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Class XII Session 2023-24
Subject - Physics
Sample Question Paper - 6

Time Allowed: 3 hours Maximum Marks: 70

General Instructions:

1. There are 33 questions in all. All questions are compulsory.

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

3. All the sections are compulsory.

4. Section A contains sixteen questions, twelve MCQ and four Assertion Reasoning based of 1 mark each, Section B
contains five questions of two marks each, Section C contains seven questions of three marks each, Section D
contains two case study based questions of four marks each and Section E contains three long answer questions of
five marks each.

5. There is no overall choice. However, an internal choice has been provided in one question in Section B, one
question in Section C, one question in each CBQ in Section D and all three questions in Section E. You have to
attempt only one of the choices in such questions.

6. Use of calculators is not allowed.

Section A
1. The energy band gap is maximum in: [1]
a) Metals b) Insulators
¢) Superconductors d) Semiconductors
2. Time taken by an 836 W water heater to heat one liter of water from 10°C to 40°C is: [1]
a) 100 s b) 50 s
c) 150 s d) 200 s
3. The magnifying power of telescope is high if [1]

a) the objective has a long focal length and the b) both objective and eye-piece have short

eye-piece has a short focal length focal lengths
¢) the objective has a short focal length and the d) both objective and eye-piece have long
eye-piece has a long focal length focal length
4.  Two similar magnets of magnetic moments M; and M> are taken and vibrate in a vibration magnetometer with ~ [1]
their
i. like poles together

ii. unlike poles together. If the ratio of the time periods is %, then the ratio of M; and M» ( ie., Vl) is
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10.

a) 0.5 b)

c) 2 d)

C«—c*@’?f

-
Co= ==C
o H
Cc
J/lscl—)‘ﬂ
a) (3)C b) C
©)30C 9 (e

Two charged particles traverse identical helical paths in a completely opposite sense in a uniform magnetic field

B =B k.

a) The charge to mass ratio satisfy:
(%) 1t (%)2 =0

¢) They have equal z-components of momenta d) They necessarily represent a particle-

b) They must have equal charges

antiparticle pair

Two concentric circular coils, one of small radius r; and the other of large radius ro, such thatr; << rs, are

placed co-axially with centres coinciding. Mutual inductance of the arrangement is

a) ,uowr% b) ,uom'i’
2r3 2r2
0 Ho7ry d) BT
3ry 27y
Tesla is the unit of
a) magnetic induction b) electric field
c) electric flux d) magnetic flux

For a parallel beam of monochromatic light of wavelength A, diffraction is produced by a single slit whose
width a is of the order of the wavelength of the light. If D is the distance of the screen from the slit, the width of

the central maxima will be

2Da D)
Q) b) £2
¢) 224 d) B¢

For the isolated charged conductor of given figure, the electric fields at points A, B, C and D are E, Eg, E¢ and

Ep respectively. Then:

b)EBZO,EA=EC:ED
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11.

12.

13.

14.

15.

16.

o) Ep=Egp=Ec>Ep d) Ep=Eg>Ec>Ep

If in a p-n junction, a square input signal of 10 V is applied as shown,

+3V
RN (R RL
-5V
then the output across Ry, will be
a) © ° by 3V
-5V o O
¢ 10V d) S o
5 o -10V

A convex lens is dipped in a liquid whose refractive index is equal to the refractive index of the lens. Then its

focal length will:

a) Become infinite b) Become zero

¢) Reduce d) Remain same as in air
Assertion (A): When ultraviolet light is incident on a photocell, its stopping potential is V and the maximum
kinetic energy of the photoelectrons is K;,,x- When the ultraviolet light is replaced by X-rays, both Vy and
Kmax- increase.
Reason (R): Photoelectrons are emitted with speeds ranging from zero to a maximum value because of the

range of frequencies present in the incident light.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the

explanation of A. correct explanation of A.

¢) A is true but R is false. d) A is false but R is true.

Assertion: Circuits containing high capacity capacitors, charged to high voltage should be handled with caution,
even when the current in the circuit is switched off.
Reason: When an isolated capacitor is touched by hand or any other part of the human body, there is an easy

path to the ground available for the discharge of the capacitor.

a) Assertion and reason both are correct b) Assertion and reason both are correct

statements and reason is correct explanation statements but reason is not correct
for assertion. explanation for assertion.

