Class-XII
Session - 2022-23
Subject - Physics (Theory)

Sample Question Paper - 29
With Solution

g9z 0z

“Epdeya Jejnomesd Jey) windy SUGHEaNG Jo S guenu sl
IR 1R BUL BRISInD uew B sequinu ey agys Jeded soEs syl Ul SR equnu uonsant Seousp 1eYIeIg augl apisul uanif Jequunu @yl 10N

sHnaNg dusg pue saoaq

i (5100 4 L 'sjeLiateyy -SovuclRe|g Jaonpuoonuag |
5 vz 0 L (LL'FL'EL'DIE |ang | €l
# e 0L 71 swo | 2L
£ {3z '0) | JBER pue UDHEIpEY JO aImEN Eng | |y
& (EE D)L (€2 ‘0z 02 sagdp anefs | o4
& {2 )1 Gz "0 L (8L 'ZL LD E gl Sjuawnsy| [EMag pue sopdo Aed | &
1 (Lol L senBp Jgaubewoupe | g
€ (&1 ') & yauns Bupewsyy | ¢
8 {5t o L (zz 'OV i E'sDlE m uoingul aaubewoipaa | o
i {2 ohi sanep pue wepevber | <
g (ZE ‘D 2ot wenaubeyy pue sebseyn Buaoy | +
g ez ol L {9's'Dle fypwas3 uesund | ¢
£ {iz'ohL (o0l L al | esueyoedes pue iusiod JgEsoiees | z
B {Le oL (BL'e'LDIE spial4 pue safieys aupei3 | |




Time Allowed : 3 Hoors Max, Marks : T0

Genearal Instructions

1.
z

i

10.

There are 35 questions in all. All questions are compulsory.

This question paper has five sections: Section A, Section B, Section C, Section D and Section E. All the sections are
compul sary.

Section A contains eighteen MCOQ of 1 mark each, Section B contains seven questions of two marks each, Section C
contains five questions of three marks each, section D contains three long questions of five marks each and Section E
contams two case study based questions of 4 marks each.

There is no overall choice. However, an internal choice has been provaded in section B, C, D and E. You have to attermpt only
one of the choices in such guestions.

Use of calculators 15 not allowed.

SECTION-A
The force between two small charged spheres having charges of 1 = 1077 C and 2 x 1077 C placed 20 cm apart in air is
{a) 45= 107N (b) 45 =107 N {c) S4=10N (d) 54=10N
The coil of a moving coil galvanometer 18 wound over a metal frame mn order to
(2) reduce hysteresis (b) increase sensitivity
{c) increase moment of inertia (d) provide electromagnetic damping

Two point charges +8g and — 2q are located at x = 0 and x = L respectively. The point on x axis at which net electric field is
zero due to these charges is

(2) AL (b) 4L (c) 2L (d) L

Thetotal charge on the system of capacitors C, = | pF, Cy=2 pF, Cy=4 pF and C, =3 pF connected in parallel is ; (Assume
a battery of 20 ¥ 15 connected to the combination)

(a) 200pC {b) 200C (¢) 10pC {d) 10C

Two wires A and B of the same material, having radii in the ratio | : 2 and camry currents in the ratio 4 ; 1. The ratio of drift speed
of electrons in A and B is

(a) 16:1 (b) 1:16 (c) 1:4 (dy 4:1

The figure below shows currents in a part of electric circuit. The current § is

(2} 1.7amp i F— .

(b) 3.7amp = b g

(c) 13amp

(d) 1amp s

When the temperature of a magnetic material decreases, the magnetization

() decreases inadiamagnetic material (b) decreases ina paramagnetic material

(c) decreases ina ferromagnetic material (d) remainsthe samein a diamagnetic material

Two different wire loops are concentric and lie in the same plane, The current in the outer loop (1) 15 clockwise and
increases with time. The induced current in the inner loop
(&) 15 clockwise

(b} iszero
(€) 15 counter clockwise !
(d) hasa direction that depends on the ratio of the loop radia.

When the current in a coil changes from 2 amp. to 4 amp. in 0.05 sec., an e m.f of 8 volt 18 induced in the coul. The coefficient
of self mductance of the coil 15

(a) 0.1 henry (b) 0.2 henry {c) 0.4henry {d) 0.8 henry
Which is the comect ascending order of wavelengths?

