Class-XII
Session - 2022-23
Subject - Physics (Theory)
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Time Allowed : 3 Hours Mlax. Marks : 70
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1.

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

This guestion paper has five sections: Section A, Section B, Section C, Section D and Section E. All the sections are
compulsory.

Section A contains eighteen MCQ) of | mark each, Section B containg seven gquestions of two marks each, Section C
containg five questions of three marks each, section D contains three long questions of five marks each and Section E
contains two case study based questions of 4 marks each.

There 1s no overall choice. However, an internal choice has been provided in section B, C, D and E. You have to attempt only
one of the choices in such questions.

Use of caleulators is not allowed.

SECTIOMN-A
A 25 Wand 100 W bulb are joined in series and connected to the mains. Which bulb will glow brighter?
() 25W bulb (b} 100W bulb
{c) Both bulbwall glow brighter (d) Monewall glow brighter

Relative permittivity and permeability of a material are g and p , respectively. Which of the following values of these quantities are
allowed for a dismagnetic material?
@ & =15p =05 (b) £, =05p_ =05 () e =15p =15 (d) & =05p =15

An em wave is propagating in a medium with 2 velocity ¥ = Fi . The instantaneous oscillating electric field of this em wave
15 along +y axis. Then the directhion of oscillating magnetic field of the em wave will be along

(a}) —cdirection (b) = direction (¢} —xdirection {d) -y direction

A long stranght wire of radius a carries a steady current | The current is uniformly distributed over its crogs-section. The ratio

a
of the magnetic fields B and B', at radial distances 3 and 2a respectively, from the axis of the wire is
(a) 14 {b) 12 ) 1 d) 4

The resistance of a metal increases with increasing temperature because

{a) the collisions of the conducting electrons wiath the electrons increase

{b) the collisions of the conducting electrons with the lattice consisting of the ions of the metal increase
(g} the number of conduction electrons decreases

(d) the number of conduction electrons increases

When light propagates through a material medium of relative pemittivity € _and relative permeability ., the velocity
of light, v 15 given by {c-veloaity of light in vacuum)

{E} V= Z—: {b] \T=E [E} = E::'I-lr “i':' LT ]

Current sensitivity of a moving coil galvanometer 15 5 divimA and its voltage sensitivity (angular deflection per unit voltage
applied) is 20 diw'V. The resistance of the galvanometer is
(a) 4042 (b) 250 (c) 50002 (d) 250¢:

In Young's double slit expt. the distance between two sources is 0.1 mm. The distance of the screen from the source s 20 em.
Wavelength of light used is 5460 A. The angular position of the first dark fringe is

(a) 0.08° by 0.1g° (c) 020° idy 032>
The energy of 2 hydrogen atom in the ground state is — 13.6 eF. The energy of a He™ ion in the first excited state will be
{a) -13.6elF by -272eV {c) —-544eV idy —-6.8eV

A certain mass of Hydrogen 15 changed to Helium by the process of fusion. The mass defect in fusion reaction is 0.02866
am.uw. The energy liberated per am.u. 15

(Given: | amu=93] MeV)

(a) 26.7 MeV (b) 6.675MeV (€) 1335MeV (d) 267MeV



11.

1.

13.

14.

15.

Binding energy per nucleon plot against the mass number for stable nucle: 15 shown in the figure. Which curve is correct?

A
(2) 4
- 12
(b) B A
) C . : ,4/ i
2B
(dy D Mlosy r|||11'1:-r-

Ifthe two ends of a p-n junction are joined by a wire

{a) there will not be a steady current in the eircuit

{b) there will be a steady current from the n-side to the p-side

{c} there will be a steady current from the p-side to the n-side

{d) there mayor may not be a current depending upon the resistance of the connecting wire

Pure 51 at 500K has equal number of ¢lectron (n,_) and hole (ny) concentrations of 1.5 = 1016 m=2, Doping by indium
increases my to 4.5 = 10*2 m™*, The doped semiconductor is of
(a) n—type with electron concentration
o =5 x 102 m™?
(b) p-type with electron concentration
n =25x 10'9 3
{c) n-type with electron concentration
n_=25x 108 m
(d) p-type having electron concentration
n=5=107m3
A p-type semiconductor 15
(a) positively charged (b) negatively charged {c) uncharged
(d) uncharged at 0K but charged at higher temperatures
In a p-type semiconductor the acceptor level 15 situated 60 meV above the valence band. The maximum wavelength of light

required to produce a hole wall be
(a) 0207=10*m (b} 207=10"m (¢} 207=10r%m (d) 2075=10%m

For question numbers 16, 17 and 18 two statements are given-one lnbelled 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.

