Total number of pnges ~ 16

33T-PHYS
2023
PHYSICS
(Theory)
Full Marks : 70
Pass Marks : 21
Time : Three hours
.The fzgm es in the margin indicate full marks

for the questions.
Q. No. 1 carries 1 mark each 1x08 = 08
Q. No. 2 carries 2 marks each - 2x10 = 20
Q. No. 3 carries 3 marks eacl 5 3x09 = 27
Q. No. 4 carries 5 marks each 5x03 = 15
3 - Total = 70
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1.  Answer any eight questions from the following as directed : 1x8=8

ot SR e Wbt weid Tea Il 3

(a)

(®)

(c)

33T PHYS

We hear a crackle when we take off our synthetic cloths or sweater
particularly in dry season. It happens because of

(Fill i the blanks)

1
cfesal wify fofs 2= gfaw i @eE A R A [oras
GF TS, TOTOI3 TH MW S| @ (FER TR T

s (YT} 312 97 )
The mathematical expression given below is known as
principle. ' _ (Fill in the blank)
= QN G- o
F = —— _r
' 4re, :Z; 4t i ' :
e faal siferet eIt 3 Jife 3 T T |
(T NZ 27 )

n

Aeyl $ 8,
A&y -2 Ny

Two resistors of equal values are connected in parallel. Which of the
following options is correct if the two ends of the combination are
connected across the terminals of a battery ? 1

() i, = I, (currents flowing through the resistors)

] V. =V otential differences across each resistors
1 %

(iii) Both of the above are correct.

@ (QIEF AT FAAET TSI “ﬁ'i'(](‘_’-‘ T IR | W FESeR (% @1 i
@OIR U2 (VARG T 4 T (ST Tod (FFC0!I AN 8 T2

(i) i, = i, (([ET GO e e[ifze fge)
(i) V, = V, (4> [OR 72 (= frearen)

(iii) 7T AT & |
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(d)

®
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The force acting in between two parallel wires of length 10m: carrying
current of 1A through each of them and placed 1m apart in vacuum
will be . ' (Fill in the blank)

1

ATIT TGS 27 Lo FIGS AT 10 7196 goiet ARQARTw 1A F
Rpe eifEs Tzl o qoeR TeTS w1 96 29 !
(T 312 o7 )

N

The most important prediction to emerge from Maxwell’s equations
is ' \ 1
() eddy current '

(i1)  electromagnetic waves

(ii1) displacement current ' (Choose the correct option)

CRIEER ANI=1 Tea mwww@mafa

(i) T 2AY
(i) Re pdE 3 |
(ifi) el ZArT L (u% T AR Bee)

A plane mirror lies on x-y plane. If the incident ray is on y-z plane
then the reflected ray and the normal will lie on

(i) xyandy-z plane
(i) y-z and z-x plane
(iii) z-x and x-y plane (Choose the correct option)

QU ISE ACAI x-y FAGeTS Bg | Woifow 4 A y-z TS ACSH
cors dforire I i wifees A=

(i) x-y B y-z TGS
(if) y-z D z-x FNOA9 :
(iii) z-x TF x-y TS (o7 TeI! AR Tresn)
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(g)

)

(1)
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Mirage is an optical phenomenon related to . 1
(i)  scattering

(if) total internal reflection

(iii) total internal refraction (Choose the correct option)

TKIeH A Ry AR «f[RQoA =% 2

(i) fERIEETS Ties

(if) %ff SrefEAl AfSTeEeTs Tfes

(iii) = e ASTRIECTS Tiew (5% Tewchr AR Slere)

If 2, and 4, be the wavelength of de Broglie waves for a proton and

an alpha particle then which of the following is correct ? 1

R A, S 4, T GO AT WS B Serel TR T 7 ok O =W

(S8 oo SERS (TG w7 T9? | .