(=) ':"Wnnhh =4 Wy ) lm‘lﬂ.‘l}' J"n'l:n:rn'.r: (&) ""gmmn'y = P‘."{-ru],' {"-'l".rin'iﬂe {':"‘mi:_mwa'r:
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11.

13.

14.

15.

An clectromagnetic radiation of frequency n, wavelength A, travelling with velocity v in air, enters a glass slab of refractive
index p. The frequency, wavelength and velocity of light in the glass slab will be respectively

Eimdi b nim:ml1 29 |:|_1"' d 1—nianl:l'lur
(=) up " (b) u u (c) D24 MM . (d) u
Two thin lenses are in contact and the focal length of the combination 15 80 cm. If the focal length of one lens 1s 20 cm, then
the power of the other lens will be
(2) 166D (b} 400D () —100D (d) -3.75D

When the number of nucleons in nuclel mcreases, the binding energy per nucleon
(@) increases continuously with mass number

{b) decreases continuously with mass number

{c} remains constant with mass number

{d} first increases and then decreases with increase of mass number

The nucler of which one of the followin irs of nucler are sotones?
(2) 5,5¢™, ;,Ga! (b) g5r84 -3@5 . (€} GMo®, 7 (d) ,Ca%, 5%

In semiconductor, the fermi level lies in the energy gap, very close to conduction band.
(a) p-type (b} m-type (¢} inirinsie (d) Mone of these

For question numbers 16, 17 and 18, two statements are given-one lobelled Assertion (4) and the other labelled Reason (R). Select the
correct answer o these guestions from the codes (a), (b), (c) and (d) as given below.

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

16.

17.

18.

19.

20.

21.

Both A and R are true and R is the correct explanation of A
Both A and R are true but R 15 NOT the correct explanation of A
A is true but R is false

A 15 false and R 15 also false

Assertion (A) : When a conductor is placed in an external electrostatic field, the net electric field inside the conductor

becomes zero after a small instant of ime.
Reason (R) @ It 15 not possible to set up an electric field inside a conductor.

Assertion (A) : Density of all the nuclei is same.
Reason (R) : Radius of nucleus 15 directly proportional to the cube root of mass numbers.

Assertion (A) : Critical angle 18 minimum for violet colour,

: l
Reason (R) : Because critical angle 8, = sin”" [lj and p II .
B

SECTION-B
In an ideal transformer, the number of turns in the primary and secondary are 200 and 1000 respectively. If the power input to
the primary is 10 k'W at 200V, caleulate (1) output voltage and (11) current in primary:
How will the interference pattern in Young's double slit experiment get affected, when
{1} distance between the slits 5, and 5, reduced and
{) the entire setup is immersed in water? Justify your answer in each case.

1) Depict the equipotential surfaces for a system of two identical positive point charges placed a distance o apart.
{u) Write the expression for the potential energy of a system of two point charges g, and g5, brought from infinity to the
points with positions r; and r; respectively in presence of external electric field £.
OR
A test charge, q1s moved without acceleration from A to C along the path from A to B and then from B toC in electric field E
as shown in the figure. (1) Calculate the potential difference between A and C. (1) At which point (ofthe two) 15 the electric
potential more and why?

L.
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26.
27.

28,

29,
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3l.

1} Define mutual induction.
{m) A pair of adjacent coils has a mutual inductance of 1.5 H. Ifthe current in one coil changes from 0 to 20 Ain 0.5 5. what
15 the change of flux linkage with the other coil?

Laser light of wavelength 630 nm incadent on a pair of slits produces an interference pattern in which the bright fringes are
separated by 7.2 mm. Calculate the wavelength of another source of laser light which produce interference fringes separated
by B. 1 mm using same pair of shits.

{a) Inatypical nuclear reaction, e g

3
TH4f H— 2 He+n+327 MeV

although number of nucleons is conserved, yet energy is released. How? Explain.
{b) Show that nuclear density in a given nucleus 15 independent of mass number A

A telescope consists of an objective of focal length 75 cm and an eyepiece of focal length 5 cm. Calculate the minimum and
maximum magnifying power of the telescope.

OR
A contamner is filled with two different liquids which do not mix. The liquid of refractive index 1.6 1s 40 cm deep and the liguid
of refractive index 1.5 18 30 cm deep. What 15 the apparent depth of the vessel when viewed normally?

SECTION-C
Compare n-type and p-type semiconductors,

A cell of emf°E' and internal resistance 'r' is connected across a varmble resistor 'R'. Plot a graph showing varmtion of terminal
voltage V" of the cell versus the current 'I'. Using the plot, show how the emf of the cell and its internal resistance can be
determined.