0.

Both A and R are true and R 15 the correct explanation of A
Both A and R are true but R 15 NOT the correct explanation of A
A s troe but B s false

A 15 false and B 15 also false

Assertion (A) : When two semi conductor of p and n type are brought in contact, they form p-n junction which act like a
rectifier.
Reason (R) : A rectifier 1s used to convent alternating current into direct current.

1
Assertion (A) : In YDSE, if1, =91, and I,= 4] then === 25,

Reason (R): In YDSE 1_, =(fI, +J1,) and 1, = (T, - JI; %

Assertion (A) : Ultraviolet radiations of higher frequency waves are dangerous to human being.
Reason (R) : Ultraviolet radiation are absorbed by the atmosphere.

SECTION-B
Define the 8.1. unit of magnetic field. A charge moving at right angles to a uniform magnetic field does not undergo change
in kinetic energy.” — Why?
Write the distinguishing features between a diffraction pattern due to a single slit and the interference fringes produced
in Young's double slit experiment.
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3.

Calculate the equivalent capacitance of the combination between the points P and () as shown in figure.

I c [

1] | | 2uF

luF

P Q
—_— —— 3F —

luF

I | | 2F

A o | |

Deduce ohm’s law using the concept of dnift velocity:

The acceptor levels in p—type semiconductor are 57 meV above the valence band. Determine the maximum wavelength which can
create a hole.

Two uniformly large parallel thin plates having charge densities + o and - o are kept in the X-Z plane at a distance d apart.
Sketch an equipotential surface due to electric field between the plates. If a particle of mass m and charge — q remains
stationary between the plates. What is the magnitude and direction of this field?
OR
Two point charges () and q are placed at a distance of x and %2 regpectively from a third point charge 44, all charges are on the
same straight line. Caleulate the magnitude and nature of charge (), such that the net force experienced by the charge q is zero.
When can a charge act as a source of electromagnetic waves? How are the directions of electric and magnetic field vectors, in
an electromagnetic wave related to each other and to the direction of propagation of the wave?
Which physical quantity, if any, has the same value for waves belonging to the different parts of electromagnetic spectrum?
OR
What do electromagnetic waves consist of 7 Explain on what factors does its velocity in vacuum depend.

SECTION-C

Derive an expression for the force on a current carrying conductor placed in a magnetic field.

A cell of emf “E" and internal resistance ‘v’ is connected across a variable load resistor B, Draw the plots of the terminal
voltage V versus (1) R and (1) the current L.

A proton and an a-particle have the same de-Broglie wavelength, Determine the ratio of (1) their accelerating potentials
(1) their speeds.
OR

{i) Monochromatic light of frequency 6.0 % 1014 Hz is produced by a laser. The power emitted is 2.0 x 10— W, Estimate the
number of photons emitted per second on an average by the source.

i) Draw a plot showing the variation of photoelectric current versus the intensity of incident radiation on 2 given
photosensitive surface.

Using Bohr s postulates, derive the expression for the frequency of radiation emitted when electron in hydrogen atorn undergoes
transition from higher energy state (quantum number n;) to the lower state, (ng).

When electron in hydrogen atom jumps from energy staten, =4 ton =3, 2, 1. ldentify the spectral series to which the emission
lines belong.

OR
What do you understand by energy level diagram? Discuss the various series of hydrogen spectrum with its help.

From the relation B = Fl'.ﬂ.q”]', where R 15 a constant and A i1s the mass number of a nucleus, show that the nuclear matter
density is nearly constant (i.e. independent of A).

SECTION-D
Using Gauss's law obtain the expression for the electric field due to uniformly charged spherical shell of radius & at a point

outside the shell. Draw a graph showing the variation of electric field with r, for r> R and r< R.
OR

(a) Derive the expression for the capacitance of a parallel plate capacitor having plate area A and plate separation d.