) Assertion is correct statement but reason is d) Assertion is wrong statement but reason is
wrong statement. correct statement.

Assertion (A): We cannot get a diffraction patterns from a wide slit illuminated by monochromatic light.

Reason (R): In the diffraction pattern, all the bright bands are not of the same intensity.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the

explanation of A. correct explanation of A.

) A is true but R is false. d) A is false but R is true.

Assertion (A): Ac is more dangerous than dc.

Page 3 of 19

[1]

[1]

[1]

[1]

[1]

[1]

L e o



r - -

17.

18.
19.

20.
21.

22.

23.

24,

25.

26.

Reason (R): The frequency of ac is dangerous for the human body.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the

explanation of A. correct explanation of A.

¢) A is true but R is false. d) A is false but R is true.

Section B
A plane electromagnetic wave of frequency 25 MHz travels in free space along the x-direction. At a particular
point in space and time, E = 6.3 j V/m. What is B at this point?
What is relative permeability of a magnetic material? How is it related to the magnetic susceptibility?

Write the characteristics of a p-n junction which make it suitable for rectification.

Determine the speed of the electron in n = 3 orbit of He" ion.

[2]

[2]
[2]
[2]

The magnetic field due to a current-carrying circular loop of radius 12 cm at its centre is 0.50 x 104 T. Find the [2]

magnetic field due to this loop at a point on the axis at a distance of 5.0 cm from the centre.

OR
A

An electron enters with a velocity v = vyt into a cubical region (faces parallel to coordinate planes) in which there

are uniform electric and magnetic fields. The orbit of the electron is found to spiral down inside the cube in plane

parallel to the x-y plane. Suggest a configuration of fields E and B that can lead to it.
Section C

Determine the current in each branch of the network shown in Fig.

Draw V-I characteristics of a p-n junction diode. Answer the following giving reasons:
a. Why is the reverse bias current almost independent of applied voltage up to breakdown voltage?
b. Why does the reverse current show a sudden increase at breakdown voltage?
Explain giving reasons for the following :
i. Photoelectric current in a photocell increases with the increase in the intensity of the incident radiation.

ii. The stopping potential (V) varies linearly with the frequency (v) of the incident radiation for a given

photosensitive surface with the slope remaining the same for different surfaces.

iii. Maximum kinetic energy of the photoelectrons is independent of the intensity of incident radiation.

i. 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

a. attractive and

b. repulsive.

ii. In the nuclear reaction ¢n' +gg5 U —¢, Xe +g4 Sr + 2yn! determine the values of a and b.

a. Using the Bohr's model, calculate the speed of the electron in a hydrogen atom in the n = 1, 2 and 3 levels.
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b. Calculate the orbital period in each of these levels.
A plane wavefront is incident on a surface separating two media of refractive indices ny and ny (> ny). With the  [3]

help of a suitable diagram, explain its propagation from the rarer to denser medium. Hence, verify Snell's law.

A metallic rod of length 1 and resistance R is rotated with a frequency v, with one end hinged at the centre and [3]
the other end at the circumference of a circular metallic ring of radius 1, about an axis passing through the centre

and perpendicular to the plane of the ring. A constant and uniform magnetic field B parallel to the axis is present

everywhere.

i. Derive the expression for the induced emf and the current in the rod.
ii. Due to the presence of the current in the rod and of the magnetic field, find the expression for the magnitude
and direction of the force acting on this rod.
iii. Hence obtain the expression for the power required to rotate the rod.
OR
A magnetic field B is confined to a region r < a and points out of the paper (the z-axis), r = 0 being the centre of the
circular region. A charged ring (charge = Q) of radius b, b > a and mass m lies in the x-y plane with its centre at the
origin. The ring is free to rotate and is at rest. The magnetic field is brought to zero in time At. Find the angular
velocity @ of the ring after the field vanishes.
Section D

Read the text carefully and answer the questions: [4]
All the known radiations from a big family of electromagnetic waves which stretch over a large range of
wavelengths. Electromagnetic wave include radio waves, microwaves, visible light waves, infrared rays, UV
rays, X-rays and gamma rays. The orderly distribution of the electromagnetic waves in accordance with their
wavelength or frequency into distinct groups having widely differing properties is electromagnetic spectrum.

