i) energy of a photon in the light beam and
(i1) number of photons emitted on an average by the source.

55/3 4 cn
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(a)

(b)

(2)

(b)

UG JEehid S ohl TIRATST SIS e 3TTuféreh JrreheiiardT o 9al | $Eeh! §aY
ferfee |

T R qerei A 3R B <l fdres Fraehsiieand 0.96 3R 500 & | gk
Terelf A 3R B % 98T |

Define the term magnetic susceptibility and write its relation in terms of relative
magnetic permeability.

Two magnetic materials A and B have relative magnetic permeabilities of 0.96

and 500. Identify the magnetic materials A and B.

TR 1 I3 SIARRR o1 I8 o sfemiet sifiersad feftren foret weromm g & |
ferd g | AB foreft st @ € & 58 A’B' 7% Eiaet TRt t= 0 W ge s fean T & |
A &9 8 ST IR foh T 3 w12 Fugel! § I emf & ford JehR feremor gF T |
(AT % St o e shi IUET HIfT |)

A rectangular frame of wire is placed in a uniform magnetic field directed outwards,

normal to the paper. AB is connected to a spring which is stretched to A'B" and then

released at time t = 0. Explain qualitatively how induced e.m.f. in the coil would vary

with time. (Neglect damping of oscillations of spring)

[ J [ ) [ ) AIl. ®
C i A
® [ ) o |. [ )
| —/VTW\—E
® [ ) ® |. [ )
|
D " |B
[ ] [ ] [ ] |. [ ]
BI
5
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12.

13.

55/3

gug -9

SECTION -C

3y Icsteh fo=ImE o n-p-n SHfRM iRt 1 mifera aftuy 3@ ifve | g o
ST I foh g IR dicedl Yot & &9 T fhg YehR 3uFIT fehart Srar 2

Draw a labelled circuit diagram of n-p-n germanium transistor in common emitter

configuration. Explain briefly, how this transistor is used as a voltage amplifier.

(2)

(b)
(a)

(b)

(a)

(b)

T o gifu e o feu e waS < fore wem |t fafe |

A

B

Tore) wIeT-STTE o eI <hl 89 § =redT hifgy |

Write the truth table for the combination of the gates shown in the figure.

A

B

Explain briefly how a photo diode operates.

fopeft fareTaTit < et 1 TeAfast STl 1, $oh of JUeh o Hetd o &9 H,
Terertor Tk Wit gITST | 37 & bt 3ifeha hifoTe STaT ARt &et (i) 3TTeheT, qe

(ii) e 2 |

&) TR iyehIT SrfrsRaT —
235 a 94

n-+ U— Xe + Sr+ 2n
92 54 b

T a 3R b = 9 fFuifa HifsT |
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(a) Draw a plot showing the variation of potential energy of a pair of nucleons as a
function of their separation. Mark the regions where the nuclear force is

(1) attractive and (ii) repulsive.

(b) In the nuclear reaction

235 a 94
n-+ U— Xe + Sr+2n
92 54 b

determine the values of a and b.

AN fohT 77T WS <h SATEAT hid U TS b TR Torg[d FHIehIuT 1 ool hiTT |

Vmax
O n —

l’r‘ //’ v —>
”

¢/

SR v 1 FehreT Tereft SehTet GOTET I8 TR ATIaH LT 8 | STagil ohl STTehad =Td o
T (V) F TR (v) 6 = TTh SR H SR STFHR R | STFedi £, n G Setergi b
S m o UG H IMMEE o Teh1sT Tl HHIehTuT b1 IURNT hid gU (i) TTeh Frareh 37
(ii) STehTST GITE UeTe o Sl Bl o foTU STeh T HIT |

State Einstein’s photoelectric equation explaining the symbols used.

2
Vl'l’laX
o< n —

1'1‘ 7 v —>
”

¢/

Light of frequency v incident is on a photosensitive surface. A graph of the square of

the maximum speed of the electrons (V2 ) vs. v is obtained as shown in the figure.

max
Using Einstein’s photoelectric equation, obtain expressions for (i) Planck’s constant
(i1) work function of the given photosensitive material in terms of parameters /, n and

mass of the electron m.
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15. (i) Sl 3R faada @ 3= ksl o o= & g fofaT |

(i) & % fereft fgfertt yom & farfet @ o gft w o o W fihet o =it € | afe w8
1 ffEt Y 3T 5 cm wIFTRG *, Ot Bh-<ter § 30 um =1 Iiad= & S
g | T & 6 forfi & o 1 gl | mm 2 | I fopm T SR ShT e
TiehleTd ShifeTT |

(1)  Write two points to distinguish between interference and diffraction fringes.