(b} Twocharged sphenical conductors of radii R and R, when connected by a conducting wire acquire charges g, and g,
respectively. Find the ratio of their surface charge densities in terms of their radn.
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(i) State Faraday's laws of electromagnetic induction. Express it mathematically.

(ii) The given figure shows an inductor L and resistor B connected in paralle! to a battery B R )P
through a switch 8. The resistance of R is same as that of the coil that makes L. Two identical WA
bulbs, P and () are put in each arm of the circuit as shown in the figure. When 5 15 closed, M
which of the two bulbs will light up earlier? Justify your answer.
li[1 2
I |
OR B s

What do you mean by mutual inductance of two nearby coils? Find an expression for mutual inductance of a solenoid.

Define magnifying power ofa telescope. Write its expression.

A small telescope has an objective lens of focal length 150 cm and an eyepiece of focal length 5 cm. If this telescope is used
to view a | 00 m high tower 3 km away, find the height of the final imapge when it 15 formed 25 em away from the eyepiece.

OR

A ray of light passes through an equilateral prism in such a way that the angle of incidence is equal to the angle of
emergence and each of these angles 15 3/4th the angle of the prism. Determine the (1) angle of deviation and (1) the

refractive index of the prism.
SECTION-E

Case Study: Transformers

Read the following paragraph and answer the questions.

A thermal power plant produces electric power of 600 kW at 4000 V, which 15 to be transported to aplnn:lﬂlcmawa}' from the
power plant for consumers’ usage. It can be transported either directly with a cable of large current carrying capacity or by
using a combination of step-up and step-down transformers at the two ends. The drawback of the direct transmission is the
large energy dissipation. In the method using transformers, the dissipation is much smaller. In this method | a step-up
transformer is used at the plant sde so that the current i reduced to a smaller value, At rhrnmmunm'md,ast:p—dmmh'um
15 used to supply power to the consumers at the specified lower voltage. It 15 reasonable to assume that the power cable 18 purely
resistive and the transformers are ideal with power factor unity. All the currents and voltages mentioned are rms values.

(i) How can the flux leakage in a transformer be reduced?

(ii) What 1% the cause of hysteresis loss in a transformer?
(1ii) Why can’t transformer be used to step up or step down de voltage?
OR

(iii) Ina transformer Vs = -q— What are the assumption made in obtaining the relation?

Vi Np
Case Study: Combination of thin lenses in contact
Read the following paragraph and answer the questions.
Combination of lenses helps to obtain diverging or con ng lenses of desired magnification. It also enhances
sharpness of the image. The total magnification m of the mvrrgmnm i5 a product of magnification (m,, m mg, ) of
ndividual lenses m = m; m, m, .. System of combination of lenses is commonly used in designing lenses
micToscopes, telescopes and ugh:r optical instruments.
{i) Two identical thin plano-convex glass lenses (refractive index 1.5) each having radius of curvature of 20 cm are placed
with their convex surfaces in contact at the centre. The intervening space is filled with oil of refractive index 1.7. Find the focal
length of the combination.
{ii) The given lens is broken into four parts rearranged as shown. If the inihial focal length is f, then after rearrangment.
What is the equivalent focal length?

(1l

i mir

I!!

-l

{iii) The power of a lens (biconvex) 1s 1.25 m™ in particular medium. Refractive index of the lens is 1.5 and radii of
curvature are 20 ¢cm and 40 cm respectively. Find the refractive index of surrounding medium.

OR
(iii}) A biconvex lens has radii of curvature, 20 cm each, if the refractive index of the material of the lens is 1.5. Find the
power of the lens.
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Solutions

SAMPLE PAPER-%

) Power, P=——=R="
R
1

ie, Rx=

Le., the resistance of 25 W bulb s greater than 100 W bulb.
Heat produced by the bulbs, H = PRt

Since the bulbs are connected in series, current remains same.
ie., H= R

i.e., The heat produced by 25 W bulb is greater and hence

it wall glow brighter. {1 miark)
fa) p <lande =1. (| mark)
b As we know,

ExB=V

{Ej}x (By=Fi (- Electric field vector 1% along +yaxis)

o, B = BE {1 mark)
ie., direction of magnetic field vector 15 along +z direction.
(b} For radial distance r=a/2

g =0 g ot
IHEE 4]'[5
For radhal distancer=2a

i 'l ‘.EL=]