A deuteron and an alpha particle are accelerated wath the same accelerating potential.

Which one of the two has

{(a) greater value of de-Broglie wavelength, associated with it and

{b) less kinetic energy? Explain.

OR

{ii Monochromatic light of frequency 5.0 = 10'* Hz is produced by a laser. The power emitted is 3.0 % 107 W, Estimate
the number of photons emitted per second on an average by the source.

) Draw a plot showing the vanation of photoelectric current versus the intensity of incident rediation on 2 given
photosensitive surface,

An equiconvex lens of refractive index p,| focal length 'f and radios of curvature 'R’ is immersed in a liquid of refractive
index p,. For (i) p, > p,, and {01} p, < p,, draw the ray diagrams in the two cases when a beam of light coming parallel
to the principal axis 15 incident on the lens. Also find the focal length of the lens in terms of the orniginal focal length
and the refractive index of the glass of the lens and that of the mediom.
Why do we say that an intrinsic semiconductor 15 hike an insulator at 0 K7

OR
Deseribe full wave rectification by diode.

SECTION-D

{a) “The outward electric flux due to charge + () 15 independent of the shape and size of the surface which encloses
it.” Give two reasons to justify this statement.

{b) Two large parallel plane sheets have uniform charge densities + o and — o. Determine the electric field (i) between
the sheets, and (n) outside the shests

OR

{a) Define electric dipole moment. Is it a scalar or a vector? Derive the expression for the electric field of a dipole at a point
on the equatorial plane of the dipole.

{b}) Draw the equipotential surfaces due to an electric dipole. Locate the points where the potential due to the dipole is zero.



3l.

35,

Deescribe the motion of a charged particle in a uniform magnetic field. Obtain an expression for the radius of the path of the
charged particle moving perpendicular to uniform magnetic field. Show that the time taken to complete one revolution by the
particle is independent of its speed.

——————————— e
T
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Two infinitely long straight paralle]l wires, *1" and "2, carrying steady currents || and 1, in the same direction are separated
by a distance d. Obtain the expression for the magnetic field 5 due to the wire “1” acting on wire *2". Hence find out,

with the help of a smtable diagram, the magnitude and direction of this force per unit length on wire “2” due to wire
‘1’. How does the nature of this force changes if the currents are in opposite direction? Use this expression to define
the S.1. unit of current.

{a} What is the phenomenon of diffraction?
{b) Whyis the intensity maximum at the central maximum on the diffraction pattern?
{c}) At what positions, secondary maxima and minima are obtamned and, why 15 the intensity of light at secondary maxima
less than that of central maximum in the diffraction pattern.
OR

(1) Inasingle narrow slhit (illuminated by a monochromatic source) diffraction experiment, deduce the conditions for the
central maximum and secondary maxima and minima observed in the diffraction pattern. Also explain why the secondary
maxima go on becoming weaker in intensityas the order increases,

(1) Answer the following questions
(a) How does the width of the slit affect the size of the central diffraction hand?

{b) When a tiny circular obstacle is placed in the path of light from a distant source, why is a bright spot seen at the
centre of the shadow of the obstacle?
SECTIONM-E
Case Study: Energy Levels and the Line Spectra of Hydrogen Atom

Read the following paragraph and answer the guestions.
The energy levels of a hypothetical one electron atom as shown below.

n=m 0 eV

n=35 080 eV
n=4 —1.45 eV
n=73 308 eV
n=72 =530 eV
n=1 156 eV

{i) Findthe ionization potential of the atom.
{ii} Find the short wavelength limit of the senes terminatingat m=2.
{iii} Find the excitation potential for the state n=13.
OR
(iii) Find the wave number of the photon emitted for the transition n =3 ton=1.

Case Study: Electromagnetic Indoction
Read the following paragraph and answer the questions,
When the magnet with its N-pole facing the coil 15 moved towards the coil, the galvanometer shows some deflection while the

magnet is in motion showing that an electric current 15 produced in the coil even though no conventional source of e.m.f. is
in the circuit. The current 15 called the induced current and the e m._f responsible for it 15 called the indoced e.m.f.
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©
{i) Inwhich direction will the current be induced in the closed loop 1fthe magnet 1s moved as shown in the figure.

=
{ii) A magnet is moved in the direction indicated by an arrow between two coils AB and CD as shown in the figure. Find the
direction of current in each col.

