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General Instructions :

Read the following instructions very carefully and strictly follow them :

(i) This question paper contains 12 questions. All questions are compulsory.
(it)  This question paper is divided into three sections — Section A, B, and C.
(iti) Section A — Questions no. 1 to 3 are of 2 marks each.

(iv) Section B — Questions no. 4 to 11 are of 3 marks each.

(v)  Section C — Question no. 12 is a Case Study-Based Question of 5 marks.

(vi)  There is no overall choice in the question paper. However, internal choice has
been provided is some of the questions. Attempt any one of the alternatives in
such questions.

(vii) Use of log tables is permitted, if necessary, but use of calculator is not
permitted.

c=3x10%m/s
h=6-63x1073* Js
e=16x10"17C

Wy = 47 x 107" Tm AL

gy =8-854 x 10712 C2 N1 m~2

1

4
me

=9x10° N m?2 C2

Mass of electron (m,) = 9-1 x 10731 kg

Mass of neutron = 1-675 x 10727 kg

Mass of proton = 1-673 x 10727 kg

Avogadro’s number = 6-023 x 1023 per gram mole

Boltzmann constant = 1-38 x 10722 JK1
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SECTION A
1. What is meant by energy band gap in a solid ? Draw the energy band
diagrams for a conductor, an insulator and a semiconductor. 2
2. (a) Name the spectral series for a hydrogen atom which lies in the

visible region. Find the ratio of the maximum to the minimum

wavelengths of this series. 2
OR

(b) What are matter waves ? A proton and an alpha particle are
accelerated through the same potential difference. Find the ratio of

the de Broglie wavelength associated with the proton to that with

the alpha particle. 2
3. Name the device which converts electrical energy into light energy. Write
three advantages of the device. 2
SECTION B
4. (a)  Differentiate between nuclear fission and nuclear fusion.

(b)  Deuterium undergoes fusion as per the reaction :

2 2 3 1 '
1H+ 1H—>2He+0n+327MeV

Find the duration for which an electric bulb of 500 W can be kept
glowing by the fusion of 100 g of deuterium. 3

5. Answer the following, giving reason : 3x1=3

(a)  The resistance of a p-n junction is low when it is forward biased

and is high when it is reversed biased.

(b)  Doping of intrinsic semiconductors is a necessity for making

electronic devices.
(c) Photodiodes are operated in reverse bias.
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(a) In Geiger-Marsden experiment, calculate the distance of closest

EHE
S i

approach for an alpha particle with energy 2-56 x 10712 J. Consider
that the particle approaches gold nucleus (Z=79) in head-on

position.

(b)  If the above experiment is repeated with a proton of the same
energy, then what will be the value of the distance of closest

approach ?

7. Briefly explain how bright and dark fringes are formed on the screen in
Young’s double slit experiment. Hence, derive the expression for the
fringe width.

8. (a) @) Draw a labelled ray diagram showing the formation of the
image at infinity by an astronomical telescope.

(i1) A telescope consists of an objective of focal length 150 cm
and an eyepiece of focal length 6:0 cm. If the final image is
formed at infinity, then calculate :

(D the length of the tube in this adjustment, and
(II) the magnification produced.

OR

(b) @A) Draw a labelled ray diagram showing the formation of the
image at least distance of distinct vision by a compound

microscope.

(ii)) A small object is placed at a distance of 3-0 cm from a
magnifier of focal length 4-0 cm. Find :

(D the position of the image formed, and

(IT)  the linear magnification produced.

9. (a)  Use Einstein’s photoelectric equation to depict the variation of the
maximum Kkinetic energy (E,) of electrons emitted, with the
frequency (v) of the incident radiation.
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(b) A photosensitive surface is illuminated with a beam of (i) yellow

light, and (ii) red light, both of the same intensity.
In which case will

(D photoelectrons have more E, ?

(II) more numbers of electrons be emitted ?

Justify your answer in each case. 3

10. A ray of light is incident on a prism at an angle of 45° and passes

symmetrically as shown in the figure. Calculate : 3
A
60°
~ R - P
45° C oL > Q
60°
B

(a)  the angle of minimum deviation,
(b)  the refractive index of the material of the prism, and

(c) the angle of refraction at the point P.

11. (a) Identify electromagnetic waves which :
(1) are used in radar system.
(ii)  affect a photographic plate.

(iii) are used in surgery.