4ma B,
(1) The conduction electrons collides with sach other
more, the specific resistance of a conductor increases
with temperature according to the reachion pp = pﬂ‘EE-"
kT where pp 15 the specific resistance at 0° C, EE
= energy of the gap between the wvalence and the
conduction band, ky is the Bolzmann constant and T,

B, =T (1 mark)

the temperature of the resistor. (1 mark)
(e} We know that

1 |
Ve——and (=

'J'E ;“DED

V _+Moso _  oHofe _
aall J  Jigsan, g, Ju”

F o=

i|==|"'r5r (| mark)

(d) Current sensitivity of moving coil galvanometer

NEA _
= 0
Voltage sensitivity of moving coil galvanometer,
NEA ~
V= Cho _{ii)
Dmviding eqn. (1) by (i1)
Resistance of galvanometer
I, 5x1 5000
o A O R A

. 8

{b) The position of n dark fringe. So position of first
dark fringe in x; =AD/2d.

d=20cm, D=0.1mm, A=5460 A, x, =0.16 (1 mark)
(3) Energy ofa H-like atom in it's n® state is given by
E = —flxﬁel’

For, first excited stateof He®, n=2, Z=2 (| mark)
'EH:"‘ = —lizx 136==136el
10. (b} Massdefect Am=002866amu.
w— 02866 =93] =267 MeV
As H'+ H'— jHet
Energy liberated per a mu = 13.35/2 MeV
=H.675 MeV i | mark])
1. {c) Binding energy 15 lower for both light and heavy
nuclei. (| mark)
12. (a) If two ends of a p-n junction are joined by a wire,
there will not be a steady current in the cirewit. (1 mark)
13 ) :|'1I.E =nn,
(1.5x |08 =n_(45= 10Z)
= n,=05x 1010
of n_=5x 107
Givenn, =45 1042
= n =0,
. Semiconductor 15 p-type and
n =5x 107 m3 (1 mark)
14. (c) Bydopmng, the band gap reduce from leV o 0.3 to 0.7
eV & electron can achieve this energy (0.32V to 0.7V) at
room temperature & reach in C.B (conduction band),
(! mark)
he | 6.62x107* x3x10% .
15 (b) A=—= = = =207=x107"" m
E (60x 107" x16x107"7)
{ I mark)
16. (b) Study of junction diode characteristics shows that the
junction diode offers a low resistance path, when forward
biased and high resistance path when reverse biased. This
feature of the junction diode enables it to be used ag a
rectifier. (| mark)
3
1 =|{m+mr =251,
- (-5 =1 (1t
.2 II“'—"‘= 25
min

18. (¢} The wuvc]mg;th of these wave ranges between 4000 A

to 100 A that is smaller wavelength and higher frequency.

They are absorbed by atmosphere and convert oxygen into
ozone. They cause skin diseases and they are harmful to eye
and cause permanent blindness.

{1 mark)


user
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19. TheS5.1. unit of magnetic field is tesla. (T)

The strength of magnetic field at a point 15 said tobe 1T ifa
charge of 1C while moving at right angles to a magnetic field,
with a velocity of | m/s expenencesa foree of | N at that paint.

The force on a moving charged particle is F
=gBvsin g

If g = 907, 1.e. the particle moves at nght angles to the
magnetic field, F = qBv which provides the necessary
centripetal force for the circular motion of the particle. There
15 no linear acceleration. 50 no increase in linear velocity
and hence in kinetic energy. {2 marks)
In interference, all the bnght frings have same inten-
saty i.e., are equally bright while in difraction, all the bright
fringes are not of the same intensity 1.2, are not equally
bright.

() In interference, there 15 a good contrast between the
bright and the dark fringes while in diffraction, there 1s a
poor contrast between the dark and the the bright fringes.