() A,=4, |

(i) Ap >4,

(Q'z'i) Zp <A, (Choose the correct option)
(o7 TEIo! R Ty aqy)

2
The term q, = is called , - -1

rme
(1) impact parameter
(it) Bohr radius
(it1) activity - (Choose the correct option)

h%¢ -

- 0 )

a, = 2 ali*lz:sias i ™
Tme "

(1) ARES Abel

(i) T [T |
(iii) el | (5% TGehr Az Tlersdn)
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(k)

The space-charge region on both sides of a p-n junction is known as’

(1) cut-off region '
(ii) active region |
(iii) depletion region o _ (Choose thie correct option)
GOl p-n GIRZAL YA FII LB G LS SeeTh (@l 2
(i) FO-TT TR '
(i) &I L ‘

(i) P A e e (&% Toaeh! IR Brear)

If E., Eg and E;, be the energy gaps between CB arid VB of

C (diamond), Si and Ge, then which of the following is correct?
1

I E., Eg OI® Eg, ¥ C (T, SiSF Ge I CB % VB I Wi =&
AR T (O0F O (FICo! AL Sm T2

() E;>Eg> EGe

(iii) E->Eg =E . (Choose the correct option)
c Si Ge P

(o7 TEICo! AR Tlersar)
2. Answer any ten questions from the following as directed : 2x10=20

Aot ST ﬁmﬁﬁmwmz

()

33T PHYS

(i) What is the SI unit of electric field ? Write an alternate unit of
it if any. 1+1=2
Sl sEfow Afes cFal @ 2 I OF (@I 9T TR (oS

IR T |
OR / =33

(ii) Calculate the force between two small charged spheres having
charges of +1x1077C and -1x10-7C placed 30cm apart in air.
2
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(c)
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(1)

(1)

(1)

(i)

A TGTS 300 ZES A +1x107C WF -1 x 107 C AR
WO 7% XS (olferas Trere (@l s <@ st 3= |

Name the two forces with their nature acting between two

protons. Yax4=2

mﬁmmﬁmwmmwﬁi@m(ﬁ ) e
OR / &3t

Find out the incorrect options from the following : 1+1=.'/_;

(A) Inside a conductor, electrostatic field can never be zero.

(B) At the surface of a charged conductor, electrostatic field
must be normal to the surface at every point.

(C) The interior of a conductor can have excess charge in the
static situation.

woTs AAPTZReRl Sew ALRCRL0! Fefa 4 8
(A) ARIZR Srwsiers e cras T (Roane X 29 (IR |

(B) wifzs 7T o “pI et Rres Ffeayies Fa=
FHSI@ A | | ) '
(C) THEErS SifR7IE orR TEse Sfeie Sy AR/ 2T | |

State Kirchhoff’s laws in current electricity. 2
o212 Rige Reas divws s3acent o
OR / 94qt

Name the electrical device which is similar to one use of

potentiometer. What does the following expression mean ? ‘
' L+1=2

e(l)=gl

STHADA TNORI QBT AT WWW IR [ [@ied
TREWRER TN F4 | eoiw dIRIMTIER B ez
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(d)

(e)

(i)

o
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(i)

(i)

(1)

(1)

Establish the expression for current either I, or I, which are
flowing through the resistors R, and R, respectively and
connected in parallel to a cell of em.f. E and total current is [
fie. I %1y). : 2
Bl (FEE GO FANTERTSIE ATS, oI Q4T Fl R OIE R, I
e 2RiEe g T 1, Wi 1, lzrfﬁslésﬁ?ﬂal(wﬁelﬂ ) =
(ST [, Al 1, T AFHRIM AT 41 |

OR / G4t

Match the following and rewrite : ' 1hx4=2

were fral QfeTE e 2R e

1 g (d) =quBsing
@ F (b) =mv/gB
' _ Mo Idl x 7
® r O =R
4) dB &) =q[EF)+5xBF)]
Calculate the value of g /47 and write its unit. 1Y2+Y2=2

Mo | 47 AR T st T3 T 9FF B |

OR / @1¥xt

A current of 0-40A is flowing through a coil of radius 8-Ocm
and having 100 turns. Find the magnetic field at its centre. 2

100 TS BN 8-0 ¢ AIAIGY GBI FEAR AC&W 0-40 A mz;a GRS
R FEAIGR @Fwe GlEd cwa. a1 |

Derive the expression for motional emf as ¢ = Blv. Where the
symbols have their usual meaning. 2
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(i1)

(i1)