6] Which wavelength of the Sun is used finally as electric energy?

radio waves, infrared waves, visible light, microwaves
a) microwaves b) visible light

c) radio waves d) infrared waves
(ii)  Which of the following electromagnetic radiations have the longest wavelength?

X-rays, 7y-rays, microwaves, radiowaves

a) ~y-rays b) microwaves
c) radiowaves d) X-rays

(iii)  Which one of the following is not electromagnetic in nature?

X-rays, gamma rays, cathode rays, infrared rays

a) gamma rays b) infrared rays
c) X-rays d) cathode rays
OR

Which of the following has minimum wavelength?

X-rays, ultraviolet rays, y-rays, cosmic rays
a) X-rays b) cosmic rays

¢) ultraviolet rays d) ~y-rays
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(iv)  The decreasing order of wavelength of infrared, microwave, ultraviolet and gamma rays is

a) gamma rays, ultraviolet, infrared,

microwave

¢) microwave, infrared, ultraviolet, gamma

rays

b) microwave, gamma rays, infrared,

ultraviolet

d) infrared, microwave, ultraviolet,

gamma rays.

30.

Read the text carefully and answer the questions:
Electric field lines as a path, straight or curved in an electric field such that tangent to it at any point gives the
direction of electric field intensity at the point. Electric field lines are continuous curves they start from a

positive charged body and end at the negatively charged body. (Refer image)

LY

-~

FRTTERT O OY %

K —— -
p \ g 77NN
{ /| - L
(a) .
()
(i) Electric field due to a single charge is:
a) cylindrically symmetric b) none of these
¢) asymmetric d) spherically symmetric
(i)  The SI unit of electric field intensity is:
a) N/C b) N
) C/m? d) N/m?
(iii)  Pick the wrong statement.
a) Electric field lines are continuous b) Electric field lines can intersect each
curves. other.
c) Electric field lines are always normal to d) The electrostatic field does not form a
the surface of a conductor. closed loop.
(iv) A metallic sphere is placed in a uniform electric field as shown in the figure. Which path is followed by

electric field lines?

N .

d - .
b E \ -
A ]
[ - *
d
a) path 'd' b) path 'c'
c) path 'a’ d) path 'b’
OR

Pick the true statements about electric field lines.

a) Electric field lines provide information b) Electric field lines provide
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about the field strength. information about the type of charge.

c) All of these. d) Electric field lines provide
information about the direction of the

electric field.
Section E
31.  Figure shows a convex spherical surface with centre of curvature C separating the two media of refractive [5]
indices 11 and py. Draw a ray diagram showing the formation of the image of a point object O lying on the

principal axis. Derive the relationship between the object and image distance in terms of refractive indices of the

media and the radius of curvature R of the surface.

H1 M2

1o

R —C

OR
i. What is the effect on the interference fringes to a Young's double slit experiment when
a. the separation between the two slits is decreased?
b. the width of the source slit is increased?
c. the monochromatic source is replaced by a source of white light? Justify your answer in each case.
ii. The intensity at the central maxima in Young's double slit experimental set up is I,. Show that the intensity at a
point is 5 , where the path difference is %
32.  In Fig. the energy stored in C4 is 27 J. Calculate the total energy stored in the system. [5]

Ik
e
i,

OR

i. Two isolated metal spheres A and B have radii R and 2R respectively, and the same charge q. Find which of the
two spheres have greater:
a. capacitance and
b. energy density just outside the surface of the spheres
ii. a. Show that the equipotential surfaces are closed together in the regions of a strong field and far apart in the
regions of a weak field. Draw equipotential surfaces for an electric dipole,
b. Concentric equipotential surfaces due to a charged body placed at the centre are shown. Identify the polarity

of the charge and draw the electric field lines due to it.
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33. i. What do you understand by the sharpness of resonance in a series L-C-R circuit? Derive an expression for Q- [5]
factor of the circuit.
ii. Three electrical circuits having AC sources of variable frequency are shown in the figures. Initially, the
current flowing in each of these is same. If the frequency of the applied AC source is increased, how will the
current flowing in these circuits be affected? Give the reason for your answer.