A B

— C o

] e o
(iii) The following figure shows a horizontal solenoid *PO)’ connected to a battery *B” and swatch *5°. A copper ring ‘R 15
placed on a frictionless track, the axis of the ring being along the axis of the solenoid. What would happen to the ning as

the switch *5° 15 elosed?
P Q
Iffmj e
|_.-"'
BE &
oR

{iii) A bar magnet falls from a height *h’ through a metal ring. Will its acceleration be equal to g7 Give reason for your answer.
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Solutions

SAMPLE PAPER-5

(b) Here, g, =1= 1077, gyand 2 = 107 C,
r=Xcm=20x= 102 m
qign 9107 xlx1077 221077

dmegr (20x1077)

=48=102 N (1 mark)
(d) The coil of a moving coil galvanometer is wound
over metallic frame to provide electromapgnetic damping
so it becomes dead beat galvanometer. (| mark)
(c) Let P is the observation point at a distance r from
—2q and at (L+r) from +8q.
iven now, net EFlat P=0

E] = EFI(Electric Field Intensity) at P due to +8qg
E: =EFI (Electric Field Intensity) at P due to— 2q

F =

v
T Ty 2 LT 0
4= (L+P=2r=L+r {1 mark)
r=L S Pisatx=L+L=2L from origin

(a) Given that all capacitors are connected in paralle] so,
the equivalent capacitance will th:CEq'CI +G+C+C,
=]+2+44+3=10pF

Voltage of battery V=20V

We have, Q=CV =10 pF = 20=200pC

(a) Current flowing through the conductor,
I=nevA. Henee

(1 mark)

4 _ nevgn(l)*

[ n:vﬁin'[l]-l
(a) According to Kirchhoffs first law
Atjunction A, ijz=2+2=4A

At junction B, i =iz -—1=3A

va, 4=l 16
i " =T' {1 mark)

\"dz |

Atjunchion C, i=ig-—13=3-13=17amp (I mark)
(d) When the temperature of a magnetic material
decreases, the magnetization remains the same in a
diamagnetic material. (I mark)
(e} Aslincreases, dincreases

. L, 1s such that it opposes the increases in §.

Hence, ¢ decreases (By Right Hand Rule). The induced

current will be counter clockwise. (1 mark)
di {4-12)
=M—or §=M|—
T [ 0.05 ]
M= Salgs = (.2 henry {1 mark)

(b) The wave having highest energy, has lowest
wavelength as,

11.

12.
13,

14.
15,

16.

1.

18.
1%

20,

.

E’_f :'Er—mli >Eypeibie™ Emicrowave
:'J"]l {1rrq:{lrw&k‘}'m“'¢ {1 mark)
(b) We know that frequency of electromagnetic radiation
remains the same when it changes the medium. Further
wavelength of light in vacuum A
= |

wavelength of light in medium A,

A A
R e (1 mark)
(TR
Similarly, 11 = ut]u::uy of ]_i.E]:II: .in 'va:uLu'n
velocity of light in medium
v
Ao o
"
(00 100
Py=P-Fp=———=-3T75D
y P 1 =20 30 { | mark)

(d) Average BE/nucleon increases first, and then
decreases, as is clear from BE curve, { I mark)
(a) Isotones means equal number of neutrons e, (4-Z)
=74-3=T1-31=40. (| mark)
(b) Donar energy (fermi) level lies just below the
conduction band in n-type semiconductor, {1 mark)
(e} Assertion 15 correct. The induced field cancels the
external field. Reason is false. When a current 15 set up in
a conductor, there exists an electric field inside it. (1 mark)

@) R=Rya)"? (1 mark)

1
b B = 5m_][I:] and K=~ {1 mark)

G'rvm]"-]p=1m,h[:=IEﬂ],Pmpu=lew=lﬂ4w,
E,=200V.
Faor an ideal transformer P : |=Pinpm
M
::FESISI‘EPIF:?&:_:
EF‘ NF‘

N 1000
i B i E |
BTN T 00

=1HW

x 200= 1000

{1 mark)

1o?
Input power =Ep I = 10 = Ip'ﬁ“su-‘!’" { ! mark)

() The fringe-width of nterference pattern increases

I
with the decrease in separation between 5,5, as po Fl

{1 mark)
() The fringe-width decrease as wavelength pets
reduced when interference set up is taken from air to water.