STST g B1eTE 358 SRR & = Blvamﬁ‘-ﬁwmwaﬁ’_‘
AFPTIR AT 6 SR IR

OR / 524t
A current of 4-0A is flowing in a coil. If the current suddenly

falls to 0-0A in 0-1s an average emf of 200V is induced. Calculate
the coefficient of self induction of the coil. 2

9B PeFTS 404 Ryje emifEe (2 o @2 Rge 1% 0-1s FT® 2Jie
0-0A T&1 <N T8, eI 200V RYje 5l 36 wifte =1 (oS
PYFIR FIAH @oes [ T4 |

The household line voltage of 220V is an value with a
peak voltage of 311V (Fill in the blank). Establish an expression relating
the terms P, V, and R. 1+1=2
TS IS (@ffes iz [Fow 220V == B SR
TS TN T 311V (wa‘?éﬁsjawr)l P, V, WRWWW@T
ool gl 3 |

(1) A tank is filled with water to a height of 12:5cm. The apparent

depth of needle lying at the bottom of the tank is measured by

a microscope to be 9-4 ci. What is the refractive index of water ?
' 2
TER G5l 12-5cm THOIGA AMIE S92 @GR (R| S50 [ 4
GOl ([ER WIS TOO! NRFFAR AYAS G 94 cm AR 5w |
AN ST e 2

OR / G4

Draw a ray diagram to make someone understand how a virtual
and many times magnified image of an object is formed in a
compound mlcroscope 2

Gin| cﬁfmm’xrmmawm ﬁﬁaﬁ%wﬁ%ﬁﬁ%ﬂa
5if5e Z@ (12001 IEIRCE 961 SHba i |
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()

(k)

)
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- A plane wavefront is travelling from lighter medium 1 to denser medium

2 through the interface of mediums 1 and 2 with velocities v, and v, and
you know well that sini/sinr= v, / v,, where iand r are the angles
of incidence and refraction. If n, and n, be the refractive indices of the
mediums then derive Snell’s law. 2

@Bt SHRIPTYA WL 1 6 A 2 I FRCASTEAER v, SF v, @NE
GAAR (AR W (SIS ©fewd N (T sini/sinr= v,/ v,
TS {WAE r e Heod (Bl E A= (I | T 1, SF n, TN GA
1 W% Mg 237 AR 2 (O0T TR (FF 340! Fefw w1

(i) The Lyman series is in the region, but Paschen and
Brackett series are in the : region. o 1+1=2
' (Fill in the blanks)
FoR (TR @IER TeeTe, G 0O % &G0
(TR @R TS A | (T 212 99 F9)
OR / W-’(’/HT

(i) Explain in brief the type of energy states of an electron above
E=0. 2
E= omuf%wﬁ?@ﬁmﬁ%@«wﬁﬁammamﬁ

9|
4 (i) . Calculate the energy equivalent of 1 kg of a substance. 2

1 kg SR (@G AN Frgen *fE AR st =41+

'OR / 51347
(ii) Discuss conductor and insulatof‘in terms of e;nergy gap. -
| ﬁ%ﬁﬁaﬁmwmﬁﬁz@mwﬁa@m@ﬁmw

4|

Using a p-n junction diode draw a circuit diagram of a half wave
rectifier showing input and output waveform. 1#l=2
@Bl p-n T TIEG IRIT FR N R} AT GBI ] HI W
TR TS0 250 W SGoo5 S0 Fol A

4
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3. (1)
(b)
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What do you mean by thermal equilibrium ? How does the situation
is mathematically expressed in terms of electron and hole
concentrations and intrinsic carrier concentration ? 1+1=2

ST AN wEgl 2 snfdsiesie g WWW?‘HWW
faws Qs SiveR FHTe W oo o1 782

(1)

(i)

(1)

(i1)

What is an electric dipole? An electric dipole with dipole
moment 4 x 10~%cm is aligned at 30° with the direction of a
uniform electric field of magnitude 5= 10 NC-!. Calculate the
magnitude of the torque. 1+2=3

fatsts @ 52 4 x 1079 @i o @6l 5% 104 NC-! I
TR IR (APOd (G GINETCS 300 (@I B W‘i| f’%‘@l&t‘ﬁ‘ﬁ
goigs faFa a1 561 WA a9 =@