A L c

[—W—[—m——i #
!
| r';\.:,"} I % i___@_

E

OR
i. An ac source of voltage V = Vgsin wt is connected to a series combination of L, C, and R. Use the phasor

diagram to obtain expressions for impedance of the circuit and phase angle between voltage and current. Find the
condition when the current will be in phase with the voltage. What is the circuit in this condition called?

ii. In a series, LR circuit Xy, = R and power factor of the circuit is P;. When capacitor with capacitance C such that

. . . P
X1, = X is put in series, the power factor becomes P5. Calculate ?1.
2
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Solution

Section A

(b) Insulators
Explanation: Insulators

(c) 150's

Explanation: Heater gives energy at a rate of 836 joules per second.

P =836 W andT;=10°C and T, = 40°C

Heat energy required to raise temperature of mass m of water from T; to T, is given as,
Q =mS (TQ - Tl)

S is specific heat of water = 4.186 J/g°C

Let t be the time required to heat water, then

Q =Pt

From above equations,

= 836 x t = 1000 x 4.186 x (40 — 10)
—~t= 4186x 30

836
=t ~ 150 seconds

(a) the objective has a long focal length and the eye-piece has a short focal length
Explanation: Magnifying power of telescope is directly proportional to &.

Hence, f, should be large and f, should be small.

5
(b) 3
1 TP +T7

Explanation: 221 —
Xp danauon: M2 = T227T12

@ (5)C
Explanation: (%)C

(a) The charge to mass ratio satisfy: (), + (55), =0

27mu cos 0

Bg
% = 2”#‘;’50 [0 is the angle of the velocity of a charged particle with X-axis]

If the motion is not helical then, 8 =0

Explanation: For a given pitch, P = by rearranging the equation we get,

As path both the particles are identical and helical but of opposite direction in the same magnetic field so by the law of
conservation of momenta.

(=) + (), =0

2
pomry
27‘2

(d)
Explanation: Let a time varying current I, flow through the outer circular coil.

.". Magnetic field at the centre of this coil is

_ pol2
B2 - 27’2

Since the inner coil placed co-axially has very small radius, B, may be considered constant over its cross-sectional area.

.". Magnetic flux associated with inner coil is
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poly poly
¢1 = By X 7r7"% = (—) 7r7'% = ﬂr%

27‘2 27‘2
2
HoTTy
or qf)l = ( 2 ) I2 = M1212
. HoTT]
* M12 - 27‘2
2
HoTTY
NOW, M12 = M21 = 2

8. (@) magnetic induction
Explanation: magnetic induction
9.
(© 232
Explanation: Linear width of central maximum
=D x Angular width =D x 2 — 2D
a a
10. (a)ED>EA:EB=EC=O
Explanation: En > Ep -Eg =Ec =0
11.
(b)
5V
o O
Explanation: When the input level is -5 V, the diode gets reverse biased. No output is obtained across Ry . When the input
level becomes +5 V, the diode gets forward biased and the current flows through R} . The diode is ideal, the output across
Ry, will be exactly 5V.
12.  (a) Become infinite
. 1 H2 1 1
Explanation: - = (M—1 . 1)(R—1 — R—Q)
Since, po = p1,
%:0, hence f = 0o
13.
() A is true but R is false.
Explanation: We know that
eV=Kpmax=hv—0
where ¢ is the work function.
Hence, as v increases (note that the frequency of X-rays is greater than that of U.V. rays), both V and K, increase.
So, A is true but R is false.
14.  (a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
Explanation: Assertion and reason both are correct statements and reason is correct explanation for assertion.
15.
(b) Both A and R are true but R is not the correct explanation of A.
Explanation: Both A and R are true but R is not the correct explanation of A.
16. (a) Both A and R are true and R is the correct explanation of A.
Explanation: The effect of ac on the body depends largely on the frequency. Low-frequency currents of 50 to 60 Hz
(cycles/sec), which are commonly used, are usually more dangerous than high-frequency currents and are 3 to 5 times more
dangerous than dc of the same voltage and amperage (current). The usual frequency of 50 cps (or 60 cps) is extremely
dangerous as it corresponds to the fibrillation frequency of the myocardium. This results in ventricular fibrillation and instant
death.
Section B
17.B=£
6.3V
SR 91 %1075
3x10°m/s

To find the direction, we note that E is along y-direction and the wave propagates along x-axis. Therefore, B should be in a
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18.