(i) In a Young’s double slit experiment, fringes are obtained on a screen placed a
certain distance away from the slits. If the screen is moved by 5 cm towards the
slits, the fringe width changes by 30 um. Given that the slits are 1 mm apart,
calculate the wavelength of the light used.

16. fert@tw o Tt w1 =nT Shtd U feu e aftuy 3@ ® B 31K D @ = fawar=m afesford
I |
2V,20

|
A L

1V, 20 — 1V,
10 10

Using Kirchhoff’s rules, calculate the potential difference between B and D in the

circuit diagram as shown in the figure.

A 2V,2Q

LV, — 2Q — 1V,
1Q 1Q

D || C

55/3 8 cn
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(a)
(b)

(a)
(b)

(2)

(b)

(2)

(b)

(2)

(b)

(a)

(b)

T FTaE R 1 3o SHITT 3TN 38 FGW 9 H e HifT |

STt S Fe w1 IR S ¢ e 6 el et R o [ vt 2 @ 2
o HRUT IHb A T HUSA! b b5 § gl x T Ra Fopell formg o Frareha & = foTg
ISR T HITT |

State Biot — Savart law and express it in the vector form.

Using Biot — Savart law, obtain the expression for the magnetic field due to a
circular coil of radius r, carrying a current I at a point on its axis distant x from
the centre of the coil.

RIS feRT0T 3T@ <hl TETT & 98 SRSy, foh foreft atardet gUur o1 3w foreft aeg
e TR Srrafeia fora sy s o form yehw foan S @ |

ST TR0 3@ 1 ITANT Hieh qUvl §F 3R Raeh TaeH % o =eeh e
IS |

With the help of a ray diagram, show how a concave mirror is used to obtain an

erect and magnified image of an object.

Using the above ray diagram, obtain the mirror formula and the expression for

linear magnification.

S [ ST 6T 13 TG TehreT fohdl Tieriars | TSIl &, a1 (Raehd: g Jepr
61 fierar oo Bt B 7 1 I8 Gerias % rfrfa=mg Wi wdt @ 7 s s R
ST ST |

I3 THAC Yfad ThTe1 g1 Foheht TIerias | ToRal ® | 3T GRI 4IaaE & guiH i
|1 Teh QL =5k H YTTIHA JhT¥T <hi Tl <hl for=ror goIfsy |

When an unpolarized light of intensity I  is passed through a polaroid, what is

the intensity of the linearly polarized light ? Does it depend on the orientation of

the polaroid ? Explain your answer.

A plane polarized beam of light is passed through a polaroid. Show graphically
the variation of the intensity of the transmitted light with angle of rotation of the

polaroid in complete one rotation.
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20. (a) g HEIK foRIq OTETET STeTehi o St @ Tl S o 9ei W fagd 9w % SI A
1 afeaTsT G |

(b) o TR A G 3 A e e e e & e e 8 1, 301, FeoR e
TelTTed &1 Tl & | 57 SITetehl % s 3Tehyv] shl ST fohd TehR <hl 11 Tehell B ? Afe
9 QI ATetehl o Sieh Hed H Tepet et =merh o1, foree g 1 foodia fgmm o wenfea
B T ], 1@ fean S fier <ot W i aftendt st s e |

(a) Define SI unit of current in terms of the force between two parallel current

carrying conductors.

(b) Two long straight parallel conductors carrying steady currents I, and I, along the

same direction are separated by a distance d. How does one explain the force of

attraction between them ? If a third conductor carrying a current I, in the

opposite direction is placed just in the middle of these conductors, find the

resultant force acting on the third conductor.

21. g 3R e, emf Q) Tt fSiTeh TN TfeRIY sHAW: 1, 3R r, &, THIGK 37 § TG & -
(i) GIH % god gfady, qen
(i) TN % o emf
% fore =istes W i |

Two cells of emfs €, & ¢, and internal resistances r; & r, respectively are connected
in parallel. Obtain expressions for the equivalent.
(1) resistance and

(1)) emf of the combination

55/3 10 cn
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forgga werer <hi aftmeT ferRae aem &Rt SI AT fofay | o o feame e forga & saea

C . 100 N
Exzooc,Eyzo,Ezzoé,wazﬁ,m%%ﬂmﬁsMTﬂW?ﬁm,

a=0.1m 91U |

y
—
I E,
1
O — —> X
<— a —>| 7
a

4

YT

TH ToigH 2.0 x 104 N/C! afEr 6 uwEHH foga & § 15 om gff o firar ®
(e () Torm stereen & =retent 34 gl e T 3 Soergi gT foTQ 7T Ty <hT aitehet hifT |

F F + + + +
(a)
&1 ST T FHM T@d g I 3aeh feum Iehfid (3edt) < Je (Fast b) ot v

T R 3ot gl deh I | foTq T8 |y 1 itehetd shifag |

1]

- -

+

(b)

Define electric flux and write its SI unit. The electric field components in the figure
N

shown are : E_ = o, Ey =0,E, =0 where a = Cm Calculate the charge within the

cube, assuming a = 0.1m.

y
—
I E,
1
O — —> X
<— a —>| 7
a

4

OR

11 cn



23.