(I x 2=2marks)

21. The potential at points C and D wall be same, so no charge

will flow through the 3 uF capacitor.
The equivalent circuit is
| pF and 2 pF are connected in series,
2x1 2

3
o gl
1= 32Tk

(1 mark)

Two % pF capacitors are connected in parallel,
. I PF»/\VE puF o

>

| WFS,7 2 pF

2 2 4
CWIC|+C1='EHI-E+E-E"F (1 miark)

21, Asweknow, lx vy and vy = E andE = ¥

o 1 = W=which it chms law.
eEt W

vg=-=land E=-2
m (4
-n.d'u:'l.r:l

z
eV ne At l
N - — = \'r=—'1l'r
£ | nm[ !JT [ f] R

or ¥V =R where R = 5~ Is a constant for a particular

nAe"T
conductor at a particular temperature and is called the

resistance of the conductor, {1 mark)
R

Let n be the number of free electrons per unit volume of the

conductar.

Volume of the conductor = Af

MNumber of free electrons of the conductor = n

Total free charge of the conductor = nAfe, where e 15 the
charge of an electron.

Ift be the time taken to cover a distance § by this change,

L4

—

¥

thent=

3.

24,

R T T :
ST s S S

= "‘rd.'I] (2 marks)

I-Ern:rg.',.I separation =57 = [0tV
=5Tx 103 x1.6=10"1%]

he
Energy= T::l: T

(1 mark)

_ 66x107 x3x10°
5751072 x 16210717
=2 177 = [ m-maxi.mumuml:lmgﬂl to create a hole

{1 mark)
gE
mg

Megative q charge experiences force Ii:rn a direction opposite
to the direction of electric field.
Megative g charge balances when
gE =mg
EeTE

+0O

Wertical
diamrarand

(1 mark)

q
The direction of electric field 1s along vertically downward
direction.

The equipotential surface between the plates is:
Y

(! mark)
OR
— -
44 Fy q F‘_A. Q
A x2 C x2 B
- x >
2
Force on g due to 4q charge, FA=1E4q.q=lt4q
(127 (x/2)
{ | mark)
Forceon qdusto ), Fg = :.0q
(x/2)2
Net force on q=01fF;=F,
2
) k k
Le Lo e = Q=4q {1 mark)

(/27 (/22



25, An accelerated or retarded charge or an osaillating LC crcuit
can be a source of electromagnetic waves, {1 mark)

Electric and magnetic field vectors are perpendicular to each
other and perpendicular to the direction of propagation of
the wave.

The speed of all electromagnetic waves is same in vacuum.

(1 mark)
(1% marks)

Wiin wolts =

R
Electromagnetic waves consist of time varving sinusoidal
electric and magnetic fields in perpendicular direction.
(1 muark) [{A)—
It's velocity in vacuum is given byc = 1 R 18. The de-Broglie wavelength of a particle 15 given by
]I-'-DED 1
depend on any factor, as it is same for all electromagnetic "“E

b (k) It_mp and g are mass and charge of a proton respectively,

26. Let PO) be a conductor of length £, ;i
| be the current through the r:Etua:lduttuf. and Mg and 2g are mass and charge of a alpha particle

i respectively. Then,
B is the magnetic field intensity. v, is the drift speed of According to question
; - =
electrons. B 15 the angle between B and L iy Far mﬁ,lﬂaﬂng potential,
n be the no. of electrons per unit volume of the conductor. A
15 the cross-sectional area of the conductor. - 12.27
_..
3 28 @ ;
v b 8 1 1227 . [iz 2?]
————————— - i or V=
:':I ) 1'",]_ E'D :': P V‘p P .
o I > 2
'I:utal no. of free electrons in the conductor and 3_= 12.27 o V= [] i:T]
N=nAl ;}'I.’u_ a
Magnetic Lorentz foree on each electron f= —f{a“ﬁ} N Vo {]2.2'.".-'31,}2
oW, — =
F=Hf"—nﬂff{“d“3] Vo (ia =
But I=nAev, ﬁ= _F' E'-'jl:,'lﬂ]' (1% marks)
1 =nAfevy \-’P:\Fﬂ=].
If is called current element vector and is opposite to E (0) Faor,
N - h h
£ ==nAfevy A= — =
Gl p mv
F=IfxB k k
%, K_' _ MNow, J'l.‘il = of = v, = :'.
|F|=1]f{=B| = F=I1{Bsinf {3 marks) mpVp Mghn
17, (i) Graph between terminal voltage ¥ and resistance (R) and 3 = h or vy h
F 3 I!III:I:"I‘I:I. I'!'I-III.':"'II
1 :I.‘.’_ " hi MP:"F
& v, him i,
o
z . Yo _Mhp
= (1% marks) v mgv, {'.‘lpn A and m_ = 4mP_J
" Vp _Am,
R{(1) — iy