19.

20.

21.

22.

direction perpendicular to both x- and y-axes. Using vector algebra, ¢ = E X B should be along the x-direction.
Since, (+ j) X (+ l;) =i, B is along the z-direction.E is along y direction and c is along x direction

Thus, B=2.1 x 108k T

Relative permeability: It is the ratio of the permeability of the material to the permeability of free space.

m

Hr =75

Magnetic susceptibility: It is the ratio of the intensity of magnetisation (M) incduced to the magnetising field intensity (H).
M

Xm = H

It can be shown that

p= po (1 + xm)

and ptr =1+ xm

p-n junction has an asymmetric voltage current relationship.

It allows the current to flow through it in the forward direction and block in the reverse direction.
Heren=3,7Z=2

_ 2k Ze?
v= nh y
2x3.14x9x109x2x (1.6x10719)
o 3%6.6x10734
=1.46 x 109ms™
ol pOIaz
Beentre = 5— and Bayja = —————=
centre 2 axia 2(a2+T2)3/2
Baxial — a3
* ' Bcentre (a2+,,.2)3/2
a3
or Baxial = X Bcentre

(a2+r2)3/2
Herea=12cm =12 X 10'2m,r=5cm=5 X 10'2m,
Beentre = 0.50 X 1074 T

“ Baxial = 21072y 0.50 x 104 T

o axial = [144x10~4+25x 10742 et

3 —4
= WO _39x 105T

OR

Due to magnetic force charge particle revolves in a uniform circular motion in x-y plane and due to electric field charge particle
increases the speed along x-direction, which in turn increases the radius of a circular path and hence, particle traversed on spiral
path.
Let us consider a magnetic field B = B( present in the region and an electron enters with a velocity into cubical region (faces
parallel to coordinate planes). The force on electron, using magnetic Lorentz force, is given by
F——e (vgi X Bol;:> = 61)[]303
which revolves the electron in x-y plane. and Eg = v¢Bg
The electric force F = eEyJ accelerates e along z-axis which in turn increases the radius of the circular path and hence particle
traversed on spiral orbit.

Section C
Each branch of the network is assigned an unknown current to be determined by the application of Kirchhoff’s rules. To reduce
the number of unknowns at the outset, the first rule of Kirchhoff is used at every junction to assign the unknown current in each
branch. (current entering into the junction is equal to current leaving the junction) We then have three unknowns I, I, and I3
which can be found by applying the second rule of Kirchhoff to three different closed loops. Kirchhoff’s second rule for the
closed-loop ADCA gives,
10-4(I; - 1) + 2, + I3-11) -} =0 ...(Q)
that is, 7I; — 61, — 2I3 =10
For the closed-loop ABCA, we get
10-41,-2 (I, +I3)-1; =0
that is, Iy + 61, + 2I3 = 10 ...(ii)
For the closed-loop BCDEB, we get
5-2(Ip+I3)-2(Ip+I3-1))=0
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that is, 21, — 41, — 413 = =5 ...(iii)

Equations (i, ii, iii) are three simultaneous equations in three unknowns. These can be solved by the usual method to give
=25A,,=2 A ;=11 A

The currents in the various branches of the network are

AB:2A,CA:21 A DEB:11 A

AD:1IA,CD:0A,BC:23 A

It is easily verified that Kirchhoff’s second rule applied to the remaining closed loops does not provide any additional independent
equation, that is, the above values of currents satisfy the second rule for every closed loop of the network. For example, the total
voltage drop over the closed-loop BADEB

5V + (% X 4) V- (% X 4) V equal to zero, as required by Kirchhoff’s second rule.

23. For V - I characteristic of a p-n junction diode, see figure.

I{mA)
A

1004
801
601
40
20

100 80 60 40 20

v,

brt
'

> V(V)

02 04 06 08 10

Y
(uA)

a. A very small current of order of few pA flows, when the diode is reverse biased. It is due to the drift of minority charge
carriers whose number density remains constant, so the current under reverse bias is almost independent of the applied
potential upto a critical voltage.

b. When the reverse voltage across the p-n junction reaches a critical voltage, the reverse current abruptly increases to a large
value. It is due to the large increase in the number of minority charge carriers because of the breakdown of the diode. The
avalanche breakdown occurs in lightly doped diodes due to ionisation by collision. Zener breakdown occurs at low voltages in
heavily doped diodes by field emission.