55/3

An electron falls through a distance of 1.5 cm in a uniform electric field of magnitude
2.0 x 10* N/C (Fig. a)

+ + + + + +
(a)

Calculate the time it takes to fall through this distance starting from rest.
|

+

(b)

If the direction of the field is reversed (fig. b) keeping its magnitude unchanged,
calculate the time taken by a proton to fall through this distance starting from rest.

+ +

T UEg - T
SECTION - D

i) Terereft reTes il 3 3Tes yvaq o8 il @l 8 I 78 off | 3= srafues
et 8 @ ot | 3R Tt fer 32 SRt o urE o A | gieret 1 sfieht Trotereaft <t wfgal
®IETH foram 3R T o g€l g2 Tt B | 3= faum i avaeh TR o 1 qums
fea |
(a) 1 g vehia gt gew fetfam |
(b) TSI T BIEUTE oI H ITATT B ITet foga-grarehia faferton w1 9 fetfaw |
(c) 3 forfeptor fopm wept a1 fopu ST 8 7

(d) 37EnT fopu S =Tt ferggd -t faferott 6t qimeet w61 o fofew |

Mrs. Rajlakshmi had a sudden fall and was thereafter unable to stand straight. She was
in great pain. Her daughter Rita took her to the doctor. The doctor took a photograph
of Mrs. Rajlakshmi’s bones and found that she had suffered a fracture. He advised her
to rest and take the required treatment.

(a) Write two values displayed by Rita.
(b) Name the electromagnetic radiation used to take the photograph of the bones.
(c) How is this radiation produced ?

(d) Mention the range of the wavelength of this electromagnetic radiation.

12
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(2)

(b)
(c)

(a)
(b)
(©)
(d)

(a)

(b)
(©)

(a)
(b)
(c)
(d)

Tqug - q
SECTION - E

ITTIIFT A-C EId <hi ST o a1 YN ferarma qem et Sfend s fo=ror gori
o fote 71 wfifar |

T AC E1d A T fereft RC 2ot uftgy o1 %o 3@ it |

Srer foeft i X 6 ToRi W 220 V Teamard dieearn STIuFeR i Sl & a1 36 0.25A

ww%a@ﬁ%,ﬁwﬁwﬁwﬁ%i@qwﬁ% | ST 3t
Ticear i forell 1= o Y o T W Igyger fohan S g, @ 99 9 Sarted
Bl & T 3719 g ST dloed] bl &l hell § Bhel 8 |

(i) Il X 3R Y & am fafaw |

(i) 3% feufa o uftey o yanfaa am uferfara i e g6t Sieear s X a2 Y &
Syoft TS R TSR foRaT ST B |
YT
fopet TR o1 i firgr fetfay |
Tereft raehTHR <t gara <ht aftumT fefgu |
feregi <1 ! 1 Seoi@ HIFTT 71 Ferefl TTHBTHT 6t &1 FH H e & |
Ife frta ufater 440 Q &, @1 220 V i 22 V T qiEidd & o1 90% <&idl &
IR ST 6t TTfies Hueeht § varfad am ufteford Hifaw |

Draw graphs showing the variations of inductive reactance and capacitive
reactance with frequency of the applied ac source.

Draw the phasor diagram for a series RC circuit connected to an ac source.
An alternating voltage of 220 V is applied across a device X, a current of 0.25 A

flows, which lag behind the applied voltage in phase by % radian. If the same
voltage is applied across another device Y, the same current flows but now it is
in phase with the applied voltage.
(1) Name the devices X and Y.

(i1) Calculate the current flowing in the circuit when the same voltage is
applied across the series combination of X and Y.

OR
State the principle of working of a transformer.
Define efficiency of a transformer.
State any two factors that reduce the efficiency of a transformer.

Calculate the current drawn by the primary of a 90% efficient transformer which
steps down 220 V to 22 V, if the output resistance is 440 Q.