(i) Graph between terminal voltage (V) and current {I) v, L= 4 -1 i 1% marks)



OR
(1) Energy of a photon is given by, v
E=hv
Mumber of photons emitted per second,

p
n-EwhEr:,F=p-|:mu':miE:d { I mark)
On putting the values, we get,
20x107°
“ =503 x 1015 (1 k)

o T 4
663107 =6 0x10
() The photoelectric current is known to be directly
proportional to the intensity of incident light with fixed
frequency. So, the plot wall be a straight line shown as,

&

(| mark)

Fhosnekciric
cammeni —*

-
-

InEensy —*

29, Let an electron of mass m, carryving a charge & revolving
around the nucleus of hydrogen atom carrving a charge +2.
Let r be the radius of the orbit and v, 15 the speed of the
electron m that orbit. The necessary centripetal force to
revolve the electron is provided by the electrostatic force
between the electron and hydrogen nucleus

2
k:—lz mi ,‘ﬂl‘l‘lﬂ'ﬂ L‘. = 1
I'-I'I. r|:| 4;‘ Eﬂ
ke?
i — (1) ¥y
n“'n
Electron
2
o, mve= o T (1 mark)
According to the angular momentum postulate
n = nh
My I = ey or Vo = I )
Putting the value of v_from {i11) into (1), we have
i, = hf 5 Jh:lmlrn'z
mn”h
- )
= AT
g 4m ke"m
Y g T
KE of the electron = 3 my, = 7 &
z 2 2 4
2l ke oy 2 2mkime W)
3 nIhE nlhl

Potential energy of the electron

2 2
PE—_'-—LIIIq] =_k.t'.f= k: = —k‘.' "!]'[zktlm
T

PE = =4n ]2h1:4m
n“h

E!'tzlu:irm.-4 Ilﬂzl'!'l.‘d'

=. Total energy of the electron = .
]'lihj |:|1I:|
2, 2 4
®E. =2k me (1 k)

e I 2

n“h

IfE_ and E _ are the energies of the electron for whichn =n,

and ng

. E g =28k me!
- rl.:-!h1 :|'1,1-|hI

If hw 15 the energy of the photon when the electron jumps

fromn =n, ton = ng then

_2'k’me? | —2xkime?

hv=
hlng hznf
i Inkimet |1
= b2 B e
Op
2,2 4
2"k me 1 1
o, wv= —_— - (| mark)
K* |i|1§ nf]

Spectral series when the transition of the electron takes
place from

n,=4ton;=3 — Paschen series

:|:|].=4 I:unr.-E — Balmer series

n;=4ton;= | — Lyman senes

OR

According to Bohr’s theory, when an electron jumps from
inner to outer orbits it absorbs energy and when it jumps
from outer to inner orbits it emits energy. The energy of the
emitted radiation 18 equal to the difference of the two energy
levels involved and the total number of energies of electron
in different orhits of an atorn are diagrammatically represented
by the energy level diagram. Total energy of electron in n'®
arbit 15 given by

2 2.4

E= %wﬁa:k- --I'—- and henee
nh ME

E=-—‘“"'f“1'rr for H-atom (| mark)
n

Also the number of waves given per unit length 15

Z:Rzll.l_j_.’-] (1 mark)

Ny m3

For hydrogen. Z=1 - wa=i| Lol

ni n3
'|n"|."h|:r-|.'r|.I Endniu::n"‘mbitnm'nhrrsand
R=1.097 = 10" m™! is Rydberg constant.