Write their frequency range. 3

OR

(b) A plane wavefront is propagating from a rarer into a denser
medium. Use Huygens principle to show the refracted wavefront

and verify Snell’s law. 3
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SECTION C

Two transparent media of refractive indices n; and n, are separated by a
spherical transparent surface. The rays of light incident on the surface
get refracted into the medium on the other side. The laws of refraction
are valid at each point of the spherical surface. A lens is a transparent
optical medium bounded by two surfaces, at least one of which should be
spherical. The focal length of a lens is determined by the radii of
curvature (R; and Ry) of its two surfaces and the refractive index (n) of
the medium of the lens with respect to the surrounding medium.
Depending on R; and R, a lens behaves as a diverging or a converging
lens. The ability of a lens to diverge or converge a beam of light incident

on it defines its power.

(a)  An object is placed at the point B as shown in the figure. The object

distance (u) and the image distance (v) are related as

B (ny,>n,)
N

L 1@

v

N

R

u

n, —n
G l_l:[#
vV ou

- Ll{ﬂ}l
vV u R

(iii) 2 _ 71 _ "2 1)

(iv) n, n, (n;-ny)
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(b) A point object is placed in air at a distance ‘R’ in front of a convex

spherical refracting surface of radius of curvature R. If the medium

on the other side of the surface is glass, then the image is :
(1) real and formed in glass.
(ii))  real and formed in air.
(iii)  virtual and formed in glass.
(iv)  virtual and formed in air.
(c) An object is kept at 2F in front of an equiconvex lens. The image
formed is :
(1) real and of the size of the object.
(ii)  virtual and of the size of the object.
(iii) real and enlarged.
(iv)  virtual and diminished.
(d) A thin converging lens of focal length 10 cm and a thin diverging

lens of focal length 20 cm are placed coaxially in contact. The

power of the combination is :

i -5D
(i) +5D
(i) +15D
(iv) -15D
.55/74/1 13 P.T.O.
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(e)  An equiconcave lens of focal length ‘f’ is cut into two identical parts

along the dotted line as shown in the figure. The focal length of

each part will be :

) f
(1) Z
.. f
(ii) B
(i) f
(iv) 2f
.55/4/1 15
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General Instructions :

Read the following instructions very carefully and strictly follow them :

(i) This question paper contains 12 questions. All questions are compulsory.
(it)  This question paper is divided into three sections — Section A, B, and C.
(iti) Section A — Questions no. 1 to 3 are of 2 marks each.

(iv) Section B — Questions no. 4 to 11 are of 3 marks each.

(v)  Section C — Question no. 12 is a Case Study-Based Question of 5 marks.

(vi)  There is no overall choice in the question paper. However, internal choice has
been provided is some of the questions. Attempt any one of the alternatives in
such questions.

(vii) Use of log tables is permitted, if necessary, but use of calculator is not
permitted.

c=3x10%m/s
h=6-63x1073* Js
e=16x10"17C

Wy = 47 x 107" Tm AL

gy =8-854 x 10712 C2 N1 m~2

1

4
me

=9x10° N m?2 C2

Mass of electron (m,) = 9-1 x 10731 kg

Mass of neutron = 1-675 x 10727 kg

Mass of proton = 1-673 x 10727 kg

Avogadro’s number = 6-023 x 1023 per gram mole

Boltzmann constant = 1-38 x 10722 JK1
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SECTION A

1. What is meant by energy band gap in a solid ? Draw the energy band

diagrams for a conductor, an insulator and a semiconductor.

2. Name the device which converts an ac input signal into a dc output

signal. Write the principle of working of the device.

3. (a) Name the spectral series for a hydrogen atom which lies in the
visible region. Find the ratio of the maximum to the minimum
wavelengths of this series.

OR

(b) What are matter waves ? A proton and an alpha particle are
accelerated through the same potential difference. Find the ratio of
the de Broglie wavelength associated with the proton to that with
the alpha particle.

SECTION B

4., (a)  Differentiate between nuclear fission and nuclear fusion.

(b)  Deuterium undergoes fusion as per the reaction :

2 2 3
H+ H—> _He+ 'n+ 327 MeV
1 1 2 0
Find the duration for which an electric bulb of 500 W can be kept
glowing by the fusion of 100 g of deuterium.

5. (a) In Geiger-Marsden experiment, calculate the distance of closest
approach for an alpha particle with energy 2-56 x 10712 J. Consider
that the particle approaches gold nucleus (Z=79) in head-on
position.

(b) If the above experiment is repeated with a proton of the same
energy, then what will be the value of the distance of closest
approach ?

6. Answer the following, giving reason : 3x1=

(a)  The resistance of a p-n junction is low when it is forward biased
and is high when it is reversed biased.

(b)  Doping of intrinsic semiconductors is a necessity for making
electronic devices.