13
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25. (a) 3IUgH T <t TR ¥ p-n Tl SRIE % fufor & g9 arelt g wewyet uifsrnat
1 ST HIfST | 37a: (i) BTET & ae (i) Tt fasra shi afeam faRew |

(b) T W IIE | p-n T TS T IRUY Fot S13T 3R 3T AT 6
STEAT HITT |

YT
(a) 3 T T ! T H ATEAT HITT | I 57 I T h1 7F T 6l gl T
T S | Higer sl STTawIehd] ol =R 3840 & |
(b) Tr=ferRaa = qumed ST : (i) AT T (i) HigeTeh RITe Qe (iii) 3T Higed

Tl

(a) Explain with the help of suitable diagram, the two processes which occur during
the formations of a p-n junction diode. Hence define the terms (i) depletion

region and (i1) potential barrier.

(b) Draw a circuit diagram of a p-n junction diode under forward bias and explain its

working.
OR

(a) Describe briefly three factors which justify the need for modulation of audio

frequency signals over long distances in communication.

(b) Draw the waveforms of (i) carrier wave, (ii)) a modulating signal and

(i11) amplitude modulated wave.

26. & forg 3w q 3 — q W (0, 0, —a) 3T (0, 0, a) Forgati W@ £ |
(a) (0,0, z) 3 (x, y, 0) W R forega fawa ufsfera hifsre |

(b) el oTe wliequr e s X-31&1 % IFfew (5, 0, 0) & (=7, 0, 0) T of I
fepaT o fpa ST B 7

55/3 14 cn
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(c) 39 TRl # 3119 319 I H R AR il Afe o ST Hl, 371 af [9g3Ti
&1 1 9, X-3787 o TG 7 Bl hig 31 ATgosh T2 & 7

(d) 379 Ffe i forg et w1 foreh whem s foga &= E 8 s feufoa | wan
ST, 1 38 AT f1ehT St 38eh STEAT Hqe < fomma o feufast St o gift 2

Teh JehU0T § 319 I <l g8 i |
JAYCT

C, oI o ferdt i <l fawa v, T Srafes C, UTRT o 311 GaTid s fawem=r v,

Teh JATATITA TRt T2 B | 379 39 W] Ieh! ST - 370} 3Treem defi & foifsra b

3¢ Toh-gE & T H wAfG fopa e 7 | ;i |

(a) oh-gER & wEA B & O o AT st B e et St

(b) 37 ST WG o FHICR TS | Tierd et SHell

(c) WU HIIeH § Hfad $al Sl 3T TAAG h & Gd 396 Hot dfad ot & o=
JT=H T AT HIT |

Two point charges q and —q are located at points (0, 0, —a) and (0, 0, a) respectively.

(a) Find the electrostatic potential at (0, 0, z) and (x, y, 0)

(b) How much work is done in moving a small test charge from the point (5, 0, 0) to

(-7, 0, 0) along the x-axis ?

(c) How would your answer change if the path of the test charge between the same
points is not along the x-axis but along any other random path ?

(d) If the above point charges are now placed in the same positions in a uniform

external electric field ﬁ, what would be the potential energy of the charge
system in its orientation of unstable equilibrium ?

Justify your answer in each case.

OR

15
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A capacitor of capacitance C, is charged to a potential V| while another capacitor of
capacitance C, is charged to a potential difference V,. The capacitors are now

disconnected from their respective charging batteries and connected in parallel to each
other.

(a) Find the total energy stored in the two capacitors before they are connected.
(b) Find the total energy stored in the parallel combination of the two capacitors.

(c) Explain the reason for the difference of energy in parallel combination in
comparison to the total energy before they are connected.

16
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MARKING SCHEME( COMPARTMENT) 2018

SET 55/3
Q.NO. VALUE POINTS/ EXPECTED ANSWERS MARKS | TOTAL
MARKS
SECTION A
1 The power of a lens equals to the reciprocal of its focal length( in meter). %
Also accept
1 %
P=—7"—
f (meter)
Do not deduct mark if student does not write the word meter.
( Alternatively 1
Power of a lens is the ability of conversion /diversion of the rays incident on
the lens.)
Sl Unit: Dioptre(D)
2 imansity M\
/ \
a I""x, N\ 1 1
3 Normal : Circular %
At an angle of 30° it will follow helical path V2 1
vV =,—
m
5 From few MHz to 30-40 MHz 1 1
SECTION B

SET 55/3 Page 1 of 22




(@) One use 1
(b) One example each Yo+ Yo
(a) used to destroy cancer cells !
(b) (i)The region, between the plates of a capacitor, connected to time
varying voltage source,has a displacement current but no conduction current. %
(if) The wires, connected to the plates of a capacitor, joined to a time varying
or steady voltage source, carry a conduction current but no displacement v,
current.
( Alternatively
A circuit, having no capacitor in it, and carrying a current has conduction
current but no displacement current. )
2
Formula Y
(i) Frequency of first case Y5
(ii) Frequency of second case )
Ratio Yo
We have
hv =E; -
%
_&_E&
n’ n’
. 1 1 3 %
(i) th = Eo(l_z_?) =E, XZ
N 1 1 1 %
(i) hv, = Eo(?—g) =E, ><Z
v
i =3 y 5
Finding the Work function 1
Finding the Frequency of incident light 1