(! mark)
(1) The figure is shown below.

{ | mark)

Eguipolential surfaces of two
identical positive chargss


user
Typewritten text
Solutions


22,

4.

(1) Bydefimtion, electric potential energy of any charge
g placed in the region of electnic field is equal to the work
done in bringing charge g from infinity to that point and
given by

U=gV
Expression for Potential energy,

1
U=qF +q5; = AT
OR

{1} - Electric field intensity and potential difference are
related as
g acht

Ar
= AF ==FEAr

= ¥V, -V, ==(2+2)E
V,—Fe =-4AE
V-V, =4E

(n) As V.=V, =4F, 15 positive
Fo=F,

Potential is greater at point C than pomt A, as potential

decreases along the direction of electric field. (1 mark)
if) Moutual induction: It is the phenomenon in which a
change of current in one coil induces an emf in another
coil placed near it. The coil in which the current changes s
called the primary coil and the coil in which the emfis
induced 15 called the secondary coil.

dl

e==M—
i} Aswe know, 7~

(| mark)

{ | mark)

e=-=]5x 2-D

S0, the flux linked with the other coil i1s given by

A =ex At ==f0x05==30Wh {2 = | = 2 marks)

Fringe width, (B)= %

= El-=i|- (-~ Dand d are same)
Bz Az
Here, B;=7.2x 107 m
EI-E.lxIIT]m
and ll-ﬁﬂﬂﬂlﬂ'gm ( | mark)
Wavelength of another source of laser light
A 8.1=103 "
A=y = ———x630x10"m
el R T
or  H,=T0875x10"m
A,=T0875nm { | mark)

(8) Inthenuclear reaction, for example

3
TH+f H——3 He+ gn' £3.27 MeV
Total number of nucleons 15 conserved.,

25,

26.

1. number of neutrons + protons of the reactants is equal
to the number of neutrons + protons of the products.

But the sum of the masses of the reactants and the sum of

the masses of the products 15 not the same i.e. there s
some mass defect (Am). Energy equivalent to the mass
defect 15 released in the nuelear reaction.

According to Einstein's mass energy equivalence relation,
AE = Ame” { | mark)
(b) Let A be the mass number and R the radius of the
nucleus.

Then maszs of the nucleus = A amu
M=Ax16x102 kg
Mo, R-RDA'E
where R 1s a constant whose numerical valueis(1.2 = 10—1%)
4 4
Wolume of the nucleus = 5 =R* = EnRa_.!L
Density of the nucleus
M Axl6x107Tkgx3

=v° 4x3.|4:-:fl.2n1ﬁ"5l]3 A

=22= 10" kg m™ whichisindependent of A, (1 mark)
Given: fp=75cm, f,=5em.

e Lo f;
mnunmﬂrnagmﬁnngpnwn',m=r—=?=25 { | mark)

Max. magnifying power,
f;
m =-9-[!+i] :%x{l+%]=ﬁ! (145)

rﬂ L

=25x% 6=150 (| mark)

OR
Apparent depth.

d, d, 40 30

= —+—= =e—dte— =t Mi=45cm. (2marks
% Ky 1h 13 . ¢ )
N-type P-tpye
semicoductor semiconductor

I. [Intrinsic I. Intrinsic
semiconductor semiconductor 15
15 doped by doped by trivalent
pentavalent atoms atomseg. Al Bete,
eg As, Sbete.

2 [Ithas an extra 2 It has an extra hole
electron from the from the impurity.
imparity.

3 Dopantatomis 3 Dopant atomis
positively charged. negatively charged.

4  Electrons are 4 Holes are majority
majority charge charge carriers.

CArTIETS.

3 n_(no. ofelectron) 5
== my, (no. of holes)

&  Donar energy f
Level 25 cloge to

conduection band.

ny (no. of holes) »>
n, (no. of electron)

Acceptor level is

close to valence

band. (6= %=1 marks)
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28,

If E 15 the emf of the cell, r i the internal resistance ofthe
cell and 1 15 the current through the circuit. Then Terminal
voltage'V' of thecellis V=E-Ir

So,V=-Ir+E { | mark)
Companng with the equation of a straight line
y=mr+e, we get: y=Vix=Lm=-r,c=E
-
Ia
W
(Terminal
voltage)
slop=r
i (2 marks)
~ 1 {current)

Graph showing vanation of terminal voltage V' of the cell
versus the current T'