24. i. The collision of a photon can cause emission of a photoelectron (if the frequency is above the threshold frequency). As

intensity, if the frequency increases, number of photons increases. Hence, the current increases.
ii. We have, eVy=h(v - 1)

__h hyy
Vb =<V e
Stopping
potential
(V,)
¥
W Frequency of —»
LN " incident radiation (v)
[

Graph of V( vs.v is a straight line and slope is a constant.

iii. Maximum K.E. for different surfaces is given by =h(v - vy)

Hence, kinetic energy depends on the frequency and not on the intensity of the incident radiation.
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25. i
=
s |
s ||
5 |
- |:H_'||| '
£ | B D
-100= al 5 3

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

ii. We have, In nuclear reactions , mass no .is conserved Hence ,
1+235=a+94+2x1
C.a=236-96=140
In nuclear reactions , charge no. is conserved .so 0+92=54+b+2 x 0
o.b=92-54=38
26. a.Now,v = ~a,

2
where a = % =0.0073

v = 22 5 0.0073 = 2.19 x 105m/s

vy = 210 50,0073 = 1.095 x 10°m/s

vy = 20% 5 0.0073 = 7.3 x 10°m/s

b. Orbital period, T = %
Asr; =0.53 x 10719

27x0.53x10~10 -
Ty = 22220 — = 1,52 x 10 %
2.19% 10

Asry=4r;and vy = %Ul

Ty=8T; =8 x 1.52 x 107165 =1.216 x 10 1%s

Asr3=9rq and v3 = %vl

S Ts=27T, =27x1.52x 10 %s=4.1x 10 s

27.

Rorer ny

i 2 denser n,

Let XY be interface of two mediums and c; and ¢, are velocity of light is rarer and denser medium respectively.

Then, refractive index of denser medium relative to rarer medium p = Z—;

Also, according to Huygens principle, every point of plane wavefront AB acts as a source of secondary wavelet. Let the secondary
wavelets takes time t from B to strike at XY surface at A’

BA'=c; X't

in same time t wavelet from A travels with speed c; and strikes B'
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AB' = Cy X t
In AAA'B
o . ! Cit
AA' AA
In AAA'B'
. / Coxt
sinr= 48 — 2%
L AA AA
sint €1

— = — == 22 This verifies the snell's law of refraction.
sinr c2 ni

28. i. In the one revolution, change of area,
dA = 7l?
Change of magnetlc flux in one revolution of the rod,
d¢B -B- dA BdAcos0° = Bril?
(Given, magnetic field intensity, Bis parallel to change in area, df_{)

If period of revolution is T,

a. Induced emf (e) = 49 _ Brl _ Brl’v (v= % )

dt T
b. Induced current in the rod,
_ e _ xvBI?
“ R~ R

(Given R = resistance of the rod)

ii. Magnitude of force acting on the rod,
|F| = |I(l x B)| = Bllsin90" = ™E1
The external force required to rotate the rod opposes the Lorentz force acting on the rod, i.e external force acts in the direction
opposite to the Lorentz force.

iii. Power required to rotate the rod,

- 253
P=F.%= Fvcos0® = %f”

OR
By the relation between electric field and potential we get,
The induced emf = Electric field E x (27b) (Because V=E x d) ..... )]
If E is the electric field generated around the charged ring of radius b, then as e By Faraday's law:

dB
el = & = 442
||_B7ra

From Egs. (i) and (ii), we have

_ B7'ra
27bE = ¢ = = A

As we know the electric force experienced by the charged ring, F, = QE
his force try to rotate the coil, and the torque is given by
Torque = b x Force
— Bra?
r=Qm =[]

Bd?
2At

If AL is the change in angular momentum of the charged ring then,

AL = Torque x At=Q B;Z

since, initial angular momentum = 0

= 7=

And Torque x At = Change in angular momentum
QBa2

Final angular momentum = mb’w = 5

Where, mb? = I (moment of inertia of ring)
_ Q5
T omb?
On rearranging the term, we have the required expression of angular speed.
Section D
29. Read the text carefully and answer the questions:
All the known radiations from a big family of electromagnetic waves which stretch over a large range of wavelengths.