SET 55/3 Page 2 of 22




We have

W =hy,
=6.63x10* x8x10" J

B 6.63x10°x8
 1.6x107"
—3.315eV

We have

hv =W +eV,
=(3.315+3.3)eV
6.615x1.6x107"°
V=
6.63x10°
=1.596x10" Hz

OR

Calculating
(i) Energy of a photon
(i) Number of photons emitted

Yo+ Yo
Yot Yo

Energy of photon=hy

—6.63x10*x6.0x10% J
=3.978x107°J
~2.49V

power

Number of photons emitted per second =
energy of photon

2.0x10°J /s
3.978x107° J

=5.03x10" photons / second
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(a)Definition Ya
Relation Ya
(b) Identification of A and B Yot Y2

(a) Measure of the response of magnetic material to an external magnetic field.

Also accept

_IM]

Z_
[H|

We have

x=(#-1)

(b) 0.96 : Diamagnetic
500 : Ferromagnetic

10

SHM nature of oscillation of the wire AB Yo
Expression for instantaneous magnetic flux Yo
Expression for instantaneous induced emf Ya
Qualitative explanation Ya

The wire AB would oscillate in a simple harmonic way

We can write

X =—acos wt

(asx=-aatt=0)

Therefore Instantaneous magnetic Flux
#p(t)=BIx (I1=AB)

Instantaneous induced emf

dg

e(t)=———=aBlw sinwt
dt

The induced emf, therefore varies with time sinusoidally.
( Alternatively

Arm AB executes SHM under the influence of restoring force developed in
the spring, consequently an induced emfis produced across the ends of
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moving armAB which varies sinusoidally.)
(Give full credit for the above part if the student explains qualitatively
without using mathematical equations) 5
SECTION C
11 Labelled circuit diagram -1
Working as a voltage amplifier - 2
- -
I
I\' Ei i b -f':
> 1 [
I Tk, E | =
I f 1
1 1 L w L4
Working as a voltage amplifier:
When a small sinusoidal voltage (with amplitude -#;) is connected in series with %
the dc bias voltage supply, Vg, the base current will have sinusoidal variations
super imposed on the value of I5.
As a result, the collector current will also have sinusoidal variations super imposed
on the value of I..
This results in corresponding sinusoidal variations in the value of the output %
voltage 17,.
These sinusoidal variations in output voltage are an amplified version of the y
corresponding variations in the input voltage. This implies that the transistor can ’
be used as a voltage amplifier.
(Note : Give 1 mark to those students also who only draw either this circuit
diagram or the circuit diagram given below:
I
-‘ o
::1.-&
I . R
. -"-. [k '1-
) + P o &)
R | wA E ! L v
- I
! = Vi ¥
- 3
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12

a) Writing the truth table -1
b) Photodiode and its operation—1+1

(@) Theinputs of the third gate are A and B. Hence the truth table is as
given below.

1 0 0 1 0

1 1 0 0 1

(Note: The student need not write the columns for 4 and B in her/ his answer)

(b) A photodiode is a special purpose # — # junction diode fabricated with a
transparent window to allow light to fall on the diode.

Incident light, with photon energy greater than the energy gap of the semi-
conductor, generates electron -hole pairs. The magnitude of the photo current
depends on the intensity of intensity of incident light.

The photodiode is usually operated under reverse bias conditions.

This is because this makes it easier to detect changes in light intensity and makes
the photodiode work as a detector of optical signals.

13

a) Drawing the plot -1
Marking the relevant regions - % + %

b) Finding values of aand b - Y+

A
1
. U;;\\r//_

1 =2
r (i)

Totenlial eneray (MeV
Palential energy (MeV)

For r > 1y, the force is attractive
For r < 1y, the force is repulsive

a) We have,
1+235=a+94+2X1

~a=236-96=140
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Also

0+92=54+b+2X0

~b=92-54=38

14

Statement of equation with explanation of symbols — 1
Expression for

i. Planck’s constant -1
ii. Work function -1

Einstein’s photoelectric equation is
: 1 5
hv = hvg (= W) + - mv3.,

v = frequency of incident light

vy = threshold frequency of photo sensitive material
W = work function

1 5
3 MVma, = Max. kinetic energy of the emitted photoelectrons

(Also accept if the student writes
fiv =W +el,
W = work function of photosensitive material
I, = Stopping Potential)

From Einstein’s photoelectric equation, we have
1 ,
hv =W+ 3 MV o

-

2
“ max = ; (hv — W)

2h —IW
=) (G0
m m

Slope of the given graph = L

T
Intercept onthey —axis=—1
2h 4

d
s—=—orfi=—
113 1 =T
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-2 d
or W = -

T &

and -{ =

15

(a) Two points of difference % + % Mark
(b) Formula % Marks
Calculation of wavelength 1% Mark

(a)

Any two point of difference :

Interference Diffraction
Fringes are equally spaced. Fringes are not equally spaced.
Intensity is same for all maxima Intensity falls as we go to successive

maxima away from the centre.