Where, Emfof the cell = Intercept on V axis

Internal resistance = slope of line, ( | mark)
(a) de-Broghe wavelength of a charged particle s

given by A= 1
i |
Em and e are mass and charge of a deuteron respectively,
-'im and 2e are mass and charge of an alpha particle

r-:sp-rclwtly
(4m g )2e)

(2m, Xe)
Thus, de-Broghe wavelength associated with deutron is
twice of the de-Broglie wavelength of alpha particle.
(2 marks)
{(b) (For same accelerating potential K.E = g)
Charge of a deuteron s less as compared to an alpha

particle. S0, denteron wall have less value of K.E.
(| mark})

L ﬂ‘Tn

OR
(1) Energy of a photon is given by
E =hw

Mumber of photons emitted per second, n=£ where,
P = Power emitted &
On putting TJ:u: values, we get,
n=13x 10" Lﬁfﬁ: 107 x 5 % 10"

=005 x 10" {2 marks)
(1) The photoelectric current is known to be directly

proportional to the intensity of incident light with fixed
frequency. So, the plot will be a straight line shown as,

F 9

—

Phodoe leciric
cumeni

> (1 mark})

Intensiny— g

(g)

Ba* 1y
(2= | =2 marks)

By

As the lens 18 equiconvex, therefore,
R] = RJ- R.,
Using the expression

LT [-“g _I] _ -l
I'II'I'E —I:] (ﬂ—lj
_m=1ps
r, B f
A (by—n3)
An mtringie semconductor at 0 K 15 hke an insulator
becawse all its electrons are in the valence band in form of

bowund electrons and henee not free o conduct current. At

T > 0 K, some of these electrons pick up thermal energy
and move to condection band.

CB (empty)

{1 mark)

VB (completely filled)

(3 marks)
OR

Here we use two diodes to rectify voltage corresponding
to both positive and negative half of the a_c. cycle. Here,
the p—side of the two diodes are connected to ends of
secondary which 1s centre tapped in this transformer. For
positive halfcyele, D, is forward biased and conducts and
for negative half cycle Dy conducts. { | mark)

D,

il (| Rirs
Ry OO ark)

% E Dt I:J'I- D]

D, Umt—h
Conduects Condocts Conducts 'I'_‘-l:-n:lucm

The output across load 15 a continuously, varying pulse
of the shape of half sinusoids. (| mark)



31. (a) The outward electric flux due to charge +) s

independent of the shape and size of the surface, which
encloses it because :
(i} Number of electric field lines commng out from a
closed surface enclosing the charge depends on the
charge enclosed by the surface,
(i) MNumber of electric field lines coming out from a
closed surface enclosing the charge 15 independent of
the position of the charge inside the closed surface.
(2 = | =2 marks)
(b) Let us consider two positively charged thin paralle]
shests A and B with uniform surface densities of charge

oy and o, respectively,

[ i
E: E
E, —s
— ; s,
— i __S_,.a-F s
E L— =
A
: - o
Inregion | E,=—E, -E, = —1__2
e T T S o

= El =—,L{U|+Ul-]‘
2eq
In region Il Ey=E, -E,

=0 _02 _01-03
2eg  2egg 2eg

In regicn 11, E;, = E, +E,

Ty g 2

In 5 = o and oy == then E;=0, Ey =0

dd o
E,= E = —= constant
Clearly, field (1) between the shests

o
E;= E = ponstant and
() outside the sheets E,=E_ =10 {3 marks)

0OR
(a) Electric dipole moment is defined as the product of
either charpe of the dipole and the distance between them.

e p= q:-tl—'l,wh:n.- 71 is the vector distance from the

—ve to +ve charge

It is a vector quantity: (1 mark)
Expression for the electric field of a dipole at a point on
the equatorial plane of the dipole :

Let there be a point P (on the equatorial plane of the dipole)

at a distance r from the centre of a dipole formed by two
charges —q and +q and having dipole moments p=2 q_'.l' :
We have to find the electric field intensity at poant P,

32

22 fﬁn =

The electnic field intensity at pont P due to+q (at B)

1 q

E, = : along BP

Mg (P +.rl} 2
and electric field intensity at P due to —g charge (at A)

| 9
Eg= PG along PA

Clearly E, = E;, m magmitude. (| mark)
E, and Ey can be resolved into two rectangular
components.
Components of E
(i) E,cos@along PX
() E, sinBalong PY
Componentsof Eg
(i) Egcosd along PX
() EgsinBalong YP
Vertical components being equal and opposite cancel each
ather,
Therefore, net electric field intensity along PX
E=E, cos0+E, cos® (-- E,=Ep)

=2E, cos B along PX
- 1 q 1
L -{r1+ll}-:|i,3 P (| mark)
i
or, E E along PX (- p=gx21)

an g -{rl +]I;|:”1
If] = < r so that it can be neglected, then

|
E= £ along PX
dmeg A o
|
EET { I mark)

r
(b) Equpotential surfaces due to an electric dipole.