Electromagnetic wave include radio waves, microwaves, visible light waves, infrared rays, UV rays, X-rays and gamma rays. The
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orderly distribution of the electromagnetic waves in accordance with their wavelength or frequency into distinct groups having

widely differing properties is electromagnetic spectrum.

(i)

(i)

(iii)

(iv)

(d) infrared waves

Explanation: Infrared rays can be converted into electric energy as in solar cell.

(c) radiowaves

Explanation: Radiowaves have longest wavelength.

(d) cathode rays
Explanation: Cathode rays are invisible fast moving streams of electrons emitted by the cathode of a discharge tube
which is maintained at a pressure of about 0.01 mm of mercury.
OR
(d) ~y-rays
Explanation: ~y-rays have minimum wavelength.

(c) microwave, infrared, ultraviolet, gamma rays
Explanation: Apicro > Ainfra > Aultra > Agamma

30. Read the text carefully and answer the questions:

Electric field lines as a path, straight or curved in an electric field such that tangent to it at any point gives the direction of electric

field intensity at the point. Electric field lines are continuous curves they start from a positive charged body and end at the

negatively charged body. (Refer image)

(a)

()

(i)

(iii)

(iv)

1

FRTTERY % O§ %
#
LY

(o)
(d) spherically symmetric
Explanation: spherically symmetric
(a) N/C
Explanation: N/C
(b) Electric field lines can intersect each other.
Explanation: Electric field lines can intersect each other.
(a) path 'd'
Explanation: path 'd'
OR
(c) All of these.
Explanation: All of these.

Section E

31. The ray diagram is shown in the figure.

Denser pz

3
.
PI\M C i
R —
B
— v ——
PC=+R
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Let, NM =h

The convex spherical refracting surface forms the image of object O at I. The radius of curvature is R
Here PI = +v and PO = —u

In ANCO, i=v+ a ..>I)

InANCI, y=r+p

= r=v-—0 ..>G0)
For small angles «, 8 and +y and assuming M is very close to P, we have
MN _ MN _ +h
MY N _n"
Brtanf=Jr = =13
MN _ MN _ h

yRtany =5 = 36 = 1R

a~tana =

By Snell's law,

H2 . sinid

M1 sinr

For small i and r,

B2 i ,
— = —OI'TUy =il

M1 r

w2 (v — B) = (a + v)u1 [From Egs. (i) and (ii)]
(B2 — 1)Y= pa + p2pB

(2 = ) (%) =1 (L) + me (2)

M2 p1 _ pa—fa
= v T W TR
This is the required relation.

OR
i. a. From the fringe width expression, we have
8= % , therefore with the decrease in separation between two slits, ‘d’ the fringe width increases.
b. For interference fringes to be seen, < < % , condition should be satisfied otherwise, the interference patterns produced by
different parts of the source slit will overlap.
As, the source slit width increases, the fringe pattern gets less and less sharp. When the source slit is so wide, the above
condition does not satisfy and the interference pattern disappears. However, as long as the fringes are visible, the fringe

c. When monochromatic light is replaced by white light, then coloured fringe pattern is obtained on the screen.
The interference pattern due to different colour component of white light overlap. The central bright fringes for different
colours are at the same position. Therefore, central fringes are white. And on the either side of the central fringe white
coloured bands will appear.
ii. Intensity at a point is given by

I=4I'cos? ¢/2

where I' = intensity produced by each one of the individual sources.

At central maxima, ¢ =0,

The intensity at the central maxima,

Iy =4I

=% .