3. B=R,A

iy When electron jumps from outer orbat to

n = | arhit then ;| =R [ij—%] where
e
k=2, 3, 4etc. 15 Lyman senies for energy
E,=-13.6eVofthe electron inn=1 orbit.
(n) When electron jumps from outer to second orbit then

Vi =R[l-l] where k = 3, 4, 5. and energy of

v ol
=136
21
=_13 4V, Thisis Balmer Series,
{ni) When electron jumps from any outer orbat to third orbat
then

electron 15 E1 =

= n[i_l] wherek=d, 5,6, it Pandhin s

r S
and energy is
=136
EJ-' 22 =—]51eV

Similarly, forny =4 andn,=5,6,7...... we get Brackett series
whoseelectron energyis E, =— 085V
We get Pfund Series forny =5 and n, =6, 7 ... . where
electron in stationary orbit has energy
E,=-054 V. Asn increases, E_increases until atn ==,
E=0 (I mark)
Thtm:r%glmr:ldiagﬁlm i drawn in figure 4.

where By, = constant, A mass number of a nucleus.
Considening, nucleus to be nearly sphencal.
Volume of nuclens = constant = R
= ponstant = REJ'A- constant = A

: MEss
Density = far a nuclews, mass = A
volume
: A 1
. Density =

constx A const

.. Density = constant, iu:l:p-ml:-tml of A {3 marks)

31. Let us consader charge +q 18 uniformly distributed over a

spherical shell of radius R. Let electric field 15 to be obtained
at P lies outside of spherical shell.

Coacentric
,.#"__;_""“.!‘ spherical
o + 4, Uiaussian

d ]
Y ds g
y
Vi
< Charged
& ST Ll
ghell

E at any point 15 radially outward and has same magnitude
at all points which lies at the same distance (r) from centre
of spherical shell. Therefore, consider a Gaussian surface
of radius r such that r > E.

(Gaussian surface enclosed charge q inside it.

By Gauss's theorem,

Eds =Y
Ep

tf,;E.ﬂ'.".i“msﬂﬁ= i [ £ and 45 are along the same

Varnation of E with r for a charged spherical shell.
{5 marks)
OR
{(a) A parallel plate capacitor consists of two large plane
parallel conducting plates separated by a small distance.

"
: -

Area A

{1 mark)

|
S g I N
|

charge density o
E

Surface

chage density —o

E
5
]

Let A be the arca of each plate and d be the separation
between them. The two plates have charges () and —). Plate
| has surface charge density, o= /A,

And plate 2 has a surface charge density —a.

Electric field in, Cuter region [,

E i-i:ﬂl

e e
In outer region 11,

(1 mark)

In the inner region between plates | and 2, the electnic
fields due to the two charged plates add up.

g T O Q0
EaT—f—m—m—wm—=u ]

26y 26 & £ &A i
The direction of electric field 15 from positive to the negative

plate. For uniform electric field, potential difference 18 samply
the electne field hmes the distance between the plates.
1 Qd

v-Ed:En_A

Capacitance (C) of the paralle] plate capacitor, C = % =%
(1 mark)

{b) The surface charge density for a spherical conductor is

" Q
ven by, o= .
= A




For spherical conductor R, the surface charge density is
given by, @ = .._'].L.i.

4.|TR'.|
Similarly, for spherical conductor R, the surface charge
q2

4xR3

density 18 given by, oy =

ﬂ=[ﬂLJ R3
oy \Gz | R{

Since the two conductors are connected, we have,

h™ %

R (®,)
=2l -2 ! mark
2.4 (k) (st

31, (i) Faraday’s laws of clectromagnetic induction:

First law: Wherever there is a change in magnetic flux
associted with a coil, an e.m. £ 15 induced in the oml. It last 5o
long as the chanpge continues. (1 miark)
Second law: The induced e.m.f. 15 directly proportional to
the rate of change of magnetic flux of the coil and has a
direction opposite to that of the change of magnetic flux.

Mathematically, {1 mark)
13-:r;—ﬂ = &= —EH
dt dt

[k= I for all system of units]

:-—% { I mark)

(i) When the switch 5 closed the flux associated wiath L
changes, an e.m.f. 15 induced in L which will oppose the
of current in ). But no such induced e.m.f, will be
produced in R. So Pwall hight up faster. {2 marls)
OR
When current flowing in one of two nearby coil is charged,
the magnetic flux linked with the other coil changes, due to
which an emfis induced in the ather coil. This phenomenon
15 called mutoal induction. The col in which current 1=
changed 15 called primary coil and the coil in which emf is
mnduced 15 called secondary coil.

I ( | mark)
i = g

SLIP]:HJE:H'LEI'I:BIE['HEEEIMP and 5. 'l']'.bl:1:1.1rn|:|1|=.I‘.I Jsﬂumng
n primary coil P due to which an effective magnetic flux :I:2 i5
linked with secondary conl 5.