{ | mark)
Let a charged particle 15 moving in the magnetic field with

avelocity v making angle & with B.

dipole length.

The component of v along B is veosd, due to which no
force wall act on the particle, so it will cover a distance



along the magnetic field with a constant speed.
The perpendicular component v sin 8 will provade a foree,

F = gBvsinf which provide the necessary centripetal force
for the circular motion of the charged particle

- ?
Bq‘vsinﬂ:mzh viin0= 22 {1 mark)
r m
and r = radius of the path = ik i (| mark)
Ifsin 0=1,ie.08=90° then r=% (1 k)

Angular velocity of rotation of the particle in magnetic

ﬁ:l:lm:‘mnl;:ﬂ

r m

Time taken to complete one revolution T = 1_1[
(i)

2mm

T=———m
Bq
which 15 independent of its speed.
Under the combined action of both the welocities the
charged particle will undergoa linear as well as a arcolar
maotion. Sothe resultant path will be a helix. { | mark)
OR
Consider a straight conductor XY [ving in the plane of
paper. Consider a point P at a perpendicular distance ‘g’
from straight conductor.

{1 mark)

-
7
.f [

Mow Magnetic field induction at a point P due to current
| passing through conductor XY 15 given by

B= :L'r[sin#] +sing, |
ma

(1 mark)
At the centre of the nfimite long wire,
b =y =N
o B=290 160000 4 6in90°]
4ma
21
., Balf— _AN i1 mark)

dr a
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Consider two infinite straight conductors | and 2. Let [,
and [, current flowing through the conductor | and 2
and Lfll:g.r are d distance apart from each other.

The magnetic field induction (B) at a point P on
conductor 2 due to current /| passing through conductor

| is given =MaZh

given by =
According to right hand rule, the direction of this
magnetic field 18 perpendicular to the plane of the paper
imward.

MNow force experienced (F,) by unit length of conductor
2willbe F, =80, % 1=B [,
Ko 2f1/3

Bt d

Conductor | also experiences the same amount of force,
directed towards the conductor 2, Hence, conductor |
and conductor 2 attract each other. Thus, two linear
parallel conductors carrying currents in the same direction
attract and repel each other when the current flows in
the opposite direction.

Let | =] =lA;r=1m

2xlxl
Then, F,= Fy=F= 1077 ===
= F=2x10"N/m (1 mark)

Definition of one ampere : One ampere 1s that value of
constant current which when flowing through each of
the two parallel uniform long linear conductors placed in
free space at a distance of | m from each other wall
attract or repel each other with a force of 2 = 107N per
metre of their length. {1 mark)
(a) The phenomenon of spreading of ight waves as they
pass through a narrow opening 15 called diffraction of light.

{ I mark)
(b) In the region of central maximum, the intensity 15
maximum because the path difference between the waves

arising from all parts of the slit s zero.
(c) The position of secondary maxima are at 8

{1 mark)

o
= [n+;_]— and secondary minima are at 8
a
ni.

]
wheren= [, £2 ___ andaisthe sht width.

3
For secondary maxima, consider an angle, 8 = —

2n



{by putting n = [ ). Now divide the slit into three equal
parts. The first two halves of the shits will have a path

difference of 3'2:— . Therefore waves coming out from these

two halves wall cancel each other. Only the remaming one
third of the slit contributes to the intensity at a point
between two minima. Consequently the intensity at the
secondary maxima becomes less than that of central
TTECEITILETL

{3 marks)

ok
(i} Consider a point P on the screen at which wavelets
travelling in a direction, making angle 8 with CO, are
brought to focus by the lens.
2l

L
0 =]
i o ___T:_._..,- T
I e . e —y o
] i H T _I_'—\__
e _1' L s >
‘?".\_\.‘—I‘—f u C -J' _I—"' e .__..:.______ ] ot
ol i R
T ] I ",_-'::_:-__A:'__J. ="
iy i [
! iy
0
|3'L

The wavelets from points A and Burlllha\ta]:laﬂ:l dJﬁ'n'mn:
equal to BN.