OR / G241

Show that the energy stored in a charged capacitoris E = 1 5 CcVv?,

where the symbols have their usual meaning. 3

(e (T 51 fEs g ffze ot fe E = 1) CV?, vs args

A2 AR WY T2 FRCE
What is a Wheatstone bridge? Establish the mathematical form
of it. _ 1+2=3
252 Jie 2 T JIfeiR aifTsie o Jwe 31|

OR / G4t

You have been given n resistors each of value R. How will you
combine them to get (i) maximum and (if) minimum effective
resistance ? Mention the values in each case. Find the ratio of
maximum to minimum values of resistance. ax 4+1=3

[10]



(c)

(d)
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(1)

(i)

(1)

(i)

(Ol R SNE nbl (AIkF fal Tarrl (i) ST S (i) TS e
(@I AR @GSCR20! v a2 it cFae (Al S SeEy
1| A o TN @R oS R =i

Write a few lines-on any two of magnetic declination, magnetic
inclination (i.c. magn(_tlc dip), horizontal component, and vertical
component. 1%+12=3

G pifs, TAfe (o, Sl Soficd oiE Bt Soliesi-a P
7Y SIS (FRARAR 11|

OR / &<

Two long and parallel straight conductors A and B are carrying
currents of 8-:0A and 5-0A’in the same direction. A-and B are
separated by a distance of 4-0 cm. Calculate the force ona 10cm
portion of wire A. _ )

A S B #a1%) qoeE Meev @ 8-0 A OIF 5:0 A 8 G s
piffre (Bl A WF B QAT qUiE Ted IR 4-0cm | A
ARAIRCER 1ocmmaﬁw\mewﬁsﬂmwﬁ{@ﬁﬁw
=9 |

Describe any one experiment where generation of induced emf
can be clearly demonstrated. 3

i3 [ge 5T I TTI (RQMH! T {eeF CP(“’{%R SRl ﬁzasmr«gﬁ‘r
ﬁﬁamm%—«m

OR / @3

Explain any one advantage of using eddy current in (z) magnetic
braking in trains, (b) electromagnetlc damping, and (c) induction
furnace. 3

(1) @ENETO TS FIF &, (b) R - WW S (c) ST
pER Rl gore afs mmmﬁwmﬁmﬂa am;rﬁas
@Wﬁ“ﬁﬁﬁtﬂ@ﬂﬁﬂl
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(e)

(1)

(i)

Mention orne difference between an AC generator and a motor.
Draw a neat diagram of AC generator and indicate there (a) the
coil, (b) the slip rings, (c) the axle, and (d) the carbon brasses.

. 1+4x142=3
B! HfRTS] eRZ TLAMT S% B (631 Ters AF 957 fisfay Srad
91 @ . 2[R Teoims GOR ARER Ba W IR O (r) o,
b) e R, (0) @, % (d) T qrz Bzs =111

OR / &t

A long solenoid having 15 turns per cm has a small loop of area
2 sg.cm placed inside the solenoid normal to its axis. If the
change of current in the solenoid is 2:0A in O-1s, find the
induced enif in the loop. - 3

A4S cm © 15 ARYS Tive] PYeT! GHIF fSOIS 2 sg.om CFAFE] %
T B POANBN TH A FHH 9 (2| I PSS
0-1s© eI ARRST 2.0A W, TIeT PIHNONR foosgs 3/ 7%
T@WW@@%QWWﬁ‘ﬁWI

() Write the mirror equation. Define magnification and find the

€9,

33T PHYS

expression for magnification m from the mirror equation.

1+1+1=3

CONSTIPI WA STTIFRACHT {71 | oAz wigeet el o<k (olfeTIi Aiestes
ARG AT mI AT Fefw =11
The threshold frequency for a certain metal is 3.3 x 10" Hz. If a light

of frequency 8.2 x 10'Hz is incident on that particular metal, calculate
the cutoff voltage for photoelectric emission. 5

GIn ) for
W@‘Tq‘ cﬂmwoﬁimwmﬁmmmﬁw
I 2’3 s 39 |

ARfEE FTEIT 3.3 x 10M Hz | 4906 8Fo 8.2 x 101 Hz
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(1)

(i1)

(ii)

The radius of the innermost electron orbit of a hydrogen atom
is 5:3x10~11 m. Calculate the radii of n=2 and n=3 orbits.