(c) Photodiodes are operated in reverse bias.

.55/4/2 5 P.T.O.

VWAV VAWV WAV



[Opi0]

7. (%) T @A S, AN S, TH-GH ¥ HH QB &, d AT 6 gl v |
ST U I T&UT A& BT 2 | AT iy |
(@) < Edl & HAHEG 8 o [T ATEYIH Il T g hINT |
(M) cafqeRtr e Jagur A TEd gE A Wk R wm § afe e A W
qUIeEd 1-5 A o Gid gy Ifaeefua st fean s, ar safdetor 9ed w @
THTE 9L ?

8.  Tortlt =vur fogehl Tifast oil E 8, § Helg U7 <hl qUTeed A 8 | 3Heh! TiasT ol

o
=i fopm Turen

gl 3R form yohR uftafda fepam wie fSae sueht qaneed (gj Hi

ST | hUT < ATqH AT 3T TR o1 1 31U ot 1 HITT |

9. (F) @

(i1)

(@) @)

(i)

.55/4/2

VWAV VAWV WAV

fopdl @mieflar gleeieh g0 3F=d T Ufcifsrel a1 g9 o fog
JHTfeRd femtor 3@ il |
s glaieh o IAGEIH hl Bihd gl 150 cm 3R ABHT H

BIHE g 6:0 cm @ | ARG feam Ufafers 3= W sHa1 8, d
gRepfetd hIfT

(D) 39 GEESHE H Ifcent i aFeTs, 3R

(ID)  3c9d G |
STeraT

o

forell wgeh qewaell g1 Tase RiF <l 3Teqan g W ldfers ST
T o foTw AmTfeRa fohtor @ ST |

%13 oY fore 4-0 cm BIHE gl o fopdll e @ ¥ 3:0 cm g0
W feya g | 7ma i

(D) &9 a1t Siafers s feafa, it

(1) 3c9a Wk ATaEH |

6



[5]:50s]
Hhe
(a) The interference pattern is not observed in Young’s double slit
experiment when the two sources S; and S, are far apart. Explain.

EHE
N e

(b) Mention the conditions for the two sources to be coherent.

(c) What is the effect on the interference pattern in a Young’s double
slit experiment, if the source of wavelength A is replaced by
another source of wavelength 1-5 A, with the interference pattern
still observable ?

8. The wavelength of the waves associated with a particle having kinetic

energy E is A. How and by what factor should its kinetic energy be
changed so that the wavelength becomes (%) ? Also, find the ratio of the

final to the initial velocity of the particle.

9. (a) (@) Draw a labelled ray diagram showing the formation of the
image at infinity by an astronomical telescope.

(i1) A telescope consists of an objective of focal length 150 cm
and an eyepiece of focal length 6:0 cm. If the final image is
formed at infinity, then calculate :

(D the length of the tube in this adjustment, and

(II) the magnification produced.
OR

(b) @) Draw a labelled ray diagram showing the formation of the
image at least distance of distinct vision by a compound
microscope.

(i1) A small object is placed at a distance of 3-0 cm from a
magnifier of focal length 4-0 cm. Find :

(D the position of the image formed, and

(IT)  the linear magnification produced.
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10. (a) Identify electromagnetic waves which :
(1) are used in radar system.

(ii)  affect a photographic plate.

(iii) are used in surgery.

Write their frequency range. 3

OR

(b) A plane wavefront is propagating from a rarer into a denser
medium. Use Huygens principle to show the refracted wavefront
and verify Snell’s law. 3

11. The figure shows a water column BCFE surrounded by two media
@ and @ of the same refractive index /2. A ray of light from a point
source S is incident on surface BE at an angle of 30°.

A B C
Water

I ®

] 60°
D E
F ) G

(a)  Trace the path of ray through media (2) and (3) as it emerges out
of face CG.

(b)  Find the angle of emergence at face CG.

.55/4/2 9 P.T.O.

VWAV VAWV WAV



[Opi0]

Qg 1

12. 39S ny 3R n, % o YNG H1egw fopell Molld IReR 958 gRI qeaferd
g | TR Rl 36 T8 W IAT9aH ik gE 3T o HIEIH § {qdlad &l Sl
g | Uad o R Mol I8 % Tk fog WA 3 | i oF & g5ai § B
I3 Tk TGS HIea Bidl & frHeh wH-8-%H Tk I8 M BHT =116T |

fordll @ 1 wishe g w1 Traitor SM1 gl 1 ashan B, R, 31 R, @1 ©iF
o Yidasl WIead & HU& WIEAH 1 AYeh (n) §RI Bl 8 | Ry 3R Ry ok
A gR g I8 Ty g 8 f6 #i o fE o i wifd SIagR
AT IUHN T i Wild IagR Han | fhelt <@ i Hfad S 41 ol
HAMENT A U1 STIANT H 1 AFFAT I8 E h1 GHAT i THATNT B

g |

(%) 1% fore oM@ § guft 1gER fomg B W @@ 0 7 | fomw gl (w) ofR

fdfers g (v) o == H-81 ey H&l 8 ?