Superposition of two waves Superposition of a continuous family
originating from two narrow slits. of waves originating from each point
on a single slit.

Maxima along an angle A/a for two | Minima at an angle of A/a for a
narrow slits separated by a single slit of width a.
distance a.

(b)
Let D be the distnce of the screen from the plane of the slits.
We have

Fring width B = }LTD

In the first case

B:"TD OF BA = AD oo (i)

In the second case
(B-30 ><10'6) _ MD —d0.05)

Subtracting (ii) from (i) we get

30x10°xd=Xxx0.05

or (B-30x107%)d = A(D -0.05) oo i

VotV
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30x1078 x1073
= m

A
5x1072
A= 6x10""m =600 nm " 3
16
Writing the two loop equations %+ % Mark
Finding the current through DB 1% Marks
Finding the p.d. between B and D % Mark
Using Kirchoff's voltage rule, we have :
8 e
For loop DABD T l‘.’%ﬂ ]@
R e M/l—j
x4+ (1) +(-2) + 201+ 2(l + 1)) = 0 g ;__
oW i
Or 5|1+2|2= 1 ... (I) 4
For loop DCBD
+hx3+(3)+(-1)+L+2(li+1)=0
%
Or2li+61,=-2 ...(ii)
Solving (i) and (ii), we get
5
|1 = - A
13 v
-6
I, = = A %
..Current through DB =1, + |2=%A %
3
. P.D. between B and D =0.154 V Iz
17 .
(a) Statement of Biot-Savaart law % Mark
Its vector form % Mark
(b)  Obtaining the required expression 2 Mark

a) According to Biot Savart law :
The magnitude of magnetic field dB, due to a current element dT, is
(i) proportional to current | and element length, di

(i) inversely proportional to the square of the distance r.
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Its direction is perpendicular to the plane containing di and 7.

In vector notation,

95 _ Mo dlxT

3

dB =
dr  r

(b)

— oy \de?\
We have dB =—°I—3
4x r

r2=x?+R?

. dB:M_OI 2 dlz 302
4t (X° +R")

We need to add only the components of dB along the axis of the coil.

T [o]

E—(Xz N R2)3/2 cosH.

Hence, B = I

(B (IAHR
Jam (x* +R?)P

___polIR?
2(X2 " R2)3/2

g BOIR? .
2(X2 i R2)3/2

Ya

Yo

Yo

Ya

Yo

5 3

18

a) Ray diagram -1
b) Obtaining
i mirror formula -1%
ii.  expression for liner magnification — %
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a)

Ray Diagram

From similar triangles A'E' F and MPF, we have

)
= = 25 (since PM = BA)

B'a" B'F o ga
PM FP BA Fp

From similar triangles A B'F and ABP, we have

B’A’_ B'P

BA  BP
B'Fr E'P

Hence = —
Fp BP

NowB'F= B'P+ PF= (+V)+ (—#)

="U—fl:

This is the mirror formula.
|'A|'

Linear magnification = —
B4

From similar triangles A'B'F and ABP, we get

B'A" B'F

BA BP

. Linear magnification

o fmm———
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19

a) Intensity of linearly polarized light — %
Dependence on orientation -%
Explanation -1

b) Graphical representation -1

(a) The intensity of the linearly polarized light would be 10/2.
No; it does not depend on the orientation.

Explanation : The polaroid will let the component of the unpolarized light, parallel
to its pass axis, to pass through it irrespective of its orientation.

(b) We have I = Iycos?6
~ The graph is as shown below

o=

1
—8
3
20
(a) Definition of SI unit Of current 1
(b) Explanation of the force of attraction Iz
Finding the resultant force acting on the third conductor 1%

(@) The ampere is the value of that steady current which, when
maintained in each of the two very long, straight, parallel conductors
of negligible cross-section, and placed one metre apart in vacuum,
would produce on each of these conductors a force equal to 2 x 10~
newton per metre of length.

(b) The wire (b) experiences a force due to the magnetic field caused by
the current flowing in wire (a).