Given, r, =(n2/ m)(h/27r)2 (471'.90/6? ) ‘ 2+1=3
JIG TS AT WGiZ0cT o9 FEFEA FHOR JPIE
5:3x10"1m T n=2 WF n=3 FF R JIE AR 292
=R, =(n2/m)(h/27r)2(4}rao/e2) |

OR / &4

What do you mean by radioactive decay ? Mention the types of
radioactive decay. 1Y2+1%2=3

cowa 9 ferce & 3ot 2 (owfa Ruoae epReean! B 391 |

Draw a neat circuit diagram to show a Zener diode acting as a .
DC voltage regulator. What should be the approximate voltage
rating of the diode used in relation to the required output
voltage ? : Pl

(EA" TS @53 DC by @@mmﬁmwﬁm
ARFIRT ST 9 | (S ST O76 G (IO GGG S0 &1
OIS (P (TR Thw?

OR / &2

Write a few lines on any one of the following with purpose of
168 2 ; 2+1=53

(1) Light emitting diodes

(2) Photovoltaic devices

Wﬁm Rtz @519 eoge (@RI & | Irags o) T

Al

(1) (7% (LED)"

(2) s Redw @ '
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(i)

(i1)

What do you understand by capacitance of a capacitor ? Write
the relation between farad (F) and picofarad (pF). Obtain an
expression for capacity of a parallel plate air capacitor. Do you
think that dielectric has important effects on capacity of a
condenser ? -1 3+E=5

HITF OR 4EFFY A [F o e (@@© (F) OiF @@ (pF)3
e 7S (o720 | AT AT A 49T B Aiegd a1 e
T4 | 4N YT ARIAieT Amide eFerd eeR wig I o
ORI ?

OR / &<

Ry, R, and R; are three resistors. Parallel combination of R, and
R is connected to Rj in series. If V be the potential difference
between the end points of the mixed combination, then show
that the total current flowing in the circuit is— -5

- V (R, +R;)
R1R2 +R1R3 +R2R3 2

R, R, OF R, TH O 0 @vF| 39/ R, TT Ry ([ILF UhI AT
AR TS FLA9 (2 T2 S O3 FEH! R, T 09 (ATRE eI
g 02 Bzl M e TSGR e 12 1R wiers [Kex #1946
V @, (5% MYSA (T IS0 2Rifze Jo [y 23
V (R, + R;)
" RiR, + RiR; + RyR,

Derive the expression for magnetic field at a point on the axis

of a circular current loop. Also find the magnetic field at the

centre of the loop." , - 4+1=5

JEIIA 2 PLAR SFZ (I Fgs BT (Fa 7 7111 Jew™

| oIz PR (FETS (1A CFa el TRl
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(ii)

NG

(i)

OR / 9371

Derive the following expression for refractive index of the
material of the prism, where the symbols have their usual
meaning :

sin[(A+D,, )/2]

sin[A/2 ]
The refractive index of glass in the form of a prism is unknown.
For an incident ray of light the angle of minimum deviation is

found to be 40°. Calculate the refractive index of the material of
the prism if the angle of prism is measured to be 60°. 3+2=5

forom siffe omiof afovara wore faat awmRIfTE! Fdy =1, TS
INZS FALFOAZ G Y T2 TR
sin[(A+D,,)/2] S

sin[A/2]
45! e weie A GHFl FI61 ATSTIE @IS | 6l WiAfss T
AR Fzow Rpfs @ gR el itz 40° | forem sifde smide afomis
Sl =1 AMeR faew (v 60° = |

Mgy =

S

Discuss the phenomena of diffraction produced by a smcle slit
by drawing a neat diagram. 1+4

'amonawf?rw%qw @Qmw\mmmwmonaﬂmm

SCEAGA F41 |

OR / 947

Write the mass-energy equivalent relation. Who discovered the
relation ? Calculate the mass equivalent of 9x10'*] energy. Does
the relation have any experimental proof? 1+1+2+1=5

Ca-xfEq GO ATHRG! @121 | FTFHRG! (e Sfqwm Fafke
9x1013] *ifeq ATge ©F S9N 9N | FIROR [FA 2ITFErd L
IR ?
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