(1)

(i1)

(ii)

(iv)

.55/4/2

VWAV VAWV WAV

Ny

(n, >n,)

A 20O

v el

10



EHE
7

.55/4/2 11

5
SECTION C

Two transparent media of refractive indices n; and n, are separated by a
spherical transparent surface. The rays of light incident on the surface
get refracted into the medium on the other side. The laws of refraction
are valid at each point of the spherical surface. A lens is a transparent
optical medium bounded by two surfaces, at least one of which should be
spherical. The focal length of a lens is determined by the radii of
curvature (R; and R,) of its two surfaces and the refractive index (n) of
the medium of the lens with respect to the surrounding medium.
Depending on R; and R, a lens behaves as a diverging or a converging
lens. The ability of a lens to diverge or converge a beam of light incident

on it defines its power.

(a)  An object is placed at the point B as shown in the figure. The object

distance (u) and the image distance (v) are related as

B (ny,>n,)
N

L 1@

v

N

R

u

n, —n
G l_l:[#
vV ou

- Ll{ﬂ}l
vV u R

(iii) 2 _ 71 _ "2 1)

(iv) n, n, (n;-ny)
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(b) A point object is placed in air at a distance ‘R’ in front of a convex

spherical refracting surface of radius of curvature R. If the medium

on the other side of the surface is glass, then the image is :
(1) real and formed in glass.
(ii))  real and formed in air.
(iii)  virtual and formed in glass.
(iv)  virtual and formed in air.
(c) An object is kept at 2F in front of an equiconvex lens. The image
formed is :
(1) real and of the size of the object.
(ii)  virtual and of the size of the object.
(iii) real and enlarged.
(iv)  virtual and diminished.
(d) A thin converging lens of focal length 10 cm and a thin diverging

lens of focal length 20 cm are placed coaxially in contact. The

power of the combination is :

i -5D
(i) +5D
(i) +15D
(iv) -15D
.55/74/2 13 P.T.O.
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(e)  An equiconcave lens of focal length ‘f” is cut into two identical parts

along the dotted line as shown in the figure. The focal length of

each part will be :

) f
(1) Z
.. f
(ii) 2
(1) f
(iv) 2f 5x1=5
.55/4/2 15
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General Instructions :

Read the following instructions very carefully and strictly follow them :

(i) This question paper contains 12 questions. All questions are compulsory.
(it)  This question paper is divided into three sections — Section A, B, and C.
(iti) Section A — Questions no. 1 to 3 are of 2 marks each.

(iv) Section B — Questions no. 4 to 11 are of 3 marks each.

(v)  Section C — Question no. 12 is a Case Study-Based Question of 5 marks.

(vi)  There is no overall choice in the question paper. However, internal choice has
been provided is some of the questions. Attempt any one of the alternatives in
such questions.

(vii) Use of log tables is permitted, if necessary, but use of calculator is not
permitted.

c=3x10%m/s
h=6-63x1073* Js
e=16x10"17C

Wy = 47 x 107" Tm AL

gy =8-854 x 10712 C2 N1 m~2

1

4
me

=9x10° N m?2 C2

Mass of electron (m,) = 9-1 x 10731 kg

Mass of neutron = 1-675 x 10727 kg

Mass of proton = 1-673 x 10727 kg

Avogadro’s number = 6-023 x 1023 per gram mole

Boltzmann constant = 1-38 x 10722 JK1
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SECTION A

1. (a) Name the spectral series for a hydrogen atom which lies in the
visible region. Find the ratio of the maximum to the minimum

wavelengths of this series. 2

OR

(b) What are matter waves ? A proton and an alpha particle are
accelerated through the same potential difference. Find the ratio of
the de Broglie wavelength associated with the proton to that with
the alpha particle. 2

2. What is meant by energy band gap in a solid ? Draw the energy band

diagrams for a conductor, an insulator and a semiconductor. 2

3. Define barrier potential. Why does the thickness of the depletion layer in

a p-n junction diode vary with increase in reverse bias ? 2
SECTION B
4., Answer the following, giving reason : 3x1=3

(a)  The resistance of a p-n junction is low when it is forward biased

and is high when it is reversed biased.