SET 55/3 Page 12 of 22




The magnetic field at any point on the wire (b) due to the current in wire (a)
is is perpendicular to the plane of two wires and pointing inwards and hence
force on it will be towards wire (a). Similarly force on wire (a) will be
towards wire (b). Hence two wires carrying currents in same direction attract
each other.

Force on wire (3) due to wire (1)

N .
= Ho’a"e towards right . I J |

) 1T

. . a2 4 df2 s,
Force on wire 3 due to wire 2 =

/'lolblc
272'(d)
2

Net force on wire 3

towards left

— IUOIC I I t 1

= - owards right

Also accept

:'uo—lc[lb —1,] towards left
zd

Note: please do not deduct last 1/2 mark if the student does not write the
direction of force.

21

Obtaining Expression for the equivalent

(i) resistance 1
(ii) emf 2
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vV — E1r2+E2r2j I[ r, j
n+r n+r
alsoV =E_ —Ir,
> Eeq — El EZ
req r1 r2

22

Definition of Electric flux

Sl unit

Formula (Gauss’s Law)

Calculation of Charge within the cube

Yo
Yo

Electric Flux is the dot product of electric field and area vector.

Also Accept
o= $E.ds

SI Unit: Nm?/C or volt -meter

For a given case

¢=¢ +¢,=| E (atx=2a)-E,(atx=a)]|a’

=[a(2a)-a(a) ]’

=100x(0.1)’ =0.LNm?/C

But

. =¢,$=8.854x10"2 x10'C
= 0.8854pC

%
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OR

Relevant formulae
Calculation of time taken by the electron
Calculation of time taken by the proton

-

We have

Force =qE

. qE
Acceleration a = —
m

Also

s=£at2 asu=0

2
a2
a

(i) For the electron
eE
a=—
m
_t_\/3><1o-2><9.1><10-31
' 1.6x107° x2.0x10*
=2.92ns

(ii) for proton
t_\/2><1.5><10‘2><1.67><10‘27
1.6x107" x2x10"

=0.125us % 3
SECTION D
23
(a) Name of e.m. radiation % Mark
(b) Method of production % Mark
(c) Range of wavelength 1 Mark
(d) Two values 1+ 1 Marks
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(a) X-rays
(b) By using X-ray tubes
(Alternatively : By bombarding a metal target with high energy electrons)
(c) Wave length range of X-rays is from about (10 nm to 10 nm)
(d) Alertness, empathy; concern for her mother, knowledgeable (any two)

SECTION E

24

a) Drawing the two graphs B+

b) Drawing the phaser diagram 1

c) i) Naming the devices A
ii) Calculating the current flowing 2

a) The two graphs are as shown

N

Inductive
Reactance
(Ohm)
Capacitive
Reactance
{Ohm)

N
Frequency (Hz) Frequency (Hz) /7

b) (The current leads the voltage by an angle ® where 0< 8 < Ir;’2). The

required phaser diagram is as shown.

ot

[Here ©=tan? ['[ lf{mﬁ'R}]

Y+¥

( C) In device X:
Current lags behind the voltage byg

~ X is an inductor.

In device Y:

Current is in phase with the applied voltage
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=~ X is a resistor.

We are given that

220
XL

0.25=

or X, === 8800

Als0 0.25 = 0.25 = —=2
xR
220
n Xp =2 )= 8800
025

For the series combination of Xand Y,

Equivalent impedance =,/ X} + X; = (880 V2 )0

= Current flowing = B;;ﬂ A=0177 A

=

W

OR

a)
b)
c)
d)

Principal of working — 1

Defining efficiency — 1

Any two factor-% + %

Calculating the current drawn - 2

a)

c)

A transformer works on the principle of mutual induction.
(Alternatively — an emf is induced in the secondary coil when the magnetic

flux, linked with it changes with time due to ta (time) changing magnetic
flux linked with the primary coil).

The efficiency of a transformer equals the ratio of the output power to the
input power.

(Alteratively :

_ puUtput power
Efficiency = ———

input powsr

or Efficiency %)

i) Eddy current losses
ii) joule heat losses

iii) hysteresis losses
iv) magnetic flux leakage losses

(Any two)