Byexperiment, &, - I, Loy =Ml
Where M 15 a constant, called cosfficient of mutual induchion
or mutual inductance.

o
M-I— IFT, =1 &, then M=,
|

2 Mutual inductance between two coils 15 numerically equal
to the effective flux inkage with secondary coil, when current
flowing in primary coil 15 1 A
From Faraday's law;

induced e.m fin secondary mil-.:z-_"%
L

- MI f'.-'lm | mark
=:'=2'—E{ == dt { )
e
M=—
dly
dt
Ifdl,/dt=1Als . M =g, (numerically)

. Mutual inductance between twocoils is numerically equal
to the emf induced with secondary coil, when rate of change
of current in primary coil 15 1 Afs. i | mark)

Mutual inductance of a solenoid:

Consider a long solenoid of length ! and number of turns
N,. At its central part, a coil of N, number of furns i wound.

If1; 15 the current flowing in long solenoid, the magnetic
field produced within the solenoid is B, = %

Flux linked with each turn of secondary coil =, = £] LA
whu'l:ﬁu. 15 the eross-sectional area of the solenod,
. Total flux linked with secondary coil of N, number of

turns= 4:'1 =Ny8,=N;B A

-hl {I'I'DII: [l]h '_I_ I.:
MM
‘Ituﬁ"h
- NNLA
*. Mutual inductance=M = iI'-'—=|'i"%
I
(I mark)

. The magnifying power of a telescope is equal to the ratio of

the visual angle subtended at the eye by final image formed

at least distance of distinct vision to the visual angle
subtended at naked eye by the object at infinity, (| mark)
when final mage 15 at [,

Magnifying power M = %[1 + {,)sﬂ]

In normal adjustment A = _f_"
[
Focal length of objective lens £, = 150 em
Focal length of eye lens £, =5 cm
When final image forms at D=25 cm

Magnification Af = *Lfi[] +%J

=

5 25 T
Let height of final imageishem mnﬁ=;—5
f =visual ang I:fnrmﬂdbzﬁnal image at eye
o = visual angle substen :dh}'thn:l at |:|l:|_|tc.tn'|:
100 m 1

3000m 30

(1 mark)

{1 mark)

tana =



But M= —Jﬁ-=u=i:ﬁ3ﬂ

lana | 25
()
Gk
= 3 {1 miark)

—3'5:"5 =—30cm (1 mark)
OR

(1) Given : 1=e=3A/4 A =080
From formuda,
i+e=A+5
or, JAM+3IAM=A+5

A 60*
= = & or - &
= §=30° (24 marks)
() Sincei = ¢, the prism is in the mmimum deviation position,
therefore, the refractive index of the prism

sinf{A+8_)/2
B sinAT2
_ sin{60°+30¢)/ 2

s 60°/ 2)
=0T70705=1414 (2'4 marks)
« (i) The flux leakage in a transformer can be reduced by
winding the primary and secondary coils one over the other.
(1 mark})

{ii) The magnensation of the core 15 repeatedly reversed
by the alternating magnetic field which results in loss of
energy as heat. {1 mark)
{iii} In steady current, the phenomenon of mutual induction
does not take place. (2 marks)

=36

h=

OR
{iii} There are three assumptions:—
{1) The primary resistance and current are small.
in} The same flux links both the primary and the secondary
as very little flux escapes from the core. {2 marks)
{n) The secondary current is small.

35, (i) From lens formula,

R
E {Rl R:)

% o B S
fm IR SR IR

=F_=-25R=-50cm {2 marks)
(i) Cutting a lens in transverse direction doubles their
focal length 1.2, 2f

Using the formula of equivalent focal length.

F
We get equivalent focal length as '2- ;

= | 1
(u, is refractive index of lens and p, 15 of surrounding
miediumy)

(1 mark)

1 1
=125= {I-S—p;:[-ﬁ+“]

0.4
| 25=0.08 4
—_— I_S— -
= IR0 (15 pg) == 3 (1 mark)
) f 1
1 1 1
{iif) We have power P=—={p=])] ———
" I i«RI R;
l 1 I
=(1.5=1 [———] UL
2=~ 20 102
=ﬂ.5:-e:-§j-:-:iﬂﬂ=+5ﬂ (| mark)
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