(b)  Doping of intrinsic semiconductors is a necessity for making

electronic devices.

(c) Photodiodes are operated in reverse bias.

.55/4/3 5 P.T.O.
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(a) Differentiate between nuclear fission and nuclear fusion.

ot

(b)  Deuterium undergoes fusion as per the reaction :
“H+ H—> “He+ 'n + 327 MeV
1 1 2 0
Find the duration for which an electric bulb of 500 W can be kept

glowing by the fusion of 100 g of deuterium. 3

6. Briefly explain how bright and dark fringes are formed on a screen due to
the diffraction at a single slit. Hence, explain why the intensity at the

bright fringes decreases sharply as their order (n) increases. 3

7. (a) () Draw a labelled ray diagram showing the formation of the

image at infinity by an astronomical telescope.

(i1) A telescope consists of an objective of focal length 150 cm
and an eyepiece of focal length 6-:0 cm. If the final image is

formed at infinity, then calculate :
(D the length of the tube in this adjustment, and

(II)  the magnification produced.

OR

(b) @) Draw a labelled ray diagram showing the formation of the
image at least distance of distinct vision by a compound

microscope.

(ii)) A small object is placed at a distance of 3:0 cm from a
magnifier of focal length 4:0 cm. Find :

(D the position of the image formed, and

(IT)  the linear magnification produced.
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A proton is accelerated through a potential difference V. After

EHE
® 22

acceleration, the de Broglie wavelength associated with it is A. If the
proton is replaced by an alpha particle, then find the de Broglie
wavelength associated with it if it were accelerated through the same
potential difference V. What will be the momentum of the alpha
particle ?

9. (a) In Geiger-Marsden experiment, calculate the distance of closest
approach for an alpha particle with energy 2:56 x 10712 J. Consider
that the particle approaches gold nucleus (Z=79) in head-on

position.

(b)  If the above experiment is repeated with a proton of the same
energy, then what will be the value of the distance of closest

approach ?

10. (a) Identify electromagnetic waves which :
(1) are used in radar system.
(i1)  affect a photographic plate.

(iii) are used in surgery.

Write their frequency range.

OR

(b) A plane wavefront is propagating from a rarer into a denser
medium. Use Huygens principle to show the refracted wavefront

and verify Snell’s law.

11. A diver looking up through water (n= %) sees the outside world
contained in a circular area on the surface of water. If the diver’s eyes are

J7 m below the surface of water, then calculate the area of the circle.

.55/4/3 9 P.T.O.
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SECTION C

Two transparent media of refractive indices n; and n, are separated by a
spherical transparent surface. The rays of light incident on the surface
get refracted into the medium on the other side. The laws of refraction
are valid at each point of the spherical surface. A lens is a transparent
optical medium bounded by two surfaces, at least one of which should be
spherical. The focal length of a lens is determined by the radii of
curvature (R; and R,) of its two surfaces and the refractive index (n) of
the medium of the lens with respect to the surrounding medium.
Depending on R; and R, a lens behaves as a diverging or a converging
lens. The ability of a lens to diverge or converge a beam of light incident

on it defines its power.

(a)  An object is placed at the point B as shown in the figure. The object

distance (u) and the image distance (v) are related as

B (ny,>n,)
N

L 1@

v

N

R

u

n, —n
G l_l:[#
vV ou

(i1)

(iii) 2 1 _ 2 1)

(iv) n, n, (n;-ny)
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(b) A point object is placed in air at a distance ‘R’ in front of a convex

spherical refracting surface of radius of curvature R. If the medium

on the other side of the surface is glass, then the image is :
(1) real and formed in glass.
(ii))  real and formed in air.
(iii)  virtual and formed in glass.
(iv)  virtual and formed in air.
(c) An object is kept at 2F in front of an equiconvex lens. The image
formed is :
(1) real and of the size of the object.
(ii)  virtual and of the size of the object.
(iii) real and enlarged.
(iv)  virtual and diminished.
(d) A thin converging lens of focal length 10 cm and a thin diverging

lens of focal length 20 cm are placed coaxially in contact. The

power of the combination is :

i -5D
(i) +5D
(i) +15D
(iv) -15D
.55/74/3 13 P.T.O.
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(e)  An equiconcave lens of focal length ‘f” is cut into two identical parts

along the dotted line as shown in the figure. The focal length of

each part will be :

) f
(1) Z
.. f
(ii) 2
(1) f
(iv) 2f 5x1=5
.55/4/3 15
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