From the right-angled AANB, we have

BEN=ABsin@

EN=asinf

Suppaose, BN=3 and 8=0,
Then, the above equation gives
h=asng,;

= sinf) = A (i1}
a

Such a point on the screen will be the pogition of first
secondary minimum.
I BN=2L and 6=8,, then

M. =asn IEI:_,.,_

. (i}
2]

Such a point on the screen wall be the position of first
secondary minimum.
In general, for nth minimum at point P,

mh {iv)

smfl, =—
a

Ify, is the distance of the nth minimum from the centre of
the screen, then from right-angled ACOF, we have

tan 8, =9-E—=lﬂ- T ____{1;}

In case of B_ 15 small sin 8_=tan 8_
There Egs, ﬁv]mﬂ{v}lmg‘im
¥, BA niD
—=— }rﬂ I e,
D =a

3L
If, BMN= T and &=08, then from Eq. (1), we have

3.'-'.
23.

{1 mark)

Such a point on the screen will be the position of the first
secondary maximum. Corresponding to path difference.

If, BN -5 and 8 =8} the second secondary maximum 15

produced
In general, for the nth maximum at pont P,
sin# L (v1) (I mark)
2a
wheren=1,2,3, _ an intepger.

Ify isthe distance of nth maximum from the centre of the
screen, then the angular position of the nth maximum 15

given by,

f' mdlk 000 e {wii)
Enk D
In case of 8 15 small, sin#) =tand!
. _ (In+1)0D 33.
Yy=m——oououo-— =] 8'=
= 5a Forn=1, =
[From Eq. (vi), small angle approximation,
sinf ' =0"'= M ]
2a

The angle 15 midway between the two dark fringes. Divide
the slit into three equal parts. [f we take the first two-third
part of the slit, the path difference between the two ends
wionld be

Eu ml'=3
3
The first two-third 15 divided into two halves which have

path difference % The contribution due to these two

halve s 180° out of phase and gets cancel. (| mark)
Omly the remaining one-third part of the slit contribute to
the intensity at a point between the two mimima which wall
be much weaker than the intensity of central maima. Thus,
with increase in the intensaty, the maxima gets weaker.

(o) (a) Size of central diffraction band 15 mversely
proportional to the slit width 1.2, size of central diffraction

i Ea’: (¥ mark)
(b) The light waves are diffracted by the edge of the tiny
circular obstacle. These waves interfers constructively at
the centre of shadow and appears as bright spot. (1% mark)
(i) Given that
E| =—|5.EI-IE1||"r E.:: =0e¥.
lonization energy of the atom :

E.=-E; =0=(=156eV)=156eV

S0, ionization potential = 1 5.6 V { | mark)
(ii) For short wavelength limit of the series terminating
at =12, atransition must take place from n= = stateton



35,

=2 state. For this, AE=530eV

_ 12400 , 12400
AE{eV) 530
{iii) The excitation energy for the n = 3 state is
AE=E,-E =156-308=1252¢V
Excitation potential = 2,52V
OR
12400 :11¢mk=gmﬁ
T-Ef 1252
Wave number
o
A 990x107m
(i} Since the south pole of the magnet 1s approaching
towards the loop, so by Lenz’s law the induced current in

the loop should be in such a direction that it should oppose
the approach of the 8-pole. S0 another 5-pole should be

A=23394 (2 marks)

{1 mark)

{iii}) A=

=1.000x10"m™!

produced at the near end of the coil. Therefore, the current
should be in clockwise direction when viewed from the
magnet side. {2 marks)
(ii} Induced current will be clockwise in both the coils,
when viewed from the magnet side as the M-pole 1s moving
away from coil AB soa S-pole shoald be created at the end
B. The S-pole 15 approching towards CD, hence another
S-pole should be produced at the end C to provent its
approach. { ! mark)
(i) Assoon asthe switch S 15 closed, an e m £, 15 induced
in the ring R and it 15 repelled. { | mark)
OR

(iii) When the magnet falls, the magnetic flux hinked
through the metal nng changes, so current 15 induced in
the ring will be in such a direction according to Lenz's law
that it opposes the motion of the magnet, so its scceleration
will be less than g.



	5..pdf (p.1-6)
	5.Solution.pdf (p.7-13)