4
As, path difference = A

w

Phase difference, ¢’ = 27” X path difference
— 2 A _ 21

=X X373

Now, intensity at this point

I" =4I’ cos? 1<2—”>

2\ 3

=4I’ cos® §
_ I 1
=4]'" x 1
= I/
Iy .
== [from Eq. (i)]
Hence proved.
32. Energy stored in Cy is

Uy=3CV?=21]
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or $x 6 x 106 x v2=27

or V2= 22 — g5 10°
6x10

Energy stored in Cy

Up=5x 2x10% x 9 x 10°=9J

Energy stored in Cg,

Uz=3x 3x 100 x 9% 105=1357

Energy stored in Cy, C3 and C4
=Up+U3+Uy=9+135+27=49.5]J

Equivalent capacitance of Cy, C3 and C4 connected in parallel

=2+3+5=11uF

2 _ 4957 i
T ox11x1076 © T [u_ %]
Energy stored in C
2 6
Uy = L = 495x2x11x10°8 _ gy oy

2, 2x1x1076
Total energy stored in the arrangement

=544.5+49.5=594.0J
OR

i. Cp = 4meg R, Cg = 4mep (2R) (in general form C = 47 € Or
a. .. CB > CA
b.U = lEIO.E2
Q

E_ 8P A(:‘g
U —2
A
s.Upa>Up
ii. a E=—-4%

dr

For the same change in dV, E i

where, ‘dr' represents the distance between equipotential surfaces.
Diagram of the equipotential surface due to a dipole

: ___.-"_'_""‘-\-\.
S *\\\
.',; s \‘

AV=0
b. The polarity of charge: negative
The direction of the electric field is radially inward,(for a negative charge electric field lines are radially inward)

N
N

33. i. The sharpness of resonance in series L-C-R circuit refers how quick fall of alternating current in circuit takes place when the

frequency of alternating voltage shifts away from the resonant frequency. It is measured by the quality factor (Q-factor) of
circuit.
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ii.

Low R

Moderate R
High R

—

= e e - - e - -

Ww=w O—p

The Q -factor of the series resonant circuit is defined as the ratio of the voltage developed across the capacitance or inductance

at resonance to the impressed voltage which is the voltage applied.
voltage across L or C'

i.e., quality factor (Q) =

Q= (w]riII/)I

applied voltage

['.- applied voltage = voltage across R]
_ wl W) 1
orQ= "% orQ="—%r— = 2o
.- L . _ 1
..Q= P [using w, m]

—
Thus, Q= 51/

This is required expression.

Let initially I, current is flowing in all the three circuits. If the frequency of applied AC source is increased then, the change in

current will occur in the following manner:

Circuit containing resistance R only:
A

Current IT
I

r

L

f—
Frequency of AC source
where, f; = initial frequency of AC source.
There is no effect on current with the increase in frequency.

AC circuit containing inductance only:

A
il

A

f—= -
With the increase of frequency of AC source, inductive reactance increase as
I= Vims _ Vims

X; — 2nfL

For given circuit,

1

T <
f

Current decreases with the increase of frequency.

AC circuits containing capacitor only:
A

[ —>
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_ 1 1
Xc= 56 o fC
_ Vims Vims
Current, [ = X VAPERY
(27rfC)
[=27fCVims

For given circuit, I < f

Current increases with the increase of frequency.

OR
. In a series LCR circuit shown,
R
AW
E@ —-—c
L
T
VomMm
v
Vg
|
Vi %
Ay ot
\ .

From the phasor relation, voltages Vi, + Vg + V¢ =V, as V¢ and Vp, are along the same line and in opposite directions, so
they will combine in single phasor (V¢ + V1)) having magnitude [V, - VLm|. Since voltage V is shown as the hypotenuse of
right-angled triangle with sides as Vg and (V¢ + V1)), so the Pythagoras Theorem results as :

V2=V + (Vom = Vim)’

V2 = (In R)? + (I, X - Iy X)?

Vi =1 2(R? + (Xc - X))

Now current in tire circuit :

=Y
(R2+(XC*XL)2

In="2asZ=,/|R2+ (Xc— X1)’

-

\\

/
*|

X\'_Xf_

\/4\;4’

e i

L

R
As phasor 1 is always parallel to phasor Vg, the phase angle ¢ is the angle between Vg and V and can be determined from the
figure.
_ VCmvam
tan ¢ = e
Xc—X 1 Xe-X,
tan ¢ = < 7 L andg= W condition for current and voltage are in phase V| =V ¢ and Xj =Xand the circuit is

said resonant circuit.

ii. Power factor
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p=f_-_EF (as Xy, =R)
Z \/R*+R?
1
V2
Power factor when capacitor C of Reactance X = X, is put in series in the circuit as Z = R (at resonance)
_BE_E _
PB=2=7=1
1
A _ 2 _ L
P 1 V2
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