YB+¥
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d) We have YA
5 - 90%=0.9
VpIp
220
' ?f—“ =0.9 Y
0.9
T f = H =9
BT %
{22
Ip _k r44u:| A
3 5
-
T 180
= 0.0056A %
25
a) Explaining the two processes- 1+1
Defining the two terms - Yot Vs
b) Circuit diagram -1
Working -1
a) The two important processes are diffusion and drift %
Due to concentration gradient, the electrons diffuse from the 1 side to the
p side and holes diffuse from the g side to the + side. %
< Eleciron diffusion
Electron drift ——>
eoead
(SIS Ie1Ss)
P CELE n ;
coee V2
(SIS]e s
<— Depletion region
Hole diffusion —> i
<—— Hole drift
Due to the diffusion, an electric field develops across the junction. Due to the field,
an electron moves from the p-side to the n -side, a hole moves from the n-side to y
2
the p-side. The flow of the charge carriers due to the electric field, is called drift.
Depletion region:
It is the space charge region on either side of the junction, that gets depleted of
free charges, is known as the depletion region.
%
Potential Barrier
The potential difference, that gets developed across the junction and opposes the
diffusion of charge carries and brings about a condition of equilibrium, is known as
the barrier potential. YA
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b) The circuit diagram is as shown

= Nolimeler(V)
{ A |
WS

-
)
Milliammeter

(A ]\

| Switch

| [
+ ()

Working

In forward bias condition, the direction of the applied voltage is opposite to the
barrier potential. This reduces the width of the depletion layer as well as the
height of the barrier. A current can, therefore, flow through the circuit. This
current increases (non- linearly) with increase in the applied voltage.

OR

a) Describing the three factors — 3

b) Drawing the wave forms —2

a) Itis necessary to modulate the audio frequency signals because of the
following three reasons:
i.  Size of the antenna or aerial
This size needs to be comparable to the wavelength of the signal.

It would be unmanageably long for audio frequency signals.

ii. Effective power readiated

. . . g
Power radiated, being proportional to ( ) 2would be very small for

a audio frequency signal.

iii. Mixing up of different signals
The audible frequency range is quite small. Hence if

transformisson is done at audio frequencies, the chances of mixing
up of different signals are very high.

b) The required wave forms are as shown
i Carrier wave
ii. Modulating Signal
iii. Amplitude Modulated wave

SET 55/3 Page 19 of 22




elt) 0'—".‘ [ I". Iil , 3 ,: | .': | ;' . %
‘io' 1 15 2 25 3
m(l) O - %
-1 1 1 1 1 1
2 ] \ |
A 1 5
(1) for AMOF| |
gl
26 L . .
(a) Finding the electrostatic potential 2 Marks
(b) Finding the work done 1 Mark
(c) Effect of change of path 1 Mark
(d) Potential energy of the system 1 Mark
(with justification in each case)
(a) We have, for a point charge,
v-_—1t 4
Ar e, r
(i) Atpoint(0,0, z):
Potential due to the charge (+q),
v,=_ 1 _4d %
4z eqg (z+a)
Potential due to the charge (-q),
_ 1 (9
dneqg (z—a)
1 1
Total potential at (0, 0, z) = g [ — }
dneglz+a z-a
_ -20a
- 1
4r eg (Z2 - a2) &
(ii) At point (x,y, 0)
Potential due to the charge + q
1
V+ = q
4m e /X2 +y2 132
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Potential due to the charge (-q)

V.= L -9

4m e ’x2+y2+a2

Total potential at (x, y, 0)

q 1 1

= - =0
4n g \/X2+y2+a2 \/X2+y2+a2

Give full credit of part (ii) if a student writes that the point (x,y,0) is equidistant
from charges +g and —q, Hence total potential due to them at the given point will
be zero.

(b) Work done=q[Vi- V3]
V1 =0and Vz =0

.. work done =0
Where V; and V; are the total potential due to dipole at point (5,0,0) and (-7,0,0)

(c) There would be no change
This is because the electrostatic field is a conservative field.

( Alternatively : The work done, in moving a test charge between two given points
is independent of the path taken)

—_

(d) The two given charges make an electric dipole of dipole moment ﬁ =q.2a

P.E. in position of unstable equilibrium (where pand E are antiparallel to each
other)

=+pE=2aqkE

OR

(a) Finding the total energy before the capacitors are connected 1 Mark
(b) Finding the total energy in the parallel combination 3 Marks

(c) Reason for difference 1 Mark

(a) We have
Energy Stored in a capacitor = % Ccve

1 1
Energy stored in the charged capacitors E; = EC1V12 And E, = ECZVZ2
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1
.. Total energy stored = Eclvf + C2V22

(b)Let V be the potential difference across the parallel combination.

Equivalent capacitance = (C; + C3)

Since charge is a conserved quantity, we have

(CL+CV=C V1 + GV,

Ve {C]_Vl +C2V2}
(C1+C2)

.. Total energy stored in the parallel combination

%(Cl+02)V2

(C1V4 +CoVy)?
(C1+Cp)

1
2

(c) The total energy of the parallel combination is different (less) from the
total energy before the capacitors are connected. This is because some
energy gets used up due to the movement of charges during sharing of
charge.
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